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ABSTRACT 
 The study was conducted on the insecticide-resistance-management of the 

tomato fruit-borer, Helicoverpa armigera (Hübner), employing a bio-intensive 

integrated management strategy on the tomato crop during 2007 and 2008, at 

Faisalabad (Punjab), Pakistan. The study comprised of the following four sections: 

 

1. Host Plant Resistance, 

2. Role of weather factors in the population fluctuations, 

3. Contribution of physio-morphic and chemical plant-characters, in the population 

fluctuation of the pest, and the 

4. Bio-intensive management of H. armigera on tomato crop. 

 

 Thirty two genotypes of tomato, viz., Tropic Boy, Royesta, Long Tipped, Money-

Maker, Ebein, NARC-1, Roma VFN, Pant Bahr, Shalkot-96, Chico-III, Tommy, Nagina, 

Peelo, Pusba Rubi, Sun-6002, FS-8802, FS-8801, Tanja, Pomodoro, Rio-grande, 

Rockingbam, Manik, Nadir, Early Mecb, Roma Local, Big Long, Gressilesse, Pakit, Tropic, 

Nova Mecb, Sahil and Red Top were screened for their resistance against the tomato 

fruit-borer, Helicoverpa armigera (Hübner.),  during 2007. Maximum larval-population 

and percent infestation of the fruits were observed on Roma VFN, while these were 

found to be minimum on Sahil. Significant difference was observed among the 

genotypes, regarding the marketable fruit-yield in kg/plot. Roma VFN (a susceptible 

genotype), showed a minimum yield of 39.50 kg/plot; while, maximum yield of 99.56 

kg/plot, was recorded on Sahil (a resistant genotype). 

 Maximum, minimum and temperatures, each had significant and highly positive 

correlation with the fruit-infestation; whereas, the relative humidity showed a negative 

and significant correlation (P < 0.05) during the year 2008, while, during 2007, as well 

as on the basis of an average for both years, all the factors showed a non-significant 

correlation with the infestation. 

Various physio-morphic (hair-density and length of hair on the upper and lower 

surfaces of the leaves, and thickness of the leaf-lamina) and chemical plant characters 

(Moisture, total minerals, N, P, K, Ca, Mg, Fe, Mn, Zn, Fat, Crude fiber and CHO) were 

studied on various selected genotypes of tomato, to determine their effect on the larval-

population of the fruit-borer and its infestation of fruits, during 2008. Hair-density on 

the upper-surface, length of hair on the upper-surface and the thickness of leaf-lamina 

showed a negative and significant correlation with the larval-population of tomato fruit-

borer. Moisture percentage, P, Ca, Mg, Mn and Zn contents exerted a positive and 

significant correlation with the fruit-infestation; whereas, the effect was negative and 

significant between the Fe-contents and fruit-infestation. Thickness of the leaf-lamina 

and moisture percentage in the leaves of tomato plant were the most important and 

contributed the maximum in the larval-population of tomato fruit-borer, i.e., 16.8 and 

35.8 percent, respectively followed by the hair-density on the upper surface of the 

leaves and CHO with 15.9 and 10.4 percent contribution in the larval population 

fluctuations of the tomato fruit-borer, respectively.  

The study was conducted to integrate various control methods, viz., biological 

control (release of Chrysoperla carnea and Bracon hebetor, each @ 1 card/5-m2 ), 

botanical control (spray of neem-seed kernel extract, Neemosol @ 1480 ml/ha),  

chemical control (spinosad, Tracer  240 SC @ 197.6 ml/ha) and  entomopathogenic 

fungal control (Bacillus thuringiensis @ 2 kg/ha) alone and in all of their possible 

interactions for the management of Helicoverpa armigera, on the tomato crop, during 

2008. These control methods were applied three times on the tomato crop (CV Sahil), 

after the appearance of the pest. An Integration of B. thuringiensis + tracer + B. hebetor + 

neemosol and C. carnea, resulted in a maximum yield (305.92 q/ha),  lowest  larval 

population of H. armigera   and minimum  infestation of marketable tomato fruits caused 

by the pest.  This treatment, as such, proved to be the best. 
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SECTION 1 Chapter I 

 

 

INTRODUCTION 

 

 

 Importance of Tomato Crop in Pakistan  

Tomato (Lycopersicon esculentum Miller) (Family: Solanaceae) is an 

important vegetables crop of Pakistan. The consumption of tomato exceeds all 

vegetables and is next to Potato. It is widely used in salad as well as for the culinary 

purposes. The popularity of tomato and its products continue to rise-as it contains a 

significant amount of  the vitamin A and C. The fruits of this plant are international-

favorites and its varieties are sold more than those of all other vegetable. They may be 

eaten, cooked or used raw and are a rich source of all vitamins. This has also been 

called Love Apple, Pomo Doro and Garden Apple. 

 

Among vegetables, tomato is the second major vegetable, produced in 

Pakistan. Its area under cultivation, during 2005-6, was 46,2000 hectares, with a total 

production of 468.146 MT, and a yield of 10.3 tones/ ha (Agricultural Statistics of 

Pakistan, 2007a). This yield is very low as compared to that of the developed 

countries, where it can reach up-to an average of 120 tones/ hectare.  Of the various 

factors, responsible for its low yield, in Pakistan, the insect pests are the most 

important.  

 

Tomato, like other vegetables, is more prone to insect pests and diseases-

mainly due to their tenderness and softness as compared to other crops. It is 

devastated by an array of pests; however, the major damage is caused by the Tomato 

fruit borer, Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae). In Pakistan, H. 

armigera is one of the most important and serious pests of tomatoes. It has also been 
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found attacking-crops, such as, cotton, chickpea, soybean, maize, tobacco, sunflower 

and many other vegetable as well as field and fodder crops, throughout the year.  

 

Tomato fruit-borer has been found to cause a yield loss of up to 35% in tomato 

(Latif  et al., 1997) and up to 37.79%  in Karnataka, India (Dhandapani et al., 2003). In 

the USA, alone Helicoverpa  spp. causes a loss of more than one billion dollars  to 

various crops, despite insecticide applications, worth another $ 250 million per year 

(Anonymous, 1976; Johnson  et al., 1986). Numerous other countries (for example, India, 

Australia) experienced similar high losses (Fitt, 1989; King and Coleman, 1989).  In India, 

56.22% losses were reported in pigeon pea (Sharma and Pandey 1993). Losses caused 

by this pest, in Pakistan, were reported to be 20% in cotton (Ahmad and Mohsin, 1969), 

and 35% in tomato (Latif et al., 1997).  

 

Host Plant Resistance  

Host plant or varietal resistance constitutes an important tool for the 

integrated management of the pest insect. Crop cultivars resistant to one or more 

arthropod pests of agricultural importance, constitute a valuable tool for the crop 

protection, in various integrated pest management systems (Kennedy, 1984). Host 

plant resistance refers to the heritable qualities of a cultivar to  conteract the activities 

of insects, so as to cause a minimum per cent reduction in the yield, as compared to 

other cultivars of the same species, under similar conditions. 

 

Resistance is the ability of the host-plant to reduce the infestation or damage, 

or both, by an insect. Host plant resistance is one of the ideal pest specific and 

environmentally non-polluting methods of insect’s pest control. Host plant resistance 

is compatible with the other pest management practices (Bergman and Tingey, 1979; 

Adkisson and Dyck, 1980; Kennedy, 1984) and can be integrated with biological, 

microbial and chemical control methods (Yu et al., 1979; Berry et al., 1980; Van 

Emden, 1986; Ludlum et al., 1991; Pair et al., 1986). There are many reported studies, 

where the populations of Heliothis spp. was managed, using host-plant resistance, 
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alone or in conjunction with other methods (Lukefahr et al., 1971; Maxwell, 1972, 

Wiseman et al., 1973; Wiseman et al., 1976; Mohammad et al., 1978; Wiseman and 

Morrison, 1981; Lukefahr, 1982). Resistance levels vary from only a slight plant 

defense against the insects to an almost total immunity (Galtan and Kush, 1980). 

Resistance may be a result of one or more mechanisms. Generally, from the point of 

view of the plant, there are two mechanisms of host-plant resistance, that is, 

mechanical-involving different morphological traits of the host plant and antibiotic or 

biochemical, affecting the biology and behaviour of phytophagous insects, feeding 

upon the plants. Host-plant-resistance or varietal resistance, therefore, constitutes an 

important field of study with the hypothesis that “Different genotypes of tomato 

possess varied degree of population and infestation of H. armigera” 

 

Objective 

 
Experiments were carried out under the field conditions with the following 

objective: 

• To screen out various available genotypes of the tomatoes, showing resistant 

and susceptible responses to the fruit borer based on fruit infestation. 
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SECTION 1                                                                                           CHAPTER II 

 

 

 

REVIEW OF LITERATURE 

 

 

Ferry and Guthbert (1974) collected 1,030 accessions of the tomatoes 

(Lycopersicon esculentum Mill.), assuming them to be cultivars, and evaluated them 

for resistance  to the tomato fruit-worm. Although, no immunity was found, there were 

significant differences in the degree of susceptibility. The most resistant cultivar, Tiny 

Tim, was 83.1 and 57.6% less damaged than the susceptible and resistant controls, 

respectively. Even though the data were possibly confounded by the vine-size effects, 

indications were that much of the variability can be used to develop less susceptible 

cultivars. 

 

Cosenza and Green (1979) observed that, under field conditions, leaves of a 

breeding line of tomato (Lycopersicon esculentum) were less suitable for the larval 

feeding of tomato fruit-worm, Heliothis zea, than were the leaves of “Campbell-28” and 

“Chico III”, Although this did not influence the number of larvae arriving the fruits. 

Significantly fewer larvae penetrated fruits of the breeding line than those of the 

other cultivars, indicating that the principal source of resistance was in or near the 

fruit skin. The fruits of the breeding line, exhibited a significant degree of 

antixenosis compared with the fruits of the other cultivars, when the larval were given a 

choice between fruits, under laboratory conditions. 

 

Elliger et al. (1981) reported that the foliage of PI 134417 contained 0.245% 

(net weight) alpha tomatine compared with it’s 0.110% to 0.076% for the susceptible 

cultivar,  L. esculentum  Walter (2.077% Vs 2.293% dry wt) for PI 134417 and Walter, 

respectively, in the green house, and 0.39% and 0.439% and 0.860% (dry wt) 
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respectively, in the field). Alpha tomatine, incorporated into the artificial diet, has 

been reported to reduce the size of H. zea, larvae, after prescribed feeding periods. 

Isman and Duffey (1982a) observed that semi-purified extracts of phenolics from 

the foliage of tomato (Lycopersicon esculentum Mill.) inhibited the larval-growth of 

the fruitworm, Heliothis zea, when added to the artificial diets for this pest insect. 

Dose responses for the extracts, were equal to those obtained with a pure 

chlorogenic acid or rutin and the major phenolic constituents of tomato foliage. Also, 

equivalent quantities of phenolics, from 5 different cultivars, inhibited the larval 

growth, equally, when added to the diets. When the 2nd instars’ larvae were reared 

on excised leaflets, from several cultivars of the field-grown tomatoes, significant 

differences in the larval-growth between cultivars, were obtained, which remained 

consistent through two years. The results suggest that phenolics, in the tomato 

foliage, at the minimum, contribute a substantial background level of antibiosis to 

the Heliothis zea. 

 

Isman and Duffy (1982b) stated that the chlorogenic acid and tin; the major 

phenolic constituents of tomato foliage as well as an enolic-rich aqueous extract of the 

tomato foliage, inhibit an early larval-growth of the fruit worm, Heliothis zea, when 

added to an artificial diet, for this insect. Dietary concentrations of lorogenic acid or 

rutin upto 1% wet-weight, had no adverse effect on the feeding rate, digestibility and 

dietary utilization of food, or weight-gain, when fed to the 3rd or 5th instars’ larvae. 

Early instars’ larvae (neonates to the 2nd instars) are sensitive to toxicosis from tin; 

whereas, the later stage larvae (3rd-5th instars) are not, and toxicity can be overcome, 

within 48 hours, by transferring the larvae in a protein-enriched diet to the control 

diet. 

 

Kashyap and Verma (1984a) correlated the resistance in tomato fruit-borer, H. 

armigera Hb., with various plant characters. The physio-biochemical characteristics 

determined, were: the fruit yield of plant, number of flowers per inflorescence, 

number of fruits-trass, number of fruits per plant, size and pericarp thickness, number of 

locules per fruit-size and shape of the fruit, vine-size, nitrogen, potash, phosphorus, 
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sodium, total crude-protein, zinc, iron, copper, manganese, total phenolics and sugars. 

Infestation, on number basis, was positively correlated with infestation, on weight 

basis Infestation, both on number and weight bases, was negatively correlated with 

the number of flowers, per inflorescence and the coefficient of determination revealed 

that 87 percent variability, in borer infestation, was due to the four factors, viz., zinc, 

iron, ascorbic acid and reducing sugar contents. Roughness/smoothness of calyx was 

also found to affect the susceptibility of the genotype. 

 

Kashyap and Verma (1984b) studied the development and survival of Heliothis 

armigera Hb., on six tomato genotypes: two pests tolerant (Ht64 and Ht50) and two 

susceptible (Hsl72 and Hsl73), one recommended variety (Hsl0l) and one wild 

tomato species (Lycopersicon hirsutum F. glabratum), at a constant temperature of 29 + 

1°C. The duration of different developmental stages, on different tomato genotypes, 

varied from 375 (Hsl73) to 41.6 (Ht64) days, on wild tomato. The oviposition period 

could not be determined, as the moths died soon after emergence. The duration of 

larval + pupal periods,, on this wild species, was 34.6 days. The larval-survival varied 

from 16.6 percent (wild tomato) to 90 percent (Ht 172 and Ht 173). 

 

Banerjee and Kalloo (1989) studied the susceptibility of 4 tomato varieties, 

HA 101, Pusa Ruby, Red Cherry and Manazana, and 2 accessions of Lycopersicon 

hirsutum t. glabratum, B6013 and WiR 4172, to H. armigera (Hub.). B 6013 was 

found to be highly resistance. High phenol contents (134.22) and 124.37 ug/fresh 

weight for B6013 and WIR 4172) was associated with resistance. 

 

Farrar and Kennedy (1990) stated that then non-lethal, growth inhibiting 

allelochemicals have potential roles in the host-plant-resistance to insects, because they 

can extend the time, during which the insects are exposed to other mortality factors. Four 

chemical constituents of the wild tomato, Lycopersicon hirsutum f. glabratum, PI 134417, 

were evaluated, in artificial diet as growth inhibitors to Heliothis zea (Boddie) i.e.,  alpha-

tomatine, chlorogenic acid, beta-caryophyllene and alpha-hmnulene. All caused small 

increases in the developmental time. 
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Sixth-instar larvae of Heliothis armigera, reared on an artificial diet, 

supplemented with 0.5% nicotine, tomatine, gossypol or tannic acid, showed 

significant differences in their food ingestion, food utilization and growth. Nicotine had 

no detectable effects on H. armigera Hb. but had phagostimulantary effects on H. 

assulta. Tannic acid, gossypol and tomatine, whoever, inhibited larval growth of the 2 

species, the decreased ingestion, caused by tomatine, had a more pronounced effect on 

H. assulta; whereas, the tannic acid and gossypol, caused a lower diet digestibility in 

H. assulta (Xu and Qind, 1987). 
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SECTION 1               CHAPTER III 

 

 

MATERIALS AND METHODS 

 

 

VARIETAL SCREENING 

Studies were carried out in two consecutive growing seasons to screen out 

resistant tomato cultivars based on the fruit-infestation data. The experiments were 

laid out in a Randomized Complete Block Design (RCBD) with three replications per 

each variety. The row to row expanse was maintained as 102-cm, while the plant to 

plant distance was kept to be 26-cm. Observations were taken from five plants, of 

uniform size, selected at random, per replicate. Observations were started one week 

after the transplanting of seedlings into the field, at weekly intervals, and continued 

till the harvest of the crop. Data were recorded for the larvae population per plant 

and fruit-infestation percent. The marketable yield of tomato-fruits, per plant, was also 

recorded. 

 

Preliminary Screening Trial 

Seeds of thirty two varieties, viz., Roma Local, Rio Grande, Tanja, Chico III, 

Long Tipped, Red- Top, FS-8801, FS-8802, Tropic, Pakit, Peelo, NARC-1, Roma VFN, 

Pant Bahr, Ebein, Nova Mech, Rockingham, Nagina, Shalkot – 96, Pomodoro, Manik, 

Gressilesse, Nadir, Early Mech, Tommy, Pusha Rubi, Tropic boy, Big Long, Sahil, Sun 

6002, Money –Maker  and Royesta, were sown in the field-research area of the 

University of Agriculture, Faisalabad. The plot size was kept to be 6.11-m X 12.23-m. 

approximately 3-4 leaf stage seedlings, were transplanted in the field. Without 

applying any plant protection measures. Based on the fruit-infestation data, caused by 

the Helicoverpa armigera (Hüb.), three varieties showing resistant, three susceptible 

and three  intermediate responses, were selected for further experiments. 
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Final Screening 

Nine varieties of tomatoes, based on the fruit-infestation data, as selected from 

the preliminary screening trials, were sown in the same experimental area, next 

year. Data on the fruit-infestation, by the pest, and larval-population of H. armigera, 

were recorded. The plot size was maintained to be 6.11-m X 12.23-m.  

 

Data Collection 

Larval-Population Counts 

 Number of larvae plant-1 , from randomly selected five plants, in each variety, 

was recorded, at weekly intervals, for preliminary screening experiment; while, the 

same procedure was followed for the final screening experiments. 

The average larval-population plant-1, for each variety, was calculated by the simple 

arithmetic means, by using the following formula: 

                              x1+x2+x3+x4+x5 

                    X =      ________________ 

                                           N  

Where:  

  N= Total number of plants 

  X = Means plant -1 , and  

  x1+x2+x3….= number of observations per plant 

 

Fruit-Infestation 

 Damaged and undamaged fruits, from randomly selected five plants, in each 

variety, were counted, at weekly intervals. Percent fruit-infestation was calculated 

by the following formula: 

                                                                 B  
Fruit-Infestation Percentage  =   ________________   X 100 

                                                                 A  
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Where: 

A= Total fruits (damaged+undamaged), and 

B= damaged fruits. 

 

HOST PLANT SUSCEPTIBILITY INDICES (PSIs) 

The HPSIs, based on the larval-population of H. armigera on selected 

cultivars of tomatoes during 2007 and 2008 and on their average basis, were 

determined by using an IBM compatible computer with a micro-soft Exil package. 

However, HPSIs may be calculated by the following formula: 

                                              B-A 
                HPSIs (%) =      ----------------   X 100 
                                                B  

Where:  

A= Larval population on a single cultivar, and 

B = Total Larval population on all selected cultivars of the Tomatoes. 

The objective of this study was to find the susceptibility trend of each selected 

variety in percentage within the selected test materials.  

 

Statistical Analysis 

The data were analyzed, for analysis of variance under RCBD, to determine 

the significance of treatments. The means were compared by DMR Test at P=0.05. 

IBM Compatible Computer was used  for analyzing the data with an M-stat package.  
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SECTI0N 1                CHAPTER IV 

 

 

 

RESULTS 

 

 

Studies were conducted to find out the resistance and susceptibility against 

fruit borer, Helicoverpa armigera (Hübner), in various genotypes of tomato. In the 

preliminary screening trials, during 2007, Thirty two genotypes (Table 1) were 

screened based on the infestation of fruits, and from these, three genotypes, 

showing resistant, intermediate and susceptible responses, each were selected for 

further studies, during 2008. The results  are presented, under the following sub-

sections.  

 

4.1 Preliminary Screening Trial 

 Thirty two genotypes of tomato, viz., Roma local, Rio Grande, Tanja, Chico III, 

Long Tipped, Red Top, FS-8801, FS-8802, Tropic, Pakit, Peelo, NARC-1, Roma VFN, 

Pant Bahr, Ebein, Nova Mecb, Rockingbam, Nagina, Shalkot-96, Pomodoro, Manik, 

Gressilesse, Nadir, Early Mecb, Tommy, Rumba Rubi, Tropic boy, Big long, Sahil, Sun 

6002, Money-Maker and Royesta, were included in the preliminary screening trials. 

The data, on the larval-population, per plant, as well as on the fruit-infestation were 

recorded. The results are given, as under:  

 

4.1.1 Larval Population of the Fruit-Borer, on Tomato Crop, 

during 2007 

4.1.1.1 Population Trend on Various Genotypes  

The data regarding larval-population per plant of fruit-borer on various 

genotypes of tomato, on 04.03.2007, are presented in Appendix 1 to 6. The analysis 

of variance (Table 1) for the same revealed a significant difference among the 
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genotypes as well as among the different dates of observation and in their 

interactions at P < 0.01. The means were compared by DMR Test at P = 0.05 [Table 

2]. The results indicated that the maximum larval-population was recorded to be 

1.21 per plant on genotype Tropic boy and it did not differ significantly with that on 

the long tipped  showing a larval-population of 1.07 per plant. The later mentioned 

two genotypes also showed non-significant difference with those of Money Maker, 

Ebein, NARC-1, Roma VFN, Pant Bahr and  Shalkot-96, with the larval-population of 

1.06, 1.03, 1.02, 1.02, 0.96 and 0.96 per plant, respectively. The genotypes, Chico-III, 

Tommy, Nagina, Peelo, Pusba Rubi, Sun-6002, FS-8802, FS-8801, Tanja and 

Pomodoro, were found to have an intermediate response and did not show a 

significant difference with one another showing the larval-population-ranging from 

0.79 to 0.92 per plant. A non-significant trend was also observed  among  Rio 

Grande, Rockingbam, Manik, Nadir and Early Mecb with a population range of 0.62 

to 0.72 larvae per plant, in these genotypes, which did not show a significant 

difference with most of the entries. The minimum larval-population of the fruit-

borer was recorded to be 0.41 per plant on the genotype red top and it did not show  

significant difference with those of recorded on Sahil, Nova Mecb, Pakit, Gressilesse, 

Big long, Roma local and Early Mecb which had the larval-population of 0.42, 0.42, 

0.42, 0.43, 0.44, 0.47 and 0.51 per plant, respectively.  

 

CONCLUSION 

 The genotype, Tropic boy showed a comparatively susceptible response; 

whereas, the Red top, appeared to be the resistant with a maximum population of 

1.2 larvae/plant and a minimum of 0.41/plant, respectively. 

 

4.1.1.2 Population Trends at Various Dates of Observation 

The data (Appendices 1 to 6) revealed a significant difference, on various dates of 

observation [Table 3]. The minimum larval-population, was recorded to be 0.32, per 

plant, on March 04, 2007. The increasing trend continued, on subsequent dates of 

observation, till April 08.2007, which was the last date of observation and showed a 
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population of 1.32 larvae, per plant. The conclusion drawn, from these results, was 

that the infestation of fruit-borer, continued throughout the cropping season.  

 

 

4.1.2  Infestation Percentage of the Fruits by the Fruit-Borer during 

2007. 
 

The data regarding  fruit-infestation (%) by the fruit-borer in various 

genotypes of tomato at different dates during 2007 are given in Appendices 7 to 12. 

The analysis of variance revealed a significant difference among the genotypes and 

among different dates of observation [Table 4]. The means were compared by DMR 

Test at P = 0.05 as given in Table 5 and 6. The specific results are explained as 

under: 

 

4.1.2.1 Fruit-Infestation Caused by Fruit Borer in Various 

Genotypes of Tomato. 
 

The results presented in (Table 5) revealed that the maximum infestation of 

fruits was recorded to be 37.69% on genotype Roma VFN and it did not show  

significant difference with that of recorded on NARC-1, FS-880-2 and long tipped i.e.,  

37.08, 36.41 and 36.14%, respectively. The minimum infestation was observed to be 

12.30% on Sahil and it showed a non-significant difference with that of recorded on 

Pakit, Nova Mecb and Big long showing a fruit-infestation of 13.14, 13.96 and 

14.50%, respectively. The genotypes Tropic boy, Money-Maker, Ebein, Royesta, 

Nagina, Shalkot-96 and Pusba Rubi, with a fruit-infestation of 34.93, 34.91, 34.18, 

33.57, 33.24, 33.22 and 32.53%, respectively, did not differ significantly with one 

another. 

 

Similarly, the genotypes, Chico-III, Sun-6002, FS-8801 and Tommy also 

showed a non-significant difference with one another, showing fruit-infestation of 

32.11, 31.49, 30.42 and 30.02%, respectively. The genotypes Pant Bahr, Rio Grande, 

Peelo, Tanjia, Rockingbam and Pomodoro were at par statistically with fruit-
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infestation of 28.41, 28.36, 28.27, 27.63, 26.08 and 25.63%, respectively. Keeping in 

view the above results, the genotypes-susceptibility ranking, is as under: Roma VFN 

>, NARC-1 >, FS-8802>, Long Tipped >, Tropic boy >, Money Maker >, Ebein >, 

Royesta >, Naagina >, Shalkot-96 >, Pusba Rubi >, Chico-III >, Sun-6002 >, FS-8801 >, 

Tommy >, Pant Bahr >, Rio-Grande >, Peelo >, Tanja >, Rockingbam >, Pomodoro >, 

Manik >, Poma local >, Nadir >, Early Mech >, Gressilesse >, Red Top >, Big Long >, 

Nova Mecb >, Pakit >, and Sahil. 

 

From these results, three genotypes showing a susceptible response (Roma 

VFN, NARC-1 and FS-8802,), three showing an intermediate (Tommy, Pant Bahr and 

Rio Grande) and three showing a resistant response (Nova Mecb, Pakit and Sahil), 

were selected for the final screening during 2008.  

 

4.1.2.2 Fruit-Infestation Caused by the Fruit-Borer at Various 

Dates of Observation. 
 

The results given in (Table 6) showed a significant variation among various 

dates of observation. The maximum infestation was recorded to be 27.37%, on 

March 25, and it did not show a significant difference with that of recorded on 

March 04, as well as on March 11 and April 08, showing fruit-infestation of 26.45, 

27.05 and 26.30%, respectively. The figures mentioned later, also showed non-

significant difference with those recorded on March 18, showing a fruit-Infestation 

of 26.15%. 

 

CONCLUSION 

rom these results, it can be concluded that the fruit-infestation varied, 

throughout the study period. 

 

4.2 Final Screening 

Three genotypes of tomato showing resistant trend (Sahil, Pakit and Nova 

Mecb), Three with an intermediate (Rio Grande, Pant Bahr and  Tommy) and three 
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showing susceptible trend (Roma VFN, NARC-1 and FS-8802), selected from the 

preliminary trials, based on the fruit-infestation caused by the fruit-borer and for 

the larval population were studied during 2008 with the objective to confirm the 

previous  results and for the physio-morphic plant factors, responsible for the 

acquisition of resistance. The results are described under the following sub-sections. 

 
 

4.2.1 Genotypic Resistance, Based on the Larval Population of 

the Fruit-Borer 

The data regarding the larval-population per plant, on selected  genotypes of 

tomato, at various dates of observation, are given in Appendix 13. The analysis of 

variance revealed a significant difference (P < 0.01) among the genotypes [Table 7]. 

The means were compared by the DMR Test at P = 0.05 (Table 8). It is evident from 

the results that the genotype Roma VFN showed a maximum larval-population of 

0.78/plant which did not differ significantly from that  recorded on NARC-1 and FS-

8802, showing a larval-population of 0.71 and 0.66 per plant, respectively. The 

genotype Sahil, again, showed a resistant trend, with a minimum larval-population 

of 0.31/plant and it did not differ significantly from that recorded on Pakit and Nova 

Mecb, having a larval-population of 0.38 and 0.42/plant, respectively. 

 

The genotypes, Tommy, Pant Bahr and Rio Grande, had an intermediate 

trend with a larval-population of 0.59, 0.56 and 0.52/plant, respectively. These did 

not differ significantly with one another, and also showed an intermediate trend. 

From these results, it was concluded that the genotype Roma VFN showed 

comparatively susceptible trend-while, Sahil had a resistant response, with 

maximum and minimum larval-populations of the fruit-borer. 

 

4.2.2  Trend of the Larval-Population of Fruit-Borer at 

VariousDates of Observation 

The analysis of variance (Table 7) for the data (Appendix 13), showed a 

significant difference (P < 0.01) among various dates of observation. The means 

were compared by DMR Test at P = 0.05 [Table 8]. The results revealed that the 
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lowest lowest larval population was recorded to be 0.04/plant on February 29, 

2008 and it differed significantly from that of recorded on all other dates of 

observation. This larval population was increased on the consequent dates of 

observation and  reached  to a peak level on March 28,2008.  The larval population 

was decreased significantly thereafter on the subsequent dates, i.e., April 04 and 

April 11,2008 with a population of 1.12. 

 

4.2.3 Interaction Between the Genotypes of Tomato and 

Dates of Observation, Regarding the Larval-Population 

of Fruit-Borer. 
 

The results laid down in Table 8 showed a significant difference regarding 

the interactions between genotypes and dates of observation. All the genotypes 

showed non-significant difference on the first four dates of observation, i.e., 

29.02.2008, 07.03.2008, 14.03.2008 and 21.03.2008, while, the larval-population 

recorded on 28.03.2008 and 04.04.2008, also showed a non-significant difference, 

with almost all the genotypes of tomato, with some exception, i.e., Roma VFN and 

NASRC-1, showing a non-significant trend with each other as well as with that of FS-

8802, Tommy and Pant Bahr, but with rest of the genotypes, on 28.03.2008. 

However,  more or less similar trend was observed on 04.04.2008. The larval-

population, recorded, on 11.04.2008 showed an almost similar trend, with those 

recorded on 07.03.2008, 14.03.2008 and 21.03.2008, in all the genotypes. From 

these results,  it can be concluded that a maximum larval-population was recorded 

on  28.03.2008, followed by that of recorded on 04.04.2008 in almost in all the 

genotypes of tomato in their respective rows.  

 

4.2.4 Fruit-Infestation caused by the Fruit-Borer on Tomato 

During 2008. 

The data regarding the fruit-infestation, caused by the fruit-borer, in various 

selected genotypes, of tomato, at different dates of observation, are presented in 

Appendices 14 to 20. The results are given, under the following sub-sections. 
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4.2.4.1  Fruit Infestation on Genotypes 

The analysis of variance (Table 9) for the data revealed a significant 

difference (P < 0.01), among the genotypes, regarding the fruit-infestation, caused 

by the fruit-borer. The means were compared by  DMR Test at P = 0.05 [Table 10].  

The genotype NARC-1, showed the maximum fruit-infestation of 31.00%, which did 

not differ significantly from that of recorded on Roma VFN (30.07%). The minimum 

infestation was recorded to be 10.69% on genotype Nova Mecb, and it was, at par, 

statistically, with that of 10.77% and 10.81% on genotypes, Pakit and Sahil, 

respectively. 

 

A non-significant difference was found to exist among the genotypes Rio-

Grande, Pant Bahr and Tommy with a fruit-infestation of  24.30, 22.80 and 26.72%, 

respectively and showing an intermediate trend. These genotypes also showed  non-

significant variation with those of observed on FS-8802, having a fruit-infestation of 

26.31 percent, caused by the fruit-borer. From these results, it was observed that all 

the genotypes showed the same trend of resistance as that  of found in the 

preliminary screening trials. Sahil and Roma VFN, however, showed resistant and 

susceptible trends, respectively.  

 

4.2.4.2 Fruit Infestation at Various dates of observation 

 The results presented in Table 10 revealed significant difference among 

various dates of observation regarding the percent fruit infestation caused by fruit 

borer. The maximum fruit infestation was recorded to be 26.53% on 21.03.2008 and 

did not differ significantly with those of recorded on 11.04.2008, 28.03.2008, 

14.03.2008 and 04.04.2008 showing 26.43, 24.93, 23.85 and 23.58 percent fruit 

infestation, respectively. The fruit infestation recorded on 29.02.2008 was the 

minimum (6.12%) and differed significantly from those of observed in all the other 

dates of observation. The infestation recorded on 07.03.2008 (19.82%) was ranked 

as intermediate and also differed significantly from those of found in all other dates 

of observation. 
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4.2.4.3 Interaction Between the Genotypes of Tomato and 

Dates of Observation, Regarding the Larval-Population 

of Fruit-Borer 

 The analysis of variance of the data regarding interaction between dates of 

observation and genotpes (Table 9) revealed non-significant difference.  

 

4.2.5  Marketable Fruit-Yield of Tomato 

The data, pertaining to the fruit-yield of tomato, in various selected 

genotypes, are given in Appendix 21. An analysis of variance for the same revealed a 

significant difference among the genotypes, at P < 0.01 [Table 11].  The means were 

compared by a DMR Test at P = 0.05. The genotype, Sahil, which showed a resistant 

trend against the fruit-borer, had maximum fruit-yield of 99.56 kg/plot and it did 

not differ significantly with that of Pakit and Nova Mecb, having fruit yield of 99.00 

and 91.77 kg/plot, respectively. The genotype, Roma VFN, showing a susceptible 

trend ,against the fruit-borer, had a minimum yield of 39.50 kg/plot, which did not 

differ significantly from those of NARC-1, FS-8802, Tommy and Rio-Grande, having a 

fruit-yield, of 38.51, 44.23, 44.22 and 48.08 kg/plot, respectively. Pant Bahr, with a 

fruit-yield of 50.74 kg/plot, also did not differ with the yield of Rio-Grande, Tommy 

and FS-8802. It is concluded from these results that Sahil, gave a maximum fruit-

yield while, Roma VFN had a minimum yield. 

 

4.2.6 Effect of the Larval-Population and Infestation of the 

Fruit-Borer, on the Yield of Tomato.  

 

The results regarding the effect of larval population and infestation on the 

yield of tomato fruits, are presented in Table 12. The larval-population per plant, 

and the infestation of fruits caused by the fruit-borer, exerted a significant and 

negative effect on the fruit-yield, with r-values of -0.934** and -0.996**, 

respectively. 
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4.3 Host Plant Susceptibility Indices (HPSIs) 

HPSIs, based on the data regarding larval-population of the fruit-borer on 

various selected genotypes of tomato, recorded during 2007 and 2008  and on the 

average of both years, were calculated and depicted graphically   in Figs. 1, 2 and 3. 

The objective of this study was to determine the susceptibility levels in percentage 

within the genotypes under study. The results are given as under: 

 

4.3.1 HPSIs During 2007 

The results regarding HPSIs based on the fruit infestation caused by fruit 

borer in various selected genotypes of tomato, during 2007, are depicted in Fig 1. 

The results revealed that the genotype, NARC, Roma VFN and Fs-8802 showed  the 

highest HPSIs ie., 16%, 15% and 15%, respectively followed by Tommy, Plant Babr 

and Rio-Grande with 13,12 and 12 percent, respectively. The genotypes Nova Mecb, 

Pakit and Sahil had HPSIs of 6%, 6% and 5%, respectively and appeared to be the 

resistant.  

 

4.3.2 HPSIs During 2008 

The results regarding HPSIs based on the fruit infestation caused by fruit 

borer in various selected genotypes of tomato during 2008, are presented in Fig. 2. 

It is evident from the results that genotype Roma VFN and NARC-1 categorized as 

susceptible genotypes, each showed maximum HPSIs i.e., 15%, followed by  FS-8802 

(14%), Tommy (14%), Pant Babr (12%) and Rio Grande (12%), while  the genotype 

Sahil, Pakit and Nova Mecb appeared to be resistant with a minimum HPSI of 6% 

each.  

 

4.3.3 Average HPSIs for 2007 and 2008 

The results regarding HPSI’s based on the percent fruit infestation caused by 

fruit-borer, on various selected genotypes of tomato, on an average basis of two 

years, are shown in Fig. 3. It is clear from the results that the  genotype Roma VFN, 

NARC-1 and FS-8802, appeared as susceptible with a maximum HPSI values of 15, 
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16 and 15%, followed by HPSIs 13, 12, and 12%  recorded on Tommy, Pant Babr 

and Rio-Grande, respectively. The HPSIs was minimum i.e., 6.0%, 6% and 5% for the 

genotypes, Nova Mecb, Pakit and Sahil, respectively which showed comparatively 

resistant trend.  
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Table 1 Analysis of variance of the data regarding larval population of fruit 

borer at various dates of observation and on different varieties of 

tomato during 2007. 

 

SOV DF MS F. Ratio 

Rep 2 0.085 1.82 
 

Dates 5 14.802 316.08 ** 
 

Varieties 31 1.051 22.44 ** 
 

Dates X Varieties 155 0.072 1.53 ** 
 

Error 382 0.047  
 

CV (%) 27.73   

** = Significant at P < 0.01. 
CV = Coefficient of Variation. 
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Table 2 A comparison of means for the data regarding the larval-popualtion of 

the fruit-borer /plant on different genotypes of tomato during 2007 

 

Genotypes Larval population(%) 

Tropic boy 1.21 a 

Royesta 1.08 ab 

Long Tipped 1.07 ab 

Money-Maker 1.06 bc 

Ebein 1.03 bcd 

NARC-1 1.02 bcde 

Roma VFN 1.02 bcde 

Pant Babr 0.96 bcdef 

Shalkot-96 0.96 bcdef 

Chico III 0.92 cdefg 

Tommy 0.92 cdefg 

Nagina 0.92 cdefg 

Peelo 0.92 cdefg 

Pusba Rubi 0.90 defg 

Sun 6002 0.89 efg 

FS-8802 0.84 fgh 

FS-8801 0.83 fgh 

Tanja 0.80 gh 

Pomodoro 0.79 ghi 

Rio Grande 0.72 hij 

Rockingbam 0.72 hij 

Manik 0.66 ijk 

Nadir 0.62 jkl 

Early Mecb 0.57 klm 

Roma Local 0.51 lmn 

Big long 0.47 mn 

Gressilesse 0.44 mn 

Pakit 0.43 mn 

Tropic 0.42 m 

Nova Mecb 0.42 m 

Sahil 0.42 m 

Red Top 0.41 m 

LSD 0.05 

 
Means sharing similar letters are not significantly different, at P = 0.05. 
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Table 3 A comparison of means for the data regarding the larval-population of 

the fruit-borer /plant at different dates of observation on tomato crop 

during 2007. 

Dates Means 

 
March 04 

 
0.32 f 

 
March 11 

 
0.44 e 

 
March 18 

 
0.59 d 

 
March 25 

 
0.92 c 

 
April 01  

 
1.09 b 

 
April 08 

 
1.32 a 

 
LSD  

 
0.615 

 
Means sharing similar letters are not significantly different, by DMR Test, at P= 0.05. 
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Table 4 An analysis of variance for the data regadrding the fruit-infestation 
caused by the fruit-borer at various dates and on various genotypes of tomato 
during 2008. 
 
 
 
 
 
 
 
 
 
 
 
 

** = Significant at P < 0.01 
CV = Coefficient of Variance 

S.O.V. D.F. M.S. F.RATIO0 

Rep. 2 137.144 9.82 ** 

Dates (D) 5 61.323 4.32 ** 

Genotypes (G) 31 1323.548 94.74 ** 

D x G 155 37.096 2.66 ** 

Error 382 13.971  

CV = 14.16%   
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Table 5 A comparison of means for the data regarding the fruit-infestation 
(%) caused by the fruit-borer in various genotypes of tomato during 
2008. 

 

Varieties Infestation 

Roma VFN 37.69 a 

NARC-1 37.08 ab 

FS-8802 36.41 abc 

Long Tipped 36.14 abc 

Tropic boy 34.93 bcd 

Money-Maker 34.91 bcd 

Ebein 34.18 cde 

Royesta 33.57 def 

Nagina 33.24 def 

Shaklot-96 33.22 def 

Pusba Rubi 32.53 defg 

Chico-III 32.11 efgh 

Sun 6002 31.49 fgh 

FS-8801 30.42 ghi 

Tommy 30.02 hij 

Pant Babr 28.41 ijk 

Rio Grande 28.36 ijk 

Peelo 28.27 ijk 

Tanja 27.63 jkl 

Rockingbam 26.08 kl 

Pomodoro 25.63 lm 

Manik 23.24 m 

Poma local 17.49 n 

Nadir 16.74 no 

Early Mecb 16.04 nop 

Gressilesse 15.38 nopq 

Red Top 14.82 opq 

Big long 14.50 opqr 

Nova Mecb 13.96 pqr 

Pakit 13.14 qr 

Sahil 12.30 r 

LSD at P = 0.05 2.44 

 
Means sharing similar letters are not significantly different by DMR Test. 
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Table 6 A comparison of means for the data regarding the fruit infestation (%) 

caused by the fruit-borer at different dates of observation on the 

tomato crop during 2007. 

 

Dates Infestation (%) 

 
March 04 

 
26.45 ab 

 
March 11 

 
27.05 ab 

 
March 18 

 
26.15 b 

 
March 25 

 
27.37 a 

 
April 01  

 
25.07 c 

 
April 08 

 
26.30 ab 

 
LSD at P=0.05 

 
1.06 

 
Means sharing similar letters are not significantly different by DMR Test. 
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Table 7 An analysis of variance for the data regarding the larval-population of 

the fruit-borer, per plant in various selected genotypes of tomato at 

different dates of observation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
CV = 13.26% 
* = Significant at P < 0.05. 
** = Significant at P < 0.01. 
 

SOV DF MS F. RATIO 

Replication 2 0.111 2.55 

Dtaes (D) 6 6.146 141.02 ** 

Genotypes (G) 8 0.513 11.78 ** 

D X G 48 0.064 1.46 * 

Error 124 0.064  
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Table 8 A comparison of means for the data regarding larval-popualtion of fruit borer  per plant in various selected 
genotypes of tomato and at various dates of  observations during 2008. 

 

Name of 

Genotypes 

DATES OF OBSERVATION X VARIETIES  

LSD = 0.14 

Average 

LSD = 

0.15 29.02.2008 07.03.2008 14.03.2008 21.03.2008 28.03.2008 04.04.2008 11.04.2008 

Roma VFN 0.07 no 0.20 lmno 0.47 
ijklmno 

0.60 ghijklm 1.80 a 1.53 ab 0.80 ghijklm 0.78 a 

NARC-1 0.07 no 0.33 jkjlmno 0.33 jklmno 0.47 
ijklmno 

1.73 a 1.47 abc 0.60 fghijkl 0.71 ab 

FS-8802 0.07 no 0.20 lmno 0.27 klmno 0.53 
hijklmn 

1.53 ab 1.33 abcd 0.67 ijklmn 0.66 abc 

Tommy 0.07 no 0.20 lmno 0.20 lmno 0.47 
ijklmno 

1.47 abc 1.20 bcde 0.53 
ijklmno 

0.59 bc 

Pant Babr 0.0 o 0.20 lmno 0.27 klmno 0.47 
ijklmno 

1.40 abcd 1.13 bcdef 0.47 ghijklm 0.56 bcd 

Rio Grande 0.07 no 0.13 mno 0.33 jklmno 0.47 
ijklmno 

1.00 cdefgh 1.07 bcdefg 0.60 ghijklm 0.52 cde 

Nova Mecb 0.0 o 0.13 mno 0.27 klmno 0.33 jklmno 1.00 cdefgh 0.93 defghi 0.27 klmno 0.42 def 

Pakit 0.0o 0.13 mno 0.27 klmno 0.40 jklmno 0.93 defghi 0.73 efghijk 0.20 lmno 0.38 ef 

Sahil 0.0 o 0.07 no 0.20 lmno 0.27 klmno 0.80 efghij 0.67 efghij 0.20 lm 0.31 f 

Average 
(LSD = 0.13 

0.04 e 0.18 d 0.29 d 0.44 c 1.30 a 1.12 b 0.48 c  

 

Means sharing similar letters are not significantly different by DMR Test at P = 0.05. 
and 0.48/plant, respectively. The data, showed only one peak, on March 03,2008, throughout the cropping season. 
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Table 9  An analysis of variance for the data regarding the fruit-infestation (%) caused by the means in various 

selected genotypes of tomato at different dates of observation. 

 

SOV DF MS F. RATIO 

Replication 2 271.00 3.13 

Dtaes (D) 6 1397.581 32.33 ** 

Genotypes (G) 8 1441.438 33.35 ** 

D X G 48 63.498 1.47 ns 

Error 124 43.224  

CV  13.25%   

ns = Non-Significant. 
** = Significant at P < 0.01. 

CV = Coefficient of Variance 
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Table 10 A comparison of means for the data regarding the fruit-infestation (%) caused by the fruit-borer in 

various selected genotypes of tomato and at various dates of observation during 2008 

 

Name of 

Genotypes 

DATES OF OBSERVATION X GENOTYPES (LSD = 3.54) Average 

(LSD = 

4.01) 
29.02.2008 07.03.2008 14.03.2008 21.03.2008 28.03.2008 04.04.2008 11.04.2008 

Roma VFN 12.22 28.39 36.79 35.71 32.37 29.36 35.64 30.07 ab 

NARC-1 5.55 35.96 37.36 35.59 34.24 28.30 40.00 31.00 a 

FS-8802 0.00 32.54 22.68 28.96 41.04 30.52 28.44 26.31 bc 

Tommy 15.87 23.94 29.78 32.87 25.23 29.46 29.85 26.72 bc 

Pant Babr 4.76 18.82 21.93 25.87 24.01 32.76 31.47 22.80 c 

Rio Grande 16.67 13.39 26.16 29.80 29.81 26.92 27.36 24.30 c 

Nova Mecb 0.00 10.12 14.41 14.77 13.15 13.40 15.99 11.69 d 

Pakit 0.00 7.62 12.19 15.92 12.84 11.64 15.22 10.77 d 

Sahil 0.00 7.56 13.38 19.28 11.69 9.85 13.88 10.81 d 

Means (LSD 
= 4.38) 

6.12 c 19.82 b 23.85 a 26.53 a 24.93 a 23.58 a 26.43 a  

Means sharing similar letters are not significantly different, by DMR Test, at P = 0.05. 
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Table 11 An analysis of variance and comparison of means for the data 

regarding the fruit-yield kg/plot in various selected genotypes of 

tomato during 2008 

 

 

 

 

 

 

 

 

** = Significant at P < 0.01 
 

MEANS COMPARISON 

 

Name of genotypes Means 

Roma VFN 39.50 (6.28) c 

NARC-1 38.51 (6.21) c 

FS-8802 44.23 (6.66) bc 

Tommy 44.22 (6.65) bc 

Pant Babr 50.74 (7.12) b 

Rio Grande 48.08 (6.93) bc 

Nova Mecb 91.77 (9.58) a 

Pakit 99.00 (9.95) a 

Sahil 99.56 (9.98) a 

LSD at P = 0.05 9.70 

 
Means sharing similar letters are not significantly different by DMR Test. 

 

S.O.V. D.F. M.S. F.RATIO0 

Replications 
. 

2 2.959 0.09 

Genotypes  8 2128.712 67.43 ** 

Error 16 31.427  

CV = 14.16% 
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Table 12 Effect of the larval-popualtion and fruit- infestation on the yield of 

tomato.  

 

Independent factors Yield (kg/plot) 

Larval Population (per plant) r= -0.934 ** 

Infestation (%) r = -0.996 ** 

** = Significant at P < 0.01. 
r    = Correlation Coefficient value. 
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Fig. 1 Host plant susceptibility indices based on the fruit infestation (%) 

caused by fruit borer in various selected genotypes of tomato during 

2007. 
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Fig. 2 Host plant susceptibility indices based on fruit infestation caused by 

fruit borer in various selected genotypes of tomato during 2008. 
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Fig. 3 Host plant susceptibility indices based on the average fruit infestation 

(%) caused by fruit borer in various selected genotypes of tomato 

during 2007 and 2008. 
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SECTION 1                 CHAPTER V 

 

 

DISCUSSION 

 

 

The study was conducted to screen 32  genotypes of tomato viz.,  Tropic boy, 

Royesta, Long Tipped, Money-Maker, Ebein, NARC-1, Roma VFN, Pant Babr, Shalkot-

96, Chico III, Tommy, Nagina, Peelo, Pusba Rubi, Sun-6002, FS-8802, FS-8801, Tanja, 

Pomodoro, Rio-Grande, Rockingbam, Manik, Nadir, Early Mecb, Roma local, Big long, 

Gressilesse, Pakit, Tropic, Nova Mecb, Sahil and Red top, for their 

resistance/susceptibility against the tomato fruit-borer, in a preliminary screening 

trial, during 2007.  The data on larval-population and fruit infestation caused by the 

pest, were recorded. Based on the infestation-percentage,   Roma VFN (37.69%), 

NARC-1 (37.08%) and FS-8802 (36.41%) (susceptible), Sahil (12.30%), Pakit 

(13.14%) and Nova Mecb (13.96%) (resistant) and  Tommy (30.02%), Pant Babr 

(28.41%), and Rio Grande (28.36%) (intermediate), were selected for final 

screening, during 2008.  The experiment was conducted in the research area of the 

Post-graduate Agricultural Research Station, University of Agriculture, Faisalabad.  

The results revealed that none of the entries was found immune to the pest during 

both the study years. However, varietal differences were found to be significant, 

regarding the larval population as well as its fruit-infestation, caused by the fruit-

borer. The trend, during the final studies was almost similar to that of observed in 

the preliminary studies. Sahil, showed a resistant  response with the minimum fruit-

infestation of 4.01% and Roma VFN was found to be susceptible with the maximum 

infestation of 70.07%. From these results, it was again observed that none of the 

genotypes was immune to the pest attack. The present findings are in conformity 

with those of Rick (1973) Ferry and Guthbert (1974) and Sajjad et al. (2011).  The 

present finding’s however, are partially coinciding with the findings of  Consenza 

and Green (1979) Ferry and Guthbert (1974) Kashyap and Verma (1984b) and 
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Farid (1987) because they studied different varieties of tomatoes and other crops, 

for their resistant susceptibility  to H. armigera than those studied in the present 

project.  

 

In the present study, the peak population of fruit borer  with the highest 

fruit-infestation of the tomato crop was observed on April 8, 2007, but  during the 

final screening trials, the maximum larval-population was recorded on 28.03.2008, 

with a fruit-infestation of 24.93%, on the same date. The highest infestation of fruit 

was   recorded to be 26.53% on 26.03.2008. The present findings can be compared 

with those of Parihar and Singh (1986) found a peak of pest-population during the 

last week of April.  In the present study, the pest appeared  in the 1st week of March, 

during 2007, and in  the last week of February, during 2008. The present findings 

are not in conformity with those of Garg (1987) reported that the adults of fruit 

borer  caught in light trap in mid March, and their peak catches were occurred in the 

first two weeks of April, probably due to the  differences in the weather conditions.  

The present findings cannot be compared with those of  Koshiya and Patel (1987) 

Jan et al. (1988), Saleem and Younus (1982) Elliger et al. (1981) Isman and Duffey 

(1982 a) Farrar and Kennedy (1990) and Xu and Qind (1987) because they studied 

the population-fluctuations, of fruit borer on different host plants as well as on 

different artificial diets. 
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SECTION 1                            CHAPTER VI 

 

 

SUMMARY 

 

 

Thirty two genotypes of tomato, viz., Tropic Boy, Royesta, Long Tipped, 

Money-Maker, Ebein, NARC-1, Roma VFN, Pant Bahr, Shalkot-96, Chico-III, Tommy, 

Nagina, Peelo, Pusba Rubi, Sun-6002, FS-8802, FS-8801, Tanja, Pomodoro, Rio-

Grande, Rockingbam, Manik, Nadir, Early Mecb, Roma Local, Big Long, Gressilesse, 

Pakit, Tropic, Nova Mecb, Sahil and Red Top, were screened for 

resistance/susceptibility against the tomato fruit-borer, Helicoverpa armigera 

(Hübner.) under field conditions in a preliminary screening trials, during 2007. The 

data on the larval-population per plant, and the infestation of fruits, were recorded 

at weekly intervals. The results are summarized as under:  

- Genotypes differed significantly (P < 0.01) regarding the larval-population of 

fruit-borer and its infestation to the fruit. 

- The ranking of genotypes on the basis of larval-population per plant, 

however, is as under: 

Tropic Boy > Royesta > Long Tipped > Money-Maker > Ebein> NARC-1 > 

Roma VFN > Pant Bahr > Shalkot-96 > Chico III > Tommy > Nagina > 

Peelo > Pusba Rubi > Sun-6002 > FS-8802 > FS-8801 > Tanja > Pomodoro 

> Rio-Grande > Rockingbam > Manik > Nadir > Early Mecb > Roma Local 

> Big Long > Gressilesse > Pakit > Tropic > Nova Mecb > Sahil > and Red 

Top.  

- The ranking of genotypes in a descending position, based on the infestation, 

is however, as under: 

Roma VFN > NARC-I > FS-8802 >  Long Tipped > Tropic boy > Money 

Maker > Ebein > Royesta > Nagina > Shalkot-96 > Pusba Rani > Chico-III > 

Sun-6602  > FS-8801, Tommy > Pant Babr > Rio Grande > Peelo > Tanja > 
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Rockingbam > Pomodoro > Manik > Roma local > Nadir > Early Mecb > 

Gressilesse > Red Top > Big Long > Nova Mecb > Pakit > and Sahil  

- Based on the fruit-infestation data, three genotypes (Roma VFN, NARC-1 and 

FS-8802), showed susceptible responses; three genotypes, viz., Tommy, Pant 

Bahr and Rio-Grande, showed an intermediate trend and three (Sahil, Pakit 

and Nova Mecb), with lowest infestation, were selected for the final 

screening trials, during 2008. 

- Maximum larval-population per plant and percent infestation of the fruits, 

was observed on genotype, Roma VFN; while, the minimum larval-population 

and infestation was found on Sahil and were found, as such, to be 

comparatively susceptible and resistant, respectively, during 2008.  

- Variations were found to be significant among dates of observation, 

regarding the larval-population and infestation-percentage of the fruits, 

during both the study years. 

- Maximum larval-population, was recorded to be 1.32/plant, on April 08, 

2007; while maximum-infestation (27.37%) was seen on March 25,2007. 

But, during 2008, maximum-larval population was observed, on March 28, 

2008 and the percent-infestation on April 11, 2008.  

- Roma VFN, showed a maximum host-plant susceptibility index and Sahil was 

observed to be resistant with a minimum host-plant susceptibility index, 

during both the study years as well as on average bases. 

- Significant difference was observed, among the genotypes, regarding  the 

marketable fruit-yield, in kg/plot. Roma VFN (a susceptible genotype), 

showed a minimum yield of 39.50 kg/plot; while,  maximum yield was 

recorded to be 99.56 kg/plot, on Sahil (a resistant genotype). 

- Yield of marketable-fruits, was significantly affected by the larval-population 

of the fruit-borer and its infestation with r-values of 0.934** and 0.996**, 

respectively.  
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SECTION 2                                                                                             CHAPTER I 

 

 

INTRODUCTION 

 

 

The pest populations, have a tendency to fluctuate as a result of their 

inherent characteristics, influenced by the environmental factors. The degree of 

influence of various environmental factors, determines the magnitude of an increase  

or a decrease in the number of a pest-population.  The rate of change in the pest-

population is determined by the fecundity as well as by the speed of its development 

and survival. The environmental factors that favour fecundity or speed of  

development, and are not inimical  to the pest-survival, promote its increase, and 

those having  a reverse influence,  cause a decline in it’s number. The same factor 

may be  favourable in case of one population, but may become unfavourable in case 

of another. It is, thus necessary to consider the influence of various factors, with 

respect to a  particular pest-population. 

 

The climatic factors, exercise a dominating influence on the development, 

longevity, reproduction and fecundity of insect pests. It is well known that the 

densities of pest-population, fluctuate with the prevailing weather conditions, such 

as, those of temperature, moisture, light and wind etc. Extremes of temperature, 

humidity or  rainfall cause mortality among the pest  and its natural enemies. The 

chances of an insect-population to survive and reproduce first increase and then, 

decrease as it are exposed to an unfavourable or to a low range, through an 

optimum to an unfavourable high range. 

 

The insects are all poikilothermic, i.e., they have no precise mechanism for 

regulating  the temperature of their bodies. Their body temperature, therefore, 

follows, more or less, closely that of the surroundings. There is a fairly well defined 
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favourable range of temperature, for every insect species, within which it is able to 

survive. This temperature range is determined  by the prevailing  temperature, at 

which the normal physiological activities of the insect take place.  Exposure to  

temperatures, beyond the favourable range, whether low or high, may retard the 

growth and development of the insect and may even cause its death.   The upper 

lethal limits are usually between 40o to 50oC, but some insects, such as, of stored-

product or the desert-insects, can withstand temperatures in the neighborhood  of 

60oC. The lower lethal limits vary widely and may in some cases, lie below the 

freezing point of water. In the laboratory, some insects have been reported to 

tolerate temperatures as low as 70oC.  

 

A constant supply of moisture is essential for the metabolic reactions as well 

as for the dissolution and transport of salts. The water contents, in insects, vary 

from less than 50 per cent to more than 90 per cent of the total body weight. 

Variations, occur between different species and even between different stages, in 

the life-cycle of the same species. Soft bodied insects, such as, caterpillars tend to 

have comparatively large amount of water in their tissues; whereas, many insects 

with hard  bodies tend to have somewhat lesser amounts. 

 

 Moisture also influences the speed of development and fecundity of most 

insect species. In some species, these activities are accelerated by an excessive of 

moisture; while, in others, these get retarded. The hypothesis of the study is 

“weather factors affects the population fluctuation of the pest under study” 

 

Objective  

To determine the impact of abiotic factors, such as, of temperatures, relative 

humidity, and rainfall on the population fluctuations of the pest and fruit-infestation 

caused by fruit borer, on the tomato crop . 
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SECTION 2                                                                                               CHAPTER II 

 

 

REVIEW OF LITERATURE 

 
 

Wu (1983) reported that the wind and rainfall played a prominent role in the 

population dynamics of the pest, though predation was also an important factor, in 

the 3rd and 4th generations. Important factors, indicating the probability of a 

population build-up of H. armigera, (Hb.), on gram, were the relative humidity below 

70% and low rainfall. Heavy rainfall (while encouraging the growth of C. arietinum and 

making it more susceptible to attack) tended to knock the noctuid eggs off the plant 

and break down it’s pupation chambers in the soil, thus, preventing adult 

emergence. Temperatures of 12-21°C, were the most favorable for the pest 

development,  (Tripathi and Sharma, 1985). 

 

Parihar and Singh (1986) found that the larval-population of H. armigera 

(Hub.), was low until the first week of February and increased, rapidly, thereafter 

words, reaching a peak in the last week of March, in two years. In the last week of April, 

the population declined to 4 larvae/10 plants. They recommenced that the control 

measures should be applied at the time of flowering, which is also the time of mass-

oviposition.  

 

Garg (1987) surveyed chickpea fields, in India, in March -October 1983 and 

1984, for the seasonal incidence as well as for the food plants of H. armigera (Hub.) 

Adults were first caught on the light traps, in mid-March and peak catches occurred in 

the first 2 weeks of April. 

 

Ali et al. (2008)conducted an experiment on the influence of weather, on the 

moth catches of H. armigera, at various cotton-based agro-ecological sites, of the 

Faisalabad district, viz. river, vegetable, orchards, clean cultivation and forest,  from 
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2004 to 2006, and reported that sites did not show a significant difference regarding 

the moth-catches, during the study period. However, vegetable-site showed 

maximum population of moths, per trap (0.54), followed by those of the orchards 

(0.29), forests (0.19), river (0.15) and clean cultivation (0.12). During 2004, the 

rainfall in orchards and clean-cultivation sites and RH, in clean cultivation-site, 

showed a positive significant correlation with the moth-catches. During 2005, 

temperatures played a significant and positive role in the population fluctuations of 

the pest, almost at all the selected sites, except of course the minimum temperature, 

at vegetable sites, and average temperature at the forest site. Rainfall also showed a 

significant  and positive correlation with the trapped moths, in vegetables, orchards, 

and clean-cultivation sites. During 2006, relative humidity showed a significant and 

negative  correlation with the trapped population, in all the sites, except that of the 

river. Rainfall showed a negative and significant correlation with the pest in forest 

sites. Relative humidity was the most important factor, which contributed 8.93% 

role to variation of the trapped-population, followed by the  maximum temperature 

(5.70%), rainfall (1.63%), average-temperature (0.74%) and minimum-temperature 

(0.56%).  A  similar study, has been conducted by Aheer et al. (2009) in district 

Bahawalpur and reported that  in 2004, the river  sites showed the maximum 

trapped-population of H. armigera (0.22/trap), followed  by that of 0.165 per trap, 

at the vegetable sites. Orchard, clean-cultivation and forest sites, had zero moth 

catches. In 2005, the river sites again showed the highest trapped  population 

(0.57/trap), followed by those of the clean cultivation (0.45/trap), vegetable 

(0.44/trap), orchard (0.40/trap) and forest  (0.29/trap). The moths appeared 

during July to  December and March to May. In 2006, sites showed a non-significant 

difference, with  a population range of 0.47 to 0.97 moths, per trap. On an average, 

river sites peaked at  0.49 moths per trap, followed by those from vegetables, (0.38), 

clean-cultivation (0.47), orchards (0.35) and forests sites (0.25). The peak was 

observed on 3rd of April 2006, and moths appeared during February to July and 

October to December. The minimum-temperature, in river, forests and clean-

cultivation sites; the maximum temperature in orchard sites; and the average 

temperature in rivers, orchards, forests,, and clean cultivation sites, showed a 
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significant positive correlation with the trapped moth-populations. Relative 

humidity, showed a significant negative correlation with the population, at the 

orchard sites, in 2005. All the weather factors, during 2004 and 2006, showed a 

non-significant correlation with the moth populations. No model was found to be a 

best fit by the multiple linear regression analysis; however, relative humidity, 

minimum-temperature, and maximum-temperature contributed 8.40, 10.23, 2.43, 

4.53 and 2.53% to the population fluctuations of the moth at rivers, vegetables, 

orchards, forests and clean-cultivation sites, respectively. 

 

Wakil et al.  (2010) conducted a survey in tomato fields at different localities 

to assess the distribution of tomato fruit worm, H. armigera (Lepidoptera: 

noctuidae) in Punjab Province, Pakistan. The effect of weather factor on the 

population was also investigatd. Elevens tomato growing district were selected and 

data for larval population and fruit infestation were recorded. The maximum larvcal 

population (5.2 larvae per plant) of H. armigera was recorded in Bahawalpur district 

with 32.6 percent fruit infestation. However, the minimum larval population (1.4 

larvae per plant) inflicted 14.7 percent fruit infestation in Rawalpindi district. The 

temperature was positively correlated while relative humidity showed negative 

interactrion with the larval population and fruit infestation. 
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SECTION 2                                                                                   CHAPTER III 

 

 

MATERIALS AND METHODS 

 

 

2.3.1  Meteorological Observations  

Meteorological observations, related to the ambient temperature, relative 

humidity and rainfall, were recorded from the meteorological observatory of the 

PARS, to study the effect of weather (a major abiotic factor) on the population of 

fruit-borer [(Helicoverpa armigera (Hübner)] feeding, on different tomato 

varieties/strains. 

 

2.3.2  Statistical Correlation 

Simple correlation was worked out between the population-density of the  

test-insect pest (tomato fruit-borer) and the weather factors, each for 2007 and 

2008, individually as well as on cumulative basis. The combined effect of the factors, 

like, maximum temperature, minimum temperature, average temperatures, relative 

humidity and rainfall on the population of the pest, in both years, separately, and on 

combined basis, was measured by using a multiple linear regression equation of the 

Type1, viz., = a+b1X1+b2x2+B3x3; where population of the larval population per 

plant and infestation (%) were taken as the Response Variable (Y) and the following 

predictors were used to represent the equation. 

 

X1 = Maximum temperature (C°), for every 7 days, et. Seq., 

X2 = Minimum temperature (C°), for every 7 days, et. Seq.,  

X1 = Average temperature (C°), for every 7 days, et. Seq., 

X2 = Average relative humidity (%), for every 7 days, et. Seq., and 

X3 =  Total rainfall (mm) for every 7 days, et. seq. 
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The effect of the weather factors, on the population of the test pest-insect of 

tomato, and on the infestation have been studied to  find out whether or not 

correlation between the population of the test pest-insect of tomato  and its 

infestation (%) with weather factors, such as, temperature, humidity and rainfall 

existed or not. A statistical correlation between these two variables, in a precise 

manner, has been worked out in the present studies. 
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SECTION 2                                                                                    CHAPTER IV 

 

 

RESULTS 

 

 

The effect of weather factors, viz., maximum-temperature, minimum-

temperature, average-temperature, relative humidity and rainfall, on the population 

fluctuations of the fruit-borer and it’s infestation to the fruits, in tomato, was 

determined by processing the data into simple correlations and linear multiple 

regression analysis, for both the study years (2007 and 2008) separately, as well as 

on combined basis. The results are presented, under the following sub-sections. 

 

2.4.1  CORRELATION COEFFIENTS (r-VALUES) 

The effect of weather factors on the larval-population of the fruit-borer and 

on the infestation of fruits, in tomatoes, for both the study years, is given in (Table 

13). The data were obtained from the preliminary and final screening trails  (Section 

I). The weather data are presented in Appendix 22. 

 

2.4.1.1  LARVAL-POPULATION VERSUS WEATHER FACTORS 

The results revealed that the maximum-temperature, minimum-temperature 

and average-temperature exerted a significant (P < 0.01) and positive effect on the 

larval-population, per plant, of fruit-borer on the tomato crop; whereas, the relative 

humidity showed a significant (P < 0.01) and negative effect for both the study 

years, i.e.,   2007 and 2008.   The effect of rainfall on the larval-population, per plant, 

during the study years, was non- significant; however, during 2007, its effect was 

negative; whereas, during 2008, it showed a positive response. The effect of all the 

weather factors, was significant, at P < 0.05, on the larval-population of fruit-borer, 

when the data  of both the study years, were added, except that of rainfall, which 

showed a non-significant correlation with the larval-population, per plant. 
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2.4.1.2  FRUIT INFESTATION VERSUS WEATHER FACTORS 

All the weather factors, showed a non-significant correlation with the 

infestation-percentage of fruits, during 2007. The response of all the temperatures, 

was negative; whereas, the relative humidity and rain-fall had a positive response. 

During 2008, maximum-temperature, minimum-temperature and average-

temperature showed a positive and significant (P< 0.05) effect on the percent-

infestation of fruits, on the tomato crop, while the relative humidity,  showed a 

negative response  at significant level of ( P < 0.05). Rainfall had a non-significant 

effect, on the fruit-infestation, caused by the fruit-borer, on tomato. All the weather 

factors, showed a non-significant correlation with the fruit-infestation, when the 

data of both study years, was computed together. 

 

From these results it was observed that the temperatures had a positive and 

significant effect on the larval-population, whereas, the relative humidity exerted a 

negative and significant correlation in the population fluctuations of the pest, during 

both the study years. Similar trend, was also observed, during 2008, on the fruit-

infestation percentage. Rainfall did not show a significant effect on the larval-

population, per plant, as well as, on the fruit-infestation percentage. 

 

2.4.2 MULTIPLE LINEAR REGRESSION MODELS 

The impact of weather factors on the larval-population of fruit-borers and on 

the infestation of tomato-fruits, during both the study years, separately, and on 

cumulative basis, was determined by processing the data into a Multiple Linear 

Regression Analysis. The results are presented, under the following sub-sections: 
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2.4.2.1 IMPACT OF WEATHER FACTORS ON THE LARVAL 

POPULATION AND INFESTATION OF FRUIT BORER ON 

TOMATO CROP DURING 2007 

 

The results (Table 14) revealed that the relative humidity, showed a 

maximum contribution (36.9%) in the larval-population fluctuations of the fruit-

borer and was found to be the most important factor, followed by the rainfall, 

average-temperature, maximum-temperature and minimum-temperature, with 

18.1, 8.2, 4.6 and 2.9% role in the larval-population of fruit-borer, on tomato.  The 

100 R2 value was obtained to be 70.7, when all the weather factors were computed 

together. 

 

Regarding the infestation-percentage (Table 14), relative humidity, again, 

played a maximum role, i.e., 15.5% followed by that of the maximum-temperature, 

rainfall and minimum-temperature, with 8.8, 6.4 and 2.9 percent contributions in 

the fluctuations of infestation, caused by the fruit-borer, on tomato crop. Average-

temperature, showed zero percent role. The impact of all the factors, when 

computed together was 33.6 percent, on the variation of fruit-infestation.   

 

4.2.2 IMPACT OF WEATHER FACTORS ON THE LARVAL-

POPULATION AND INFESTATION OF THE FRUIT-BORER, ON 

TOMATO CROP, DURING 2008 

 
The results (Table 15) revealed that maximum-temperature was found to be 

the most important factor, which contributed maximum in the fluctuation of larval-

population as well as in the infestation of the fruits, with a 47.2 and 48.2 percent 

role, respectively. The minimum-temperature had zero percent contribution in the 

population-fluctuations of the fruit-borer; while, it had 17.5 percent role in, the 

fruit-infestation. Average-temperature, relative humidity and rainfall had a little 

impact on the larval-population of the pest and fruit-infestation. All the factors, 
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when computed together, played 56.2 and 74.8 percent role, in the fluctuations, of 

larval-population and  infestation of fruits, respectively. 

 

4.2.3 IMPACT OF THE WEATHER FACTORS ON THE LARVAL-

POPULATIONAND INFESTATION OF FRUIT-BORER ON THE 

TOMATO CROP, DURING 2007+ 2008.  

 

           The results (Table 16 ) regarding the impact of weather factors, on the Larval-

population of fruit-borer, on tomato, during 2007 and 2008, revealed that the 

rainfall had a maximum impact (21.1%) on the larval- population, followed by that 

of the maximum-temperature, average-temperature, relative-humidity and 

minimum-temperature, with 13.6, 11.9, 0.7 and 0.1 percent contributions,, 

respectively, in the population fluctuations of the fruit-borer on tomato. The overall 

impact of these weather factors, was calculated to be 46.7% in the population 

fluctuations of the pest, when all the factors were computed together. 

 

The results regarding fruit-infestation (Table 16), it was evident that 

minimum-temperature showed a maximum contribution in the fruit-infestation 

fluctuations, i.e., 19.2 percent, followed by that of rainfall, relative humidity, 

maximum-temperature and average-temperature with 18.3, 2.2, 1.7 and 0.7 percent 

role, respectively,  in the infestation fluctuations, on tomato. The overall impact was 

calculated to be 42.1 percent, when all the weather factors were computed together. 
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Table 13 Effect of the weather factors on the larval-popualtion of fruit borer as 

well as on the infestation of fruits in tomato during 2007 and 2008. 

r-values 

Weather Factors Larval Population per Plant Infestation (%) 

2007 2008 2007 + 

2008 

2007 2008 2007 + 

2008 

Maximum 
Temperature oC 

0.816 ** 0.687 ** 0.369 * -0.297 0.694 ** 0.131 

Minimum 
Temperature oC 

0.807 ** 0.536 ** 0.347 * -0.260 0.802 ** 0.304 

Average 
Temperature oC 

0.819 ** 0.614 ** 0.333 * -0.290 0.799 ** 0.206 

Relative 
Humidity (%) 

-0.677 ** -0.580 ** 0.310 * 0.220 -0.430* -0.031 

Rain Fall (mm) -0.460 0.370 0.135 0.258 0.260 0.288 

 * = Significant at P < 0.05. 
** = Significant at P < 0.01. 
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Table 14. The impact of weather factors on the larval-population of the fruit 

borer as well as on the infestation of tomato-fruits during 2007. 

(Multiple Regression Analysis). 

 Regression Equations 

Larval Population 

R2 100R2 Impact 

(%) 

  Y= -8.493+0.0163 X1 0.046 4.6 4.6 

  Y= -23.0429 + 0.0176 X1 + 0.5318 X2 0.075 7.5 2.9 

  Y= 15.0053 +0.0023 X1 +0.7877 X2-0.2553 X3 0.157 15.7 8.2 

*Y= 6.4215-0.0233 X1-1.349 X2-1.4257 X3 

13.161** X4 

0.526 52.6 36.9 

**Y= 167.5388-0.01148 X1-0.9728 X2-0.3802 X3 + 

3.7109 X4-1.8046** X5 

0.707 70.7 18.1 

 Infestation    

Y= 5.6249-0.08449 X1 0.088 8.8 8.8 

Y= 6.196-0.338NS X1 +0.2612 X2 0.117 11.7 2.9 

Y= 5.9511-0.1723X1+0.3079 X2-0.2168 X3 0.117 11.7 0.00 

Y= 14.103-6.1821X1+0.2807X2+5.606X3-

0.3295X4 

0.272 27.2 15.5 

Y= 19.708-12.641X1-0.0686X2+12.318X3-

0.3729X4-0.0846X5 

0.336 33.6 6.4 

 

*= Significant at P < 0.05. 
** =Significant at P < 0.01 
Where: 

X1 = Maximum Temperature oC 
X2 = Minimum Temperature oC 
X3 = Average Temperature oC 
X4 = Relative Humidity (%) 
X5 = Rainfall (mm) 
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Table 15.  The impact of weather factors on the larval-population of the fruit 

borer as well as on the infestation of tomato-fruits during 2008. 

(Multiple Regression Analysis). 

*= Significant at P < 0.05. 
** =Significant at P < 0.01 

Where: 

X1 = Maximum Temperature oC 
X2 = Minimum Temperature oC 
X3 = Average Temperature oC 
X4 = Relative Humidity (%)  
X5 = Rainfall (mm) 

 Regression Equations 

Larval population 

R2 100R2 Impact 

(%) 

Y = -3.9084 +0.8594**X1 0.472 47.2 47.2 

Y = -3.8814 +0.8463*X1 +0.01177X2 0.472 47.2 0.00 

Y = -4.4588+1.8541* X1+0.5267X2-1.457X3 0.523 52.3 5.1 

Y = 0.4509+1.3277NSX1+0.7710NSX2-1.5291NSX3-

0.3409NSX4 

0.538 53.8 1.5 

Y = 11.70208-0.3650X1+0.7241X2-0.7858X3-

1.0577X4-0.1699X5 

0.562 56.2 2.4 

 Infestation    

Y = -11.338+2.8572**X1 0.482 48.2 48.2 

Y = -7.0328+0.759X1+1.879**X2 0.657 65.7 17.5 

Y = -5.793-1.403 X1+0.7742X2+3.1278X3 0.679 67.9 2.2 

Y = 21.0444-4.280X1+2.109X2+2.735X3-1.8638X4 0.721 72.1 4.2 

Y = -18.501+1.669X1+2.273X2+0.122X3+0.6553X4-

0.5972X5 

0.478 74.8 2.7 
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Table 16.  The impact of weather factors on the larval-population of the fruit 
borer as well as on the infestation of tomato-fruits during 2007 & 
2008. (Multiple Regression Analysis) 

 Regression Equations 

Larval population 

R2 100R2 Impact 

(%) 

Y = -0.6179+0.2993X1 0.136 13.6 13.6 

Y = -0.5266+0.2461X1+0.05227X2 0.137 13.7 0.1 

Y = -1.2763+1.950**X1+0.9332X2-2.525*X3 0.249 24.9 11.9 

Y = 0.4555+1.777*X1+1.068*X2-2.610*X3-0.1170 

X4 

0.256 25.6 0.7 

Y = 4.997+1.248NSX1+0.833NSX2-2.060*X3-

0.589X4+0.1794**X5 

0.467 46.7 21.1 

 Infestation    

Y = 33.15+0.2853NSX1 0.017 1.7 1.7 

Y = 6.8217-1.758*X1+2.008**X2 0.209 20.9 19.2 

Y = 7.303-2.8529X1+1.442X2+1.621X3 0.216 21.6 0.7 

Y = 15.671-3.690X1+2.095X2+1.2144X3-

0.5653X4 

0.238 23.8 2.2 

Y = 26.9818-5.007*X1+1.509X2+2.583X3-

1.742**X4+0.4469**X5 

0.421 42.1 18.3 

 
*= Significant at P < 0.05. 
** =Significant at P < 0.01 
Where: 

X1 = Maximum Temperature oC 
X2 = Minimum Temperature oC 
X3 = Average Temperature oC 
X4 = Relative Humidity (%) 
X5 = Rainfall (mm) 
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SECTION 2                                                                                             CHAPTER-5 
 

 

DISCUSSION 

 

 

Besides, the host-plant resistance, particularly the varietal variation, in 

various crops, fluctuation in the population of pests depends upon the variation in 

weather factors, especially those of temperature and relative humidity. In the 

present study, the role of weather factors, in the population fluctuation of tomato 

fruit-borer, Helicoverpa armigera (Hb.), was determined on 32  tomato genotypes, 

during 2007 and 2008. The study revealed that the maximum-temperature, 

minimum-temperature and average-temperature had a positive and significant 

correlation with the larval-population of the pests; whereas, the relative-humidity 

exerted a negative and significant correlation during 2007 and 2008. On an average 

of two year’s data, all the above mentioned factors had a significant ( P < 0.05) and 

positive effect on the larval-population of the pest. Rainfall had no significant effect, 

during both the study years. The present findings are in conformity with those of 

Wakil et al. (2010) who conducted survey to assess the distribution of fruitworm, H. 

armigera in tomatos fields of eleven districts of the Punjab province and reported 

that larval infestation and population were positively significant correlated with 

temperature  and negatively significant with relative humidity. However, the 

findings of  Wu (1983) are not in conformity, who reported that wind and rainfall 

played a prominent role in the population dynamics of the pest; whereas, in the 

present study rainfall had no significant effect on the pest fluctuation. Furthermore, 

in the present studies,  the temperature of 24.59oC and 24.57oC, and RH of 47.92% 

and 49.43%,  were found to be the most favourable for the development of the pest, 

during 2007 and 2008, respectively. The average minimum-temperature, for both 

the study years, which was 16.08oC and 15.09oC, was suitable for the multiplication 

of the pest (Tables 3 and 8 and Appendix 22). The present findings are in agreement 
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with those of (Jan et al., 1988; Sajjad et al., 2011).  who reported that average 

minimum-temperature of 10oC to 20oC, was found optimum for the moth activity. 

The present findings, in a broader sense, are in conformity with those of  Tripathi 

and Sharma (1985), who reported that temperatures of 12-21oC, was the most 

favourable for the pest development.  In the present study, the  results obtained 

from the linear multiple  regression analysis, revealed that a rainfall of 21.01%  and 

a minimum-temperature of 19.02%, were important  for the fluctuation in the 

larval-population and in the pest-infestation, respectively.  No work on this aspect 

was found,  so far,  in Pakistan  as well as abroad, for further comparison and 

discussion. However, Ali et al. (2008) and Aheer et al . (2009), studied the effect of 

weather factors  on the population of H. armigera moths, through pheromone traps,  

in Faisalabad, and Bahawalpur districts (Pakistan), in cotton agro-ecological system, 

and, this cannot be compared with the present results. 
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SECTION 2                                                                                            CHAPTER VI 

 

 

SUMMARY 

 

 

The data on the larval-population of fruit-borer and fruit-infestation 

obtained from the preliminary and final-screening trials, during 2007 and 2008, 

were processed with the relevant weather  conditions, viz., Maximum-Temperature, 

Minimum-Temperature, average-temperature, Relative humidity and Rainfall for 

simple correlation and a Multiple Linear Regression analysis, along with the 

coefficient of determination (R2) values. The objective of these studies was to find 

out the effect of weather factors on the larval-population of the fruit-borer and its 

infestation, on the fruits of tomato. The quantitative role of each weather factor, 

individually, and on cumulative basis, was also calculated by a coefficient of 

determination values (R2). The results are summarized as under: 

 

- Maximum-temperature, minimum-temperature and average-temperature, 

during 2007 and 2008, separately had a significant and positive correlation 

with the larval-population of tomato fruit-borer.   

- Relative humidity, exerted negative and highly significant correlation with 

the larval-population of fruit-borer during both the study years, but, on 

average basis, it exerted a positive and significant correlation (P < 0.05) with 

the larval-population, per plant. 

- Maximum-temperature, minimum-temperature and average-temperature, 

had a significant and highly positive correlation with the fruit-infestation; 

whereas, relative humidity showed a negative and significant correlation (P < 

0.05) during 2007, as well as 2008 and, on an average basis, of both the study 

years, all the factors showed non-significant correlation with the infestation.  
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SECTION 3 

 

ROLE OF THE PHYSIO-MORPHIC AND CHEMICAL PLANT-

CHARACTERS IN THE POPULATION FLUCTUATIONS OF THE 

FRUIT-BORER IN TOMATO. 
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SECTION 3                                                                                               CHAPTER I 

 

 

INTRODUCTION 

 

 

A number of plant-characteristics are known to render the cultivars less 

suitable or unsuitable for the feeding, oviposition and development of insect pests. 

Broadly speaking, these characteristics can be classified into two categories, i.e. 

biophysical and biochemical. 

 

The plant resistance is controlled by several morphological factors, which are 

either remote or control. the remote factors and comprise colour, shape and size, 

etc; where as, the contact or close-range factors consist of thickening of cell walls 

and rapid proliferation of plant tissues, solidness and other stem characteristics, 

trichomes, incrustation of minerals in the cuticle, surface waxes and anatomical 

adaptations of organs etc. The resistance mechanisms related to the morphological 

or structural  plant-features that impair normal feeding or oviposition by the insects 

or contribute to the action of other mortality factors, are together called phonetic 

resistance. The morphological characteristics of the host-plant, may also influence 

the nutrition of the insects, by limiting the amount of feeding, due to the shape, 

colour or texture etc., which may limit the ingestion of the nutritive material and 

influence the digestibility and utilization of food by the insects. 

 

A wide array of chemical-substances, including inorganic chemicals, primary 

or intermediary metabolites and secondary substances of plants, are known to 

impart resistance, in them, against a wide variety of insect pests. Broadly 

considering the chemicals imparting resistance in plants, against insects, can be 

classified into two main categories. 
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The host-plant may be deficient in certain nutritional elements, required by 

the insect and, hence, prove resistant. The nutritionally deficient plant, may show 

antibiotic and antixenoitic  effects on the insect. The antibiosis may result from the 

absence of certain nutritional substances in the host plant deficiency of some 

nutritional materials and/or an inbalance of available nutrients. Morphological 

resistance factors interfere physically with the locomotors mechanisms and more 

specifically with the mechanisms of host-selection, feeding, ingestion, digestion, 

mating and oviposition (Norris and Kogan, 1980). Trichomes are one of the 

morphological falters. 

 

A potential alternative method of control is the host-plant resistance, which 

may be mediated by Trichomes. Trichomes are unicellular and multicellular 

outgrowth from the epidermis of leaves, shoots, and roots. The collective cover of a 

plant-surface is called pubescence. Trichomes serve many critical physiological and 

ecological functions. Levin (1973) and Johnson (1975) discussed the ecological 

functions of trichomes as defense against herbivores. Insect species respond 

differently to the presence of plant hair.  Pubescence, as a resistance factor, 

interferes with the insect oviposition, attachment to the plant, feeding and ingestion.  

 

However, glabrous forms of plants, may be more resistant to some species. In 

general, the purely mechanical effects of the pubescence depend on four main 

characteristics of trichomes, i.e, their density, erectness, length and shape.   In some 

cases trichomes possess associated glands that exude secondary plant metabolites. 

The effect of glandular-trichomes may depend on the nature of their exudates. It may 

be composed of allelochemicals, such as, alkaloids or terpenes (Johnson, 1975). Plant 

trichomes can diminish herbivory or the damage done by the phytophagous insects 

(Levin, 1973; Johnson, 1975). There are many reports, where trichomes are reported to 

trap and impale insects (Gepp, 1977; Trouvelot; Thenarol, 1931). Trichomes also play 

an important role in the defense of tomato plants, from the ravages of phytophagous, 

insects. Some tomato varieties, with glanded trichomes, contain phytochemicals, 

such as, 2-tridecanone and 2-undecanone, having antibiotic growth inhibiting 
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effects on the insects (Kennedy et al., 1985; Farrar and Kennedy, 1988). There are 

various  phytochemicals found in the plants, which affect the biology and behaviour 

of insects feeding upon them. Such phytochemicals fall into different groups, such as, 

alkaloids, Tannins, phytosteroids. 

 

The extent of damage, caused by insect pests, to different hosts, depends on 

the physio-morphic and chemical characters of the food plants (Hypothesis). Thus, 

there appear to be three mechanisms, working together. Firstly, physio-morphic 

characters influence host-selection. Secondly, preference is related to the chemical 

substances of the host plants. Thirdly, a combination of plant factors (Physio-

morphic and chemical) produce resistance, in plant, against pests rather than a 

single factor (Mushtaq, 1998). Physio-morphic and chemical factors of the selected 

tomato genotypes, therefore, make an important field of study. 

 

 

Objective 
 
To determine the physio-morphic and chemical factors of the selected tomato 

varieties, those are responsible for the acquisition of their resistance to H. armigera. 
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SECTION 3                                                                                      CHAPTER II 

 

 

REVIEW OF LITERATURE 

 

 

Since the crop and the crop-variety are a big part of an agro-ecosystem, it is an 

important factor that can be manipulated, in developing insect management programmes. 

Insect-resistant varieties, may affect the insect-population and economic injury to the 

plant. The antibiosis and non-preference mechanisms of resistance, reduce insect-

populations and the tolerance mechanisms reduce the economic injury, even if the 

insect population is not reduced. Sometimes, we might think of rather minor 

differences, in resistance, which may have an important effect on the inject population 

and it may be worthwhile to refine our techniques, and if possible, to determine the 

degree of resistance or susceptibility. Information can be obtained on the difference 

between varieties for factors , such as 1) rate of reproduction, 2) rate of development, 

3) mortality, and 4) length of reproductive life. The reduced rate of reproduction that 

often occurs when an insect feeds on a resistant-variety, could be very important, in an 

integrated control programme. 

 

Maxwell (1982) reviewed different resistance characters. Morphological 

(physical) resistance factors, interfere physically with the locomotory mechanisms, 

and more specifically with  the oviposition as opposed to those factors, that affected 

the chemically mediated behavioral and metabolic process. Much of the existing man-

enhanced practical resistance, in crop plants, involves morphological factors and the 

primary morphological factors, studied in connection with effects on insects, are 

thickening of the cell walls, increased toughness of tissues, proliferation of wounded 

tissues, solidness and other characteristics of the stems, trichome accumulation of surface 

waxes, incorporation of silica, and anatomical adaptations of non-specialized organs 
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and protective structures. Of these, solidness and other characteristics of stem and 

trichome, have been used most extensively in breeding for insect resistance. 

 

Trichomes are unicellular or multicellular out-growths from the epidermis of 

leaves, shoots and roots. The collective trichome cover of the plant surface, is called 

pubescence. Insect species respond differently to the presence of plant-hair. 

Pubescence, as a resistance factor, interferes with the insect oviposition, attachment 

of eggs to the plant, feeding and ingestion. Glabrous forms of plants, may be more 

resistant to some species, e.g., bollworm: on cotton or soybeans. The mechanical 

effects of trichomes or pubescence on insects depend on density, erectness, length 

and shape. In some cases, trichomes posses associate glands that exude secondary, 

plant-metabolites that may be toxic to the insects or serve as sticky exudates to trap 

certain species. 

 

These outgrowths contribute to various physiological and ecological 

processes of the plant (Johnson, 1956; Gibson, 1971; Weier et al., 1974; Johnson, 

1975). Genetic diversity in the density of pubescence in both wild and domesticated 

cotton, results in varying effects upon the biology of insect pests, attacking them. The 

work done, so far, on this aspect, has been related to commercial, cotton varieties. 

Lukefahr et al. (1971) reported a reduction of upto 60%, in the oviposition, by 

Heliothis spp., on glabrous cottons, in the field cages. A corresponding reduction in 

the number of Heliothis larvae, was also detected. These reductions were attributed 

to the facts that glabrous surfaces exhibited antixenosis, through their non-

preference for oviposition and that eggs, once deposited, were more likely to be 

dislodged than those deposited, on normally hirsute surfaces. Oviposition studies of 

Heliothis moths, on artificial substrates, having various-surface textures and 

hairiness, also demonstrated differences among the Heliothis spp. and oviposition-

site preference (Davis el al., 1973; Robinson el al., 1980). Several replicated field 

trials, have confirmed the value of smooth-leaf cottons, as a source of resistance to 

Heliothis spp. (Lukefahr et at., 1975; Robinson et al., 1980). Ramalho et al. (1984) 
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reported that pubescence provided a mechanism of resistance to the movement of 

newly hatched larvae of H. virescens on cotton. 

 

 A number of tomato accessions, with very pubescent leaves and stem, were 

compared with susceptible TK70 and resistant 76 WP1134417, for field damage, by 

H. armigera.  All the accessions were more susceptible than TK70. The lack of resistance, 

despite pubescence, was attributed to the lack of glandular trichomes (Anonymous, 

1989). 

 

Farrar and Kennedy (1988) found that a second trichome constituent, 2 

undecanone is active against H. zea in combination with 2 – tridecanone, in an artificial 

diet. It synergistically increases mortality of young larvae. 

 

The screening of thirty tomato varieties/lines to the tomato fruit-borer, H. 

armigera infestation, in relation to their morphological characters, was conducted, 

during Rabi season, November 1999 to March 2000. The tomato fruit-borer-

infestation varied significantly among the varieties/lines and also with the age of 

the tomato plants. Among the varieties/lines, V-29 and V-282, were found to be 

moderately resistant and susceptible, respectively. Plant-height, stem-diameter, 

total number of branches/plant, total number of leaves/plant, and leaf area, total 

leaf-chlorophyll, number of leaf hair and number of fruits/plant of V-29 line, were 

81.74 cm, 1.45 cm, 14,453, 19.58 sq. cm, 1.13 mg/g, 12 and 48, respectively. Again 

the aforementioned characters for V-282 line, were 80.74 cm, 1.18 cm, 9, 396, 21.57 

sq. cm, 1.24 mg/g, 17 and 30, respectively (Khanam, 2003). 

 

Banerjee and Kalloo (1989) studied the susceptibility of 4 tomato varieties, 

HA 101, Pusa Ruby, Red Cherry and Manazana, and 2 accessions of Lycopersicon 

hirsutum t. glabratum, B6013 and WIR 4172, to H. armigera and found that B 6013 

was highly resistant. High phenol-contents (134.22) and 124.37 ug/fresb weight for 

B6013 and WIR 4172) were associated with resistance.  

 

 Farrar and Kennedy (1990) stated that non-lethal growth-inhibiting 

allelochemicals have potential roles in the host-plant resistance to insects, because they 
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can extend the time during which the insects are exposed to other mortality factors. Four 

chemical constituents of wild tomato, Lycopersicon hirsutum f. glabratum, PI 134417 

were evaluated in artificial diet, as growth inhibitors to Heliothis zea (Boddie) i.e, alpha-

tomatine, chlorogenic acid, beta-caryophyllene and alpha-hmnulene. All caused a small 

increase in the developmental time. 

 

Sixth-instar larvae of H. armigera, reared on an artificial diet supplemented 

with 0.5% nicotine, tomatine, gossypol or tannic acid, showed significant differences 

in their food ingestion, food utilization and growth. Nicotine, had no detectable effects 

on H. armigera, but had a phagostimulant effect on H. assulta. Tannic acid, Gossypol 

and Tomatine, inhibited the larval-growth of the two species. The decreased ingestion, 

caused by tomatine, had a more pronounced effect on H. assulta, and tannic acid and 

gossypol caused a lower diet-digestibility, in it (Xu and Qind, 1987). 

 

 Studies were conducted to determine the factors affecting pest host 

interaction in IPM of H. armigera in term of food consumption and coefficient of 

utilization by Ahmad (2002) and reported that moisture contents showed positive 

and thickness of leaf lamina played negative role toward consumption and 

coefficient of utilization. The moisture percentage alone contributed 50.8% role 

towards resistance in term of consumption and the same factor played 40.5% role 

towards resistance in term of coefficient of utilization. He further reported that with 

the thickness of leaf lamina, the model showed 63.2 and 53.2% for consumption and 

CU, respectively. Ferrous and manganese contents showed significant correlation 

with negative and positive responses, respectively with consumption, whereas the 

effect of nitrogen and crude fiber were significant with positive and negative 

responses, repectively with the coefficient of utilization of the pest. Multivariate 

model revealed that moisture content, total minerals, nitrogen, potassium, calcium 

and magnacium, ferrous and manganese, crude fiber contributed 44.8% role 

towards resistance in term of coefficient of utilization. He further reported that 

castor oil, maize and tomato were the favourable host plants for the development of 

the pest. 
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SECTION 3                                                                                            CHAPTER III 
 

 

MATERIALS AND METHODS 

 

 

3.1.1 Methodology to study Factors of Resistance 

3.1.2  Physio-morphological Factors of the Plant 

3.1.2.1.1 Moisture Percentage, in Leaves 

 Three leaf samples each of 10 gm each, from the upper and lower parts of 

given number M, different plants, were plucked from every plot. All leaves, under 

experiment, were cleaned with a muslin cloth, weighed, classified and kept into a 

drying oven, run at 100 + 5oC, for 12 hours. The dry matter of leaves, was weighed 

and put back into the oven, at the same temperature, for another six hours. After the 

weight of the dry material, became constant, the moisture percentage was 

calculated, according to the following formula: 

 

                              WT. of fresh leaves –Wt. of the dry leaves                                 
Moisture %age =            ____________________________________________   x 100 

                                                                Wt. of fresh leaves 

 

3.1.2.2 Hair  

 Three leaves, selected, at random, from the top middle and bottom parts of 

different plants, from each plot, were taken. and The following observations were 

recorded, from them.   

                                              1-Hair Density, on Leaf Lamina. 

                                              2-Length of Hair, on Leaf Lamina. 
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3.1.2.3 Thickness of Leaf Lamina 

           From each plot, three plants were selected, randomly. One leaf, each from the 

upper, middle and bottom parts of each selected plant, was taken into account. A 

cross-section of the leaves, was cut with the help of a fine razor and thickness of the 

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

micrometer, under a CARL ZEISS binocular, microscope.  

 

3.1.3 Chemical Factors of the Plant (Sampling Procedure) 

          Samples weighing 500 gm of green leaves, each from the top and bottom parts 

of the plants, from each plot, were taken separately. These samples, were brought 

into the laboratory, washed with distilled water and kept into the open, under 

shade, for 3 hrs. These were, then, dried in a drying oven, at 70 + 5oC, for 12 hours. 

The oven-dried material, was kept into pieces, ground and passed through a 1-mm 

sieve. The samples were stored, in dry polythene bags for working out their 

chemical analysis. 

 

4.1.2.1 Total Minerals  

           Weighed 2 gms of the dry ground-leaf tissues, from each sample, and put into a 

boron-free, fused, silica-crucible. The samples, thus  treated, were burnt to ashes, in 

the Muffle Furnace, at 600oC, for five hrs. The material after combustion, was 

weighed and again put at the same temperature, till it was completely burnt to a 

white/grayish white ash, and its weight became constant or consistent. The total 

minerals were calculated as follows after Ranganna (1977).  

Total mineral percentage=  Wt. of the ash / Wt. of the dried leaves  x 100 

                                                                            

3.1.2.2 Nitrogen 

              Weighed 0.5 gms of a dry ground-leaf tissue, from each sample. Nitrogen 

contents were determined by a Kjeldahl Method. The percentage nitrogen, was 

calculated, after Winkleman et al. (1986) as under: 
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Nitrogen percentage =N of acid x 14.0067 x (ml of titrant for sample –ml of titrant 

for blank)/ Wt. of sample (grams) x 10. 

 

3.1.2.3 Fat Contents  

Two gms of the dry ground sample was taken in plugged thimble. Fat 

sample was extracted with solvent ether on soxhlet extraction apparatus for ten 

hours. The ether extract was dried and fats were caculated with the help of the 

following formula (AOAC., 1975). 

  Weight of ether extract 
Fats (%) =        ---------------------------- 

         Weight of Sample 

 

3.1.2.4 Crude Fiber 

Took 3 grams well mixed sample. Dry it to a constant weight in an oven run at 

100oC. Extracted 2 g of this material with petroleum ether to remove crude fat. 

Tansfered the residue along with 0.5 g asbestos to digestion flask. Added 200 ml 

boiling 0.255 N H2SO4 . Connected with the condenser and boil for 30 minutes. 

Filtered the contents of the flask through linen cloth in fluted funnel. Washed the 

residue with distilled water till washing are free from acid (perform barium chloride 

test) Tranfered the residue to the digestion flask again with the help of boiling 0.313 

N NaOH solution. Added more boiling 0.313 N NaOH till the volume of NaOH added 

is exactly 200 ml. Connected the flask with reflux condenser and boil for 30 minutes. 

Filter hot materials through Gooch crucible prepared with an asbestos mat. Washed 

thoroughly with boiling water and then with 15 ml ethyl alcohol. Dried the crucible 

and contents at 110oC to constant weight in an air oven.Cooled and weighed. 

Denoted the value as W1. Ignited the contents of the crucible in muffle furnace and 

weighed again. Denoted the value as W2. Noted the loss in weight as crude fiber and 

percentage was calculated with following formula (Awan and Rehman, 2003). 

          W1 – W2 
Crude fibre % = ---------------------------------    X   100    
   Weight of the Sample 
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3.1.2.5 Carbohydrates  

Following formula was used for determination of carbohydrates in the 

samples (AOAC., 1975). 

Carbohydrate (%) = 100-crude protein +% fats + crude fiber + % ashes 

 

3.1.2.6 Magnesium and Phosphorus 

           These elements, were determined by using the digested materials, from 

previous section of samples following method 56 and 61 (Richards, 1954. 

Agriculture hand book 60), respectively on a photoelectric Calorimeter, using 470-

mm wavelength, as the characteristic band. 

 

3.1.2.7 Calcium and Potassium 

           These were, determined by using the digested materials and following method 

55a, 58a and 57a (Richards, 1954) respectively, on a Gallen Kamp Flame 

Photometer. 

 

3.1.2.8 Micro-nutrients 

          Copper, Manganese and Zinc were determined from the solution with the help 

of an Atomic Absorption Spectrophotometer, against the following settings. 

 

Elements Wave length Lamp Current Flame Slit width 

Cu 324.80 nm 4 mA Air / acetylene 0.5 nm 

Mn 279.50 nm 5 mA Air / acetylene 0.2 nm 

Zn 213.86 nm 5 mA Air / acetylene 1.0 nm 
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SECTION 3                                                                                            CHAPTER IV 

 

 

RESULTS 

 

 

4.1 Factors of  Resistance 

Various physio-morphic and chemical plant-factors, viz., hair-density and 

length of hair, on the upper and lower leaves and thickness of leaf-lamina, moisture-

contents, total-minerals, nitrogen, phosphorus, potassium, calcium, magnesium, 

ferrous, manganese, zinc, crude-fiber and carbohydrate percentages, were studied 

from the selected genotypes of tomatoes. Data regarding the population of fruit-

borer and its infestation of tomato fruits, were processed for simple correlations 

and  the data on larval-population, were subjected to a multiple linear regression 

analysis, with the objective of finding out  the actual contribution of each factor, 

individually, as well as on cumulative basis, in fluctuating the larval-population of 

fruit-borer. The results are described, under the following sub-sections:  

 

 

4.1.1 Physio-morphic Leaf Character 

4.1.1.1 Hair Density (1/2 cm2) 

a) Upper Surface of the Leaves 

The data and their analyses of variance, regarding the hair-density on the 

upper surface of the leaves, are presented in Appendix 23. The results revealed a 

non-significant difference among the selected genotypes of tomatoes (Table 11, 

Column A). The number of hair, however, ranged from a minimum of 22.62 to a 

maximum of 24.51 on Tommy and Pakit, respectively. 
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b) Lower Surface of the leaves 

The data and their analysis of variance, pertaining to the hair-density on the 

lower surface of the leaves of different selected genotypes of tomato, are given in 

Appendix 24. The analysis of variance revealed a significant difference (P < 0.05) 

among the genotypes. Comparison of the means (Table 11; Column B) of data, 

revealed that the maximum number of hair on the lower surface of the leaf, was 

recorded to be 853.13, per ½ cm2 ,on the genotype, Pakit and it did not differ, 

significantly, from those of  Roma VFN, Tommy, FS-8802, Rio-Grande, Sahil and 

Nova Mecb, having 839.91, 836.98, 833.54, 831.08, 824.59 and 817.19 hair, per ½ 

cm2. The genotype NARC-1, possessed a minimum number of hair (761.57per ½ 

cm2) and was found, at par, statistically, with those observed on genotype Pant Bahr 

(795.48 per ½ cm2). The later mentioned figure, also did not show a significant 

difference with those  recorded on all other genotypes.  

 

4.1.1.2 Length of Hair (Micron) 

a) Upper Surface of leaves 

The data and their analysis of variance, pertaining to the length of hair, on 

the upper surface of leaves of different selected genotypes of tomato, are depicted in 

Appendix 25. The results revealed a significant difference (P < 0.05)   among the 

genotypes. The maximum length of hair on the upper surface of the leaves, was 

recorded to be 26.54 micron on Sahil and did it not differ with those observed on 

Nova Macb, NARC-1 and FS-8802, with a length of 26.09, 26.06 and 25.82 microns, 

respectively. The minimum length of hair was, however, observed to be 24.35 

micron on Pant Bahr and it was, statistically, at par, with those recorded on Tommy 

and Rio-Grande, showing a length of 24.53 and 26.65 micron, respectively. The 

genotype, Roma VFN possessed a hair-length of 25.32 microns, which did not differ, 

significantly, from those observed in most of the genotypes, except those in Pant 

Bahr and Sahil. 
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Lower Surface of leaves 

The data and their analysis of variance, regarding the length of hair on the lower 

surface of leaves of different selected genotypes of tomatoes, are shown in appendix 

26. The results revealed a non-significant difference among  the genotypes. The 

length of hair, however, ranged from a minimum of 12.09 to a maximum of 12.90 

microns on Pakit and NARC-1, each (Table 11, Column D) .  

 

4.1.1.3 Thickness of the Leaf-Lamina 

The data and their analysis of variance, relating the thickness of leaf-lamina 

on different selected genotypes of tomatoes are given in Appendix 27. The results 

revealed a significant variation (P < 0.01) among the genotypes. The means were 

compared with a DMR Test, at P = 0.05 (Table 11, Column E). The maximum 

thickness of the leaf-lamina was found to be 5.59 microns, on Sahil, and it did not 

differ, significantly, with those observed on Pakit and Nova Mecb with leaf-thickness 

of 5.52 and 5.39 microns, respectively. The minimum thickness of leaf-lamina was, 

however, recorded to be 5.09 microns on Rio-Grande and it showed a non-

significant difference with those observed on Pant Bahr (5.21 microns) Tommy 

(5.17 microns), NARC-1 (5.16 microns) and Roma VFN (5.23 microns). The 

genotype, FS-8802, showed a thickness of 5.36 microns of leaf-lamina, which was, at 

par, statistically, with most of the genotypes, except those of Rio-Grande and Sahil.  

 

4.1.2  Chemical Leaf-Characters 

4.1.2.1 Moisture Contents (%) in Leaves 

Variations were found to be significant among the genotypes, regarding the 

moisture-percentage, in leaves (Appendix 5, Table 12, Column A). The maximum 

moisture-percentage was recorded to be 80.45, in the leaves of NARC-1 and it did 

not show a significant variation with those of recorded in Roma VFN, Tommy, FS-

8802, Pant Bahr and  Rio-Grande, with 80.33, 80.27, 79.85, 79.86 and 79.87 percent 

moisture-contents, respectively. The minimum moisture-contents were recorded to 
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be 78.27 percent, in the leaves of Sahil and it was at par, statistically, with those of 

78.31 percent, in the leaves of Pakit.  

 

4.1.2.2 Total Minerals (%), in Leaves 

The data and their analysis of variance, regarding the total minerals in the 

leaves of different selected genotypes of tomatoes, are shown in Appendix 29. The 

analysis of variance, revealed a significant variation (P < 0.01) among the genotypes. 

The means were compared by a DMR Test, at P = 0.05 (Table 2 Column B).  The 

maximum total minerals, were observed to be in the leaves of FS-8802, i.e., 8.62 

percent, which did not differ significantly from those observed in the leaves of all 

other genotypes, followed by those of 8.53, 8.34, 8.32, 8.26 and 7.98 percent in the 

leaves of Pant Bahr, Roma VFN, Pakit, Sahil, and Nova Mecb, respectively, The total 

minerals in all these genotypes, however, differed significantly with one another. 

The minimum total-minerals, were recorded in the leaves of NARC-1, i.e., 7.40 

percent, which differed significantly from those observed in the leaves of all other 

genotypes. The total minerals in the leaves of Rio-Grande and Tommy, were 7.70 

and 7.47 percent, respectively, The difference among them, was, however, 

significant.  

 

4.1.2.3 Nitrogen 

The data and their analysis of variance, regarding the nitrogen (%) in the 

leaves of different selected genotypes of tomato, are given in Appendix 30. The 

analysis of variance revealed a highly significant difference among the genotypes. 

The means were compared by DMR Test, at P = 0.05 (Table 12, Column C). The 

maximum nitrogen-contents, were observed in the leaves of Roma VFN, which were 

2.73 percent, and differed, significantly, from those observed in the leaves of all 

other genotypes. The minimum nitrogen-percentage, was recorded to be 2.52, in the 

leaves of Tommy and it did not show a significant difference with those observed in 

the leaves of Nova Mecb, Pakit and Sahil, with 2.54, 2.55 and 2.57 percent nitrogen 

in their leaves, respectively.  Non-significant variations were also found to exist 
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between Pant Bahr and Rio-Grande, showing a nitrogen-percentage of 2.59 and 

2.58, which did not differ, significantly, from those observed in Nova Mecb, Pakit 

and Sahil. The genotype FS-8802, which possessed 2.66 percent nitrogen, did not 

differ significantly, from that observed in the leaves of NARC-1, with 2.61 percent 

nitrogen-contents. 

 

4.1.2.4 Phosphorus (P) 

Phosphorus-percentage in the leaves of various selected genotypes of 

tomatoes revealed a highly significant difference (Appendix 31, Table 12 Column D). 

The leaves of Sahil possessed the maximum phosphorus-contents, i.e., 0.43 percent 

and it showed a significant difference with those observed in the leaves of all other 

genotypes. Non-significant difference was, however, found to exist among Pakit, 

Nova Mecb and Roma VFN, with 0.40, 0.38 and 0.38 percent phosphorus-contents, 

in their leaves, respectively.  Similarly, NARC-1, FS-8802, Tommy, Pant Bahr and 

Rio-Grande, showed a non-significant variation with one another, having 0.36, 0.37, 

0.37, 0.36 and 0.36 percent, phosphorus, in their leaves, respectively.  

 

4.1.2.5 Potassium (K) 

The data and their analysis of variance (Appendix 32), pertaining to the 

potassium-contents in the leaves of various selected genotypes, revealed a 

significant difference (P < 0.01). The genotype, Roma VFN, showed maximum K-

contents, i.e., 2.86 percent, in the leaves, which differed, significantly, from those 

observed in the leaves of all other genotypes.  The genotypes, Sahil and Tommy, 

each showing 2.84 percent K-contents, in their leaves, did not differ significantly 

with each other as well as with those observed in the leaves of Pakit, with 2.85 

percent K-contents. The genotype FS-8802, possessed minimum K-contents, i.e., 

2.73 percent, which differed, significantly, from those observed in the leaves of all 

other genotypes. A non-significant variation was, however, found to exist among 

NARC-1, Pant Bahr and Nova Mecb, with 2.79, 2.79 and 2.80 percent K-contents, in 

their leaves, respectively. The later mentioned figure, also showed a non-significant 
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variation, with those observed in genotype Rio-Grande, which had 2.82 percent K-

contents.  The minimum K-contents, were recoded in the leaves of FS-8802, showing 

2.73 percent  contents, which differed significantly from those observed in the 

leaves of all other genotypes.   

 

4.1.2.6 Calcium (Ca) 

The data and their analysis of variance (Appendix 33), regarding Ca-contents, 

in the leaves of different selected genotypes of tomatoes, are presented in Appendix 

33. The results revealed a highly significant difference, among the genotypes. The 

means were compared by DMR Test, at P=0.05 (Table 2, Column F). The maximum 

Calcium percentage was observed in the leaves of NARC-1,  with 0.23 percent 

contents, which did not differ, significantly from with those observed in the leaves of 

Roma VFN and FS-8802, having 0.22 percent, Ca-contents, each. The genotype, Pakit, 

however, possessed minimum Ca-contents, i.e., 0.19 percent and it differed 

significantly from those observed in the leaves of  all other genotypes. The Ca-

contents in the leaves of Sahil, were 0.21 percent, which did not differ significantly 

from those observed in the leaves of Pant Bahr and Nova Mecb, having 0.21 and 0.22 

percent Ca-contents, respectively. A non-significant variation was also found to exist 

between Rio-Grande and Tommy, which had 0.20 percent Ca-contents, each, in their 

leaves.  

 

4.1.2.7 Magnesium (Mg) 

The data and their analysis of variance, regarding the magnesium (%) are 

given in Appendix 34. The results revealed a non-significant difference among the 

genotypes. The magnesium-contents, however, ranged from a minimum of 0.27 to 

maximum of 0.29 percent (Table 12, Column G). 

 

4.1.2.8 Ferrous (Fe) 

The differences were significant among the genotypes, regarding the ferrous-

contents (%), in the leaves of various selected genotypes of tomatoes (Appendix 35. 
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Table 2, Column H). The maximum ferrous-contents, were found to be 0.18 percent, 

each in the leaves of Nova Mecb, Pakit and Sahil, which were followed by 0.17 

percent in the leaves of Rio-Grande. The genotypes, Roma VFN, possessed minimum 

ferrous contents, of 0.14 percent, which were, at par, statistically, with those of 

NARC-1, FS-8802, Tommy and Pant Bahr, having 0.15, 0.15, 0.16 and 0.16 percent 

contents, respectively.  

 

4.1.2.9 Manganese (Mn) 

The data and their analysis of variance, regarding the manganese-contents, in 

the leaves of different selected genotypes of tomatoes, are presented in Appendix 

36. The  results revealed a highly significant difference among the  genotypes (Table 

12, Column I).  The genotype FS-8802, showed maximum Mn-contents in their 

leaves i.e., 0.39 percent, which did not differ, significantly, from those observed in 

the leaves of NARC-1 (0.38%). The minimum Mn- contents were, however, observed 

to be 0.33 percent in the leaves of Sahil, and these did not differ, significantly, from 

those observed in the leaves of Pakit (0.33%). The later mentioned figure, also 

showed a non-significant difference, with 0.35 percent Mn-contents, each, in the 

leaves of Pant Bahr and Tommy. The genotype Roma VFN, possessed 0.37 percent 

Mn-contents   and was found to be statistically, at par, with those observed in NARC-

1 (0.38%) and  Rio-Grande (0.36%). 

 

4.1.2.10 Zinc (Zn) 

The data and their analysis of variance, regarding the zinc-contents (%), in 

the leaves of different selected genotypes of tomatoes, are given in Appendix 37. The 

results revealed non-significant difference among the genotypes. The zinc-contents, 

however, ranged from a minimum of 0.11 to maximum of 0.13 percent (Table 12, 

Column J).  
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Fat-Contents  

Differences were found to be significant among the genotypes, regarding the 

fat-contents (%) in their leaves (Appendix 38, Table 12, Column K).  The genotypes 

Tommy and Sahil, showed a non-significant difference with each other, each having 

2.67 percent fat-contents, in their leaves, which did not differ significantly from 

those of Tommy VFN and Pakit with 2.65 and 2.66 percent, fat-contents, in their 

leaves, respectively. The minimum fat-contents, were observed to be 2.60 percent in 

the leaves of Nova Mecb and these, differed,  significantly, from those in the leaves of 

all other genotypes.  The genotypes, NARC-1 and FS-8802 showed a non-significant 

difference, with each other, and had a 2.62 percent fat-percentage. Similarly, 2.64 

percent fat-contents were found   in the leaves of Pant Bahr and Rio-Grande, each. 

 

4.1.2.11 Crude-Fiber 

The data and analysis of variance, pertaining to the crude-fiber (%) in the 

leaves of various selected genotypes of tomatoes, revealed a highly significant 

difference. The means were compared by DMR Test, at P = 0.05 (Table 12, Column 

L). The maximum crude-fiber contents were found in the leaves of FS-8802, i.e., 

16.76 percent, which were found to be statistically, at par, with those observed in 

the leaves of Roma VFN,  Pant Bahr, Nova Mecb, NARC-1, Rio-Grande, Sahil  and 

Pakit, having 16.74, 16.71, 16.67, 16.64, 16.60 and 16.45 percent crude-fiber, 

respectively. The minimum fiber-contents of 16.27 percent  were, however, 

recorded in the leaves of Tommy, which were similar to those observed in the leaves 

of NARC-1, Rio-Grande, Pakit and Sahil. 

 

4.1.2.12 Carbohydrates (CHO) 

Differences were found to be significant (P < 0.01), among the genotypes, 

regarding CHO-contents (Appendix 40, Table 12, Column M). The leaves of Pakit 

possessed maximum CHO-contents, i.e., 49.71 percent, which did not differ, 

significantly, from those observed in the leaves of FS-8802, Pant Bahr, Sahil, Tommy 

and Rio-Grande, having 49.68, 49.64, 49.58, 49.58 and  49.55 percent CHOs, 
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respectively. Nova Mecb and Roma VFN, possessed 48.76 and 48.64 percent CHs in 

their leaves and did not show any difference. The genotype, NARC-1 with 49.37 

percent CHOs, did not differ significantly with  Tommy, Pant Bahr, Rio-Grande and 

Sahil, in CHO-contents, of their leaves.    

 

4.2 The Impact of Physio-morphic and Chemical Plant- Factors on 

the Larval Population of Fruit-Borer and its Infestation on the 

Fruits of Tomatoes 
 

4.2.1 Correlation Coefficient values  

 

4.2.1.1 Correlation between the physio-morphic and Chemical 

Plant-Characters with the Larval-Population of the 

Fruit-Borer  
 

The results (Table 13, Column A), regarding the correlation between Physio-

morphic and chemical-plant characters and the larval-population of the tomato 

fruit-borer revealed that the hair-density on the upper leaf surfaces, length of hair 

on the upper leaf surface, thickness of the leaf-lamina,  phosphorus and ferrous-

contents, showed a negative and significant correlation, with r-values of -0.399*, -

0.374*,  -0.590**, -0.515** and -0.534**; whereas, the moisture contents and 

Manganese-percentage, had a positive and significant correlation with the larval-

population, having  r-values of 0.615** and 0.480**, respectively.  The hair-density 

on the lower surface, length of hair on the lower surface, total-minerals, nitrogen, 

potassium, calcium, magnesium, zinc, fat, crude-fiber and carbohydrates, had a non-

significant correlation with the larval-population of the tomato fruit-borer. 

 

4.2.1.2 Correlation Between the Physio-Morphic and Chemical 

Plant-Characters with the Infestation of Fruits Caused 

by the Tomato Fruit Borer. 
 

 The results (Table 13, Column B), regarding the effect of physio-morphic and 

chemical plant-characters on the fruit-infestation, caused by the fruit-borer, on  
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tomatoes revealed that the length of hair on the upper surface and the thickness of 

leaf-lamina, showed a negative correlation with the fruit-infestation, showing a r-

value of -0.469**, -0.720** and -0.734; whereas, the moisture in the leaves, 

phosphorus, calcium, magnesium, manganese and zinc contents, showed a positive 

and significant effect on the fruit-infestation, with r-values of 0.870**, 0.611**, 

0.414*, 0.368*, 0.641** and 0.645**, respectively. The hair-density on the upper and 

lower leaf-surfaces, length of hair on the lower leaf-surface, total-minerals, nitrogen, 

potassium, fat, crude-fiber and carbohydrate, however, did not show a significant 

correlation with the fruit-infestation. 

 

4.2.2  Multiple Linear Regression Models 

Impact of various physio-morphic and chemical plant characters, was 

determined by processing the data into a Multiple Linear Regression analysis. The 

actual contribution of these factors, towards the larval-population and infestation of 

fruits, caused by the tomato fruit-borer, was also determined through a coefficient 

of determinations (R2). The results are presented under the following sub-sections. 

 

4.2.2.1 Physio-morphic and Chemical Plant Factors Versus the 

Larval-Population of the Tomato Fruit-Borer. 
 

A) Physio-Morphic Plant-Characters 

The results (Table 14 ) revealed that  amongst various physio-morphic 

characters, the thickness of leaf-lamina showed a maximum role (16.8%), in  the 

population-fluctuations, of the pest, followed by the hair-density, on the upper 

surface of leaves, length of hair on the upper surface of leaves, hair-density on the 

lower surface of the leaves and the length of hair on the lower surface of the leaves, 

with 15.9%, 8.9%, 4.9% and 3.8% contribution; The R2 value was, however, 50.3%, 

when all the physio-morphic characters were computed together. 
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B)  Chemical Plant Characters 

The results (Table 15) showed that the moisture contents in the leaves, were 

the most important factor, which contributed the maximum (37.8%) in the 

population-fluctuations of the tomato-fruit, followed by the carbohydrates and 

phosphorus-contents, which contributed 10.4 and 7.2 percent in the larval-

population of the tomato fruit-borer. The total contribution of all the chemical-plant 

characters, when computed together came to be 67.6%, in the population 

fluctuations of the fruit-borer. The contribution range of other chemical plant-

characters, in the larval-population fluctuations, however, came to be 0 to 3.4 

percent. 

 

4.2.2.2  Physio-morphic and Chemical Plant Factors Versus 

Infestation of the Tomato Fruits Caused by the Fruit 

Borer 
A) Physio-Morphic Plant Characters 

 The results, regarding the impact of physio-morphic plant-characters, on the 

infestation of fruit-borer, on tomatoes, are presented in Table 16. The results 

revealed that the  thickness of leaf-lamina, was found to be the most important 

character, which contributed the maximum i.e., 22.6 percent in the infestation-

fluctuations, followed  by the length of hair on the upper surface of leaves, length of 

hair on  the lower surface of leaves and the hair-density on the upper surface of the 

leaves, with 16.6, 11.7 and 11.4 percent, contributions in the infestation-

fluctuations.  The overall impact of all the physio-morphic plant-characters, was 

calculated to be 66.4 percent,   when the effect of these factors was computed, 

together. 

 

B) Chemical Plant Character 

The results regarding the impact of chemical plant-characters, on the 

infestation of fruit-borer, on tomatoes,  are given in Table 17. The results revealed 

that the moisture-percentage, in the leave, was the most important which played a 

role of 75.5 percent in the infestation fluctuations of the fruit-borer; it was followed 
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by the calcium-contents, with a 6.9 percent role. The contribution, in infestation-

fluctuations of the fruit-borer, on tomatoes  of other chemical plant-characters, 

ranged from 0.00 to 3.3 percent.  The R2 value was found to be 0.925, when the 

effect of all the chemical-plant characters, was computed, together.  All the 

regression equations, exerted a highly significant impact on the fruit-infestation 

fluctuations.  
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Table 17.     A comparison of means for the data on physio-morphic characters of the leaves of various selected 

genotypes of tomato. 

 

Means sharing similar letters in column are not significantly different by DMR Test at P = 0.05. 

Genotypes 

 

Hair Density Length of Hair Thickness of Leaf 

Lamina 

Upper Leaf Lower Leaf Upper Leaf Lower Leaf  

(A) (B) ( C) (D) (E) 

Roma VFN 22.76 ns 839.91 ab 25.32 bc 12.81 5.23 cde 

NARC-1 24.45 761.57 c 26.06 ab 12.90 5.16 de 

FS-8802 23.23 833.54 ab 25.82 ab 12.73 5.36 bcd 

Tommy 22.62 836.98 ab 24.53 cd 12.29 5.17 de 

Pant Babr 24.45 795.48 bc 24.35 d 12.65 5.21 cde 

Rio Grande 24.05 831.08 ab 24.65 cd 12.60 5.09 e 

Nova Mecb 24.19 817.19 ab 26.09 ab 12.56 5.39 abc 

Pakit0.00 24.51 853.13 a 25.67 b 12.09 5.52 ab 

Sahil 24.17 824.59 ab 26.54 a 12.71 5.59 a 

LSD = 
 

45.05 0.77 NS 0.20 
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Table 18   A comparison of means for the data on chemical-characters of the leaves of various selected genotypes of 
tomato. 

 

 
Means sharing similar letters in column are not significantly different by DMR Test at P = 0.05. 

 

Geno-

types 

 

Moisture 

(%) 

Total 

Minerals 

(%) 

N 

(%) 

P 

(%) 

K 

(%) 

Ca 

(%) 

Mg 

(%) 

Fe 

(%) 

Mn 

(%) 

Zn 

(%) 

Fat  

(%) 

Crude 

Fiber (%) 

CHO 

(%) 

(A) (B) ( C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M) 

Roma 
VFN 

80.33 a 8.34 c 2.73 a 0.38 bc 2.86 a 0.22 a 0.29 0.14 c 0.37 bc 0.13 2.65 ab 16.74 a 48.64 
c 

NARC-
1 

80.45 a 7.40 a 2.61 bc 0.36 d 2.79 e 0.23 a 0.28 0.15 c 0.38 ab 0.12 2.62 c 16.50 ab 49.37 
b 

FS-
8802 

79.85 a 8.62 a 2.66 b 0.37 cd 2.73 f 0.22 a 0.28 0.15 c 0.39 a 0.13 2.62 c 16.76 a 49.68 
a 

Tomm
y 

8.07 a 7.47 h 2.52 e 0.37 cd 2.84 b 0.20 d 0.28 0.16 bc 0.35 de 0.12 2.67 a 16.27 b 49.58 
ab 

Pant 
Babr 

79.86 a 8.53 b 2.59 cd 0.36 d 2.79 e 0.21 c 0.27 0.16 bc 0.35 de 0.12 2.64 b 16.71 a 49.64 
ab 

Rio 
Grande 

79.87 a 7.70 g 2.58 cd 0.36 d 2.82 cd 0.20 d 0.27 0.17 ab 0.36 cd 0.12 2.64 b 16.64 ab 49.55 
ab 

Nova 
Mecb 

77.48 c 7.98 f 2.54 de 0.38 bc 2.80 de 0.22 b 0.27 0.18 a 0.35 de 0.11 2.60 d 16.67 a 48.76 
c 

Pakit 78.31 b 8.32 d 2.55 
cde 

0.40 b 2.84 bc 0.19 e 0.27 0.18 a 0.33 ef 0.12 2.66 ab 16.45 ab 49.71 
a 

Sahil 78.27 b 8.26 e 2.57 
cde 

0.43 a 2.84 b 0.21 
bc 

0.28 0.18 a 0.33 f 0.11 2.67 a 16.60 ab 49.58 
ab 

LSD 0.56 0.97 0.054 0.017 0.017 0.005
4 

ns 0.017 0.017 Ns 0.017 0.346 0.268 
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Table 19. The effect of different physical and chemical plant-characters on the 

larval- population of the fruit and/or shoot-borer and infestation of 

fruits in tomato. 

Physical Factors LARVAL POPULATION 

PER PLANT 

FRUIT INFESTATION 

(%) 

Hair 
density per 
cm 

Upper 
Surface 

-0.399 * -0.338 

Lower 
Surface 

- 0.175 -0.164 

Hair Length 
(µm) 

Upper 
Surface 

-0.374 * -0.469 ** 

Lower 
Surface 

0.220 0.334 

Thickness of Leaf  Lamina 
(µm) 

- 0.590 ** -0.720 ** 

** = Significant at P < 0.01. 
* = Significant at P < 0.05. 
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Table 20. Effect of chemical plant characters (%) on the larval population per 
plant and infestation (%) of fruit borer on tomato crop. 

 

CHEMICAL FACTORS LARVAL POPULATION 

PER PLANT 

FRUIT INFESTATION 

(%) 

Moisture in Leaves  0.615 ** 0.870 ** 

Total Minerals -0.146 -0.290 

Nitrogen 0.114 0.053 

Phosphorus -0.515 ** 0.611 ** 

Potassium -0.257 0.288 

Calcium 0.281 0.414 * 

Magnesium 0.297 0.368 * 

Ferrous -0.537 ** -0.734 ** 

Manganese 0.480 ** 0.641 ** 

Zinc 0.292 0.645 ** 

Fat 0.029 0.102 

Crude fiber 0.083 -0.183 

Carbohydrate 0.351 -0.165 

** = Significant at P < 0.01. 
* = Significant at P < 0.05. 
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Table 21.  Linear multiple regression analysis and coefficient of determinations 

between physical plant factors and larval population of fruit borer on 
tomato crop. 

 

 REGRESSION EQUATION R2 100 R2 PERCENT 

ROLE 

* Y = 3.1028 – 0.4231 X1* 0.159 15.9 15.9 

 Y =  4.4107 – 0.449X1* - 0.0411X2 0.208 20.8 4.9 

* Y = 6.2668 – 0.3923 X1* - 0.0380X2 – 

0.437 X3  

0.297 29.7 8.9 

* Y = 4.3968 – 0.3573 X1 – 0.3130 X2 – 

0.487 X3 + 0.4866 X4 

0.335 33.5 3.8 

** Y = 6.6016 – 0.395 X1* - 0.0045 X2 – 

0.0646 X3 + 0.1907 X4 – 1.6056 X5 

0.503 50.3 16.8 

 
Where:  ** = Significant at P < 0.01. 

  * =  Significant at P < 0.05. 

   X1= Hair density on upper leaves (per cm2) 

  X2 = Hair density on lower leaves (per cm2) 

  X3 = Hair length on upper surface (μm) 

  X4 = Hair density on lower surface (μm) 

  X5 = Thickness of leaf Lamina (μm) 
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Table 22.  Linear multiple regression analysis and coefficient of determinations 
between chemical plant characters and larval population of fruit borer on tomato 
crop. 
 

REGRESSION EQUATION R2 100 R2 PERCENT 

ROLE 
**Y = 10.0397 + 1.2379 X1** 0.378 37.8 37.8 

**Y = - 10.2118 + 1.2476 X1** + 0.0294 X2 0.378 37.8 0.00 

**Y = -10.7024 + 1.257 X1** + 0.0669 X2 + 
0.1684 X3 

0.391 39.1 1.3 

**Y = -5.589 + 0.963 X1** + 0.174 X2 + 0.239 
X3 – 3.117 X4 

0.463 46.3 7.2 

**Y = -3.8606 + 0.9200 X1* + 0.1327 X2 + 
0.2835 X3 – 2.9149 X4 – 0.817 X5 

0.467 46.7 0.4 

**Y = 5.7631 + 0.8088 X1* + 0.1595 X2 + 
0.280 X3 – 3.4331 X4 – 0.334 X5 + 
2.8802 X6 

0.501 50.1 3.4 

*Y = -5.4023 + 0.623 X1 + 0.1476 X2 + 
0.4047 X3 – 3.6005 X4 – 1.2157 X5 + 
1.8061 X6 + 4.2907 X7 

0.527 52.7 2.6 

*Y = - 2.4109 + 0.476 X1 + 0.0971 X2 + 
0.410 X3 – 3.271 X4 – 1.536 X5 + 1.392 
X6 + 4.560 X7 – 1.4237 X8 

0.532 53.2 0.5 

Y = - 5.733 + 0.512 X1 + 0.066 X2 + 0.478 
X3 – 2.388 X4 – 1.402 X5 + 0.232 X6 + 
5.015 X7 – 0.573 X8 + 1.938 X9 

0.541 54.1 0.9 

Y = -5.042 + 0.861 X1 + 0.09 X2 + 0.321 X3 
– 1.862 X4 – 0.686 X5 – 1.030 X6 + 
4.739 X7 – 0.269 X8 + 4.254 X9 – 8.229 
X10 

0.566 56.6 2.5 

Y = -5.165 + 0.723 X1 + 0.066 X2 + 0.315 
X3 – 2.253 X4 – 0.903 X5 – 0.557 X6 + 
4.543 X7 – 0.589 X8 + 4.291 X9 – 8.751 
X10 + 1.476 X11 

0.570 57.0 0.4 

Y = - 3.887 + 0.758 X1 + 0.19 X2 + 0.345 X3 
– 2.118 X4 – 0.651 X5 – 0.589 X6 + 
4.387 X7 – 0.004 X8 + 4.997 X9 – 8.761 
X10 + 1.014 X11 – 0.662 X12 

0.572 57.2 0.2 

 18.740 + 0.712 X1 + 0.227 X2 + 0.448 
X3 – 1.031 X4 – 3.706 X5 – 2.114 X6 + 
3.110 X7 + 1.305 X8 + 2.631 X9 + 1.601 
X9 – 0.272 X10 – 1.712 X11 – 2.260 
X12 

0.676 67.6 10.4 

 
Where: ** = Significant at P < 0.01.   * = Significant at P < 0.05. 

 X1 = Moisture percentage in the leaves  X2 = Total minerals (%) 
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 X3 = Nitrogen (%)     X4 = Phosphorus  (%) 

 X5 = Potassium (%)     X6 = Calcium (%) 

 X7 = Magnesium  (%)    X8 = Ferrous  (%) 

 X9 = Manganese  (%)    X10 = Zinc  (%) 

 X11 = Fat  (%)     X12 = Crude fiber  (%) 

 X13 = CHO  (%)     
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Table 23.  Linear multiple regression analysis and coefficients of determination 
between physical plant factors and fruit infestation (%) caused by 
fruit borer on tomato crop. 

 

REGRESSION EQUATIONS R2 100 R2 PERCENT 

ROLE 

Y = 18.265 – 2.769 X1 0.114 11.4 11.4 

Y = 27.548 – 2.953 X1 – 0.292 X2 0.155 15.5 4.1 

*Y = 47.129 – 2.355 X1 – 0.259 X2 – 4.610 
X3* 

0.321 32.1 16.6 

**Y = 21.796 – 1.881 X1 – 0.167 X2 – 5.294 
X3** + 6.592 X4* 

0.438 43.8 11.7 

**Y = 41.564 – 2.220 X1* + 0.072 X2 – 
1.503 X3 + 3.939 X4 – 0.143 X5 

0.664 66.4 22.6 

 
 
Where:  * = Significant at P < 0.05. 

  ** = Significant at P < 0.01. 

X1= Hair density on upper leaves (per cm2) 

  X2 = Hair density on lower leaves (per cm2) 

  X3 = Hair length on upper surface (μm) 

  X4 = Hair density on lower surface (μm) 

  X5 = Thickness of leaf Lamina (μm) 
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Table 24.  Linear multiple regression analysis and coefficient of determinations 
between chemical plant factors and percent fruit infestation caused by 
fruit borer in tomato crop. 

 

REGRESSION EQUATIONS R2 100 R2 PERCENT 

ROLE 
**Y = - 116.269 + 1.353 X1** 0.756 75.6 75.6 

**Y = -111.538 + 13.269 X1** - 0.809 X2 0.759 75.9 0.3 

**Y = -108.998 + 13.218 X1** - 1.003 X2 – 
0.872 X3 

0.762 76.2 0.3 

**Y = - 82.502 + 11.695 X1 – 0.447 X2 – 
0.504 X3 – 16.154 X4 

0.798 79.8 3.6 

**Y = -91.734 + 1.192 X1** - 0.226 X2 – 0.739 
X3 – 17.236 X4 4.367 X5 

0.799 79.9 0.1 

**Y = -112.393 + 1.0719 X1** + 0.065 X2 – 
0.768 X3 – 22.863 X4** + 9.618 X5 + 
31.277 X6** 

0.868 86.8 6.9 

**Y = -112.569 + 10.809 X1** + 0.071 X2 – 
0.828 X3 – 22.782 X4** + 10.047 X5 + 
31.800 X6 – 2.089 X7 

0.868 86.8 0.00 

**Y = -79.942 + 9.211 ** - 0.479 X2 – 0.769 
X3 – 19.196 X4 + 6.544 X5 + 27.287 
X6* + 0.849 X7 – 15.528 X8 

0.878 87.8 1.00 

Y = -102.733 + 9.452 X1 ** - 0.688 X2 – 
0.300 X3 – 13.139 X4 + 7.466 X5 + 
19.331 X6 + 3.970 X7 – 9.695 X8 + 
13.297 X9  

0.885 88.5 0.7 

**Y = -105.530 + 8.038 X1** - 0.788 X2 + 
0.333 X3 – 15.267 X4 + 4.568 X5 + 
24.439 X6 + 5.083 X7 – 10.923 X8 + 
3.9271 X9 + 33.291 X10 

0.892 89.2 0.7 

**Y = -106.164 + 7.329 X1* - 0.914 X2 + 
0.298 X3 – 17.267 X4 + 3.454 X5 + 
26.858 X6 + 4.078 X7 – 12.561 X8 + 
4.114X9 + 30.616 X10 + 4.563 X11 

0.894 89.4 0.2 

**Y = - 108.296 + 7.270 X1* - 1.125 X2 + 
0.247 X3 – 17.492 X4 + 3.033 X5 + 
26.911 X6 + 4.338 X7 – 13.537 X8 + 
2.937 X9 + 30.632 X10 + 8.334 X11 + 
1.104 X12 

0.894 89.4 0.00 

**Y = -11.849 + 7.073 X1** – 0.979 X2 + 
0.687 X3 – 12.860 X4 – 9.990 X5 + 
20.411 X6 – 1.107 X7 – 7.953 X8 – 
7.145 X9 + 74.802 X10* + 2.852 X11 – 
3.373 X12 – 9.636 X13* 

0.896 89.6 0.2 

Where; ** = Significant at P < 0.01. 

 * = Significant at P < 0.05. 
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 X1 = Moisture percentage in the leaves  X2 = Total minerals (%) 

 X3 = Nitrogen (%)     X4 = Phosphorus  (%) 

 X5 = Potassium (%)     X6 = Calcium  (%) 

 X7 = Magnesium  (%)    X8 = Ferrous  (%) 

 X9 = Manganese  (%)    X10 = Zinc  (%) 

 X11 = Fat  (%)     X12 = Crude fiber  (%) 

 X13 = CHO  (%) 
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SECTION 3                                                                                    CHAPTER V 

 

 

DISCUSSION 

 

 

Various physio-morphic (hair-density and length of hair the on upper and 

lower surface of the leaves and  thickness of the leaf lamina)  and chemical plant-

characters (moisture, total mineral, N, P, K, Ca, Mg, Fe, Mn, Zn, Fat, Crude fiber and 

CHO), were  studied from 9 selected genotypes of tomato, viz., Roma VFN, NARC-1, 

FS-8802, Tommy, Pant Babr, Rio-Grande, Nova Mecb, Pakit and Sahil,  to determine 

the role of these factors towards their resistance/susceptibility against  Helicoverpa  

armigera, in term of the larval-population of the pest  and  its infestation of the 

tomato fruits. Hair density on the lower surface, length of hair on the upper surface 

and thickness of the leaf-lamina, showed a significant difference among genotypes. 

Anonymous (1985) compared pubescent leaves accessions with susceptible TK70 

and resistant 76 WPI 134417 for field damage by H. armigera and reported that 

resistance was attributed to the lack of glandular trichomes and these findings are 

in partial agreement with the present findings. 

 

The present findings can not be compared with those of Xu and Qind (1987) 

Banerjee and Kalloo (1989) and Farrar and Kennedy due to differences in their 

Maretials and Methods and various ecological conditions as those of in the present 

studies. 

 

 In the present study, amongst chemical-plant characters, zinc and 

magnesium, in the leaves of tomato plants, showed a non-significant variation, 

whereas, all the other characters had a significant difference among genotypes. 

Hair-density  on the upper and lower surfaces of the leaves, length of hair on the 

upper surface of leaves and thickness of the leaf-lamina, showed a significant and 
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negative correlation with the larval-population of tomato fruit-borer.  Length of hair 

on the upper surface and the thickness of leaf-lamina had a negative and significant 

correlation with the fruit-infestation, caused by fruit-borer. The present findings can 

partially be compared with those of Ahmad (2002) who also reported thet thickess 

of leaf lamina in various host plants showed negative and significant correlation 

with  coefficient of utilization. Similarly, Lukrfahr et al. (1971) reported that a 

reduction of upto 60% in the oviposition in glabrous palnts. Hairiness also 

demonstarated differences between oviposition site preference and Heliothis spp 

(Davis et al., 1975 and Robinson et al., 1980). Ramalho et al. (1984) reported that 

pubescence provided a mechanism of resistance to the movement of newly hatched 

lavvae of H. virescens on cotton. In the present study, amongst  the chemical plant-

characters the moisture-percentage and manganese had a positive and significant 

correlation, whereas, the phosphorus and ferrous contents showed a negative and 

significant effect on the larval-population of tomato fruit-borer. Similarly, moisture-

percentage, phosphorus, calcium ,magnesium, manganese and zinc contents exerted 

a significant and positive effect on the fruit-infestations while, the ferrous had a 

negative and significant correlation with the fruit-infestation; caused by the fruit-

borer on tomatoes.  The present finding can also partially be compared with those 

Ahmad (2002) who also reported moisture contents in the leaves of various host 

plants had positive and significant correlation with consumption of the pest. In the 

present study, Multiple linear regression analysis, revealed that the thickness of 

leaf-lamina and hair-density, on the upper leaf-surface, were the most important 

and contributed 16.08 and 15.09% role in the population-fluctuations of the pest, 

respectively; whereas, amongst the chemical plant characters, moisture-percentage 

in the leaves, appeared to be the most important factor, which contributed towards 

a role of 37.08%, in the population-fluctuations of the pest. Similarly, the thickness 

of leaf-lamina and moisture-percentage, had a maximum impact on the fruit-

infestation, i.e., 22.06% and 75.06%, respectively. These findings in broarder sence 

can be copared with those of Ahmad (2002) who also reported that moisture 

content was the most important fector and contributed 50.8% in term of 

consumption while studying pest host interaction in IPM of H. armigera. 
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SECTION 3                                                                                    CHAPTER VI 

 

 

SUMMARY 

 

 

Various physio-morphic and chemical plant-characters, were studied on 

various selected genotypes of  tomatoes, to determine their effect on the larval-

population of fruit-borer and it’s infestation of fruits, during 2008. The results are 

summarized as under: 

- Hair-density on the lower surface of the leaves, length of hair on the upper 

surface of leaves and thickness of leaf-lamina, differed significantly, in 

various selected genotypes of tomatoes.  

- Various genotypes of tomatoes, differed significantly in the moisture-

contents, total-minerals, nitrogen, phosphorus, potassium, calcium, ferrous, 

manganese, fat, crude-fiber and carbohydrates-contents, in their leaves; 

whereas, magnesium and zinc-contents did not differ, significantly, among 

genotype. 

- Hair-density on the upper surface, length of hair on the upper surface and 

thickness of leaf-lamina, showed a negative and significant correlation with 

the larval-population of the tomato fruit-borer.   

- Length of hair on the upper surface of the leaves and the thickness of leaf-

lamina, had a negative and significant correlation with the fruit-infestation: 

whereas, the hair-density, exerted a non-significant  correlation with the 

fruit-infestation.  

- Moisture and manganese contents, showed a positive and significant 

correlation (P < 0.01), while, the phosphorus and ferrous-contents had a 

negative  and significant correlation with the larval-population, of the tomato 

fruit-borer. 
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- Moisture-percentage, phosphorus, calcium, magnesium, manganese and zinc, 

had a positive and significant correlation with the fruit-infestation; whereas, 

the effect was negative and significant between ferrous-contents and fruit-

infestation.  

- Thickness of the leaf-lamina and moisture-percentage, in the leaves of 

tomato-plants, were the most important and, contributed maximum in the 

larval-population of the tomato fruit-borer, i.e., 16.8 and 35.8 percent, 

respectively, followed by the hair-density on the upper surface of the leaves 

and carbohydrates, with 15.9  and 10.4 percent contribution, in the larval-

population fluctuations of the tomato fruit-borer, respectively.  

- Thickness of the leaf-lamina and the moisture-percentage, in the leaves of 

tomato-plants, appeared to be the most important characters, which showed 

a significant impact on the fruit-infestation, with a 22.6 and 75.6 percent role, 

respectively. 
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SECTION 4                                                                                               CHAPTER I 

 

 

INTRODUCTION 

 

 

An indiscriminate use of pesticides, has led to severe ecological 

consequences, like destruction of natural enemies, increased pest-resistance, 

resulting aggravation of pest problems, effect on the non-target organisms and 

residues in consumable products. Despite, the advantage of convenience, simplicity, 

effectiveness, flexibility, and economics, the pesticide use, has resulted in several 

problems, such as, insect pest resistance, resurgence outbreak of secondary pests, 

adverse effects on the non-target organisms and other externalities (Metcalf and 

Luckman, 1975). H. armigera has a strong ability to develop resistance to insecticides 

(Collins and Hooper, 1984). 

 

Intensive and indiscriminate pesticide-use has emerged as a concern. Besides 

causing resistance in pests, chemical pesticides are expensive for the farmers, and 

have adverse affects on the environment, as well as cause health hazards (Balk and 

Koeman, 1984). 

 

Like, most other cotton growing countries, Pakistan largely relies on 

pesticides for the control of this pest. In Pakistan, total pesticide consumption has 

increased from 13072 million tones, in 1988, to 73556 million tones, in 2006. 

Monetary value of pesticide consumption has increased from 2334 million rupees, in 

1988 to 14327 million rupees, in 2006. moreover , import of pesticides has increased 

from 6256 million tones, in 1988 to 23227 million tones, in 2006 (Agricultural 

Statistics of Pakistan, 2007b). 
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Moreover, pesticides cause destruction of natural enemy complexes, and 

hence, disrupt the natural balance that often exists between pests and their natural 

enemies (Ehler et al., 1973; Eveleens et al., 1973). 

 

Resistance to an insecticide may be defined as “the ability of an insect-

population to survive a dose of poison that is lethal to the majority of the individuals, 

in a normal population, of the same species”. 

 

An indiscriminate application of pesticides, during 1980s and 1990s, has 

contributed a lot to the heavy outbreaks of H. armigera (Waage, 1989; Ahmad et al., 

1997).  According to Maitland (1996) there are more than 500 insect species that 

have developed resistance to modern insecticides, for example, H. armigera has 

developed resistance to endosulfan, profenofos, thiodicarb, alpha-cypermethrin, 

cypermethrin, zeta cypermethrin, deltamethrin, lambda-cyhalothrin, bifenthrin and 

cyfluthrin (Maitland, 1996; Ahmad et al., 1999; Ahmad et al., 2001; Kranthi,  et al., 

2001 and Kranthi, et al., 2002).  

 

Resistance may also be defined as “when the failure of an insecticide (applied 

at its normal rate) to control a population of insects is due to a genetically transmitted 

capacity, to tolerate more Insecticide than normal, then, insecticide-resistance is said 

to have occurred” . H. armigera has been subjected to an intense selection pressure, 

with a range of chemicals and, thus developed significant levels of resistance to 

insecticides applied for its control. 

 

High levels of resistance to monocrotophos and low level of resistance to 

chlorpyrifos and profenophos were reported from Pakistan (Ahmed et al., 1995). In 

another study, low to moderate levels of resistance to OPs, in H. armigera, were 

documented from India, Pakistan, and Thailand (Armes et al., 1996; McCaffery, 1998). 

Ahmad et al. (1995) reported a low level of resistance to Thiodicarb, from Pakistan. 

However, Armes et al. (1996) reported a high level of resistance against  the 
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Carbamates in H. armigera populations, from cotton growing areas, of Andhra 

Pradesh, India. 

 

Resistance to pyrethroids was first detected in Australia, in January 1983, in 

irrigated areas of Emerlad, in the Central Highlands of Queensland and Significant 

yield losses of cotton, soybeans, and sorghum were documented, which were later 

confirmed, in subsequent laboratory tests. Low to moderate levels of resistance was 

found throughout the eastern Australia-mainly NSW and Queensland ( Gunning et al., 

1984). The prevalence of high level of resistance to synthetic insecticides, indicates an 

urgent need for the implementation of a curative Insecticide-Resistance-Management 

(IRM) for H. armigera. In this search, a new impetus, with emphasis on conjunctive 

use of resistant cultivars, plant products, biocontrol agents and bio-rational 

insecticides, would be given to an IRM, in H. armigera.  

 

The exclusive use of cultural methods, botanicals and biocontrol agents were 

found to be less effective compared to an IPM approach, in controlling H. armigera 

(Tanweer and Rao, 1997). Significant beneficial effects can be obtained, when cultural 

methods, botanicals and biocontrol agents are combined (Pickett et al., 1986). Such 

approaches, can be encapsulated in a bio-intensive IPM of H. armigera. 

 

Keeping such a concept in view, detailed investigations would be carried out 

to evaluate the conjunctive use of botanicals, resistant-cultivars, bio-control agents 

and selective bio-rational insecticides for insecticide-resistance-management, in the  

Tomato fruit-borer, in Pakistan. 

 

Objectives 

Experiments would be carried out in the laboratory as well as under the field 

conditions with the following objectives: 

• To integrate cultural (resistant-cultivar), biological (releasing of Chrysoperla 

carnea (Predator) and Bracon hebetor (parasitoid) 
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microbial (Bacillus thuringienses) botanical (Neem-seed-Kernel Oil) and spinosad 

(metabolite product of Bacteria) for the management of the pest and 

• To determine the cost- benefit ratio, in order to find out the most effective and 

economical method, for the control of H. armigera , on tomato. 
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SECTION 4                                                                                                CHAPTER II 

 

 

 

REVIEW OF LITERATURE 

 

 

Microbial Control 

The name, Bacillus thuringiensis (Bt) was given by Berliner, in 1909. He 

isolated this sporulating bacterium from some diseased Mediterranean flour-moth 

larvae, received from a mill, in thuringensis, Germany and also noticed it’s specific 

toxicity to the Mediterranean flour-moth (Ephestia kuehniella) larvae and not to the 

meal-worm (Tenebrio molitor) larvae (Berlinier, 1915). 

 

Khalique et al. (1982) conducted a detailed study on the rearing of Heliothis 

armigera (Hüb.) on artificial diets, containing various concentrations of Bacillus 

thuringiensis s-endotoxin spore complexes of HD-I- S-1971 and a native strain No. Bt-

145. The larval-period, larval-mortality and pupal-mortality increased with an 

increase in  the concentrations of the toxins. Pupation-percentage was inversely 

proportional to the concentration of toxin. The pupal-weight and pupal-length of the 

pupae, treated with 10 and 20 mg cones, of HD-I-S-1971, per ml diet, were reduced, 

accordingly, as the concentration was increased. 

 

Broza (1986) used Bacillus thuringiensis Kurstaki, as a control agent and found 

that  the larval-mortality was only slightly lower than that observed, after treatment 

with Endosulfan. It was concluded that B. thuringiensis may be a useful control agent, 

early in the season, especially with regard to the preservation of natural enemies.  
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Ahmed et al. (1994) reported a laboratory-bioassay of B. thuringiensis var. 

kurstaki (Berliner), using spore-crystal preparations, indicating high mortalities of 

the 1st instar larvae of H. armigera. Potted chickpea plant tests, revealed that Dipel 

® 2X and Dipel ® ES @ 1.16 kg, per hectare, and 2.0 liters, per hectare, caused 81.48 

and 84.0% larval-mortality, respectively. Field-tests of B. thuringiensis, on the 

chickpea crop (three consecutive seasons), indicated that Dipel ® 2X and Dipel ® ES, 

at the rates of 1.6 kg, per hectare, and 1.5 liters, per hectare, (with and without 

molasses), respectively, caused a significant increase in the grain-yield as compared 

to the control plots. Bacillus thuringiensis, is an important, soil inhabiting gram 

positive bacterium. It is widely distributed in nature, with a biodiversity of about 50 

serotypes or 63 serovars (Thiery and Frachon, 1997). 

 

Of the many bacterial strains, B. thuringensis var. kurstaki HD-1, is commonly 

used-one for the control of lepidopterous insects. It is recommended against the 

Helicoverpa armigera (Hübner) as a major pest of cotton and other crops (Butter et 

al., 1995; Puri et al., 1998). 

 

According to Lutwama and Matanmi (1988) Tomato plants, in Nigeria, were 

subjected to foliar sprays of Bacillus thuringiensis sub sp. Kurstaki (formulated as Dipel 

and Thuricide) and Baculovirus heliothis (Elcar), to which carbaryl plus, the adjuvant 

Lenac and Gustol, were, on occasions added, to test their effectiveness against the H. 

armigera and the Lepidopterous larvae. H. armigera.  larvae were found susceptible 

to both pathogens. The applications of 0.5 kg/ha and  1.0 kg/ha of Bacillus 

thuringiensis gave a good field-control of the larvae, similar to that of carbaryl @ 1.5 

kg/ha. 

 

Spores and crystals of 3 isolates of Bacillus thuringiensis- ISPC-1, ISPC-7 (both 

B. thuringiensis subsp. kenyae) and ISPC-4 (B. thuringiensis sub sp. kurstaki) were 

separated electrophoretically. Toxicity tests of purified spores and crystals (delta-

endotoxin) with the 2nd instar larvae of H. armigera showed that the spores, alone, 
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gave 10-20% mortality, while the crystals and a mixture of spores and crystals both, gave 

100% mortality. B. thuringiensis was tested for the control of H. armigera, on the 

Bengal gram (Cicer arietinum, in the field, in Maharashtra, India. The larval-

population was reduced, following treatment with the microbial pesticides, but 

there was no effect on the yield. Seven days after the spraying, the viable spore-

count, on the foliage, had decreased by a magnitude of 3 degrees of magnitude in 

comparison to the original count (Kulkarni and Amonkar, 1988). 

 

Commercial preparations of Bactospeine (Bactospeine WP 16000 1U 

serotype H-3a 3 b) and USD, a standard strain of HD-l-S-1980, were evaluated, in 

different concentrations, against the 1sl and 3rd instar larvae of the chickpea pod-

borer (H. armigera) by Khalique et al. (1989), and it was found that both the toxins 

were found equally effective, at the same larval stages, but each one was found to be 

more effective against the 1st larval instar. Both the toxins, showed similar toxicity at 

exposure periods, of 7 and 11 days against the 3rd instar larvae. 

 

Wanjari et al. (1998) concluded that the use of B. thuringiensis, neem-seed 

extract and endosulfan, used either, alone, or in combination, reduced the larval-

population as well as the pod-infestation and produced a greater grain-yield 

compared to the untreated control. They proved that B. thuringiensis and 

Endosulfan, were the best. 

 

Kulat et al. (1999) reported that Endosulfan, at 0.07%, was the most 

effective, regarding reducing the larval-population and increasing the yield, followed 

by B. thuringiensis sub sp. kurstaki (176 x 102 spores /ml) at 750 ml, per hectare, 

and HaNPV at 250-750 larval-equivalents, per hectare. Further, Kumawat and Jheeba 

(1999) determined the efficacy of HaNPV and B. thuringiensis sub sp. kurstaki with 

and without recommended insecticides (Azadirachtin, Endosulfan and 

monocrotophos) against H. armigera, on chickpea. They found that alternate sprays 

of monocrotophos and Endosulfan, resulted in the lowest pod-infestation and 
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highest seed-yield, but this treatment was not significantly different from the alternate 

spray of NPV and endosulfan. 

 

Karim et al. (1999) carried out the field evaluation of Bacillus thuringiensis, 

insect growth regulators, chemical pesticide, against H. armigera  (Lepidoptera: 

Noctuidae) and their compatibility for the integrated pest management, .Isolates, 

harboring combinations of Cry-2A genes, were found to be the most efficacious 

against the target pest. One isolate, designated as PR 17.4 (CEMB Bt), exhibited high 

levels of toxicity against H. armigera, in lab., bio-toxicity assays, and was, therefore, 

chosen as a potential candidate in the integrated-Pest-Management (IPM) 

strategies, to control this notorious pest of valuable crops. Field efficacy of home 

grown cells, CEMB Bt, PR 17.4, Agree (50 WP), were compared with a commercial 

BT formulation of Novartis, growth regulators; Match (50 EC), Insegar (25 WP), and 

a popular chemical pesticide, Curacron (500 EC), to investigate their effectiveness to 

control H. armigera, in potato crops. Insegar was not significantly effective, against 

the target pest. Locally-isolated, CEMB Bt, was found to be as effective as the 

commercial Bt and chemical control agent of Novartis. A synergistic effect was also 

observed among Match/Agree, CEMB Bt/Match, /Curacron and Agree/Curacron 

combinations. These studies suggest that CEMB Bt, alone, or in combination, with 

other biologically or chemical based pesticides, can be safely recommended for the 

pest-management strategies against H. armigera, with no obvious harmful effects, 

on its predators, as is the case with chemical insecticides. 

 

Loganathan et al. (2000) evaluated the efficacy of Spicturin (B. thuringiensis 

subsp. Galleriae) and HaNPV against H. armigera on chickpea, They reported that 

chlorpyriphos @ 1.00 lit per hectare, proved superior, resulted in the lowest larval-

population and pod- infestation, followed by Spicturin @ 2.00, 1.50 and 1.00 lit per 

hectare, each combined with HaNPV, 3 and 7 days after each spray and also, at 

harvest. Furthermore, they found that the highest pod-yield, was recorded with 

chlorpyriphos @ 1.00 l i t ,  per hectare, followed by Spicturin @ 2.00 lit., per hectare + 
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HaNPV and Spicturin @ 1.50 lit, per hectare + HaNPV, which were, at par, with the 

untreated check. The cost-benefit ratio was higher with chlorpyriphos @ 1.00 lit, per 

hectare (1:3.50), followed by HaNPV @ 1.5 x 1012 POB per hectare, individually, 

(1:3.32) Spicturin @ 1.00 lit per hectare (1:2.18) and Spicturin @ 1.00 lit., per hectare + 

HaNPV (1:2.07). 

 

 Karim et al. (2000) studied  field efficacy of CAMB B. thuringiensis 

biopesticide to control H. armigera and Earias vitella (Farbricius) in okra crop . 

CAMB B. thuringiensis formulation and two other commercial Bt formulation (Agree 

and Larvo Bt) were tested on Okra fields to control two lepidopteran pests, H. 

armigera and Earias vitella. CAMB Bt formulation was tested from 250-g/h dose to 

1500 g/h dose to see the efficacy against target insect pests. Commercial Bt 

successfully controlled H. armigera and E. vitella larvae okra fields. The efficacy of 

locally developed  Bt formulation was promising in comparison to Agree and Larvo 

Bt. 

 

Zafar et al. (2000) carried out the Shelf life and field-evaluation of CAMB, 

Bacillus thuringiensis, biopesticide, against H. armigera (Lepidoptera: Noctuidae), on 

tomato. CAMS, Bt formulations, based on locally-isolated Bt strain, were checked 

against the 1st to 4th instar larvae of H. armigera, by incorporating Bt-proteins into 

the artificial diet. Early instars, showed a significant susceptibility to Bt-formulation. 

Laboratory assays of stored CAMS, Bt formulations did not show any significant 

change in their toxicity towards H. armigera, larvae, in the laboratory assays. 

Potency of stored Bt formulations, for 12 and 24 months, were also tested in small 

scale experiments, conducted under contained conditions, on the tomato crop. All 

formulations, were found effective to control H. armigera, larvae in the tomato crop. 

The present study, shows that CAMS Bt formulations, can be used in the field 

applications, to control target pests, after a long storage time.  
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Efficacy of Neem and neem based products, as an Insecticide 

Neem and neem based products, came into the limelight, during the mid-

nineties and a rigorous research started by integrating these with other 

management-strategies. Sachan and Lai (1993) studied the efficacy of neem-seed 

kernel-extract, neem-leaf extract, neem oil, fenvalerate, cypermethrin, endosulfan, 

quinalphos, BHC (HCH) and methyl-parathion (parathion-methyl) against H. 

armigera, on chickpeas.  

 

They reported that the neem-seed kernel extract, neem-leaf extract and 

endosulfan, were more effective for controlling the pest on chickpeas. The same 

year, Butani and Mittal (1993) reported the efficacy of neem-seed-kernel suspension 

and several conventional insecticides against H. armigera, on chickpeas, and 

concluded that all the insecticides significantly reduced the pest-population with 

Malathion, DDT and neem-seed-kernel suspension, being equally effective. The 

grain-yield was increased with the application of phenthoate, fenetrothion, 

chlorpyrifos, DDVP, carbaryl, DDT, malathion and neem-seed kernel-suspension. 

 

Spinosad 

Spinosad (spinosyn A and spinosyn D), are among the  newest class of 

insecticides that are registered by the EPA to control a variety of insects. The active 

ingredient is derived from a naturally occurring soil dwelling bacterium called, 

Saccharopolyspora spinosa, a rare actinomycete, reportedly collected from soil, in an 

abandoned rum distillery, on a Caribbean Island, in 1982, by a vacationing scientist. 

The bacteria, produces compounds (metabolites) while in the fermentation broth. 

Saccharopolyspora spinosa, belongs to the order Actinomycetales (Anonymous, 

1998). The name "spinosad" comes from the active chemicals in the insecticide 

known as spinosyns. The first novel fermentation-derived compound, was 

formulated, in 1988.  
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Mode of Action 

Spinosad kills susceptible species, by causing rapid excitation of the insect 

nervous system. Due to this unique mode of action, Spinosad is valued in resistance 

management programs. Spinosad must be ingested by the insect; therefore, it has 

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

relatively fast acting. The insect dies within 1 to 2, days after ingesting the active 

ingredient and there appears to be no recovery.  

 

The insecticide is not readily absorbed across the insect integument. Its main 

effect, then, is through ingestion, carrying with its effective use all the requirements 

of a good spray coverage (Salgado et al., 1997). The actual mode-of-action of 

spinosad has recently been determined. It acts on the insect nervous system, at the 

nerve synapse. Salgado et al. (1997) reported that spinosad depolarizes insect 

neurons, by activating nicotinic receptors, causing a widespread hyperactivity in the 

nervous system, which leads to involuntary muscle-contractions and tremors. 

Eventually, the insects become prostrate with tremors and, after a prolonged 

exposure, become paralyzed from the neuro-muscular fatigue. 

 

Spinosad is a newly developed microbially-derived insecticide, with active 

ingredients, isolated from the bacterium, Saccharopolyspora spinosa 

(Actinomycetales) (Anonymous, 1998). The common name, spinosad refers to the 

insecticidal components known as spinosyns. Commercial formulations of spinosad 

(Success®, Conserve®, Tracer® and Spintor®) are a mixture of spinosyns A and D 

(Sparks et al., 1995). 

 

Although spinosad currently is labeled only for the control of Lepidoptera 

and certain Thysanoptera, spinosyns and spinosads have a broad-spectrum of 

activity and it  has been reported to be used for control against some insects from 

the orders of Coleoptera, Diptera, Homoptera, Hymenoptera, Isoptera, Orthoptera 

and Siphonaptera, as well as against the mites (Salgado et al., 1997). Spinosad has a 
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novel mode of action, initially causing involuntary muscle contractions and tremors 

by exciting neurons in the central nervous system. Furthermore, it is shown that 

spinosyns can excite the nervous system directly, when applied to isolated ganglia, 

at sub-micromolar concentrations. After prolonged periods of spinosyn-induced 

hyper excitation, insects become paralyzed, apparently due to neuromuscular 

fatigue (Salgado, 1998). 

 

Uses  

It is used to control a variety of insect pests, including the fruit flies, 

caterpillars, leaf-miners, thrips, sawflies, and leaf-beetles. Spinosad is recommended 

for use in an IPM program, for Alaska greenhouses, since it will not harm many 

beneficial insects or predatory mites. Spinosad does not significantly affect 

beneficial organisms, including ladybugs, green lacewings, minute pirate bugs, and 

predatory mites etc.  

 

It is also safe to mammals, birds, and fish. Spinosad, with its unique 

characteristics, does indeed fit a class of its own, and will offer an exciting pest-

management alternative for the future. No other, naturally sourced material has its' 

combination of excellent contact and residual efficacy on the target pests and safety 

to the beneficials, aquatic organisms, and mammals. It will fit IPM in cotton, 

vegetables, and tree crops very well (Sparks et al., 1995). 

 

Murray and Lloyd (1997) reported that spinosad was not disruptive to the 

predator-populations, in Australian cotton, and suggested that the product has an 

important role in the integrated management programs. Duffle et al. (1997) stated 

that, in the field trials, in cotton and soybean, of 17 insecticides or insecticide 

mixtures applied, following a single application, spinosad had the least adverse 

effect on the populations of Geocoris spp. on cotton. Also, following two 

applications, numbers of coccinellids, were similar between the spinosad and 
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untreated areas. Pietrantoino and Benedict (1997) rated spinosad as harmless 

(causing < 25% mortality) to Cotesia plutellae (Kurdjumov). 

 

Al-Tememi (2005) concluded that  endosulfan, spinosad, triazophos, and 

indoxacarb, were highly selective to the biological control agents, Chrysoperla 

carnea and Bracon hebetor. 

 

 Ghosh et al. (2010) conducted field experiments for two copping seasons 

during September-December 2006 and 2007 to find out the efficacy of spinosad 

45% SC against tomato fruit borer along with Quinalphos 25% EC, Lambda 

Cyhalothrin 5% EC and Cypermethrin 10EC at Gayespur village (Nadia West-Bangal, 

India) and found that spinosad was effective against H. armigera on tomato at 73 to 

84 gm a.i./ha than Quinalphos, Lambda cyhalothrin and cypermethrin. They further 

reported that spinosad at 73 to 84 gm a.i./ha were very safe to nymphs and adults of 

three important predators recorded in tomato fields  and those are Menochilus 

sexmaculatus, Syrphus corollae and Chrysoperla carnea. 

 

Khan et al. (2010) tested different concentrate ion of Stewerd 150 EC and 

Tracer 240 SC under laboratory conditins against 1st and 2nd instar larvae of H. 

armigera and reported that these insecticides are very effective. The maximum 

mortality was observed by the both insecticides and they can be used in the 

integrated plant management programme of any crop. For 1st instar, 300 ppm 

spinosad and 200 ppm indixacarb can give complete mortality after 48 hpours. For 

2nd instar larvae 400 ppm spinosad can give maximum mortality (4.667) while 200 

ppm of indixacarb can give complete mortality after 48 hours.   

 

Biological Control: 

The approach of managing insect pests, through biological means, is not much old, 

but is gaining popularity, due to its environment-friendly approach. 
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CHRYSOPERLA CARNEA (Stephen) 

NEUROPTERA: CHRYSOPIDAE 

Host Range 

 C. carnea (Stephen) larvae have a relatively broad range of acceptable preys 

(Hydron and Whitecomb, 1979). Due to their several merits, such as, geographical 

distribution, polyphagous and voracious behavior of the larvae, tolerance to some 

pesticides and a relatively ease of mass-production (New, 1975; Hassan et al., 1985; 

Cisneros et al., 2002; Medina et al., 2001; Schuster and Stansly 2000; Araujo, and 

Bichao, 1990 and Ridgway et al., 1970), it has received much attention from 

researchers, as a possible biological pest control agent. 

 

Effectiveness 

Effectiveness of C. carnea (Stephen), as a biological control agent, has been 

demonstrated in the field-crops, orchards and in the green-houses (Hagley and 

Miles, 1987). It gave about 100% lepidoptran pest control, when used in 

combination with Trichogramma Spp. (Rincon and Vitova, 1999) while (Reddy et al., 

2002), showed that the combination of parasitoids, Trichogramma chilonis 

(Hymenoptera: Trichogrammattidae), Cotesia plutellae (Hymenoptera: Braconidae) 

and the predator, Chrysoperla carnea (Stephen) (Neuroptera: Chrysopidae) gave 

95% lepidopteran pest-control of the diamond back moth, Plutella xylostella 

(Lepidoptera: Yponomeutidae). 

 

The IPM practitioners (Anonymous, 1992), listed 20 different companies, in 

four countries, that produce and market Chrysoperla Spp. 
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BRACON HEBETOR (Say)  

HYMENOPTERA: BRACONIDAE 

 Identification 

Bracon hebetor (Say) (Hymenoptera: Braconidae), an ectoparasitoid is 

known primarily as a parasitoid of Pyralid moth larvae, infesting stored grains 

(Heimpel et al., 1997, Richards and Thomson, 1932), indicated that Say is the first 

person, who identified this wasp, during 1836, in United State of America, and 

named this wasp as Bracon hebetor. Soliman (1940) indicated that the number of 

segments of Bracon hebetor antennae, were between 13-15. 

 

Ode et al. (1996) emphasized that this parasitoid, has gregarious habits and 

more than one larvae, can survive on the body of the host. The female probably lays 

1 to 4 eggs, on each larva, and may be more than 20 larvae can grow on one host, 

upto the adult stage. Ahmad and Hussain, (1969), showed that the female Bracon 

hebetor, can parasitize a large number of larvae, but for egg-laying the female will 

select, only a few, for this purpose. 

 

Benson (1973) determined that the ovary of the female of B. hebetor, when 

emerged from the cocoon, has 60 immature eggs, and these eggs will develop after 

48 hours. Scholler et al. (1997) indicated that the prey-release (Kairomones), which 

help the parasitoid to discover and attack its host, was a substrate-like pheromone.  

 

Parasitization Efficacy of Bracon hebetor (Say) 

Solomon (1949) explained the relationship between the predator and the 

density of prey. This relation is very important for predation. Hassell (1966) studied 

the behaviour and reproductive response of the predator and the parasitoid. This 

behaviour should be studied for many generations, in order to know the inter-

relationship between predator and its prey as well as between the parasitoid and its 

prey, which is important to determine the percentage of predation or parasitization. 
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Debach (1974) emphasized that the predators and parasitoids, which possessed 

high or specific selection for their preys, have varying impact on the density of the 

host or prey and these predators, or parasitoids can regulate the numerical density 

in it’s host to the minimum level. Huffcker and Messenger (1976) explained the 

importance of numerical density between the parasitoid and its host as well as 

between the predator and its prey. They found, that the functional response of the 

parasitoid, and the predator has a direct relationship with the density of the host. 

 

Hopper and King (1986) indicated that the functional response of the 

parasitoid depends, on the relationship between the parasitoid and the density of 

the host, which can be studied easily, in the laboratory, and give excellent results for 

the biological control. 

 

Relative Effectiveness 

Heimpel et al. (1997) indicated that the braconid, Bracon hebetor (Say) is 

known primarily as a parasitoid of pyralid-moth larvae, infesting stored grains. In 

1970s, this parasitoid was released for the biological control of H. armigera and it 

was confirmed that H. virescens, was more suitable for this parasitoid. Nikam and 

Pawar (1993) determined, the life-tables and the intrinsic rate of the natural 

increase, in the laboratory, for B. hebetor), a larval parasitoid of Corcyra caphalonica, 

and a very important parasitoid of H. armigera (Hübner). They confirmed, that the 

parasitoid, B. hebetor, was the key parasitoid of H. armigera (Lepidoptera: 

Noctuidae). Radhika and Chitra (1998) as well as Kim et al. (2000) emphasized that 

the parasitoid, B, hebetor (Say) was the main ectoparasitoid, on C. cephalonica, 

which can be used successfully to control this pest, in the laboratory as well as in the 

field. Subbiah (1995)indicated, that B. hebetor, is a larval parasitoid of tea pest, Cydia 

leucostoma, which is found throughout the year, in Tamil Nadu, India, He further, 

mentioned that, the parasitism percent of C. leucostoma, was particularly low, when 

compared with other pest-insects. This was not only due to the feeding-habit of the 

host, but also due to the occurrence of the hyper-parasitoid of Perilanpus sp. Urban 
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and Schmidt (1993) conducted experiments on coleopleran pests of stored sultanas 

(rasins) which are attacked by the pyralids, Plodia interpunctella, and E. cautella 

(Carda cutella) in South Africa. Traditionally, these stored product pests, were 

controlled by 2 fumigations, per season, with contact spraying, on store-surfaces 

and frequent space-fogging, against the flying insects. Since June, 1992, the pyralids, 

in one store, have been successfully controlled by the mass-release of the parasitoid, 

Bracon hebetor (Say) while, the beetles are still controlled by a single fumigation, 

per season. Reinert and King (1971) observed that the releases of 250 male of the 

parasitoid, B. hebetor, give 97% mortality from the total number of 1800 larvae of 

the Indian meal moth, Plodia interpunctella; while Press et al. (1978) indicated, that 

the pyralid P. interpunctella, can be controlled, by releasing 10 pairs of B. hebetor 

and the predator, Xylocoris flavipes, in store. Cline et al. (1984) studied the potential 

capacity of the, Bracon hebetor (Say) to control the fig moth, E. cautella. They found, 

that the release of 50 pairs of B. hebetor, gave 7.5% infestation by this pest, in Corn 

flour, in stores. Keever et al. (1985) emphasized, that Indian meal moth, Plodia 

interpunctella and fig moth, E. cautella can be easily controlled by the releases of the 

parasitoid, Bracon hebetor and the predator, X. flavipes, in stores of the farmers, 

peanut stocks. Brower and Press (1990) explained the importance of biological 

control of the Indian meal moth, P. interpunctella and fig moth, Ephestia cautella, by 

using the larval parasitoid, B. hebetor, and the egg-parasitoid, Trichogramma 

pretiosum. B. hebetor, gave 66.1% mortality of the larvae of P. interpunctella, and T. 

pretiosum gave 37.3% mortality of the eggs of this pest, while, the mortality 

percentage was 84.3%, when they were released, together. They also found that the 

larval-parasitoid, B. hebetor (Say), gave 96.7% mortality for the fig-moth, E. cautella, 

while, T. pretisum gave 97.3% mortality for the eggs of this insect, and when they 

released them, together, they controlled the pest upto 98%. 
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Integrated Control 

Erratic and partial success of various management approaches calls for the 

integration of these practices in order to attain better control of the pest, under 

consideration. This idea is not new and is gaining much consideration. 

 

According to Dahms (1972) single factor approaches, for the control of 

insects, are often inadequate. While, examples of dramatic control can often be cited 

for insecticides, parasites, predators, pathogens, release of sterile males, or even 

resistant plant-varieties, many of these methods have ended in a failure. Since, insects 

are subject to genetic changes, and are environmentally resourceful, their interaction 

with an ever changing agriculture, are so complex that we cannot be expected to cope 

with them, using a single factor control system. Integrated control, has been defined as 

the“uti l ization of all suitable techniques and methods, in as compatible a manner as 

possible, to maintain the pest-population at levels, below those causing economic injury”. 

 

According to Agarwal and Gupta (1986) Bollworms, E. vitella, E. insulana 

and H. armigera, are controlled by the use of resistant-varieties and insecticide-

applications, integrated with the release of natural enemies, followed by the cultural 

control. 

 

Ahmad (1997) applied Match 50 EC, Dimilin 25 WP, neem kernel oil 25% EC, 

Agree 50 WP and Lannate 40 SP @ 150 ml, 350 g, 600 ml, 300 g and 500 g acre-1, 

respectively, for the control of H. armigera, on chickpeas, and reported that Match 

was superior, followed by Lannate and Dimilin. He, further reported that the 

application of Agree and neem kernel oil, also gave effective control of H. armigera 

and were significantly better than the check. 

 

Sanap and Pawar (1998) conducted experiments, on Integrated Pest 

Management treatments, involving endosulfan 0.07%, neem-seed-kernel extract 

(5%) and HaNPV (@ 250 larval equivalence, /ha) for controlling H. armigera, 
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infesting chickpeas. They reported that three spray-applications, starting from 

initiation of flowering and subsequent two sprays at fortnightly interval, with first 

two sprays, either with NPV or neem seed kernal extract followed by a third spray 

with endosulfan were the most effective, in controlling the pest and resulted in 

26.94 and 27.29% increase in the crop-yield, respectively. 

 

Suganthy and Kumar (2000) judged that IPM is the best treatment for the 

management of H. armigera, larvae (37% reduction over untreated control) 

followed by endosulfan (33%), HaNPV (29%), neem (25%) and erecting bird 

perches (23%). IPM registered the lowest percentage of pod-infestation (9.4%), 

followed by endosulfan (10.2%), compared to 18.8% in the untreated control. The 

maximum yield of 11.7 q, per hectare, was obtained with IPM followed by spraying 

endosulfan (10.5 q per hectare), and compared to 7.4 q, per hectare, in the untreated 

control. IPM, was concluded to be the best treatment, in terms of the cost-benefit 

ratio (1:6:3), followed by the Endosulfan treatment (1 :6:1). 

 

Next year, Bhagwat (2001) investigated the effect of genotypes and HaNPV, for 

the management of H. armigera, on chickpeas. The treatments were; HaNPV at 250 

LE per hectare, malic acid at 3%, endosulfan at 0.07%, water wash and combinations 

of HaNPV with malic acid, endosulfan and water wash. These were applied, on 

susceptible (PG-5 and Annigeri) and resistant (ICC-506 and AKG-35) genotypes. He 

reported that the individual or, combined, application of HaNPV and endosulfan, was 

effective, in controlling the pest, on the susceptible genotype, than on the resistant 

ones. Susceptible cultivars, produced higher yields than the resistant ones when 

sprayed with HaNPV + endosulfan. The same year, Kulat et al. (2001) evaluated 

HaNPV (@ 250, 500 and 750 L.E. per hectare) B. thuringiensis (Dipel 8 L. @ 0.007%) 

Trichogramma chilonis (2.4 lac per hectare, for six releases) and endosulfan 35 EC 

(0.07%) against H. armigera, on chickpeas, and reported that endosulfan, HaNPV 500 

LE, per hectare and Dipel 8L @ 0.0075, were found to be effective in restricting the 

development of larval-population of H. armigera. 
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 Brar et al. (2002) undertaken a study to determine the efficacy of 

Trichogramma pretiosum (5 releases weekly at 50000 per hectare) H. armigera 

nuclear polyhydrosis virus (HaNPV; 2, 3 or 5 sprays at 7-,10-or 15-days interval at 

1.5 x 1012 polyhedral  occulusion bodies per hectare) and/or endosulfan (3 sprays at 

15 days intervals at 700 g/ha) for the management of tomato fruit borer (H. 

armigera) in Punjab, India during 1999-2000. In all study years egg parasitism was 

very high (36.32-61.00%) in plots where T. pretiosum was released. The mean egg 

parasitism was highest in the plots treated with T. pretiosum alone (49.33%). The 

man egg parasitism was 7.45 and 14.85% in the endosulfan-treated and control 

plots, respectively.  Fruit damage was highest during 1999-2000. Among all 

treatments, treatm,ent with T. pretiosum + HaNPV + endosulfan resulted in the 

lowest fruit damage (13.07%) and the highest mean yield (243.86 q/ha). The 

control treatment had the highest bnorer incidence and borer damage, and the 

lowest yield (163.31 q/ha) among all treatments. The yield in endosulfan alone was 

209.31 q/ha, which was significantly superior to three HaNPV sprays (184.15 q/ha). 

It is concluded that the treatment combination T. pretiiosum + HaNPV + endosulfan 

was the most effective for H. armigera control.  

 

 Ravi et al. (2008) studied the efficacy of different sequential application of 

microbial  viz., nucleopolydrovirus of Helicoverpa armigera (Hübner) (HaNPV @ 

1.5x1012 OB/ha). Bacillus thuringiensis var. kurstaki Berliner (Delfin 25WG @ 1 

kg/ha), spinosad 45 SC @ 75 g a.i/ha) and neem (neemazol 1.2 EC @ 1000 ml/ha) 

against H. armigera in comparison with sequential application of synthetic 

insecticides and untreated control on tomato F1 Hybrid Ruchi. Results of the field 

experiments showed that different sequential application of microbials and 

neemazol were equally effective as that of sequential application of synthetic 

chemical insecticides viz., endosulfan 35 EC @ 350 g a.i./ha). Quinalphis 25 EC @ 

250 g a.i./ha) and indoxacarb 14.5 SC @ 75 g a.i/ha) in reducing H. armigera larval  

population and fruit damage. Relatively higher number of predatory miridis 

(Macrolophus spp.) and spiders (Argiope spp.) were recorded in microbials and 
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neem applied plots compared to the chemical insecticides treated plot. Thus the 

microbial and neem could be the best alternatives for the sustainable management 

of H. armigera on tomato with less impact on the naturally occurring  predatory 

arthropods.  

 

 Mehta et al. (2010) conducted studies to observe the effect of Nimbecidiene, 

Neemazal and role of birds in the suppression of H. armigera larval population in the 

tomato fields. Nimbecidine was sprayed at 0.30 and 0.60 ppm azardichtin 

concentrations, whereas Neem Azal was sprayed at 10.00 and 20.00 ppm 

azadirachtin concentrations. The maximum larval reduction after three sprays 

recorded at 20.00 ppm concentration of Neem Azal (71.29%) with higher fruit yield 

(20.42 kg) and lowest fruit infestation (7.18%). Birds like Acridotheres traits, Cissa 

erythrohyncha, Copsychus saularis, Corvus macrorhynchus,  Dicrurus adsimilis. Parus 

major, Passer domesticus, Pycnonotus cafer, Pycnonotus leucogenys, Saxicola caprata 

and Turdoides striatus were found feeding on H. armigera larvae in tomato crop. 

Pycnonotus cafer and Acridotheres tristis, used the T-shaped perces more frequently 

than other species. In plots where T-shaped perches were installed, the larval 

survival was less in comparison to netted and control plots. In netted plots where 

birds were excluded maximum larval survival (76.78%) was observed in 

comparison to control plots (66.53%) where birds had free assess to H. armigera 

larvae. The reduction of 10.25% H. armigera larvae was attributed to the bird 

predation alone. Due to higher survival of larvae in neeting plots less fruit yields 

(8.83 kg) were recorded in comparison to control plots (11.33 kg). 
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SECTION 4                                                                                            CHAPTER III  

 

 

MATERIALS AND METHODS 

 

 

INTEGRATION OF VARIOUS METHODS FOR THE CONTROL OF 

HELICOVERPA ARMIGERA (Hüb.) ON TOMATOES 

Integrated pest management studies, were conducted in the field research-

area of University of Agriculture, Faisalabad. Tomato cultivar (Sahil)  exhibiting 

maximum yield and a comparative resistance to Helicoverpa armigera, during 

studies, were selected. Various control methods, like, release of Bracon hebetor, 

release of Chrysoperla carnea, spray of Bacillus thuringiensis (kurstaki) @ 2 kg per 

hectare, spray of Neem-Seed-Kernel Extract (Azadirachtin ® Nimokil®, Neemosol®) 

@ 1482 ml/ha, spray of Spinosad (Tracer® 240 SC) 197.6 ml/ha and their possible 

interactions, were applied three times to the crop on the appearance of the pest, at an 

interval of 10 days, till maturity. Hand knapsack sprayer was used for the 

application of insecticides. The tomato cultivar was sown following an RCBD, with 

four repeats with respect to the treatments. The plot size, for each treatment, was 

maintained as 5-m X 5- m, at each locality. 

 

Cost-Benefit Ratio 

Cost-benefit ratio was calculated with an objective of finding out the best 

treatment, which can give maximum control of the pest and results in a maximum 

yield, with a minimum cost and, thus, proves economical for the farmers. The results 

pertaining to CBR, obtained from various control methods, applied, individually, and 

in their various possible combinations, to the tomato crop, for the control of fruit-

borer are given in Table 25. 
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Table 25 Treatment combinations for the evaluation of bio-intensive 

integrated-pest-management of the Tomato Fruit-Borer, Helicoverpa 

armigera (Hüb.). 

Treatments Combinations Treatments Combinations 

T1 Bacillus thuringiensis T2 Bacillus thuringiensis + 
Tracer®     

T3 Bacillus thuringiensis + 

Bracon hebetor     
T4 Bacillus thuringiensis + 

Neemosol® 

T5 Bacillus thuringiensis + 

Chrysoperla carnea      
T6 Tracer®     

T7 Tracer® + Bracon 

hebetor     
T8 Tracer® +  Neemosol®  

T9 Tracer® + Chrysoperla 

carnea         
T10 Bracon hebetor     

T11 Bracon hebetor + 
Neemosol®   

T12 Bracon hebetor + 
Chrysoperla carnea        

T13 Neemosol® T14 Neemosol® + 

Chrysoperla carnea      

T15 Bacillus thuringiensis + 
Tracer®    + Bracon 

hebetor     

T16 Bacillus thuringiensis + 
Tracer®    + Bracon 

hebetor + Neemosol®   

T17 Bacillus thuringiensis + 
Tracer®    + Bracon 

hebetor + Neemosol® + 

Chrysoperla carnea      

T18 Tracer®  + Bracon 

hebetor + Neemosol® 

T19 Tracer®  + Bracon 

hebetor + Neemosol® + 
Chrysoperla carnea      

T20 Bracon hebetor + 
Neemosol®+ Chrysoperla 

carnea      

T21 Control   
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SECTION IV                                                                                          CHAPTER IV 

 

 

RESULTS 

 

 

The study was conducted to integrate various control methods, viz., 

biological control (release of Chrysoperla carnea and Bracon hebetor, each @ 1 

card/5-m2 ), botanical control (spray of neem-seed-kernel extract, Neemosol @ 

1480 ml/ha),  chemical control (spinosad, Tracer  240 SC @ 197.6 ml/ha) and  

microbial control (Bacillus thuringiensis @ 2 kg/ha), alone, and in their  all possible 

combinations, for the management of Helicoverpa armigera, on the tomato crop, 

during 2008, in the University research area, at PARS, Faisalabad. These control 

methods, were applied three times, on the crop (CV Sahil),  after the appearance of 

the pest. The data, on larval-population, fruit-infestation and the yield of marketable 

fruit, were recorded. The results are presented, under the following sub-sections: 

 

4.1 Larval Population of H. armigera 

4.1.1  Larval-Population Before Treatment 

The data and their analysis of variance regarding the larval-population, per 

plant in different treatments are given in Appendix  41. The results revealed  non-

significant difference among treatments. However, the population ranged from 1.20 

to 1.30, per plant (Table19, Column A). 

 

4.1.2 Larval Population, 10 Days After  the 1st Application 

The data and their analysis of variance, regarding the larval-population of 

fruit-borer, per plant in different treatments, on the tomato crop, 10 days after 

application, are given in Appendix 42. The results revealed significant difference (P 

< 0.01) among the treatments. The means were compared by a DMR Test at P = 0.05 
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(Table 19, Column B). The application of  B. thuringiensis,  release of C. carnea and B. 

hebetor, spray of neemosol and  Tracer ( T17) were found to be the most effective 

combination, which resulted in the lowest larval-population, 10 days after the 

treatment (0.20/plant) and did not differ significantly with  0.25, 0.30 and 0.35 

larvae per-plant in those plots where Tracer + B. hebetor + neemosol + C. carnea (T-

19) B. thuringiensis + Tracer + B. hebetor + neemosol (T1-6) and Tracer + B. hebetor 

+ neemosol (T1-8) were applied, respectively. The spray only of neemosol,  resulted 

in a maximum larval-population, i.e., 1.05 per plant, and differed significantly from 

those observed in all other treatments.  The application of neemosol + release of C. 

carnea (T-14) and release of B. hebetor, alone, each  showed a larval-population of 

0.85, per plant, and did not differ significantly, with 0.70, 0.75, 0.70 and  0.80 larvae, 

per plant in T-20 (B. hebetor + neemosol + C. carnea) T-12 (B. hebetor + C. carnea); 

T-11 (B. hebetor + neemosol) and T-14 (B. thuringiensis + neemosol) respectively. 

The variation was found to be non-significant among T-1, T-2, T-3, T-5, T-6, T-8, T-9, 

T-11 and T-20, with a larval-population ranged from  0.55 to  0.70, per plant. From 

these results, it was observed that the maximum control of H. armigera, was 

observed, in T-17, which showed a minimum larval-population, per plant. 

Furthermore, all the treatments had a significant control of H. armigera, (0.20 to 

1.05 larvae/plant) as against the control (2.00/plant).  

 

4.1.3 Larval-Population, 10 Days After the 2nd Application 

Differences were found to be significant among the treatments, regarding the 

larval-population of fruit-borers, per plant,  on the tomato-crop (Appendix 43: Table 

19, Column C). The maximum control of H. armigera larvae (0.15/plant) was 

observed in T-17; where, a combination of B. thuringiensis + Tracer + B. hebetor + 

neemosol + C. carnea, was applied in combination  and it did not show significant 

variation, with 0.30, 0.30, 0.25, 0.25, 0.30, 0.30, 0.25 and 0.25 larvae, per plant, in 

the cases of,  T-19, T-18, T-16, T-15, T-9, T-8, T-7 and T-2, respectively. The 

application of neemosol, alone, resulted in 0.85 larvae, per plant, which differed 

significantly  from those found in all other treatments.  The treatments, T-4, T-10, T-
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11 and T-12, each  showed a population of 0.65 larvae, per plant, which did not 

show a significant difference with one another as well as  with that of 0.50,  0.50, 

0.55 and 0.55 larva in T-5, T-14, T-1 and T-20, respectively. From these results, it 

was observed that a combination of B. thuringiensis + Tracer + B. hebetor and 

neemosol was the most effective and resulted in a minimum larval-population 10 

days after the 2nd treatment. Furthermore, it was also observed that all the 

treatments, showed a significant control as against the check treatment (2.40 

larvae/plant). 

 

4.1.3   Larval-Population 10 Days, after the 3rd Application 

Variations were found to be significant among the treatments, regarding the 

larval-population of fruit borer, per plant, on the tomato crop (Appendix 44; Table 

19; Column D). The treatment 17 (B. thuringiensis + Tracer + B. hebetor + Neemosol) 

again, proved to be the most effective treatment and resulted in the minimum 

larval-population of 0.05 H. armigera larvae, at 10 days, after the 3rd application and 

also did not differ significantly with those observed in T16, T15 and T19, with 0.15, 

0.20 and 0.20 larvae, per plant, respectively. On the other hand, the application of 

neemosol (T13) was found to be the least effective, showing 0.95 larvae, per plant, 

which differed significantly from those observed in all other treatments and it was 

followed by T14, T11, T10, T4, and T3, having the larval population of 0.70, 0.70, 

0.55, 0.65 and 0.55, per plant, respectively.  All the other treatments, showed an 

intermediate trend, in controlling the population of H. armigera, on the tomato crop, 

with a range of 0.35 to 0.50 larvae, per plant.  

 

From the above results, it was concluded, that T-17 (B. thuringiensis + Tracer 

+ B. hebetor + neemosol + C. carnea) proved to be the most effective treatment, 

which resulted in the lowest larval-population of H. armigera, larvae, at all the post-

treatment time-intervals.  
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4.2 Fruit-Infestation of H. armigera 

4.2.1  Fruit-Infestation, Before Treatments  

The data and their analysis of variance, regarding the fruit-infestation, 

caused by H. armigera, in the tomato crop, before the application of  different 

treatments, are given in Appendix 45. The analysis of variance revealed a non-

significant  variation, among the treatments. The fruit-infestation, however, ranged 

from minimum of 12.14 to maximum of 13.73 percent.  

 

4.2.1.1 Fruit-Infestation,10 Days After the 1st Treatment 

The results revealed highly significant difference among the treatments, 

regarding the fruit-infestation, caused by the fruit-borer, in the tomato, 10 days 

after the 1st treatment (Appendix 46; Table 20; Column 46). The minimum 

infestation of marketable tomato-fruits, was observed to be in T-17 (B. thuringiensis 

+ Tracer + B. hebetor + neemosol + C. carnea), which did not differ significantly from 

that observed in T-19, T-18, T-16 and T-15,   with 2.67, 2.13, 2.73 and  3.77  percent, 

respectively. The application of neemosol (T-13), did not show a good control, 

having 10.60% fruit-infestation, which differed, significantly, from that observed in 

all other treatments. The application of B. thuringiensis + nemasol, resulted in 7.36% 

fruit-infestation that did not differ significantly, with its 7.79%, 6.90%, 8.27%, 

7.05%, 6.73% and 6.96%  in the cases of T-10, T-12, T-14, T-1, T-11 and T-20, 

respectively.  T-2, T-3, T-5, T-6, T-7, T-8 and  T-9, showed 4.41, 5.71, 4.39, 5.37, 3.99, 

4.99 and 4.88 percent  fruit-infestations, respectively, caused by H. armigera, 10 

days after the 1st treatment and showed an almost similar variation, statistically. 

From these results T-17, proved to be the best, resulting in the lowest fruit-

infestation, caused by the H. armigera, 10 days after the 1st treatment. 
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4.2.1.2 Fruit-Infestation, 10 Days After the 2nd Treatment 

The data and their analysis of variance,  regarding the fruit infestation caused by the 

fruit-borer, on the tomato crop, in different treatments, is presented in Appendix 47. 

The results revealed highly significant variation among treatments and the means, 

were compared by DMR Test at P=0.05 (Table 20; Column C). It is evident from the 

results that T-17 (B. thuringiensis + Tracer + B. hebetor + neemosol + C. carnea), 

showed the minimum fruit-infestation, of 1.36%, which did not differ significantly 

from those observed in T-19, T-18, T-16, T-15, T-9, T-8, T-7 and T-2, with 1.92, 1.96, 

2.21, 1.96, 2.39, 2.22, 2.17 and 2.0 percent of the fruit-infestation, respectively.  The 

application of neemosol, again, proved to be the least effective and resulted in 

7.91% fruit-infestation that differed significantly from that found in all other 

treatments. The fruit-infestation, was recorded to be 4.64, 4.13, 5.72, 4.45, 3.87, 

5.36, 5.03, 5.41, 4.33 and 4.80 percent in  T-1,  T-3, T-4, T-5, T-6, T-10, T-11, T-12, T-

14 and T-20, respectively, and had an intermediate trend, statistically. Furthermore, 

all the treatments, showed a significant control of H. armigera, as against the check 

treatment (22.63%). From these results, it was concluded that the application of B. 

thuringiensis + Tracer + B. hebetor + neemosol + C. carnea, in a combination, resulted 

in a minimum fruit-infestation, 10 days after the 2nd treatment. 

 

4.2.1.3 Fruit Infestation 10 Days After the 3rd Treatment  

The variations were found to be significant among treatments, regarding the 

fruit-infestation caused by H. armigera, on the tomato crop, in different treatments, 

10 days after the 3rd application (Appendix 48; Table 20; Column D). It was, again, 

observed that T-17 resulted in the lowest fruit-infestation, i.e., 0.88% and proved to 

be the best treatment, which did not differ significantly from that found in T-19, T-

18, T-7 and T-16, with 1.55, 1.75, 1.42 and 1.58% of the fruit infestations, 

respectively.  The application of neemosol, alone, was found to be  the least effective, 

with 8.19% fruit-infestation and it differed significantly from that found in all other 

treatments. All the other treatments, exerted an intermediate response, showing a 

fruit-infestation range of 2.00 to 5.65 percent. From these results, it was concluded 
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that all the treatment, showed a significant control of the fruit-borer as against the 

control treatment (23.79%). Furthermore, the application of B. thuringiensis + 

Tracer + B. hebetor + neemosol + C. carnea resulted in a minimum fruit-infestation 

10 days after the 3rd application and proved to be the best. 

 

4.3 Marketable Fruit Yield of Tomato 

Significant variations, were found to exist among the treatments, regarding 

the marketable fruit-yield of tomatoes, (Appendix 49; Tables 21; and 22, Column A). 

The maximum fruit-yield was recorded to be 305.92 q/ha, in T-17 (B. thuringienses 

+ Tracer + B. hebetor, neemosol + C. carnea), with a maximum increase over the 

control (180.09%) which did not differ significantly from those observed in T-16, T-

15, T-2, T-3, T-6, T-7, T-8, T-18 and T-19, with a fruit-yield of 297.05, 297.47, 

292.12, 286.45, 290.50, 295.52, 287.97, 291.75 and 294.27 q/ha, respectively. 

 

The application of neemosol alone, showed a minimum marketable fruit-

yield of tomato, i.e., 235.45 q/ha, with a minimum increase over the control 

(115.57%) and differed significantly, from those observed in all other treatments. 

The effect of other treatments, on the marketable fruit-yield, was intermediate and 

it  did not show a significant variation, with one another. However, the marketable 

fruit-yield, in these treatments, ranged from 254.42 to 282.97 q/ha. 

 

From these results it was, again, concluded that T-17 proved to be the best 

treatment, which resulted in a maximum marketable fruit-yield and a maximum 

percent increase over the control. 

 

The cost-benefit ration(CBR) was calculated (Table 23 ) and the results 

revealed that the application of chemical insecticides (Tracer 40 EC @ 200 ml/ha) 

proved to be the most effective and resulted in a maximum CBR, i.e., 1:19.28  

followed by the release of B. hebetor, alone, @100 capsule, per ha, and the 

application of Neemosol @ 15 ml/ha, which resulted in 1:17.28and 1:18.40 CBR, 
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respectively. All the other treatment, when applied, singly or in their possible 

combinations, showed a low CBR. From these results, it was concluded that the 

application of insecticide, proved to be the best treatment, resulting in a more 

benefit to the farmers. 
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Table 26. A comparison of means for the data regarding the larval-population of 

fruit-borer per plant in different treatments in  the tomato crop. 

Means sharing similar letters, are not significantly different. 

NS = Non-significant at P = 0.05. 

Sr. # Name of Treatment Before 

Treatment 

10-Days 

After 1st 

Treatment 

10-Days 

after 2nd 

Treatment 

10-Days after 

3rd 

Treatment 

T1 Bacillus thuringiensis 1.20 0.65 de 0.55 cd 0.45 efg 

T2 Bacillus thuringiensis 

+Tracer  

1.20 0.55 ef 0.25 gh 0.35 fgh 

T3 Bacillus thuringiensis + 

Bracon hebetor 

1.20 0.65 de 0.45 def 0.55 cde 

T4 Bacillus thuringiensis + 

Neemosol hebetor  

1.25 0.80 cd 0.65 c 0.65 cd 

T5 Bacillus thuringiensis + 

Chrysoperla carnea 

1.30 0.55 ef 0.50 cde 0.50 def 

T6 Tracer 1.30 0.55 ef 0.35 efg 0.30 ghi 

T7 Tracer + Bracon hebetor 1.25 0.45 fg 0.25 gh 0.20 hij 

T8 Tracer + Neemosol 1.20 0.55 ef 0.30 fgh 0.30 ghi 

T9 Tracer + Chrysoperla 

carnea 
1.30 0.65 de 0.30 fgh 0.35 fgh 

T10 Bracon hebetor 1.30 0.85 c 0.65 c 0.55 cde 

T11 Bracon hebetor + 
Neemosol 

1.20 0.70 cde 0.65 c 0.70 c 

T12  Bracon hebetor + 

Chrysoperla carnea 
1.30 0.75 cd 0.65 c 0.50 def 

T13 Neemosol 1.25 0.50 b 0.85 b 0.95 b 

T14  Neemosol + chrysoperla 

carnea 
1.25 0.85 c 0.50 cde 0.70 c 

T15 Bacillus thuringiensis 

+Tracer +  Bracon hebetor   

1.25 0.45 fg 0.25 gh 0.20 hij 

T16 Bacillus thuringiensis 

+Tracer +  Bracon hebetor 

+ Neemosol 

1.25 0.30 gh 0.25 gh 0.15 ij 

T17 Bacillus thuringiensis 

+Tracer +  Bracon hebetor 

+ Neemosol + Chrysoperla 

carnea 

1.30 0.20 h 0.15 h 0.05 j 

T18 Tracer +  Bracon hebetor + 

Neemosol 
1.25 0.35 gh 0.30 fgh 0.25 hi 

T19 Tracer +  Bracon hebetor + 

Neemosol + Chrysoperla 

carnea 

1.20 0.25 h 0.30 fgh 0.20 hij 

T20  Bracon hebetor + 

Neemosol + Chrysoperla 

carnea 

1.30 0.70 cde 0.55 cd 0.45 efg 

T21 Control 1.25 2.00 a 2.40 a 2.42  a 

LSD at P = 0.05 0.14 0.15 0.15 
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Table 27.  A comparison of means for the data regarding the fruit-infestation of 
the tomato-fruits caused by the-fruit borer in different  treatments. 

 
Sr. # Name of 

Treatment 

Before 

Treatment 

10-DaysAfter 

1st 

Treatment 

10-Days after 

2nd 

Treatment 

10-Days after 

3rd 

Treatment 

T1 Bacillus 

thuringiensis 

13.05 7.05 cd 4.64 cde 3.64 g 

T2 Bacillus 

thuringiensis 

+Tracer  

12.80 4.41 fghi 2.07 f 2.08 hi 

T3 Bacillus 

thuringiensis + 

Bracon hebetor 

12.45 5.71 def 4.13 de 4.54 def 

T4 Bacillus 

thuringiensis + 

Neemosol hebetor  

12.21 7.36 c 5.72 c 5.32 cd 

T5 Bacillus 

thuringiensis + 

Chrysoperla carnea 

13.31 4.39 fghi 4.45 cde 4.10 efg 

T6 Tracer 12.84 5.37 efg 3.87 e 2.00 hi 

T7 Tracer + Bracon 

hebetor 

12.14 3.99 ghij 2.17 f 1.42 ij 

T8 Tracer + Neemosol 12.60 4.99 fgh 2.22 f 2.00 hi 

T9 Tracer + 
Chrysoperla carnea 

13.73 4.88 fgh 2.39 f 2.49 h 

T10  Bracon hebetor 13.57 7.79 c 5.36 cd 4.94 de 

T11 Bracon hebetor + 
Neemosol 

12.42 6.73 cde 5.03 cde 6.00 c 

T12  Bracon hebetor + 

Chrysoperla carnea 
13.59 6.90 cd 5.41 cd 4.62 def 

T13 Neemosol 12.97 10.60 b 7.91 b 8.19 b 

T14  Neemosol + 

chrysoperla carnea 
13.06 8.27 c 4.33 cde 5.65 c 

T15 Bacillus 

thuringiensis 

+Tracer +  Bracon 

hebetor 

12.24 3.77 hijk 1.96 f 1.80 hi 

T16 Bacillus 

thuringiensis 

+Tracer +  Bracon 

hebetor + Neemosol 

12.87 2.73 jk 2.21 f 1.58 hij 

T17 Bacillus 

thuringiensis 

+Tracer +  Bracon 

hebetor + Neemosol 

+ Chrysoperla 

carnea 

13.15 2.30 k 1.36 f 0.88 j 

T18 Tracer +  Bracon 

hebetor + Neemosol 
12.61 2.13 ijk 1.96 f 1.75 hij 
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T19 Tracer +  Bracon 

hebetor + Neemosol 

+ Chrysoperla 

carnea 

13.23 2.67 jk 1.92 f 1.55 hij 

T20  Bracon hebetor + 

Neemosol + 

Chrysoperla carnea 

12.85 6.96 cd 4.80 cde 3.82 fg 

T21 Control 12.74 19.06 a 22.63 a 23.79 a 

LSD at P = 0.05 NS 1.36 1.23 0.81 

 
Means sharing similar letters are not significantly different. 

NS = Non-Significant 
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Table 28.  An analysis of variance for the data regarding the marketable fruit-
yield of tomato at various post-treatment intervals  in various 
treatments.   

 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replications 3 240.952 1.61 

Treatments 20 6760.067 45.30 ** 

Error 60 149.231  

  
           C.V. = 4.50% 
 ** = Significant at P < 0.01. 
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Table 29  Means comparison of the data, regarding the marketable fruit-yield of 

tomato at various post-treatment intervals  in various treatments. 

 
 Name of Treatments Yield (T/ha) Percent Increase over Control 

T1 Bacillus thuringiensis 275.35 cdefg 152.10 

T2 Bacillus thuringiensis +Tracer  292.12 abcd 167.46 

T3 Bacillus thuringiensis + 

Bracon hebetor 

286.45 abcde 162.27 

T4 Bacillus thuringiensis + 

Neemosol hebetor  

259.72 gh 137.79 

T5 Bacillus thuringiensis + 

Chrysoperla carnea 

271.77 efgh 148.83 

T6 Tracer 290.50 abcde 165.97 

T7 Tracer + Bracon hebetor 295.52 abc 170.57 

T8 Tracer + Neemosol 287.97 abcde 163.66 

T9 Tracer + Chrysoperla carnea 282.97 bcdef 159.08 

T10  Bracon hebetor 263.52 fgh 141.27 

T11 Bracon hebetor + Neemosol 257.60 gh 135.85 

T12  Bracon hebetor + 

Chrysoperla carnea 
265.12 fgh 142.74 

T13 Neemosol 235.45 i 115.57 

T14  Neemosol + chrysoperla 

carnea 
254.42 h 132.94 

T15 Bacillus thuringiensis +Tracer 

+  Bracon hebetor +  

297.47 ab 172.36 

T16 Bacillus thuringiensis +Tracer 

+  Bracon hebetor + Neemosol 
297.05 ab 171.97 

T17 Bacillus thuringiensis +Tracer 

+  Bracon hebetor + Neemosol 

+ Chrysoperla carnea 

305.92 a 180.09 

T18 Tracer +  Bracon hebetor + 

Neemosol 
291.75 abcde 167.12 

T19 Tracer +  Bracon hebetor + 

Neemosol + Chrysoperla 

carnea 

294.27 abc 169.42 

T20  Bracon hebetor + Neemosol + 

Chrysoperla carnea 
273.20 defgh 150.14 

T21 Control 109.22 j  

LSD at P = 0.05 17.28  

Means sharing similar letters, are not significantly different 
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Table 30 Cost Benefit Ratio 
 
Treatment 

# 

Name of 

Treatments 

Rate (Rs.) Dose/ha Cost 

/spray 

(Rs) 

Total 

Cost 

(Rs) 

Labour 

Charges 

(Rs) 

Total 

Expenditure 

(Rs.) 

Income 

over Check 

(Rs) 

Net 

Income 

(Rs.) 

CBR 

T1 Bacillus 

thuringiensis 

1500/kg 2 kg 3000 9000 1500 10500 83065 72565 1:7.91 

T2 Bacillus 

thuringiensis 

+Tracer  

1500/kg 
+ 7000/ha 

2 kg 
+197.6 

ml 

4400 13200 1500 14700 91450 76750 1:6.22 

T3 Bacillus 

thuringiensis 

+ Bracon 

hebetor 

1500/kg + 988 2 kg + 
100 cap 

3988 11964 1500 + 
1500 

14964 88615 73651 1:4.93 

T4 Bacillus 

thuringiensis 

+ Neemosol 

hebetor  

1500/kg + 
400/l + 

988/100 

2 kg 
1.500 lit 
100 cap 

3000 
+600 
+988 

13764 1500 
+1500 + 

1500 

18264 75250 56986 1:4.12 

T5 Bacillus 

thuringiensis 

+ Chrysoperla 

carnea 

1500 + 
1000/200 

cards + 

2 kg 
200 

cards 

3000 
+1000 

12000 1500 + 
1500 

15000 81275 66275 1:5.41 

T6 Tracer 7000/ha 200 ml 1400 4200 1500 4700 90640 85940 1:19.28 

T7 Tracer + 

Bracon 

hebetor 

7000/ha + 
988/100 cap 

 1400+988 7164 1500 + 
1500 

10164 93150 82986 1:9.16 

T8 Tracer + 
Neemosol 

7000/ha + 
400/ha 

200 ml 
1500 ml 

1400 
+600 

6000 1500 + 
1500 

9000 89375 80375 1:9.93 

T9 Tracer + 
Chrysoperla 

carnea 

7000/ha + 
1000/200 

cards 

1400 + 
1000 

2400 7200 1500 + 
1500 

10200 86875 76675 1:8.52 

T10  Bracon 

hebetor 
988/ha 100 cap 988 2964 1500 4464 77150 72686 1:17.28 

T11 Bracon 
hebetor + 
Neemosol 

988/ha + 400/l 100 cap 
+ 1500 

988 + 600 4764 1500 + 
1500 

7764 74190 66426 1:9.56 

T12  Bracon 

hebetor + 

988/1oo cap + 
1000/200crads 

100 cap 
+ 200 

988 + 
1000 

5964 1500 + 
1500 

8964 77950 68986 1:8.69 
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Chrysoperla 

carnea 
card 

T13 Neemosol 1480 ml/ha 1500 ml 1800 1800 1500 3300 63115 60739 1:18.40 

T14  Neemosol + 

chrysoperla 

carnea 

1480 ml/h + 
1000/200 

cards 

1500 ml 
200 

cards 

4800 4800 1500 + 
1500 

7800 72600 66474 1:9.31 

T15 Bacillus 

thuringiensis 

+Tracer +  

Bracon hebetor 

+  

1500/kg + 
7000/ha + 

988/100 cap 

2kg 
200 ml 

100 

16164 16164 1500 + 
1500 + 
1500 

20664 94125 75275 1:4.56 

T16 Bacillus 

thuringiensis 

+Tracer +  

Bracon hebetor 

+ Neemosol 

1500/ kg +7000 l 
+ 988/100 card 

+ 400/l 

2 kg 
2ml 1500 

ml 

17964 17964 1500 + 
1500 + 
1500 + 
1500 

23964 93915 72689 1:3.92 

T17 Bacillus 

thuringiensis 

+Tracer +  

Bracon hebetor 

+ Neemosol + 

Chrysoperla 

carnea 

1500/kg + 
7000/lit 

+988/100 card + 
400/l 

+1000/200 card 

2 kg 
200 ml 
100 cap 
1500 ml 

200 cards 

20964 20964 1500 + 
1500 + 
1500 + 
1500 + 
1500 

28464 98350 73374 1:2.45 

T18 Tracer +  

Bracon hebetor 

+ Neemosol 

7000/lit 
+988/100 cap 

+400/lit 

200 ml 
100 cap 
1500 ml 

 

8964 8964 1500 + 
1500 + 
1500 

13464 91265 79639 1:6.79 

T19 Tracer +  

Bracon hebetor 

+ Neemosol + 

Chrysoperla 

carnea 

7000/lit + 
988/100 cap 

+400/lit 
+1000/200 card 

200 
100 cap 
1500 ml 

11964 11964 1500 + 
1500 + 
1500 + 
1500 

17964 92525 77149 1:5.15 

T20  Bracon 

hebetor + 

Neemosol + 

Chrysoperla 

carnea 

988/100 cap 
+400/lit 

+1000/200 card 

100 cap 
1500 ml 
200 card 

7764 7764 1500 + 
1500 + 
1500 

12264 81990 71364 1:6.69 

T21 Control          
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SECTION 4                                                                                      CHAPTER V 

 

 

 

DISCUSSION 

 

 

Biological control (release of Chrysoperla carnea  and Bracon hebetor, each @ 

1 card/5-m2 ) botanical control (spray of neem seed kernel extract, Neemosol @ 

1480 ml/ha) chemical control (spinosad, tracer  240 SC @ 197.6 ml/ha) and  

microbial control (Bacillus thuringiensis @ 2 kg/ha) alone, and in their  all possible 

combinations, were applied for the management of Helicoverpa armigera, on the 

tomato crop, during 2008, in the University research area, at PARS, Faisalabad, with 

the objectives to minimize the use of insecticides and to manage from the 

development of resistance in insect, against insecticides. These control methods, 

were applied three times on the tomato crop CV Sahil, after the appearance of the 

pest. The data on the larval-population, fruit-infestation and yield of marketable-

fruit, were recorded. The results are discussed under the following sub-sections. 

 

Integrated Effect of Bacillus thuringiensis with other Treatments on 

the Larval-Population of H. armigera on the Tomato Crop 

 The application of B. thuringiensis (@ 2kg/ha) alone, had a significant control 

of  H. armigera, with 0.65, 0.55 and 0.45/plant, as against the check treatment, with 

2.00, 2.40 and 2.42 larvae, per plant, 10 days after the 1st , 2nd and 3rd applications, 

respectively.  This microbial control in combination with an insecticide (Tracer @  

197.6 ml/ha) resulted in a slight decrease in the larval-population of H. armigera, 10 

days after the 1st and 3rd applications, as compared to the application of B. 

thuringiensis, but a significant decrease was observed at 10 days after the 2nd 

application.   
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The present findings are in conformity with those of Broza (1986) who 

compared B. thuringiensis and endosulfan, found the larval-mortality to be, slightly 

lower than that observed after treatment with the endosulfan, alone . He also 

reported that B. thuringiensis, may be a useful control agent. In the present studies, 

B. thuringiensis in combination with the B. hebetor, did not show a significant 

difference, with those found in the application of B. thuringiensis, alone.   

 

B. thuringiensis, in combination with neemosol, showed an increasing trend 

in the larval-population of H. armigera,  at all the post-treatment time-intervals,  but, 

it was, statistically, found to be non-significant with that observed  in the application 

of B. thuringiensis, alone. A Similar trend, was, also observed, in combination with  B. 

thuringiensis  and C. carnea (1 card/five m2). A non significant difference was also 

found to exist between the applications of B. thuringiensis   and spinosad (Tracer). 

 

However, Tracer showed a less larval-population as compared to the 

application of  B. thuringiensis.  Both the treatments were found to be significantly 

effective against H. armigera, on tomato. The present findings are in conformity with 

those of Lutwama and Matanmi (1988) who compared B. thuringiensis @ 0.5 kg/ha 

and 1.0 kg/ha, with carbaryl @ 1.5 kg/ha and reported that B. thuringiensis gave a 

good control of H. armigera, similar to that of  insecticides.  

 

In the present study,  the application of B. thuringiensis, in combination with  

tracer, B. hebetor, neemosol and C. carnea, resulted in  the lowest larval-population 

of H. armigera as well as of a minimum fruit-infestation, caused by the H. armigera, 

at all the post-treatment intervals, followed by a combination of  B. thuringiensis + 

Tracer + B. hebetor + neemosol and that of B. thuringiensis + tracer +  B. hebetor, A 

Similar trend was also observed, in the case of fruit-infestation, on the tomato-crop 

in all the above treatments. The present finding, are in conformity  with those of 

Wanjari et al. (1998) who integrated B. thuringiensis, neem-seed extract and 

endosulfan and reported that all the treatments, when applied, singly, or, in a 
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combination, reduced the larval-population as well as the pod-infestation and 

produced a greater grain yield, as compared to the untreated control. 

 

The present findings cannot be  compared with those of  Khalique et al. 

(1982), Ahmad et al. (1994) Kulkarni and Amonkar (1988), Kulat et al. (1999) 

Loganathan et al. (2000) because of differences in their materials and methods and 

variable ecological conditions.  According to Brar et al. (2002) that  combination of 

T. pretiosum + endosulfan + NaNPV was the most effective for the control of H. 

armigera and these results can not be compared with the resent findings due to 

differences in treatments.  

 

In the present studies,  the application of neemosol  alone, showed a 

significant effect on the larval-population of  H. armigera, as well as on the tomato 

fruit-infestation and on the marketable fruit-yield as compared to the control 

treatment, at all the post-treatment intervals; but, in comparison with the 

application of other treatments, like, microbial control, chemical control and 

biological control, singly,  or in a combination, the neemosol had a  significantly  

higher larval-population, maximum fruit-infestation and minimum marketable fruit-

yield. The present findings cannot be compared with those of Sachan and Lai (1993) 

due to the differences in their materials and methods. 

 

In the present study, the application of Tracer, singly or in a combination, 

with other control methods resulted in a significantly different, and showed an at  

par trend, with most of the treatments. The present findings cannot be compared 

with those of Muray and Lloyd (1997) Duffle et al. (1997) because they controlled  

H. armigera, by applying different chemicals as well as other control measures, on 

various crops, other than that studied, in the present dissertation.  In the present 

study, the efficiency  B. hebetor and C. carnea, was not studied singly, but the effect 

of these parasites, was determined in combination with other control-measures.  

The results, revealed at par variation, statistically, with most of the  treatments, 

where these parasites were integrated. The present findings cannot be compared 
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with those of Daane and Yokata (1997), and Daane et al. (1996), Heimpel et al. 

(1997) Radhika and Chitra (1998) Kim et al. (2000)  Subbiah (1995) Reinert and 

King (1971) Press et al. (1978) Cline et al. (1984)  and Brower and Press (1990) 

because they studied the comparative effectiveness of parasites  for the control of 

different insect pests, on various crops, other than that studied, in the present case. 

From these results, it was concluded that a single  factor approach for the control of 

insects, is often inadequate than a  combination of more than one factor. 

 

The present findings, are in conformity with those of  Dahms (1972). 

Furthermore, the use of resistant-varieties, integrated with the insecticide-

application and release of natural enemies, followed by a cultural control, gave the 

best control of H. armigera. The same findings, are also reported by Agarwal and 

Gupta (1986), Ahmad (1997) who used different  synthetic insecticides, in 

combination with  neem-kernel oil, singly, for the control of H. armigera, on 

chickpeas and these findings cannot be compared with the present investigations. 

Similarly, Sanap and Pawar (1988) Suganthy and Kumar (2000) Bhagwat (2001) 

and Kulat (2001) who studied different control methods for the control of H. 

armigera, on various crops, other than  tomatoes.   
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SECTION 4                                                                                       CHAPTER VI 

 

 

 

SUMMARY 

 

 

The experiments were conducted on the sustainable management of H. 

armigera, on the tomato crop, by integrating various control methods, viz., biological 

control (release of Chrysoperla carnea and Bracon hebetor, each @ 1 card/5-m2 ) 

botanical control (spray of neem-seed-kernel extract, Neemosol @ 1480 ml/ha),  

chemical control (spinosad, Tracer  240 SC @ 197.6 ml/ha) and  microbial (Bacillus 

thuringiensis @ 2 kg/ha), alone and in all of their possible combinations,  during 

2008, in the University research area, at PARS, Faisalabad, with the objective to 

minimize the use of insecticides and to manage for the development of resistance, in 

insect, against insecticides. These control methods, were applied three times on the 

tomato crop (CV Sahil), after the appearance of the pest. The data on the larval-

population, fruit-infestation and yield of the marketable fruit, were recorded. The 

results are summarized, as under: 

 

All the treatments differed significantly, regarding the larval-population, 

fruit-infestation and marketable fruit-yield.  

- The applications of Bacillus thuringiensis + B. hebetor  + neemosol and + 

release of C. carnea, in a combination resulted in a minimum larval-

population ( 0.20, 0.15 and 0.05/plant), lowest fruit-infestations (2.30, 1.36 

and 0.88%)  10 days after the 1st, 2nd and 3rd treatments, a maximum 

marketable fruit-yield,  i. e., 305.92 q/ha and a maximum percentage increase 

in the marketable fruit-yield  (180.09%), over the control. Thus, this 

treatment  proved to be the best. 
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-  The spray of neemosol, resulted in a maximum larval-population  (1.05, 

0.85 and 0.95/plant), highest fruit-infestation (10.60, 7.91 and 8.19%) 10 

days after the 1st, 2nd and 3rd treatments, and a minimum marketable fruit-

yield (235.45 q/ha). This treatment, also showed a minimum increase of 

yield (115.57%), over the control.  
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Appendix 1 Data regarding the larval-population per  plant of the fruit-borer 

on tomato on 04.03.2007. 

 
Name of variety R1 R2 R3 

Roma local 0.2 0.2 0.2 

Rio grande 0.2 0.2 0.2 

Tanja 0.2 0.4 0.4 

Chico III 0.2 0.2 0.4 

Long Tipped 0.4 0.6 0.6 

Red Top 0.2 0.2 0.4 

FS-8801 0.2 0.2 0.4 

FS-8802 0.2 0.4 0.6 

Tropic 0.2 0.0 0.2 

Pakit 0.0 0.2 0.2 

Peelo 0.2 0.2 0.4 

NARC-1 0.4 0.6 0.6 

Roma VFN 0.4 0.4 0.8 

Pant Babr 0.4 0.2 0.4 

Ebein 0.6 0.8 0.6 

Nova Mecb 0.2 0.2 0.2 

Rockingbam 0.2 0.2 0.2 

Nagina 0.2 0.4 0.4 

Shalkot-96 0.2 0.4 0.6 

Pomodoro 0.2 0.4 0.2 

Manik 0.2 0.2 0.2 

Gressilesse 0.2 0.2 0.0 

Nadir 0.2 0.4 0.2 

Early Mecb 0.2 0.0 0.2 

Tommy 0.4 0.6 0.4 

Pusba Rubi 0.4 0.4 0.4 

Tropic boy 0.2 0.4 0.6 

Big Long 0.2 0.2 0.2 

Sahil  0.0 0.2 0.2 

Sun 6002 0.4 0.4 0.6 

Money-Maker  0.6 0.4 0.4 

Royesta 0.6 0.4 0.8 
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Appendix 2 Data regarding the larval-population per plant of the fruit-borer on 
tomato on 11.03.2007. 

 
Name of variety R1 R2 R3 

Roma local  0.2 0.2 0.2 

Rio grande 0.4 0.4 0.4 

Tanja 0.4 0.4 0.4 

Chico III 0.6 0.6 0.6 

Long Tipped 0.6 0.8 0.6 

Red Top 0.2 0.2 0.2 

FS-8801 0.6 0.4 0.4 

FS-8802 0.4 0.6 0.6 

Tropic 0.2 0.2 0.0 

Pakit 0.2 0.2 0.4 

Peelo 0.2 0.4 0.2 

NARC-1 0.4 0.8 0.6 

Roma VFN 0.4 0.6 0.6 

Pant Babr 0.6 0.4 0.2 

Ebein 0.6 0.6 0.6 

Nova Mecb 0.4 0.0 0.2 

Rockingbam 0.4 0.4 0.2 

Nagina 0.4 0.6 0.6 

Shalkot-96 0.6 0.6 0.4 

Pomodoro 0.4 0.4 0.2 

Manik 0.4 0.4 0.2 

Gressilesse 0.0 0.2 0.0 

Nadir 0.2 0.2 0.6 

Early Mecb 0.2 0.2 0.4 

Tommy 0.4 0.4 0.6 

Pusba Rubi 0.4 0.4 0.4 

Tropic boy 0.4 0.6 0.6 

Big Long 0.2 0.0 0.2 

Sahil  0.0 0.2 0.2 

Sun 6002 0.4 0.4 0.8 

Money-Maker  0.8 0.6 0.6 

Royesta 0.6 0.6 0.8 
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Appendix 3 Data regarding the larval-population per plant of the fruit-

borer on tomato on 18.03.2007. 

 

Name of variety R1 R2 R3 

Roma local 0.4 0.2 0.4 

Rio grande 0.6 0.6 0.6 

Tanja 0.6 0.6 0.6 

Chico III 0.6 0.6 0.8 

Long Tipped 0.8 1.0 0.8 

Red Top 0.2 0.4 0.4 

FS-8801 0.6 0.6 0.8 

FS-8802 0.6 0.8 0.6 

Tropic 0.4 0.2 0.4 

Pakit 0.2 0.2 0.4 

Peelo 0.6 0.6 0.6 

NARC-1 0.8 0.8 0.8 

Roma VFN 0.6 0.6 0.8 

Pant Babr 0.6 0.6 0.6 

Ebein 0.8 1.0 0.8 

Nova Mecb 0.4 0.2 0.4 

Rockingbam 0.6 0.6 0.6 

Nagina 0.6 1.0 0.8 

Shalkot-96 0.6 1.0 0.6 

Pomodoro 0.4 0.6 0.4 

Manik 0.6 0.6 0.4 

Gressilesse 0.2 0.2 0.2 

Nadir 0.4 0.2 0.4 

Early Mecb 0.6 0.4 0.4 

Tommy 0.4 0.8 1.2 

Pusba Rubi 0.8 0.6 0.8 

Tropic boy 0.8 1.0 1.0 

Big Long 0.2 0.2 0.4 

Sahil  0.2 0.6 0.4 

Sun 6002 0.6 0.6 0.8 

Money-Maker  1.0 0.8 0.8 

Royesta 1.2 0.8 1.0 
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Appendix 4 Data regarding the larval-population per plant of the fruit-

borer on tomato on 25.03.2007. 

Name of variety R1 R2 R3 

Roma local 0.6 0.6 0.8 

Rio grande 0.8 0.8 1.0 

Tanja 0.8 0.8 1.2 

Chico III 1.2 1.0 1.4 

Long Tipped 1.3 1.2 1.2 

Red Top 0.6 0.4 0.4 

FS-8801 1.2 1.0 0.8 

FS-8802 0.8 1.2 1.2 

Tropic 0.4 0.4 0.6 

Pakit 0.4 0.4 0.6 

Peelo 1.0 1.4 1.4 

NARC-1 1.0 1.2 1.2 

Roma VFN 1.2 1.4 1.4 

Pant Babr 0.8 1.0 1.0 

Ebein 1.0 1.2 1.2 

Nova Mecb 0.6 0.4 0.4 

Rockingbam 0.8 0.8 0.6 

Nagina 1.0 0.8 1.2 

Shalkot-96 1.2 1.4 1.0 

Pomodoro 1.0 1.0 1.0 

Manik 0.8 0.6 0.8 

Gressilesse 0.4 0.4 0.4 

Nadir 0.6 0.6 0.6 

Early Mecb 0.4 0.6 0.6 

Tommy 1.2 1.0 1.4 

Pusba Rubi 1.2 1.2 1.2 

Tropic boy 1.2 1.2 1.6 

Big Long 0.6 0.4 0.6 

Sahil  0.4 0.4 0.4 

Sun 6002 1.0 1.2 1.4 

Money-Maker  1.4 1.4 1.2 

Royesta 1.4 1.2 1.4 
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Appendix 5 Data regarding the larval-population per plant of the fruit-
borer on tomato on 01.04.2007. 

 
Name of variety R1 R2 R3 

Roma local 0.8 0.8 0.6 

Rio grande 1.0 1.0 1.0 

Tanja 1.2 1.0 1.0 

Chico III 1.4 1.2 1.4 

Long Tipped 1.6 1.4 1.6 

Red Top 0.6 0.4 0.4 

FS-8801 1.2 1.2 1.6 

FS-8802 1.0 1.2 0.8 

Tropic 0.6 0.6 0.8 

Pakit 0.6 0.8 0.6 

Peelo 1.4 1.2 1.4 

NARC-1 1.2 1.2 1.6 

Roma VFN 1.4 1.6 1.4 

Pant Babr 1.4 1.4 1.8 

Ebein 1.2 1.2 1.8 

Nova Mecb 0.6 0.4 0.6 

Rockingbam 1.0 1.0 1.2 

Nagina 1.4 1.4 1.4 

Shalkot-96 1.4 1.6 1.2 

Pomodoro 1.4 1.2 1.2 

Manik 1.0 0.8 0.8 

Gressilesse 0.8 0.8 0.6 

Nadir 1.0 0.8 0.8 

Early Mecb 0.6 0.8 0.8 

Tommy 1.2 1.2 1.4 

Pusba Rubi 1.4 1.0 1.4 

Tropic boy 1.2 1.4 1.4 

Big Long 0.6 0.6 0.8 

Sahil  0.6 0.6 0.8 

Sun 6002 1.4 1.2 1.4 

Money-Maker  1.6 1.4 1.2 

Royesta 1.6 1.2 1.0 
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Appendix 6 Data regarding the larval-population per plant of the fruit-
borer on tomato on 08.04.2007. 

 
Name of variety R1 R2 R3 

Roma local 1.0 1.0 0.8 

Rio grande 1.2 1.4 1.2 

Tanja 1.4 1.6 1.4 

Chico III 1.4 1.4 1.6 

Long Tipped 1.6 1.4 1.8 

Red Top 0.8 0.8 0.6 

FS-8801 1.0 1.8 1.0 

FS-8802 1.2 1.8 1.2 

Tropic 0.8 0.8 0.8 

Pakit 0.8 0.8 0.8 

Peelo 1.6 2.0 1.8 

NARC-1 1.8 1.8 1.6 

Roma VFN 1.4 1.6 1.8 

Pant Babr 1.6 2.2 2.0 

Ebein 1.6 1.4 1.6 

Nova Mecb 0.8 0.8 0.8 

Rockingbam 1.2 1.4 1.6 

Nagina 1.4 1.6 1.4 

Shalkot-96 1.4 1.8 1.2 

Pomodoro 1.4 1.4 1.4 

Manik 1.2 1.4 1.2 

Gressilesse 1.4 1.2 0.8 

Nadir 0.8 2.2 1.0 

Early Mecb 1.4 1.2 1.2 

Tommy 1.2 1.2 1.6 

Pusba Rubi 1.4 1.4 1.4 

Tropic boy 1.4 1.4 1.8 

Big Long 1.0 1.0 1.0 

Sahil  0.8 0.8 0.8 

Sun 6002 1.2 1.4 1.8 

Money-Maker  1.6 1.6 1.6 

Royesta 1.8 1.4 1.6 
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Appendix 7   Data regarding the  fruit-infestation percent 

Name of 

variety 

R1 R2 R3 

Total Infested % 

damage 

Total Infested % 

damage 

Total Infested % 

Damage 

Roma local 15 2 13.3 13 3 23.0 18 3 16.7 

Rio grande 12 2 16.7 11 3 27.3 13 3 23.1 

Tanja 14 3 21.4 11 4 36.4 15 4 26.7 

Chico III 17 4 23.5 14 4 28.6 16 5 31.2 

Long Tipped 15 5 33.3 17 6 35.3 17 7 41.2 

Red Top 11 2 18.2 16 3 18.7 19 3 15.8 

FS-8801 14 4 28.6 15 4 26.7 20 5 25.0 

FS-8802 13 4 30.8 11 6 54.5 11 7 63.6 

Tropic 12 2 16.7 14 2 14.3 14 3 21.4 

Pakit 17 1 5.9 16 3 18.7 17 2 11.8 

Peelo 15 3 20.0 17 2 11.76 15 4 26.7 

NARC-1 14 4 28.6 15 6 43.0 15 7 46.7 

Roma VFN 13 5 38.5 14 6 42.8 14 7 50.0 

Pant Babr 19 4 21.0 15 3 20.0 16 4 25.0 

Ebein 11 5 45.4 14 6 42.8 18 5 27.8 

Nova Mecb 18 3 16.7 17 2 11.8 19 2 10.5 

Rockingbam 13 3 23.1 12 3 25.0 14 2 14.3 

Nagina 12 4 33.3 11 5 45.4 13 5 38.5 

Shalkot-96 11 4 36.4 14 6 42.8 13 4 30.8 

Pomodoro 17 3 17.6 16 4 25.0 12 2 16.7 

Manik 14 3 21.4 13 3 23.1 14 2 14.3 

Gressilesse 15 1 6.7 11 2 18.2 13 1 7.7 

Nadir 18 2 11.1 17 3 17.6 16 2 12.5 

Early Mecb 16 3 18.7 14 1 7.1 14 3 21.4 

Tommy 14 4 28.57 15 5 33.3 19 6 31.6 

Pusba Rubi 10 4 40.0 12 4 33.3 11 4 36.4 

Tropic boy 9 3 33.3 13 5 38.5 15 6 40.0 

Big Long 15 2 13.3 14 1 7.1 14 3 21.4 

Sahil  14 1 7.1 13 2 15.4 16 2 12.5 

Sun 6002 17 4 23.5 14 5 35.7 13 5 38.5 

Money-Maker  14 6 42.8 15 5 33.3 12 5 41.7 

Royesta 19 7 36.8 14 5 35.7 17 6 35.3 
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Appendix 8 Data regarding the fruit-infestation, percent, of the fruit-

borer on tomato ,on 11.03.2007. 

Name of 

variety 

R1 R2 R3 

Total Infested % damage Total Infested % damage Total Infested % Damage 

Roma local 17 2 11.8 19 3 15.8 20 3 15.0 

Rio grande 14 4 28.6 13 4 30.8 15 5 33.3 

Tanja 16 4 25.0 14 4 28.6 15 4 26.7 

Chico III 19 6 3.1 16 6 37.5 16 7 43.75 

Long Tipped 17 7 41.2 19 8 42.1 20 8 40.0 

Red Top 15 2 13.3 16 3 18.75 19 3 15.8 

FS-8801 17 6 35.3 15 5 33.3 20 6 30.0 

FS-8802 16 5 31.2 14 6 42.8 14 6 42.8 

Tropic 15 2 13.3 16 3 18.7 17 2 11.8 

Pakit 20 2 10.0 21 2 9.5 19 3 15.8 

Peelo 19 4 21.0 17 5 29.4 18 4 22.2 

NARC-1 16 6 37.5 19 8 42.1 19 7 36.8 

Roma VFN 16 6 37.5 17 7 41.2 18 8 44.4 

Pant Babr 22 6 27.3 18 5 27.8 20 4 20.0 

Ebein 14 6 42.8 18 7 38.9 19 7 36.8 

Nova Mecb 22 4 18.2 21 2 9.5 24 3 12.5 

Rockingbam 16 4 25.0 15 4 26.7 17 3 17.6 

Nagina 15 5 33.3 14 6 42.9 16 6 37.5 

Shalkot-96 15 5 33.3 17 7 41.2 16 5 31.2 

Pomodoro 19 4 21.0 19 5 26.3 16 3 18.7 

Manik 18 4 22.2 15 4 26.7 16 3 18.7 

Gressilesse 17 2 17.0 14 3 21.4 15 2 13.3 

Nadir 22 3 13.6 20 2 10.0 18 3 16.7 

Early Mecb 18 3 16.7 17 2 11.7 18 3 16.7 

Tommy 18 5 27.8 15 5 33.3 21 7 33.3 

Pusba Rubi 14 5 35.7 14 5 35.07 13 5 38.5 

Tropic boy 13 4 30.7 15 6 40.0 17 7 41.8 

Big Long 17 2 11.8 17 1 5.9 16 3 18.7 

Sahil  18 2 11.1 15 2 13.3 18 2 11.1 

Sun 6002 19 5 26.3 17 6 35.3 17 7 41.2 

Money-Maker  18 7 38.9 18 6 33.3 16 6 37.5 

Royesta 21 8 38.1 17 6 35.3 21 7 33.3 
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Appendix 9  Data regarding the fruit-infestation percent of the fruit-
borer on tomato on 18.03.2007.  

Name of 

variety 

R1 R2 R3 

Total Infested % damage Total Infested % damage Total Infested % Damage 

Roma local 26 4 15.4 26 3 11.5 25 4 16.0 

Rio grande 23 6 26.1 21 6 28.6 20 7 35.0 

Tanja 21 6 28.6 23 6 26.1 22 7 31.8 

Chico III 24 8 33.3 23 8 34.8 25 9 36.0 

Long Tipped 26 9 34.6 26 10 38.5 25 9 36.0 

Red Top 24 3 12.5 23 3 13.0 24 4 16.7 

FS-8801 26 8 30.8 22 7 31.8 25 8 32.0 

FS-8802 21 7 33.3 21 8 38.1 23 8 34.8 

Tropic 24 3 12.5 23 3 13.0 22 3 13.6 

Pakit 27 3 11.1 25 3 12.0 28 4 14.3 

Peelo 24 6 25.0 26 7 26.9 27 6 22.2 

NARC-1 23 8 34.8 26 10 38.5 24 9 37.5 

Roma VFN 25 8 32.0 24 9 37.5 23 10 43.5 

Pant Babr 29 8 27.6 25 7 28.0 25 6 24.0 

Ebein 23 8 34.8 25 9 36.0 23 9 39.1 

Nova Mecb 31 5 16.1 28 3 10.7 29 4 13.8 

Rockingbam 25 6 24.0 22 6 27.3 22 5 22.7 

Nagina 20 7 35.0 21 8 38.1 25 8 32.0 

Shalkot-96 24 7 29.1 24 9 37.5 21 7 33.3 

Pomodoro 28 6 21.4 26 7 26.9 21 6 28.6 

Manik 27 6 22.2 22 6 27.3 21 5 23.8 

Gressilesse 26 3 11.5 21 3 14.3 20 3 15.0 

Nadir 27 4 14.8 27 3 11.1 23 3 13.0 

Early Mecb 27 4 14.8 24 3 12.5 21 4 19.0 

Tommy 23 7 30.4 22 7 31.8 30 9 30.0 

Pusba Rubi 19 7 36.8 21 7 33.3 22 8 36.4 

Tropic boy 22 8 36.4 22 8 36.4 22 9 40.9 

Big Long 26 3 11.5 24 2 8.3 21 3 14.3 

Sahil  25 3 12.0 22 3 13.6 25 4 16.0 

Sun 6002 26 7 26.9 24 8 33.3 24 9 37.5 

Money-Maker  25 9 36.0 25 9 36.0 23 8 34.8 

Royesta 28 10 35.7 24 8 33.3 27 9 33.3 
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Appendix 10 Data regarding the fruit-infestation percent of the fruit-
borer on tomato on 25.03.2007.  

Name of 

variety 

R1 R2 R3 

Total Infested % damage Total Infested % damage Total Infested % Damage 

Roma local 35 7 20.0 35 6 17.1 34 7 20.6 

Rio grande 32 9 28.1 30 9 30.0 29 10 34.5 

Tanja 30 9 30.0 32 9 28.1 31 10 32.2 

Chico III 33 11 33.3 32 11 34.4 35 12 34.3 

Long Tipped 33 12 36.4 30 13 43.3 36 12 33.3 

Red Top 33 4 12.1 32 4 12.5 34 5 14.7 

FS-8801 35 11 31.4 31 10 32.2 34 11 32.3 

FS-8802 30 10 33.3 30 11 36.7 32 11 34.4 

Tropic 33 5 15.1 32 4 12.5 31 5 16.1 

Pakit 36 4 11.1 34 5 14.7 37 6 16.2 

Peelo 33 11 33.3 35 13 37.1 36 12 33.3 

NARC-1 32 11 34.4 35 12 34.3 33 13 39.4 

Roma VFN 34 11 32.3 33 13 39.4 36 13 36.1 

Pant Babr 38 11 28.9 35 10 28.6 36 9 25.0 

Ebein 33 10 30.3 37 11 29.7 34 13 38.2 

Nova Mecb 40 6 15.0 37 5 13.5 33 5 15.1 

Rockingbam 34 9 26.5 31 9 29.0 31 8 25.8 

Nagina 29 10 34.5 30 11 36.7 34 11 32.3 

Shalkot-96 33 11 33.3 33 12 36.4 30 11 36.7 

Pomodoro 35 10 28.6 35 10 28.6 30 11 36.7 

Manik 34 9 26.5 31 9 29.0 32 8 25.0 

Gressilesse 33 5 15.1 30 5 16.7 31 4 12.9 

Nadir 32 6 18.7 36 5 13.9 36 5 13.9 

Early Mecb 36 5 13.9 33 6 18.2 30 4 13.3 

Tommy 32 10 31.2 31 10 32.2 39 12 30.8 

Pusba Rubi 28 10 35.7 30 10 33.3 31 11 35.5 

Tropic boy 31 11 35.4 32 11 34.4 34 12 35.3 

Big Long 35 5 14.3 33 5 15.1 30 6 20.0 

Sahil  34 4 11.8 31 4 12.9 36 5 13.9 

Sun 6002 35 10 28.6 33 11 33.3 33 12 36.4 

Money-Maker  34 12 35.3 34 12 35.3 32 11 34.4 

Royesta 37 13 35.1 35 10 28.6 34 14 41.2 
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Appendix 11 Data regarding the fruit-infestation percent of the fruit-
borer on tomato on 01.04.2007. 

Name of 

variety 

R1 R2 R3 

Total Infested % damage Total Infested % damage Total Infested % Damage 

Roma local 40 8 20.0 43 8 18.6 39 7 17.9 

Rio grande 37 10 27.0 42 11 26.2 37 10 27.0 

Tanja 38 11 28.9 44 11 25.0 43 10 23.2 

Chico III 42 12 28.6 47 12 25.5 38 13 34.2 

Long Tipped 45 14 31.1 36 12 33.3 37 13 35.1 

Red Top 36 5 13.9 42 5 11.9 43 5 11.6 

FS-8801 37 12 32.4 45 13 28.9 39 12 30.8 

FS-8802 35 11 31.4 36 12 33.3 47 11 23.4 

Tropic 44 6 13.6 39 5 12.8 48 6 12.5 

Pakit 42 5 11.9 47 6 12.8 39 5 12.8 

Peelo 47 14 29.8 42 15 35.7 44 14 31.8 

NARC-1 51 15 29.4 43 14 32.5 39 15 38.5 

Roma VFN 38 12 31.6 44 14 31.8 39 13 33.3 

Pant Babr 41 14 34.1 38 15 39.5 43 15 34.9 

Ebein 47 11 23.4 36 12 33.3 45 14 31.1 

Nova Mecb 45 6 13.3 37 5 13.5 44 5 11.4 

Rockingbam 36 11 30.5 38 12 31.6 37 12 32.4 

Nagina 42 11 26.1 43 12 27.9 45 12 26.7 

Shalkot-96 47 12 25.5 43 13 30.2 42 12 28.6 

Pomodoro 40 11 27.5 41 11 26.8 45 12 26.7 

Manik 36 9 25.0 38 9 23.7 42 8 19.0 

Gressilesse 43 7 16.2 47 7 14.9 45 6 13.3 

Nadir 39 8 20.5 42 8 19.0 36 7 19.4 

Early Mecb 44 7 15.9 47 6 12.8 46 7 15.2 

Tommy 39 11 28.2 42 11 26.2 37 13 35.1 

Pusba Rubi 44 11 25.0 38 11 28.4 42 12 28.6 

Tropic boy 36 12 33.3 35 12 34.3 40 13 32.5 

Big Long 38 6 15.8 39 6 15.4 39 7 17.9 

Sahil  47 5 10.6 49 5 10.2 51 5 9.8 

Sun 6002 42 11 26.2 43 12 27.9 46 13 28.3 

Money-Maker  37 13 35.1 38 13 34.2 40 12 30.0 

Royesta   31.57   33.33   28.57 
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Appendix 12 Data regarding the fruit-infestation percent of the fruit 

borer on tomato on 08.04.2007 
Name of 

variety 

R1 R2 R3 

Total Infested % damage Total Infested % damage Total Infested % Damage 

Roma local 50 10 20.0 42 10 23.8 49 9 18.4 

Rio grande 41 12 29.3 43 13 30.2 42 12 28.6 

Tanja 47 13 27.6 48 13 27.1 50 12 24.0 

Chico III 52 14 26.9 48 14 29.2 47 15 31.9 

Long Tipped 45 16 35.5 46 14 30.4 50 15 30.0 

Red Top 41 7 15.5 43 7 16.3 47 7 14.9 

FS-8801 48 14 29.2 52 15 28.8 50 14 28.0 

FS-8802 44 13 29.5 47 14 29.8 41 13 31.7 

Tropic 49 8 16.3 47 7 14.9 51 8 15.7 

Pakit 44 7 15.9 52 8 15.4 42 7 16.7 

Peelo 49 16 32.6 47 17 36.1 47 16 34.0 

NARC-1 41 17 41.5 43 16 37.2 45 17 37.8 

Roma VFN 43 14 32.5 40 16 40.0 44 15 34.1 

Pant Babr 52 16 30.8 44 17 38.6 56 17 30.0 

Ebein 47 13 27.6 54 14 25.9 51 16 31.4 

Nova Mecb 47 8 17.0 43 7 16.3 43 7 16.3 

Rockingbam 45 13 28.9 46 14 30.4 49 14 28.6 

Nagina 42 13 30.9 47 14 29.8 51 14 27.4 

Shalkot-96 43 14 32.5 48 15 31.2 50 14 28.0 

Pomodoro 45 13 28.9 51 13 25.5 47 14 29.8 

Manik 50 13 26.0 53 13 24.5 50 10 20.0 

Gressilesse 48 11 22.9 47 11 23.4 49 8 16.3 

Nadir 47 9 19.1 49 19 38.8 51 9 17.6 

Early Mecb 44 10 22.7 48 10 20.8 52 9 17.3 

Tommy 48 13 27.1 46 13 28.3 48 15 31.2 

Pusba Rubi 52 13 25.0 45 13 28.9 49 14 28.6 

Tropic boy 53 14 26.4 47 14 29.8 51 15 29.4 

Big Long 49 8 16.3 49 8 16.3 51 9 17.6 

Sahil  45 7 15.5 56 7 12.5 58 7 12.1 

Sun 6002 47 13 27.6 47 14 29.8 49 15 30.6 

Money-Maker  49 15 30.6 48 15 31.25 50 14 28.0 

Royesta 48 16 33.3 52 14 26.9 52 15 28.8 
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Appendix 13   Data regarding larval population of fruit-borer on various selected genotypes of tomato in 2008 
 

Name of Genotypes 29.02.2008 07.03.2008 14.03.2008 21.03.2008 

R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 

Roma VFN 0.0 0.2 0.0 0.4 0.2 0.0 0.6 0.6 0.2 0.8 0.6 0.4 

NARC-1 0.2 0.0 0.0 0.2 0.4 0.4 0.6 0.2 0.2 0.4 0.6 0.4 

FS-8802 0.2 0.0 0.0 0.4 0.0 0.2 0.2 0.4 0.2 1.0 0.4 0.2 

Tommy 0.2 0.0 0.0 0.4 0.2 0.0 0.2 0.2 0.2 0.6 0.4 0.4 

Pant Babr 0.0 0.0 0.0 0.0 0.2 0.4 0.2 0.2 0.4 0.4 0.6 0.4 

Rio Grande 0.2 0.0 0.0 0.2 0.2 0.0 0.6 0.2 0.2 0.4 0.4 0.6 

Nova Mecb 0.0 0.0 0.0 0.2 0.2 0.0 0.4 0.2 0.2 0.4 0.4 0.2 

Pakit 0.0 0.0 0.0 0.0 0.2 0.2 0.4 0.2 0.2 0.2 0.4 0.6 

Sahil 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.4 0.2 0.4 0.2 0.2 

 
 

Name of Genotypes 28.03.2008 04.04.2008 11.04.2008 

R1 R2 R3 R1 R2 R3 R1 R2 R3 

Roma VFN 1.8 1.6 2.0 1.6 1.4 1.6 1.0 0.8 0.6 

NARC-1 1.6 1.4 2.2 1.2 1.4 1.8 0.6 0.4 0.8 

FS-8802 2.0 1.2 1.4 1.4 1.4 1.2 1.0 0.4 0.6 

Tommy 1.4 1.6 1.4 1.2 1.0 1.4 0.6 0.6 0.4 

Pant Babr 1.2 1.6 1.4 0.8 1.6 1.0 0.4 0.4 0.6 

Rio Grande 1.6 0.6 1.8 1.2 1.4 0.6 0.6 0.8 0.4 

Nova Mecb 1.0 0.8 1.2 1.0 1.2 0.6 0.2 0.2 0.4 

Pakit 1.2 0.6 1.0 0.8 0.8 0.6 0.4 0.2 0.0 

Sahil 1.0 0.6 0.8 0.4 1.0 0.6 0.0 0.2 0.4 
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Appendix 14 Data regarding the fruit-infestation percent of the fruit-borer 

on tomato on 29.02.2008. 

 

Name of 

variety 

R1 R2 R3 

Total Infested % 

damage 

Total Infested % 

damage 

Total Infested % 

Damage 

Roma VFN 6 1 16.66 5 1 20.00 6 0 0.00 

NARC-1 6 1 16.66 6 0 0.00 7 0 0.00 

Fs-8802 5 0 0.00 7 0 0.00 5 0 0.00 

Tommy 6 2 33.33 5 0 0.00 7 1 14.28 

Pant Babr 7 1 14.28 3 0 0.00 6 0 0.00 

Rio Grande 4 2 50.00 6 0 0.00 4 0 0.00 

Nova Mecb 7 0 0.00 8 0 0.00 7 0 0.00 

Pakit  7 0 0.00 7 0 0.00 6 0 0.00 

Sahil 6 0 0.00 7 0 0.00 8 0 0.00 
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Appendix 15. Data regarding the fruit-infestation percent of the fruit-borer 

on tomato on 07.03.2008. 

 

Name of 

variety 

R1 R2 R3 

Total Infested % 

damage 

Total Infested % 

damage 

Total Infested % 

Damage 

Roma VFN 14 6 42.90 16 3 18.75 17 4 23.52 

NARC-1 12 5 41.60 13 4 30.76 14 5 35.71 

Fs-8802 11 5 45.95 10 1 10.00 12 5 41.66 

Tommy 13 4 30.76 14 4 28.57 16 2 12.50 

Pant Babr 18 3 16.66 16 3 18.75 19 4 21.05 

Rio Grande 11 2 18.88 13 1 7.70 14 2 14.28 

Nova Mecb 17 2 11.76 15 2 13.33 19 1 5.26 

Pakit  15 0 0.00 18 2 11.11 17 2 11.76 

Sahil 13 1 7.69 15 1 6.66 12 1 8.33 
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Appendix 16 Data regarding the fruit-infestation percent of the fruit-borer 

on tomato on 14.03.2008. 

 

Name of 

variety 

R1 R2 R3 

Total Infested % 

damage 

Total Infested % 

damage 

Total Infested % 

Damage 

Roma VFN 17 8 47.05 20 6 30.00 21 7 33.33 

NARC-1 18 7 38.88 22 8 36.36 19 7 36.84 

Fs-8802 17 4 23.53 19 5 26.32 22 4 18.18 

Tommy 19 6 31.58 18 5 27.77 20 6 30.00 

Pant Babr 21 6 28.57 23 5 18.00 26 5 19.23 

Rio Grande 15 4 25.00 18 4 22.22 16 5 31.25 

Nova Mecb 23 3 13.04 25 3 12.00 22 4 18.18 

Pakit  19 2 10.52 17 2 11.76 21 3 14.28 

Sahil 17 3 17.64 20 2 10.00 16 2 12.50 
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Appendix 17.  Data regarding the fruit-infestation percent of the fruit-borer 

on tomato on 21.03.2008. 

 

Name of 

variety 

R1 R2 R3 

Total Infested % 

damage 

Total Infested % 

damage 

Total Infested % 

Damage 

Roma VFN 24 9 37.50 27 8 29.62 25 10 40.00 

NARC-1 23 7 30.43 25 10 40.00 22 8 36.36 

Fs-8802 26 8 30.76 29 7 24.13 25 8 32.00 

Tommy 22 6 27.27 21 8 38.00 24 8 33.33 

Pant Babr 28 7 25.00 29 8 27.50 24 6 25.00 

Rio 

Grande 

21 7 33.33 23 6 26.08 20 6 30.00 

Nova 

Mecb 

29 4 13.79 27 5 18.51 25 3 12.00 

Pakit  26 4 15.38 20 3 15.00 23 4 17.39 

Sahil 24 5 20.80 19 4 21.05 25 4 16.00 
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Appendix 18 Data regarding the fruit-infestation percent of the fruit-borer 

on tomato on 28.03.2008. 

 

Name of 

Variety 

R1 R2 R3 

Total Infested % 

damage 

Total Infested % 

damage 

Total Infested % 

Damage 

Roma VFN 36 10 27.80 38 14 36.80 40 13 32.50 

NARC-1 34 11 32.34 36 13 36.10 35 12 34.28 

Fs-8802 29 10 34.48 28 12 42.85 24 11 45.80 

Tommy 33 10 30.30 32 9 14.0 35 11 31.40 

Pant Babr 39 9 23.07 37 10 27.0 41 9 21.95 

Rio Grande 31 8 25.80 33 10 30.3 30 10 33.33 

Nova Mecb 43 6 13.95 40 6 15.00 38 4 10.52 

Pakit  37 6 16.21 39 5 12.8 42 4 8.52 

Sahil 33 5 15.15 34 3 8.80 36 4 11.11 
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Appendix 19 Data regarding the fruit-infestation percenthe fruit-borer on 

tomato on 04.04.2008. 

 

Name of 

variety 

R1 R2 R3 

Total Infested % 

damage 

Total Infested % 

damage 

Total Infested % 

Damage 

Roma VFN 41 13 31.70 42 12 28.57 43 12 27.90 

NARC-1 50 14 28.00 47 15 31.90 48 12 25.00 

Fs-8802 36 10 27.70 37 12 32.43 35 11 31.42 

Tommy 38 12 31.60 39 11 28.20 42 12 28.57 

Pant Babr 43 13 30.23 45 16 35.55 40 13 32.51 

Rio Grande 36 9 25.00 39 12 30.77 40 10 25.00 

Nova Mecb 44 5 11.36 42 7 16.66 41 5 12.19 

Pakit  43 5 11.63 40 5 12.50 37 4 10.80 

Sahil 48 6 12.50 45 4 8.88 49 4 8.16 
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Appendix 20 Data regarding the fruit-infestation percent, of the fruit-borer 

on tomato on 11.04.2008. 

 

Name of 

Variety 

R1 R2 R3 

Total Infested % 

damage 

Total Infested % 

damage 

Total Infested % 

Damage 

Roma VFN 46 13 28.26 44 18 40.90 45 17 37.77 

NARC-1 40 16 40.00 42 17 40.47 43 17 39.53 

Fs-8802 46 13 28.26 47 14 29.78 44 12 27.27 

Tommy 47 13 27.66 49 14 28.57 45 15 33.33 

Pant Babr 53 16 30.18 55 17 30.90 48 16 33.33 

Rio Grande 43 12 27.90 48 14 29.17 44 11 25.00 

Nova Mecb 49 7 14.28 47 8 17.02 42 7 16.66 

Pakit  46 6 13.04 41 7 17.07 45 7 15.55 

Sahil 48 6 12.50 43 6 13.95 46 7 15.20 
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Appendix 21 The yield of fruit (kg/plot) in various selected genotypes of 

tomato during 2008.  

Name of Genotype R1 R2 R3 

Roma VFN 38.95 40.44 39.12 

NARC-1 39.54 36.97 39.01 

Fs-8802 46.36 43.15 43.18 

Tommy 45.21 44.54 42.91 

Pant Babr 48.96 48.26 55.00 

Rio Grande 49.16 48.65 46.43 

Nova Mecb 101.06 84.73 89.53 

Pakit  11.53 97.13 99.35 

Sahil 85.06 107.03 106.60 
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Appendix 22.  Weather data for the years 2007 and 2008. 

 

2007 2008 

Date  Temperature oC   Date Temperature oC   

 Maximum Minimum Average RH 

(%) 

RF 

(mm) 

 Max Min Av RH 

(%) 

RF 

(mm) 

04.03.07 22.21 
(4.76) 

9.04 
(3.14) 

15.80 
(4.0) 

69.70 
(8.37) 

10.7 
(3.3) 

29.02.08 25.82 
(5.13) 

9.35 
(3.14) 

17.59 
(4.25) 

61.85 
(7.89) 

0.00 
(0.71) 

11.03.07 23.59 
(4.91) 

 

9.60 
(3.17) 

16.59 
(4.13) 

62.20 
(7.9) 

1.3 
(1.3) 

07.03.08 28.2 
(5.36) 

15.11 
(3.95) 

21.65 
(4.71) 

62.785 
(7.95) 

0.00 
(0.71) 

18.03.07 23.44 
(4.89) 

 

9.87 
(3.22) 

16.65 
(4.14) 

72.14 
(8.5) 

15.8 
(4.0) 

14.03.08 29.9 
(5.51) 

13.6 
(3.75) 

21.75 
(4.72) 

56.86 
(7.57) 

0.00 
(0.71) 

25.03.07 26.90 
(5.23) 

13.46 
(3.73) 

20.18 
(4.5) 

71.80 
(8.5) 

15.0 
(3.9) 

21.03.08 32.61 
(5.75) 

15.6 
(4.01) 

 

25.6 
(5.11) 

53.07 
(7.32) 

0.00 
(0.71) 

01.04.07 32.97 
(5.78) 

16.44 
(4.11) 

24.70 
(5.0) 

5.80 
(7.6) 

0.00 
(0.71) 

28.03.08 33.25 
(5.81) 

15.9 
(4.05) 

24.57 
(5.01) 

49.428 
(7.06) 

0.00 
(0.71) 

08.04.07 33.1 
(5.79) 

16.08 
(4.07) 

24.59 
(5.00) 

47.92 
(6.958) 

0.00 
(0.71) 

04.04.08 34.5 
(5.92) 

17.89 
(4.29) 

26.195 
(5.17) 

55.0 
(7.45) 

7.00 
(2.74) 

- - - - - - 11.04.08 30.03 
(5.53) 

18.04 
(4.31) 

24.03 
(2.95) 

61.7 
(7.89) 

4.00 
(2.12) 
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Appendix 23 Data  and their analysis of variance regarding hair density (½ 

cm2) on upper surface of the leaves of different selected 

genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 22.06 (4.75) 23.25 (4.87) 22.97 (4.84) 

NARC-1 23.91 (4.94) 24.61 (5.01) 24.83 (5.03) 

FS-8802 20.45 (4.58) 24.13 (4.96) 25.10 (5.06) 

Tommy 22.61 (4.81) 22.26 (4.77) 22.99 (4.85) 

Pant Babr 24.25 (4.97) 24.67 (5.02) 24.44 (4.99) 

Rio Grande 24.17 (4.97) 24.77 (5.02) 23.22 (4.87) 

Nova Mecb 24.10 (4.96) 23.53 (4.90) 24.93 (5.04) 

Pakit 24.21 (4.97) 24.89 (5.04) 24.43 (4.99) 

Sahil 25.29 (5.08) 23.13 (4.86) 24.10 (4.96) 

 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 1.041 1.02 NS 

Genotypes 8 1.689 1.65 NS 

Error 16 1.021  

CV =  4.24% 
** = Significant at P < 0.01. 
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Appendix 24. Data regarding hair density (½ cm2) on lower surface of the 

leaves of different selected genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 857.00 (29.28) 849.13 (29.15) 813.59 (28.53) 

NARC-1 752.00 (27.43) 810.24 (28.47) 749.46 (27.38) 

FS-8802 840.92 (29.00) 824.61 (28.72) 835.10 (28.91) 

Tommy 824.84 (28.72) 816.89 (28.59) 839.21 (28.98) 

Pant Babr 797.04 (28.24) 811.73 (28.49) 777.68 (27.89) 

Rio Grande 815.08 (28.56) 841.49 (29.02) 836.67 (28.93) 

Nova Mecb 861.40 (29.36) 800.43 (28.30) 789.75 (28.11) 

Pakit 750.44 (27.40) 891.29 (29.86) 817.65 (28.60) 

Sahil 898.00 (29.97) 826.17 (28.75) 839.61  (28.98) 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 835.035 1.23 

Genotypes 8 2209.394 3.26 * 

Error 16 677.377  

CV =  3.17% 
**    = Significant at P < 0.01. 
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Appendix 25  Data regarding length of hair (mm) on upper surface of the 

leaves of different selected genotypes of tomato. 

  

Name of Genotypes R1 R2 R3 

Roma VFN 25.26 (5.02) 25.40 (5.09) 25.29 (5.08) 

NARC-1 26.71 (5.22) 25.69 (5.12) 25.77 (5.12) 

FS-8802 25.89 (5.14) 25.95 (5.14) 25.63 (5.11) 

Tommy 23.97 (4.95) 24.67 (5.01) 24.95 (5.04) 

Pant Babr 24.61 (5.01) 24.39 (4.99) 24.04 (4.95) 

Rio Grande 24.13 (4.96) 24.95 (5.04) 24.88 (5.04) 

Nova Mecb 26.41 (5.19) 25.18 (5.06) 26.67 (5.21) 

Pakit 25.63 (5.11) 25.44 (5.09) 25.95 (5.14) 

Sahil 26.33 (5.18) 26.75 (5.22) 26.55 (5.20) 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.048 0.24 

Genotypes 8 1.828 9.16 * 

Error 16 0.199  

CV =  1.76% 
   ** = Significant at P < 0.05. 
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Appendix 26 Data regarding length of hair (mm) on lower surface of the 

leaves of different selected  genotypes of tomato. 

Name of Genotypes R1 R2 R3 

Roma VFN 12.43 (3.59) 12.75 (3.64) 13.24 (3.70) 

NARC-1 13.17 (3.69) 12.89 (3.66) 12.63 (3.62) 

FS-8802 12.95 (3.67) 12.47 (3.60) 12.78 (3.64) 

Tommy 12.13 (3.55) 12.24 (3.57) 12.49 (3.60) 

Pant Babr 12.19 (3.56) 12.78 (3.64) 12.98 (3.67) 

Rio Grande 12.88 (3.66) 12.04 (3.54) 12.89 (3.66) 

Nova Mecb 12.10 (3.55) 12.81 (3.65) 12.78 (3.64) 

Pakit 11.90 (3.52) 12.17 (3.56) 12.21 (3.56) 

Sahil 12.71 (3.63) 12.75 (3.64) 12.67 (3.63) 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.152 1.56 NS 

Genotypes 8 0.195 2.00 NS 

Error 16 0.097  

CV =  2.48% 
NS = Non-Significant. 
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Appendix 27 Data regarding thickness of leaf lamina (mm) on different 

selected genotype of tomato. 

Name of Genotypes R1 R2 R3 

Roma VFN 5.17 (2.38) 5.24 (2.39) 5.29 (2.41) 

NARC-1 5.19 (2.38) 5.13 (2.37) 5.17 (2.38) 

FS-8802 5.49 (2.45) 5.34 (2.42) 5.24 (2.39) 

Tommy 5.10 (2.37) 5.23 (2.39) 5.17 (2.38) 

Pant Babr 5.25 (2.40) 5.10 (2.37) 5.29 (2.41) 

Rio Grande 5.09 (2.36) 5.11 (2.37) 5.07 (2.36) 

Nova Mecb 5.63 (2.47) 5.44 (2.44) 5.11 (2.37) 

Pakit 5.51 (2.45) 5.60 (2.47) 5.45 (2.44) 

Sahil 5.59 (2.47) 5.49 (2.45) 5.70 (2.49) 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.008 0.57 

Genotypes 8 0.090 6.34 ** 

Error 16 0.014  

CV =  2.24% 
** = Significant at P < 0.01. 
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Appendix 28 Data regarding moisture contents (%) in the leaves of different 

selected genotypes of tomato. 

Name of Genotypes R1 R2 R3 

Roma VFN 80.44 (9.00) 80.24 (8.98) 80.31 (8.89) 

NARC-1 80.14 (8.98) 80.96 (9.02)) 80.24 (8.99) 

FS-8802 80.17 (8.98) 79.71 (8.96) 79.68 (8.95) 

Tommy 79.89 (8.97) 80.13 (8.96) 80.78 (9.01) 

Pant Babr 79.91 (8.97) 79.99 (8.97) 79.67 (8.95) 

Rio Grande 79.87 (8.96) 79.91 (8.97) 79.83 (8.96) 

Nova Mecb 77.24 (8.82) 77.67 (8.84) 77.53 (8.83) 

Pakit 78.17 (8.87) 78.46 (8.88) 78.29 (8.88) 

Sahil 78.77 (8.90) 77.81 (8.85) 78.23 (8.87) 

 

 Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.003 0.03 

Genotypes 8 3.564 34.57 ** 

Error 16 0.103  

CV =  0.40% 
**   = Significant at P < 0.01. 
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Appendix 29 Data regarding total minerals (%) in the leaves of different 

selected genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 8.33 (2.97) 8.34 (2.97) 8.36 (2.98) 

NARC-1 7.41 (2.81) 7.39 (2.81) 7.41 (2.81) 

FS-8802 8.61 (3.02) 8.63 (3.02) 8.62 (3.02) 

Tommy 7.44 2.82) 7.46 (2.82) 7.51 (2.83) 

Pant Babr 8.55 (3.01) 8.53 (3.00) 8.50 (3.00) 

Rio Grande 7.71 (2.86) 7.69 (2.86) 7.70 (2.86) 

Nova Mecb 7.99 (2.91) 7.97 (2.91) 7.98 (2.91) 

Pakit 8.32 (2.97) 8.34 (2.97) 8.31 (2.97) 

Sahil 8.24 (2.96) 8.24 (2.96) 8.29 (2.96) 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.000 0.64 

Genotypes 8 0.613 1443.52 ** 

Error 16 0.0001  

CV =  0.26% 

**   = Significant at P < 0.01. 
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Appendix 30 Data regarding nitrogen (%) in the leaves of different selected 

genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 2.73 (1.79) 2.72 (1.79) 2.73 (1.79) 

NARC-1 2.61 (1.76) 2.62 (1.77) 2.59 (1.76) 

FS-8802 2.67 (1.78) 2.60 (1.76) 2.71 (1.34) 

Tommy 2.51 (1.73) 2.54 (1.74) 2.50 (1.73) 

Pant Babr 2.59 (1.76) 2.58  (1.75) 2.59 (1.76) 

Rio Grande 2.60 1.76) 2.56 (1.75) 2.58 (1.75) 

Nova Mecb 2.50 (1.73) 2.59 (1.76) 2.52 (1.74) 

Pakit 2.55 (1.75) 2.56 (1.75) 2.53 (1.74) 

Sahil 2.60 (1.76) 2.56 (1.75) 2.54 (1.74) 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.00 0.15 

Genotypes 8 0.013 13.84 ** 

Error 16 0.001  

CV =  1.18% 
**   = Significant at P < 0.01. 
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Appendix 31 Data regarding phosphorous  contents (%) in the leaves of 

different selected genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 0.385 (0.94) 0.39 (0.94) 0.38 (0.94) 

NARC-1 0.36   (0.93) 0.35 (0.92) 0.38 (0.94) 

FS-8802 0.39   (0.94) 0.37 (0.93) 0.36 (0.93) 

Tommy 0.38   (0.94) 0.34 (0.92) 0.38 0.94) 

Pant Babr 0.34   (0.92) 0.36 (0.93) 0.38 (0.94) 

Rio Grande 0.36   (0.93) 0.37 (0.93) 0.35 (0.92) 

Nova Mecb 0.38   (0.94) 0.39 (0.94) 0.38 (0.94) 

Pakit 0.41   (0.95) 0.40 (0.95) 0.38 (0.94) 

Sahil 0.43   (0.96) 0.42 (0.96) 0.44 (0.97) 

  

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.00 0.26 

Genotypes 8 0.02 6.68 ** 

Error 16 0.0001  

CV =  4.00% 
**   = Significant at P < 0.01. 
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Appendix 32. Data regarding potassium contents (%) in the leaves of 

different selected genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 2.87 (1.83) 2.83 (1.82) 2.89 (1.84) 

NARC-1 2.76 (1.80) 2.80 (1.82) 2.82 (1.82) 

FS-8802 2.71 (1.79) 2.75 (1.80) 2.73 (1.79) 

Tommy 2.83 (1.82) 2.88 (1.83) 2.82 (1.82) 

Pant Babr 2.77 (1.81) 2.79 (1.81) 2.81 (1.82) 

Rio Grande 2.81 (1.82) 2.83 (1.82) 2.82 (1.82) 

Nova Mecb 2.80 (1.82) 2.81 (1.82) 2.80 (1.82) 

Pakit 2.83 (1.82) 2.86 (1.83) 2.82 (1.82) 

Sahil 2.86 (1.83) 2.83 (1.82) 2.84 (1.83) 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.001 1.24 

Genotypes 8 0.005 9.91 ** 

Error 16 0.0001  

CV =  0.78%. 
**   = Significant at P < 0.01. 
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Appendix 33 Data regarding calcium contents (%)  in the leaves of different 

selected genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 0.22 (0.85) 0.23 (0.85) 0.22 (0.85) 

NARC-1 0.23 (0.85) 0.22 (0.85) 0.23 (0.85) 

FS-8802 0.24 (0.86) 0.21 (0.84) 0.22 (0.85) 

Tommy 0.20 (0.84) 0.21 (0.84) 0.20 )0.84) 

Pant Babr 0.21 (0.84) 0.21 (0.84) 0.21 (0.84) 

Rio Grande 0.21 (0.84) 0.20 (0.84) 0.20 (0.84) 

Nova Mecb 0.22 (0.85) 0.22 (0.85) 0.21 (0.84) 

Pakit 0.19 (0.83) 0.19 (0.83) 0.18 (0.82) 

Sahil 0.22 (0.85) 0.20 (0.84) 0.22 (0.85) 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.000 1.56 

Genotypes 8 0.000 8.17 ** 

Error 16 0.000  

CV =  3.63% 
**   = Significant at P < 0.01. 
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Appendix 34 Data regarding magnesium contents (%)in the leaves of 

different selected genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 0.29 (0.89) 0.29 (0.89) 0.28 (0.88) 

NARC-1 0.27 (0.88) 0.28 (0.88) 0.29 (0.89) 

FS-8802 0.28 (0.88) 0.28 (0.88) 0.29 (0.89) 

Tommy 0.28 (0.88) 0.29 (0.89) 0.27 (0.88) 

Pant Babr 0.27 (0.88) 0.26 (0.87) 0.28 (0.88) 

Rio Grande 0.27 (0.88) 0.27 (0.88) 0.28 (0.88) 

Nova Mecb 0.28 (0.88) 0.27 (0.88) 0.26 (0.87) 

Pakit 0.27 (0.88) 0.26 (0.87) 0.27 (0.88) 

Sahil 0.29 (0.89) 0.28 (0.88) 0.28 (0.88) 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.000 0.21 

Genotypes 8 0.000 2.23 NS 

Error 16 0.000  

CV =  3.00% 
NS = Significant at P < 0.01. 



 

201 

Appendix 35. Data regarding ferrous contents (%) in the leaves of different 

selected genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 0.14 (0.80) 0.15 (0.81) 0.14 (0.80) 

NARC-1 0.15 (0.81) 0.13 (0.79) 0.16 (0.81) 

FS-8802 0.16 (0.81) 0.14 (0.80) 0.15 (0.81) 

Tommy 0.15 (0.81) 0.15 (0.81) 0.17 (0.81) 

Pant Babr 0.16 (0.81) 0.16 (0.81) 0.15 (0.81) 

Rio Grande 0.17 (0.82) 0.18 (0.82) 0.17 (0.82) 

Nova Mecb 0.17 (0.82) 0.17 (0.82) 0.19 (0.83) 

Pakit 0.18 (0.82) 0.18 (0.82) 0.17 (0.82) 

Sahil 0.19 (0.83) 0.18 (0.82) 0.18 (0.82) 

 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.000 0.54 

Genotypes 8 0.001 7.49 ** 

Error 16 0.000  

CV =  5.83% 

**    = Significant at P < 0.01. 
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Appendix 36. Data regarding manganese contents (%)in the leaves of 

different selected genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 0.36 (0.93) 0.37 (0.93) 0.38 (0.93) 

NARC-1 0.38 (0.93) 0.39 (0.94) 0.38 (0.93) 

FS-8802 0.39 (0.94) 0.39 (0.94) 0.40 (0.95) 

Tommy 0.35 (0.92) 0.37 (0.93) 0.33 (0.91) 

Pant Babr 0.34 (0.92) 0.36 (0.93) 0.35 (0.92) 

Rio Grande 0.36 (0.93) 0.35 (0.92) 0.37 (0.93) 

Nova Mecb 0.34 (0.92) 0.36 (0.93) 0.35 (0.92) 

Pakit 0.33 (0.91) 0.34 (0.92) 0.33 (0.91) 

Sahil 0.32 (0.90) 0.32 (0.90) 0.34 (0.92) 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.000 1.83 

Genotypes 8 0.001 13.62 ** 

Error 16 0.0001  

CV =  2.87% 
** = Significant at P < 0.01. 
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Appendix 37 Data regarding zinc contents (%)in the leaves of different 

selected genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 0.13 (0.79) 0.13 (0.79) 0.12 (0.79) 

NARC-1 0.12 (0.79) 0.13 (0.79) 0.12 (0.79) 

FS-8802 0.13 (0.79) 0.12 (0.79) 0.14 (0.80) 

Tommy 0.12 (0.79) 0.13 (0.79) 0.12 (0.79) 

Pant Babr 0.12 (0.79) 0.12 (0.79) 0.13 (0.79) 

Rio Grande 0.12  (0.79) 0.12 (0.79) 0.12 (0.79) 

Nova Mecb 0.11 (0.78) 0.12 (0.79) 0.11 (0.78) 

Pakit 0.11 (0.78) 0.12 (0.79) 0.13 (0.79) 

Sahil 0.11 (0.78) 0.11 (0.78) 0.12 (0.79) 

 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.000 1.09 NS 

Genotypes 8 0.000 2.11 NS 

Error 16 0.000  

CV =  5.46% 
NS = Non-Significant at P < 0.01. 
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Appendix 38 Data regarding fat contents (%)in the leaves of different 

selected genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 2.63 (1.77) 2.69 (1.79) 2.64 (1.77) 

NARC-1 2.62 (1.77) 2.62 (1.77) 2.63 (1.77) 

FS-8802 2.63 (1.77) 2.62 (1.77) 2.62 (1.77) 

Tommy 2.67 (1.78) 2.66 (1.78) 2.68 (1.78) 

Pant Babr 2.63 (1.77) 2.66 (1.78) 2.64 (1.77) 

Rio Grande 2.66 (1.78) 2.64 (1.77) 2.63 (1.77) 

Nova Mecb 2.60 (1.76) 2.61 (1.76) 2.60 (1.76) 

Pakit 2.65 (1.77) 2.66 (1.78) 2.66 (1.78) 

Sahil 2.67 (1.78) 2.66 (1.78) 2.67 (1.78) 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.000 0.56 

Genotypes 8 0.001 7.13 ** 

Error 16 0.000  

CV =  0.54% 
** = Significant at P < 0.01. 
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Appendix 39. Data regarding crude fiber (%)in the leaves of different selected 

genotypes of tomato. 

 

Name of Genotypes R1 R2 R3 

Roma VFN 16.75 (4.15) 16.71 (4.15) 16.76 (4.15) 

NARC-1 16.47 (4.12) 16.46 (4.12) 16.56 (4.13) 

FS-8802 16.74 (4.15) 16.77 (4.15) 16.76 (4.15) 

Tommy 16.24 (4.09) 16.31 (4.10) 16.27 (4.09) 

Pant Babr 16.71 (4.15) 16.76 (4.15) 16.66 (4.14) 

Rio Grande 16.65 (4.14) 16.64 (4.14) 16.63 (4.14) 

Ova Mecb 16.62 (4.14) 16.64 (4.14) 16.75 (4.15) 

Pakit 16.67 (4.14) 16.68 (4.14) 16.59 (4.13) 

Sahil 16.46 (4.12) 16.57 (4.13) 16.78 (4.16) 

 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.006 1.25 

Genotypes 8 0.068 15.05 ** 

Error 16 0.004  

CV =  0.40%. 
** = Significant at P < 0.01. 
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Appendix 40. Data regarding corbohydrates (%)in the leaves of different 

selected genotypes of tomato 

 

Name of Genotypes R1 R2 R3 

Roma VFN 48.61 (7.01) 48.67 (7.01) 48.63 (7.01) 

NARC-1 49.33 (7.06) 49.36 (7.06) 49.41 (7.06) 

FS-8802 49.76 (7.09) 49.53 (7.07) 49.76 (7.09) 

Tommy 49.33 (7.06) 49.32 (7.06) 50.10 (7.11) 

Pant Babr 49.63 (7.08) 49.65 (7.08) 49.64 (7.08) 

Rio Grande 49.47 (7.07) 49.47 (7.07) 49.71 (7.08) 

Nova Mecb 48.76 (7.02) 49.75 (7.08) 48.76 (7.02) 

Pakit 49.69 (7.08) 49.63 (7.08) 49.80 (7.09) 

Sahil 49.40 (7.06) 49.67 (7.08) 49.67 (7.08) 

 

 

Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replication 2 0.080 3.32 

Genotypes 8 0.494 20.59 ** 

Error 16 0.024  

CV =  0.31%. 
** = Significant at P < 0.01. 
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Appendix 41 Data and the analysis of variance regarding the larval-

population of the tomato fruit-borer, per plant before the 1st 

application. 

 

Sr. 

# 

Name of Treatments R1 R2 R3 R4 

T1 Bacillus thuringiensis 1.00 1.20 1.40 1.20 

T2 Bacillus thuringiensis +Tracer  1.20 1.00 1.20 1.40 

T3 Bacillus thuringiensis + Bracon 

hebetor 

1.00 1.20 1.40 1.20 

T4 Bacillus thuringiensis + Neemosol 

hebetor  

1.20 1.40 1.20 1.20 

T5 Bacillus thuringiensis + Chrysoperla 

carnea 

1.20 1.20 1.60 1.20 

T6 Tracer 1.20 1.20 1.40 1.40 

T7 Tracer + Bracon hebetor 1.20 1.20 1.410 1.20 

T8 Tracer + Neemosol 1.00 1.20 1.40 1.20 

T9 Tracer + Chrysoperla carnea 1.40 1.40 1.40 1.00 

T10  Bracon hebetor 1.40 1.40 1.20 1.20 

T11 Bracon hebetor + Neemosol 1.20 1.00 1.40 1.20 

T12  Bracon hebetor + Chrysoperla 

carnea 
1.40 1.20 1.40 1.20 

T13 Neemosol 1.20 1.40 1.00 1.40 

T14  Neemosol + chrysoperla carnea 1.20 1.20 1.20 1.40 

T15 Bacillus thuringiensis +Tracer +  

Bracon hebetor   

1.40 1.40 1.20 1.00 

T16 Bacillus thuringiensis +Tracer +  

Bracon hebetor + Neemosol 
1.40 1.00 1.40 1.20 

T17 Bacillus thuringiensis +Tracer +  

Bracon hebetor + Neemosol + 

Chrysoperla carnea 

1.40 1.20 1.20 1.40 

T18 Tracer +  Bracon hebetor + Neemosol 1.60 1.20 1.00 1.20 

T19 Tracer +  Bracon hebetor + Neemosol 

+ Chrysoperla carnea 
1.20 1.20 1.20 1.20 

T20  Bracon hebetor + Neemosol + 

Chrysoperla carnea 
1.40 1.40 1.40 1.00 

T21 Control 1.40 1.20 1.20 1.20 

 
Means sharing similar letters are not significantly different by DMR Test at P = 0.05 
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Analysis of Variance 

 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replications 3 0.026 1.05 

Treatments 20 0.006 0.26 ns 

Error 60 0.025  

C.V. = 12.55% 
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Appendix 42 Data and the analysis of variance regarding the larval-

population  of the tomato fruit-borer per plant 10 days after 

the 1st application. 

Sr. 

# 

Name of Treatments R1 R2 R3 R4 

T1 Bacillus thuringiensis 0.8 0.6 0.6 0.6 

T2 Bacillus thuringiensis +Tracer  0.6 0.4 0.6 0.6 

T3 Bacillus thuringiensis + Bracon hebetor 0.8 0.6 0.6 0.6 

T4 Bacillus thuringiensis + Neemosol hebetor + 0.8 1.0 0.6 0.8 

T5 Bacillus thuringiensis + Chrysoperla carnea 0.6 0.6 0.4 0.6 

T6 Tracer 0.6 0.4 0.6 0.6 

T7 Tracer + Bracon hebetor 0.4 0.4 0.6 0.4 

T8 Tracer + Neemosol 0.6 0.6 0.4 0.6 

T9 Tracer + Chrysoperla carnea 0.6 0.6 0.8 0.6 

T10  Bracon hebetor 0.8 0.8 0.8 1.0 

T11 Bracon hebetor + Neemosol 0.8 0.6 0.6 0.8 

T12  Bracon hebetor + Chrysoperla carnea 0.8 0.6 0.8 0.8 

T13 Neemosol 1.0 1 1.0 1.2 

T14  Neemosol + chrysoperla carnea 0.8 0.8 0.8 1.0 

T15 Bacillus thuringiensis +Tracer +  Bracon 

hebetor +  

0.4 0.4 0.4 0.6 

T16 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol 

0.4 0.2 0.2 0.4 

T17 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol + Chrysoperla carnea 

0.2 0.2 0.2 0.2 

T18 Tracer +  Bracon hebetor + Neemosol 0.4 0.2 0.4 0.4 

T19 Tracer +  Bracon hebetor + Neemosol + 

Chrysoperla carnea 

0.2 0.4 0.2 0.2 

T20  Bracon hebetor + Neemosol + Chrysoperla 

carnea 

0.6 0.8 0.6 0.8 

T21 Control 2.0 2.0 1.8 2.2 

Means sharing similar letters are not significantly different by DMR Test at P = 0.05 
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Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replications 3 0.041 4.07 

Treatments 20 0.559 55.25 ** 

Error 60 0.010  

C.V. = 15.25% 



 

211 

Appendix 43 Data and the analysis of variance regarding the larval-

population of the tomato fruit-borer per plant 10 days after the 

2nd  application. 

Sr. 

# 

Name of Treatments R1 R2 R3 R4 

T1 Bacillus thuringiensis 0.6 0.6 0.6 0.4 

T2 Bacillus thuringiensis +Tracer  0.4 0.2 0.2 0.2 

T3 Bacillus thuringiensis + Bracon hebetor 0.4 0.6 0.4 0.4 

T4 Bacillus thuringiensis + Neemosol 

hebetor  

0.6 0.6 0.8 0.6 

T5 Bacillus thuringiensis + Chrysoperla 

carnea 

0.4 0.6 0.4 0.6 

T6 Tracer 0.4 0.4 0.2 0.4 

T7 Tracer + Bracon hebetor 0.2 0.2 0.2 0.4 

T8 Tracer + Neemosol 0.2 0.4 0.2 0.4 

T9 Tracer + Chrysoperla carnea 0.4 0.4 0.2 0.2 

T10 Bracon hebetor 0.8 0.6 0.6 0.6 

T11 Bracon hebetor + Neemosol 0.6 0.6 0.8 0.6 

T12 Bracon hebetor + Chrysoperla carnea 0.6 0.8 0.6 0.6 

T13 Neemosol 0.8 1.0 0.8 0.8 

T14 Neemosol + chrysoperla carnea 0.6 0.4 0.6 0.4 

T15 Bacillus thuringiensis +Tracer +  Bracon 

hebetor +  

0.2 0.2 0.4 0.2 

T16 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol 
0.4 0.2 0.2 0.2 

T17 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol + Chrysoperla 

carnea 

0.0 0.2 0.2 0.2 

T18 Tracer +  Bracon hebetor + Neemosol 0.4 0.2 0.2 0.4 

T19 Tracer +  Bracon hebetor + Neemosol + 

Chrysoperla carnea 
0.2 0.4 10.2 0.4 

T20 Bracon hebetor + Neemosol + 

Chrysoperla carnea 
0.6 0.4 0.6 0.6 

T21 Control 2.2 2.4 2.4 2.6 

Means sharing similar letters are not significantly different by DMR Test at P = 0.05 
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Analysis of Variance 

 Source of Variance Degree of Freedom Means Square F. Ratio 

Replications 3 0.003 0.26 

Treatments 20 0.874 71.75 ** 

Error 60 0.012  

C.V. = 20.87% 
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Appendix 44 Data and the analysis of variance regarding the larval-

population of the tomato fruit-borer per plant 10 days after the 
3rd  application. 

Sr. 

# 

Name of Treatments R1 R2 R3 R4 

T1 Bacillus thuringiensis 0.4 0.6 0.4 0.4 

T2 Bacillus thuringiensis +Tracer  0.2 0.4 0.4 0.4 

T3 Bacillus thuringiensis + Bracon hebetor 0.6 0.6 0.6 0.4 

T4 Bacillus thuringiensis + Neemosol 

hebetor  

0.6 0.8 0.6 0.6 

T5 Bacillus thuringiensis + Chrysoperla 

carnea 

0.4 0.4 0.6 0.6 

T6 Tracer 0.4 0.2 0.4 0.2 

T7 Tracer + Bracon hebetor 0.2 0.2 0.2 0.2 

T8 Tracer + Neemosol 0.4 0.2 0.2 0.4 

T9 Tracer + Chrysoperla carnea 0.2 0.4 0.4 0.4 

T10  Bracon hebetor 0.6 0.4 0.6 0.6 

T11 Bracon hebetor + Neemosol 0.8 0.6 0.8 0.6 

T12  Bracon hebetor + Chrysoperla carnea 0.4 0.6 0.6 0.4 

T13 Neemosol 1.0 1.00 0.8 1.0 

T14  Neemosol + chrysoperla carnea 0.8 0.6 0.8 0.6 

T15 Bacillus thuringiensis +Tracer +  Bracon 

hebetor +  

0.2 0.2 0.2 0.2 

T16 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol 
0.0 0.2 0.2 0.2 

T17 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol + Chrysoperla 

carnea 

0.0 0.0 0.2 0.0 

T18 Tracer +  Bracon hebetor + Neemosol 0.2 0.2 0.2 0.4 

T19 Tracer +  Bracon hebetor + Neemosol + 

Chrysoperla carnea 
0.2 0.2 0.2 0.2 

T20  Bracon hebetor + Neemosol + 

Chrysoperla carnea 
0.6 0.4 0.4 0.4 

T21 Control 2.6 2.3 2.2 2.6 

 

Means sharing similar letters are not significantly different by DMR Test at P = 0.05 
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Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replications 3 0.002 0.18 

Treatments 20 0.960 83.30 ** 

Error 60 0.012  

C.V. = 20.92% 
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Appendix 45 Data and the analysis of variance, regarding the infestation (%) 

of the tomato-fruits caused by the fruit-borer, in different 

treatments, before the 1st application of treatments, on march 

20, 2008 . 

 

Sr. 

# 

Name of Treatments R1 R2 R3 R4 

T1 Bacillus thuringiensis 12.63 12.03 14.43 12.50 

T2 Bacillus thuringiensis +Tracer  12.08 10.86 13.54 14.73 

T3 Bacillus thuringiensis + Bracon hebetor 11.76 11.45 14.73 11.88 

T4 Bacillus thuringiensis + Neemosol hebetor + 12.22 12.87 11.76 12.00 

T5 Bacillus thuringiensis + Chrysoperla carnea 11.49 13.54 14.56 13.67 

T6 Tracer 12.76 11.28 14.85 12.50 

T7 Tracer + Bracon hebetor 10.89 12.63 13.72 11.34 

T8 Tracer + Neemosol 11.42 13.40 13.26 12.35 

T9 Tracer + Chrysoperla carnea 13.26 15.90 13.13 12.64 

T10  Bracon hebetor 14.43 14.14 13.97 11.76 

T11 Bracon hebetor + Neemosol 12.63 10.67 14.28 12.12 

T12  Bracon hebetor + Chrysoperla carnea 15.90 11.76 13.86 12.87 

T13 Neemosol 13.25 14.24 10.87 13.59 

T14  Neemosol + chrysoperla carnea 12.76 13.00 12.50 14.00 

T15 Bacillus thuringiensis +Tracer +  Bracon  

hebetor +  

12.38 12.74 11.34 12.50 

T16 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol 
13.86 11.45 13.54 12.63 

T17 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol + Chrysoperla carnea 
13.72 12.37 13.67 12.37 

T18 Tracer +  Bracon hebetor + Neemosol 14.35 12.24 12.35 11.11 

T19 Tracer +  Bracon hebetor + Neemosol + 

Chrysoperla carnea 
13.40 12.37 13.82 13.40 

T20  Bracon hebetor + Neemosol + Chrysoperla 

carnea 
13.54 13.54 12.87 11.45 

T21 Control 14.28 12.24 11.76 12.70 

Means sharing similar letters are not significantly different by DMR Test at P = 0.05 
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Analysis of Variance 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replications 3 2.187 1.50 

Treatments 20 0.829 0.57 ns 

Error 60 1.454  

C.V. = 9.36%. 
ns = Non-significant 
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Appendix 46 Data and the analysis of variance, regarding the infestation (%) 

of the tomato-fruits, caused by fruit-borer, in different 

treatments, 10 days after the 1st application of treatments, on 

march 30, 2008. 

 

Sr. 

# 

Name of Treatments R1 R2 R3 R4 

T1 Bacillus thuringiensis 5.70 8.00 7.21 7.29 

T2 Bacillus thuringiensis +Tracer  4.67 3.50 5.21 4.27 

T3 Bacillus thuringiensis + Bracon hebetor 6.60 4.85 6.31 5.10 

T4 Bacillus thuringiensis + Neemosol hebetor + 7.40 8.64 6.06 7.36 

T5 Bacillus thuringiensis + Chrysoperla carnea 5.66 5.00 0.75 6.18 

T6 Tracer 5.45 4.27 5.83 5.93 

T7 Tracer + Bracon hebetor 4.46 3.38 4.13 4.00 

T8 Tracer + Neemosol 5.40 5.21 4.34 5.04 

T9 Tracer + Chrysoperla carnea 4.46 5.08 5.78 4.20 

T10  Bracon hebetor 6.79 8.80 8.24 7.36 

T11 Bracon hebetor + Neemosol 7.69 6.25 6.60 6.38 

T12  Bracon hebetor + Chrysoperla carnea 6.66 7.21 7.36 6.38 

T13 Neemosol 9.52 10.78 10.41 11.70 

T14  Neemosol + chrysoperla carnea 8.65 8.73 8.80 6.93 

T15 Bacillus thuringiensis +Tracer +  Bracon 

hebetor  

3.60 4.20 3.27 4.03 

T16 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol 
2.60 2.54 2.52 3.27 

T17 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol + Chrysoperla carnea 
2.60 2.56 1.65 2.41 

T18 Tracer +  Bracon hebetor + Neemosol 3.36 2.56 3.38 3.25 

T19 Tracer +  Bracon hebetor + Neemosol + 

Chrysoperla carnea 
2.50 3.27 2.52 2.41 

T20  Bracon hebetor + Neemosol + Chrysoperla 

carnea 
5.76 6.86 6.25 8.97 

T21 Control 18.00 19.30 17.70 21.27 

Means sharing similar letters are not significantly different by DMR Test at P = 0.05 



 

218 

Analysis of Variance 

 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replications 3 0.799 0.85 

Treatments 20 53.102 56.84 ** 

Error 60 0.934  

 
C.V. = 15.72% 
** = Significant at P < 0.01. 
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Appendix 47  Data and the analysis of variance regarding the infestation (%) 
of the tomato-fruits caused by fruit-borer in different 
treatments  10 days after the 2nd  application on april 9, 2008. 

 

Sr. # Name of Treatments R1 R2 R3 R4 

T1 Bacillus thuringiensis 4.42 5.55 4.76 3.84 

T2 Bacillus thuringiensis +Tracer  2.60 2.50 1.60 1.60 

T3 Bacillus thuringiensis + Bracon hebetor 4.38 4.50 3.88 3.77 

T4 Bacillus thuringiensis + Neemosol hebetor 

+ 

5.17 5.35 6.54 5.82 

T5 Bacillus thuringiensis + Chrysoperla 

carnea 

4.38 4.62 4.12 4.70 

T6 Tracer 6.77 3.20 2.36 3.17 

T7 Tracer + Bracon hebetor 1.66 2.38 2.32 2.32 

T8 Tracer + Neemosol 1.68 2.43 2.43 2.36 

T9 Tracer + Chrysoperla carnea 2.50 3.17 1.55 2.36 

T10  Bracon hebetor 6.30 4.67 5.70 4.80 

T11 Bracon hebetor + Neemosol 5.35 4.80 5.10 4.90 

T12  Bracon hebetor + Chrysoperla carnea 5.30 6.66 4.80 4.90 

T13 Neemosol 7.07 8.18 7.60 8.82 

T14  Neemosol + chrysoperla carnea 5.35 3.60 4.67 3.72 

T15 Bacillus thuringiensis +Tracer +  Bracon 

hebetor +  

1.68 2.36 2.30 1.50 

T16 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol 
2.43 1.58 2.30 1.53 

T17 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol + Chrysoperla carnea 
0.81 0.80 2.36 1.50 

T18 Tracer +  Bracon hebetor + Neemosol 2.36 1.60 2.38 1.50 

T19 Tracer +  Bracon hebetor + Neemosol + 

Chrysoperla carnea 
2.34 2.30 1.57 1.50 

T20  Bracon hebetor + Neemosol + 

Chrysoperla carnea 
4.46 4.50 5.76 4.80 

T21 Control 19.49 22.60 24.00 24.50 

Means sharing similar letters are not significantly different by DMR Test at P = 0.05 
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Analysis of Variance 

 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replications 3 0.187 0.25 

Treatments 20 79.974 105.27 ** 

Error 60 0.760  

 
C.V. = 18.94%. 
** = Significant at P < 0.01. 
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Appendix 48 Data and the analysis of variance regarding the infestation (%) 

of tomato-fruits caused by fruit-borer,in different treatments 

10 days after the 3rd application, on april 19, 2008. 

Sr.# Name of Treatments R1 R2 R3 R4 

T1 Bacillus thuringiensis 3.27 4.27 3.50 3.54 

T2 Bacillus thuringiensis +Tracer  2.42 2.30 1.46 2.14 

T3 Bacillus thuringiensis + Bracon hebetor 4.06 5.00 4.58 4.54 

T4 Bacillus thuringiensis + Neemosol hebetor + 4.80 4.95 5.13 6.42 

T5 Bacillus thuringiensis + Chrysoperla carnea 4.06 4.20 3.77 4.38 

T6 Tracer 2.31 2.16 2.11 1.42 

T7 Tracer + Bracon hebetor 1.51 1.41 1.39 1.38 

T8 Tracer + Neemosol 2.24 1.46 2.19 2.11 

T9 Tracer + Chrysoperla carnea 2.22 2.14 2.79 2.83 

T10  Bracon hebetor 5.00 4.31 5.04 5.41 

T11 Bracon hebetor + Neemosol 6.61 5.31 6.6 5.45 

T12  Bracon hebetor + Chrysoperla carnea 4.09 4.39 5.55 4.46 

T13 Neemosol 7.38 8.40 9.09 7.89 

T14  Neemosol + chrysoperla carnea 6.61 5.83 6.25 5.17 

T15 Bacillus thuringiensis +Tracer +  Bracon 

hebetor +  

1.50 1.41 2.63 1.69 

T16 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol 
1.45 1.43 1.41 2.05 

T17 Bacillus thuringiensis +Tracer +  Bracon 

hebetor + Neemosol + Chrysoperla carnea 
0.73 1.44 0.69 0.67 

T18 Tracer +  Bracon hebetor + Neemosol 2.13 1.42 1.43 2.04 

T19 Tracer +  Bracon hebetor + Neemosol + 

Chrysoperla carnea 
1.40 1.39 1.38 2.05 

T20  Bracon hebetor + Neemosol + Chrysoperla 

carnea 
3.78 4.20 3.70 3.60 

T21 Control 22.85 23.58 23.71 26.04 

Means sharing similar letters are not significantly different by DMR Test at P = 0.05 
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Analysis of Variance 

 

Source of Variance Degree of Freedom Means Square F. Ratio 

Replications 3 0.242 0.73 

Treatments 20 93.856 282.49 ** 

Error 60 0.332  

 
C.V. = 13.08%. 
** = Significant at P < 0.01. 
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Appendix 49 Data and the anlysis of variance regarding the tomato fruit-

yields (t/ha) in different treatments. 

Sr.# Name of Treatments R1 R2 R3 R4 

T1 Bacillus thuringiensis 287.6 274.0 263.6 276.2 

T2 Bacillus thuringiensis +Tracer  291.9 288.7 295.2 292.7 

T3 Bacillus thuringiensis + Bracon 

hebetor 

267.2 261.8 258.9 257.9 

T4 Bacillus thuringiensis + Neemosol 

hebetor  

264.3 258.2 260.3 256.1 

T5 Bacillus thuringiensis + Chrysoperla 

carnea 

269.0 272.6 276.9 268.6 

T6 Tracer 294.8 289.4 291.6 286.2 

T7 Tracer + Bracon hebetor 293.7 294.1 298.4 295.9 

T8 Tracer + Neemosol 286.9 288.7 291.2 285.1 

T9 Tracer + Chrysoperla carnea 280.5 285.1 286.9 279.4 

T10  Bracon hebetor 267.2 261.8 261.6 264.0 

T11 Bracon hebetor + Neemosol 259.3 256.8 254.3 260.0 

T12  Bracon hebetor + Chrysoperla 

carnea 
260.0 266.5 269.0 265.0 

T13 Neemosol 233.8 239.6 235.6 232.8 

T14  Neemosol + chrysoperla carnea 258.2 257.1 252.1 250.3 

T15 Bacillus thuringiensis +Tracer +  

Bracon hebetor   

297.7 294.1 301.9 296.2 

T16 Bacillus thuringiensis +Tracer +  

Bracon hebetor + Neemosol 
305.2 298.4 294.5 290.1 

T17 Bacillus thuringiensis +Tracer +  

Bracon hebetor + Neemosol + 

Chrysoperla carnea 

309.2 304.5 305.9 304.1 

T18 Tracer +  Bracon hebetor + Neemosol 289.4 291.2 294.1 292.3 

T19 Tracer +  Bracon hebetor + Neemosol 

+ Chrysoperla carnea 
294.1 292.7 298.4 291.9 

T20  Bracon hebetor + Neemosol + 

Chrysoperla carnea 
271.9 274.4 275.4 271.1 

T21 Control 109.4 111.9 101.5 114.1 

Means sharing similar letters are not significantly different by DMR Test at P = 0.05 
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