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CULTIVAR RESISTANCE AND CHEMICAL CONTROL OF TOMATO

FRUITWORM, Heliothis armigera Hb. ON TOMATO ( Lycopers icon

esculentum Mill.)

Title:-

During present investigation experiments were conducted on the

pest phenology on tomato crop for three years (1989-91), at
Agricultural Research Institute, Tarnab, Peshawar.

pehnological studies comprised egg, larval population dynamics,

spatial distribution analysis and development of larval time

sequential sampling plan. On population dynamics, the regression

equation for egg and/or larval population development showed feeble

negative p values during 1989 and 1991, and positive p values

during the year 1990. All equations showed poor correlation
coefficient. The sequent ional sampling programme data showed two

distinct population configurations i.e. outbreak and endemic. The

differences in growth rates between types were small at first. ,
reached to its peak and then declined. A total of ca . 6 samples
(each week) would be adequate to detect type of configuration in
any one year. Spatial pattern of H. armigera Hb . egg distribution
during the study revealed that index of dispersion (I.D.) values
were more than 1 in 1990 and 1991. However, in 1989 the l.D.
values oscillated around 1. Moreover, most of the green's index

(G.I.) values were positive which confirm the negative binomial
distribution of Hÿ_ armigera Hb. eggs. The I.D. values of the
spatial pattern of H. armigera Hb. larval distribution were mostly
higher than 1. Therefore, larval distribution also fits negative
binomial distribution.

Pes t

The results of discriminating doses of potassium fertilizer on
egg and larval population, and the fruit infestation showed that
there was no significant effect of fertilizer on the uptake of
tomato plants, on egg and larval population, and on the infestation
of tomato.

To compare relative efficacy of nine insecticides, one
application was done during the year (1989), and three during each
remaining two years of study i.e. 1990 and 1991.
insecticides were found successful in keeping the larval population
below outbreak configuration level upto 15 days after spray.

S

All the

!

( viii )



Consolidation of study data over a period of three years revealed

that Thiodon was statistically the most effective wiLh 77.88

percent larval mortality, followed by Folidol M (75.96%), Sevin
(69.32%), Thuricide (67.12%), Dimilin (66.38%), Edcidin (65.32%)

and Atabron (59.85%). Permasect and Azodrin were significantly the

least

respectively (cdii = 17.03 at 0.05 level).

indicated a tendency in the reduction of effectiveness of Folidol
M, Azodrin, Dimilin and Thuricide over a period of three years
which might probably be due to enhancement in the degree of

tolerance developing in H. armiqera Hb .

larval mortality
The resulLs also

with 58.55% and 54.66%effective

Cluster analysis on the interactions of eggs and larval per
plant, percent fruit damage and yield in Kg per plant of 65 toniaLo

cultivars gave five cluster groups.
analysis showed two varieties in group A (3.08%), two in B (3.08%),
one in C (1.53%), fifty nine in D (90.78%) and one in E (1.53%).

Frequency-wise cluster

In the regression analysis of correlation between characteristics
of 65 varieties and H- armiqera Hb. infestation, step-wise model
was fitted, the correlation between infestion gave negative
dependence larval infestation (-0.3251) with poor correlation
coefficient (-0.2558) . Similar results were obtained for
correlation between yield and number of larvae per plant (b=0.4Q04,
r=0 . 0893 ) . The step-wise model correlation between larval
population and chemical/physical parameters gave negative
dependence on trichome length (-0.0100) and iron content (-15494E-
04) and positive dependence on zinc (0.0028) and vitamin C
(0.0279). Cluster analysis on the interaction of larval duration,
pupal duration, adult longevity, duration of life cycle, larval and
pupal weight and survival to adult stage also gave five cluster
groups . Frequency-wise cluster analysis showed two varieties in
group A (3.08%), four in B (6.15%), fifty two in C (84.62%), three
in D (4.62%) and one in E (1.53%).
resistant cultivar, was placed in group E.

Tiny Tim being moderately

I
tThe results indicated that integration of resistant cultivar,

Tiny Tim and Bacillus thurinqiensis had maximum effect on larval
mortality and minimum percent fruit infestation, it was followed by
accession 87-11(1) also a resistant line, while the maximum
infestation was recorded on the most susceptible cultivar, Big
long.

The host range and average number of larvae/plant of H.
armiqera Hb . were recorded on soybean (1.63), gram (4.80), tomato
(0.31), tobacco (1.64), maize (0.81), sunflower (0.07), okra
(0.67), potato (1.92) and burseem (0.90). Gram was observed to be
the most favourable host plant of this pest.

( ix )
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CHAPTER - I

INTRODUCTION

Members of the noctuid genus Heliothis comprise some of the

most important of all phytophagous insect pests with worldwide

distribution and significance, but of the 80 or so species

currently recognised (Todd, 1978) only Heliothis armigera,

Heliothis zea and Heliothis virescens have achieved major pesl

Both cultivated and wild host plants arestatus (Fitt, 1989).

important because they contribute to the maintenance and increase

in Heliothis spp. populations; however, cultivated host plants

(cotton, maize, soybean, sorghum, groundnuts, pigeon pea, chick

pea, tobacco, tomato and other vegetables) are of primary concern

because of their economic value. Heliothis spp. are responsible

each year for major economic losses over a broad range of field and

horticultural crops due to: (a) the feeding preference of larvae

for plant structures that are high in nitrogen, principally the

reproductive structures and growing points of their hosts, enabling

the insects to influence yield directly, (b) the high value of some

crops (cotton, tomato, tobacco) and (c) consequent low damage

thresholds (Fitt, 1989). The level of damage to various crops

varies greatly throughout the world, therefore, it is very

difficult to estimate the extent of damage and resultant loss of

quantity as well as quality of agricultural produce and cost of

protection against Heliothis spp.

1

!In the USA alone, Heliothis spp.

!cause more than one billion dollars losses attributable to crop

1
:

( 1 )
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damage despite insecticide applications costing another $ 2au

million per year (Anonymous, 1976; Johnson et al_, 1986). Nuniui'oii.,

countries (for example, India, Australia) exper'i uicoi

similar high losses (Fitt, 1989, King and Coleman, 1989; Bull and

other

Menn , 1990 ) .

has one of the widest distribution oill. armigera Hb .

agricultural pest, extending from the Cape Varde Islands in

any

tin.

Atlantic, through Africa, Asia, and Australasia to the Si Hi l 1 1

Pacific Islands, and from Germany in the norLh to New Zealand l u

H . armigera Hb. is a highly mobile and polyphagous pcsithe south.

insec t. . H. armigera Hb . has been recorded damaging 60 cultivates i

plant species and atleast 67 other plant species in the 39

It causes most damage in the semi-arid tropics.f ami1i es . on I Cell)

and Youiius (1982) recorded its damage on 41 plant species Leluu.j i ng

to 14 plant families in Punjab (Pakistan). Wild plants pl.iy

important role in the carry over of this insect during hot weuthei

It is very difficult to precisely estimate the

<

( Joyara j , 1982 ) .

amount of damage by H. armigera Hb. throughout its entire

geographical distribution, but rough estimates may run

billions of dollars per year. For example, in India annual losses

i 11 LO

to two major pulse crop, chickpea and pigeonpea may exceed 3uo

million dollars per year (Reed and Pawar, 1982).

In Pakistan H. armigera Hb. is one of the most important and

serious pests on cotton, tomato and chickpea. It has also been

( 2 )



found attacking crops such as soybean, maize, tobacco, sunflower

and many other vegetable, field and fodder crops throughout the

year. There are no systematic surveys and studies conducted on tlm

extent of damage in Pakistan, but probably the damage may be in

millions of dollars on different crops per annum.

In modern agriculture, proper application of fertilizers play

a vital role in successful crop production. The over or under usa

of fertilizers without keeping in view the soil fertility status ot

the soil under cultivation may alter the availability of nutrients

and thus affecting the crop yield adversely.

excessive application of nitrogenous fertilizer will render crop

more succulent, produce more green leaves which will make plant a

favourite site for egg deposition and infestation.

balanced use of fertilizers including phosphorus and potash would

on one side neutralise the effect of excessive nitrogen and on the

other side induce firmness in the foliage and roots, eventually

rendering the plant resistant to pest infestation.

Lai, 1994).

For example,

Therefore ,

(Rathore and

The pest status of H. armigera Hb. is largely due to its

ability to colonize and infest its host plants during flowering and

fruiting stage, therefore, has low damage threshold. The control

of Heliothis spp on most crops still relies heavily on insecticides

(Fitt, 1989). For example; Aslam et al. (1980) tested insecticides

Dipel, Lannate and Thiodan against H. armigera Hb. noted that Dipel

was better than two insecticides in controlling H. armigera Hb. and

i

i

i

( 3 )



it was concluded that Dipel was free4ill effects usually associated

with synthetic insecticides. Kay (1985) applied 11 insecticides on

tomato crop for the control of H. armiqera Hb. and found

cypermethrin, deltamethrin , cyfluthrin, permethrin, and fenvalerate

Singh et al (1988)most effective in reducing fruit damage.

carried out field trails to test efficacy of 13 insecticides

against H. armigera Hb. observed that monocrotophos and

cypermethrin most effective. Similarly Pan and Lin (1989) tested

synthetic chi tinsynthes is inhibitors against H. armigera lib. for

their efficacy.

Pakistan is a poor and technologically underdeveloped country.

The majority of farmers are very poor and illiterate and there is

no technical know-how available to them on the proper use of plant

Farmers are using highly toxic chemicals

indiscriminately which give rise to many socio-economic and

environmental problems and development of insecticide resistance

pest populations is one of the most crucial problems. There is no

proper resistance monitoring programme for field populations of

insect pests of economic importance in Pakistan due to lack of

modern laboratory facilities and technical expertise available.

Although there is no report available on the development of

insecticide resistance in field populations of H. armiqera Hb .

failure of insecticides to give adequate control at field

recommended doses provide indirect evidence of the tolerance and/or

development of insecticide resistance (Ikhlas per. comm.).

protection chemicals.

i
'

'

i
( 4 )



Resistance is the ability of the host plant to reduce the

infestation or damage, or both, by an insect.

resistance is one of the ideal pest specific and environmentally

Host plant

Crop cultivarsnon-polluting methods of insects pest control.

resistant to one or more arthropod pests of agricultural importance

constitute a valuable tool for crop protection in integrated pest

management systems (Kennedy, 1984). Host plant resistance is

compatible with other pest management practices (Bergmam and

Tingey, 1979; Adkisson and Dyck, 1980; Kennedy, 1984) and can be

integrated with biological, microbial and chemical control methods

(Yu et ad, 1979; Berry et al, 1980; Van Emden, 1986; Ludlum et ad,

1991; Buntin ej: ad, 1992; Pair et ad, 1986; Hamm and Wiseman,

There are many studies reported where Hel iothis1986) . spp.

populations were managed using host plant resistance alone or in

conjunction with other methods, (Lukefahr et al, 1971; Maxwell,

1972, Wiseman et al, 1973; Wiseman et ad, 1976; Mohammad et al,

1978; Wiseman and Morrison, 1981; Wiseman, 1982, Lukefahr, 1982).

Resistance levels vary from only slight plant defence against

insects to almost total immunity (Galtun & Kush, 1980) Resistance

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 host plant and antibiotic or biochemical, affecting the

biology and behaviour of phytophagous insects feeding upon plants.

Morphological resistance factors interfere physically with the

locomotor mechanisms and more specifically with the mechanisms of

may be a result of one or more mechanisms.

Y

( 5 )
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host selection feeding, ingestion, digestion, mating and

oviposition, (Norris and Kogan, 1980). Trichomes are one of the

morphological falters. 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

Levin (1973) and Johnson (1975) discussed the

•:

f unct ions .

ecological functions of trichomes as defense against herbivores.

Insect species respond differently to the presence of planL

hairs. Pubescence as a resistance factor inteferes with 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,

density, erectness, length and shape.

possess associated gland that exude secondary plant metabolites.

The effect of glandular trichomes may depend on the nature of the

exude. It may be composed of al lelochemicals such as alkaloids or

terpenes (Johnson, 1975).

In some cases trichomes

Plant trichomes can diminish herbivory the damage done by

phytophagous insects (Levin, 1973; Johnson, 1975). There are many

reports where trichomes are reported to trap and impale insects

(Gepp, 1977; Pillemer and Tingey, 1976; Trouvelot and Thenarol,

1931). Trichomes also play important role in the defence of tomato

plants from the ravagies of phytophagous insects. Some tomato

( 6 )
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varieties with glanded trichomes contain phytochemicals such as 2-

tridecanone and 2-undecanone having antibiotic growth inhibiting

effects on insects (Kennedy et ad, 1985; Farrar and Kennedy, 1988).

There are various phytochemicals found in plants which affect the

biology and behaviour of insects feeding upon those plants

containing those chemicals; such phytochemicals fall into different

groups such as alkaloids, Tannins, phytosteroids.

Tomato, ( Lycopers icon esculentum Miller) (Family: Solanaceae)

is an important vegetable crop of North West Frontier Province

The Province lies between 30°N to 37°N latitude with( N . W . F. P. ) .

1000 to 10,000 feet altitude and 175-495 mm annual rainfall. This

geographic/climatic variation has resulted in diversified

agroecological zones ranging from temperate to sub- tropical , making

it possible to cultivate tomato crop throughout the year in

different areas ensuring its sustained supply. Heliothis armigera

Hb. is one of the serious pests of tomato in NWFP and is difficult

to control with single method, therefore comprehensive studies on

pest phenology on tomato crop, population dynamics, host range,

host plant resistance, the effect of potash fertilization on the

abundance of the pest, inseciticidal control and its integration

with resistant cultivars and larval foraging strategies have been

conducted and reported in the present investigation.

( 7 )
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CHAPTER - II

REVIEW OF LITERATURE

Population dynamics of H. armigera Hb.

It has been determined that the presence of an average of one

egg per one hundred leaves anytime during the period of fruiL

setting will result in 2 to 5 percent wormy tomatoes, which is

sufficient to justify control measures (Anonymous, 1955).

Saleem and Younus (1982) found Heliothis armigera Hb . larvae

feeding on 41 species of plants belonging to 14 families of plains

in the Punjab province. Of these, cotton, maize, gram, tobacco,

tomato and okra were found to be more seriously damaged. The larvae

attacked the leaves, stem, flower buds and fruits of tomato. Holes

were made in the terminal portions of stem. Tomato fruits of all
i

the stages and sizes were attacked. Larvae usually entered into the

fruit near the calyx through a small hole that was difficult to

I
detect and ate the pulp. Infestation varied from 1 to 8 percenL

(average 4.1 percent) of plants and there were 1 to 2 (average 1.7)

f
larvae per plant.

:

Zalom et al. (1983) studied the oviposition patterns of

Heliothis zea in processing tomato fields of northern California.

The initiation of egg- laying appeared to be related to flower

formation, with peak egg deposition during maximum open flowers per

( 8 )



plant. Most of the eggs were deposited on leaves of the terminal

half of 'the branch. Mostly eggs were laid on the lower side of a

leaf and on one leaf of the inflorescence.

Wu (1983) developed life tables for the 2nd , 3rd and 4th

generations of Heliothis armigera Hb. on cotton in China.

highest rates of mortality occurred in the 1st larval instar,

followed by the 6th larval instar. 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

The

generations .

The average population density of larvae of Heliothis armigera

Hb. on the varieties L-144 (Kabuli type) and H-208 (desi type) of

chick pea (Cicer arietinum) in field-plot studies in India ranged

from 0.133 to 19.02/m2. Larvae occurred throughout the growth

period of the crop, the density being 0.81 larva/m2 at the foliage

stage and 19.02 larvae/m2 at the pod stage (with developed grains).

(Kanshik and Naresh, 1984).

Pedigo and Van Schaik (1984) developed a method to use the

sequential probability ratio test of wald (sequential sampling) in

a time-oriented sense rather than in a spatial sense. The method

allows a grower or scout to decide if a population is of an endemic

or outbreak type on the basis of methematical dispersion and

differential growth rates of the types. Formulas and calculations

( 9 )
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from negative-binomial, poisson, andpresented for datawere

binomial distributions.

Important factors indicating the probability of a population

build-up of H. armiqera 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

pupation chambers in the soil, preventing adult emergence.

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

development. (Tripathi and Sharma, 1985).

Parihar and Singh (1986) found that larval population of

Hel iothis armiqera Hb. was low until the first week of February and

increased rapidly there after, 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.

Singh and Bains (1986) studied the role of food plants in the

population buildup of the noctuid Heliothis armiqera Hb. in Punjab.

The pest was found to, breed throughout the year, completing two

generations a year during rabi and five during Kharif. It also

attacked cotton and chickpea and survived on many weeds common in

rabi crops. It was concluded that the introduction of some new

( 10 )



crops and varieties in the state has promoted carryover of the pest

from rabi to kharif.

Life table were constructed for Heliothis armigera Hb.

(Helicoverpa armigera ) infesting groundnut in order to elucidate

its population dynamics and the role of various mortality factors

in Gujrat, India. Mortality of 1st and 2nd instar larvae was high

(25.59% in 1981-82 and 26.07% in 1982-83) and its causes were not

known. The population of older larvae (3rd to 6th instars) declined

to 22.75% in 1981-82 and 23.08% in 1982-83 owing to infection by a

nuclear polyhedrosis virus. The mortality factors operating during

the summer season were ineffective in suppressing the pest

population. Pupal mortality resulting from a failure to complete

development or inability of the adult to eclose was 7.63% in

1981-82 and 6.68% in 1982-83. A few pupae died as a result of

parasitism by the tachinid Eucarcelia illota and (Carcelia illota)

(Koshiya and Patel, 1987).

Garg (1987) surveyed chickpea fields in India in March

-October 1983 and 1984 for seasonal incidence and food plants of

Heliothis armigera Hb. Adults were first caught in light traps in

mid-March and peak catches occurred in the first 2 weeks of April.

Oviposition occurred on chickpea from early week of May. Chickpea
I

was most susceptible to attack by H. armigera Hb. followed by

pigeon pea, tomato, peas and maize respectively. Wheat, barley,

lentil, onion and okra were also attacked.

!*
( U )
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remainder on the leaves in the middle or bottom of the cotton

plants .

Nyambo (1988) studied the level and timing of Heliothis

armigera Hb. on its main alternative host plants, maize sorghum,

cotton, chickpea, tomato and the wild host Cleome sp . The

attractive stage of these hosts overlap throughout the year. The

expansion of chickpea and the introduction of tomato production has

enabled the pest to survive better during the dry season, thus

bridging and otherwise unfavorable period. The recent increased

popularity of 83 maize as a food crop, coupled with the

introduction of compact and semi- compact panicle sorghum varieties

instead of the traditional open panicle sorghum cultivars, together

with the expansion of cotton acreage, has increased the severity of

attacks on sorghum and cotton. Effective control of the pest on

early sown sorghum offers the possibility of reducing numbers that

subsequently attack early season cotton.

Studies of population dynamics of H. armigera Hb. were

conducted at two different locations that is A.R.S. Karak and ARI,

Tarnab, Peshawar during 1983. Results indicated that the pest

appeared earlier at karak during second week of March and at

Tarnab, late during first week of April. Moths catches were high at

karak to those at Tarnab. In all, the pest completed three

generation at Karak, two generations during March to April and one

during October to mid-November-and four generations at Tarnab,

( 13 )
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three generations during April to mid-June and one during OcLobei

to November. Average minimum temperature of 10°C to 20°C at Tarnab

found optimum for moth activity (Jan et a_l., 1988).was

of the Heliothis arm i qeruThe oviposition behavior

(Helicoverpa arroiqera) , and its relationship to the day-night cych-

was studied in the laboratory. Eggs were laid singly, scattered n

the oviposition jar, and clumped. The eggs were always glued to tin

purlin i; of the jar. Almost 90% of the total eggs were laid ii Lin

darkness. Of these, 60% were laid in the first and 30% in UK

second half of the dark period. The maximum individual Life t i in<

fecundity recorded was 3080, and the highest number of egg:.

deposited in one night was 949. The mean pre-oviposition period was

2.9 days. Peak fecundity occurred between days 5 and 9 and thÿ-

highest mating frequency from days 4 to 6 after adult emergence.

The maximum age for egg laying was 29 days. The average life span

was 21 days; the longest duration of survival by any individual

moth was 32 days. Male life span did not vary from that of females.

There was a significant difference in the longevity of mated and

virgin females; mated females lived for a shorter time but produced

significantly more eggs. Mating also induced a sudden surge in

oviposition (Singh and Rembold, 1989).

Development of a scouting system for eggs, larvae and/or

damage would be the best way to improve spray timing in western

Tanzania (Nyambo, 1989).

( 14 )
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Nyambo (1989) concluded that Heliothis armigera Hb. is the

most important cotton pest in the western cotton growing area>

(WCGA) of Tanzania and a routine schedule is recommended for it

chemical control; however, this has been adopted by only a small

proportion of cotton farmers. Insecticide applications based on

egg, larval and damage threshold strategies were assessed for five

seasons and compared with routine spraying. The pest and damage

thresholds that were assessed were either too low or too high. A

flexible threshold strategy gave better control of H. armigera Hb .

damage and higher seed cotton yield than a fixed threshold

strategy .

Grichanov (1989) stated that on the basis of investigation

carried out in the USSR, only approximate numerical predictions are

feasible, but the method can be a useful guide to the timing of

control measures. A total of 30- 40 males/trap in 3 days is a

reliable indicator that numbers of larvae will exceed the threshold

of 3-5/100 plants of five-bired cotton and that control measures

will be required.

Tomato growing season in NWFP varies with different ecological

zones e.g.( in Peshawar it is grown in March, in Parachinar in May

and September (two crops), In upper Swat and some parts of Dir in

July, in Dargai in ’September- October and in the end of April

(Anonymous, 1992) .

1

i

'
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Fertilizer impact

(1959) found that the effect of potato

leaf hopper have been lessened by increasing alfalfa plant vigor

with higher soil fertility.

Smith and Medler

Chaboussou (1972) conducted studies in plots of rice tu

determine the role of potassium in reducing population of green

hopper, Nephotett ix sp.f white backed hopper, Soqatella furcifera,

and brown plant hopper, Nilaparavata luqeus) . The variation in the

number of individuals on different rice cultivars was small. Karuna

It was suggested that thewas least attacked by all 3 pests.

reduction in the population of 3 pests species at high doses of

potassium was partly due to the fertilization enhancing protein

synthesis and thus reducing the amino acid content in the sap

making the plant less favourable for the reproduction of sucking

pests .

Perrenound (1977) review the beneficial effects of improved k

nutrition in 59% of 231 insect and mite cases. Most often, K

nutrition effects pest injury by ameliorating growth, but in some

cases changes in plant structure decreased the suitability of the

host plant for pest.
1

!

Marwat et al. (1985) studied the effect of 4 different levels

of potassium with uniform level of N for two consecutive years on

( 16 )



sarson varieties at Agricultural Researchthree promising

Institute, Tarnab, Peshawar. The population of cabbage aphids on

all varieties was found to have negative correlation and the yield

as positive correlation with increasing levels of potassium.

Maximum yield was attributed to the corresponding lower aphid

densities. Economic analysis of the yield data revealed that with

the uniform dose of N and P each at 50 kg/ha and 100 kg/ha

respectively, the recommended levels of K for all varieties was 200

kg/ha. At this recommended dose of K all the varieties showed no

significant difference in yield.

(1986) found that the effects of potato leafShaw et al.

hopper have been lessened by increasing alfalfa plant vigor with

higher soil fertility.

Inayatullah (1987) concluded that potassium (K) has positive

correlation with the sugarcane borer infestation, as the potassium

content increases the infestation of sugarcane borer also

increases!.

Soomro (1988) reported that the check mango trees, that is the

mango trees which did not receive any kind of nutrition (N, NP,

NPK, or F.Y.M), developed less mangohopper (MHs ) population than

the treated trees either supplied with N, NP, NPK, or F.Y.M. The

reasons were very much obvious, by condition that the check mango

trees did not issue much of the new shoots, new flashes of leaves;

;
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there was a little feeding and breeding materialand therefore t r

for MHs .

Shahid (1988) observed that different doses of potash had no

significant effect on the infestation of armyworm on sugar beet

crop. In another trial he reported that no significant difference

in semi looper infestation due to different doses of potash as

compared with the check plot.

Kazi (1988) applied three different doses of NPK and concluded

that the difference between three treatments was found to be

nominal, i.e. no significant difference between the treatments was

observed in case of pyrilla infestation.

Rimsa et ad. (1988) studied the effect of NPK fertilization on

the population growth of Myzus persicae and Aphis f abae on sugar

beet under green house conditions. The result indicated higher NPK

application rates increased the rate of aphid development.

However, high dosages led to a reduction of aphid populations. They

suggested that some micro nutrients, such as calcium and magnesium

contributed to stabilization of the population at high NPK

application rate.

i
Voogt (1988) in an experiment concluded that element contents

i
in tissues of older plant were lower than those in comparable

tissues of younger plants. These led to the supposition that with

( 18 )
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increasing plant age plants became less effective in the absorption

of nutrients, plant productivity was adversely affected by low K

and Ca. Fruit quality improved with increasing K supply.

Kitchen et ad. (1990) stated the increased K fertility did not

reduce potato leafhopper injury in alfalfa; however, alfalfa growth

and persistence improved, with increasing K fertility. They further

investigated that potassium nutrition can significantly alter the

health status of plants being affected by phytophagous insects.

Chemical control

Aslam et ad. (1980) used three insecticides, Dipel WP

(formulation of Bacillus thuringiensis ) , Lannate 90 WSP (Carbamate)

and the Thiodan 35 EC (Cyclodiene) which significantly controlled

tobacco cutworm, Agrotis ipsilon and budworm, Heliothis armiqera

Hb . and consequently gave higher yield as compared with control. It

was also found that Dipel equated with Lannate and Thiodan against

cutworm, but proved better against budworm. It was concluded that

Dipel, besides, being free from ill effects known about different

synthetic organic insecticides has better potential for the control

of these two insects.

Butter et al (1982) carried out field trials in the Punjab,

India, to determine the effectiveness of the synthetic pyrethroids,

fenvalerate and permethrin against Pectinophora gossypiella

!

( 19 )



and Heliothis armiqera Hb. on cotton

(Gossypium arborium), at application rates of 0.05 and 0.10 kg

a.i./ha and in comparison with carbaryl applied at 1.25 kg a.i./ha.

Sprays of each compound were applied four times at 10 days

interval. Both pyrethroids were more effective than carbaryl in

reducing infestation and carry-over of P. qossypiella . The higher

dosage was significantly more effective than the lower one in

increasing yield, fenvalerate at 0.10 kg a. i./ha being more

effective in this respect.

(Saund), Earias spp.

According to Aslam et al. (1982) Heliothis armigera (Hb.)

inflicted a crop loss upto 2.90 percent in treated tobacco fields

whereas this loss was increased as high as 11.35 percent in the

fields without any application of the insecticides.

Khalique et al. (1982) conducted a detailed study on rearing

of Heliothis armigera (Hub.) on artificial diet containing various

concentrations of Bacillus thurinqiensis -s-endotoxin spore

complexes of HD-I- S-1971 and native strain No. Bt-145. The larval

period, larval mortality and pupal mortality increased with

increase in 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

cone, of HD-I-S-1971 per ml diet were reduced accordingly as the

concentration increased.

( 20 )



Yadav and Yadav (1983) carried out tests with 9 insecticides,

against Heliothis armigera Hb. on kabuli gram (Cicer arietinum) and

to determine whether any resistance to these compounds had

developed. Most compounds gave comparable results in both spray and

dust formulations. Sprays containing 0.07% endosulfan, 0.04

chlorpyrifos and 0.04% fenvalerate are recommended for areas where

sufficient water is available, while dusts containing 4% endosulfan

at 1 kg toxicant/ha, 1.5% quinalphos at 0.375 kg or 5% malathion at

1.15 kg are recommended for dry areas.

Tewari (1985) sprayed tomato plants (Line CV5-22) with various

insecticides 4 times at 2 week intervals from the onset of

flowering. Cypermethrin (30 g/ha), deltamethrin (10 g/ha),

fenvalerate (50 g/ha) and permethrin (100 g/ha) gave good control

of armigera Hb .

Kay (1985) applied 11 insecticides in 2 trials in sprays

weekly to tomatoes for the control of Heliothis armigera Hb . and H.

puntigera. The most effective (in g a. i/ha) in reducing damage to

the fruits were cypermethrin (60 or 80), deltamethrin (12.5),

cyfluthrin (25), permethrin (100) and fenvalerate (60) sulprofos

(720), monocrotophos (1000) and a mixture of methamidophos (696)

with parathion (500) were also effective.

:

According to Sagar (1985) out of 10 insecticides tested,

decamethrin at both the doses resulted 100 percent reduction of

( 21 )



population of armigera Hb. and orichalcia until 7 days after

spray. However this reduction did not differ significantly from

that caused by cypermethr in , endosulfan, fenvalerate,

methamidophos , monocrotophos, permethrin and quinalphos at both the

doses except cypermethrin, endosulfan, fenvalerate nd permethrin

where 3 days after spraying, there was significant difference

between lower and higher dose. There was no difference between the

effectiveness of lower and higher dose of all the insecticides one

day after spraying. But 3 days after spraying lower doses of

carbaryl, cypermethrin , endosulfan, permethrin and phenothoate were

significantly inferior than the higher doses of these insecticides.

However, seven days after spraying the lower doses of only

carbaryl, cypermethrin and fenvalerate were significantly poorer

than the higher doses of these insecticides.

Dhurve and Borte (1985) evaluate nine insecticides for the

control of Hel iothis armigera (Helicoverpa armigera) on chickpeas

(Cicer arietinum) in Maharashtra, India. Treatment with permethrin

(0.01%) was the most effective in reducing damage caused by HL

armigera Hb., followed by carbaryl (0.2%), cypermethrin (0.01%),

endosulfan (0.5%), monocrotophos (0.04%), phosalone (0.05%),

fenitrothion (0.5%), formothion (0.5%) and quinalphos (0.05%).

Significantly higher yields resulted from treatment with all of the

insecticides tested except cypermethrin and monocrotophos.

( 22 )
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Gohokar et al. (1985) tested 6 insecticides against Hel iothis

armiqera Hb . on gram (Cicer arietinum in field studies in India.

Applications of 0.01 and 0.02% fenvalerate, 0.006 and 0.009%

cypermethrin, 0.002 and 0.004% decamethrin (deltamethrin), 0.04%

monocrotophos , 5% neem ( Azadrichta indica) seed extract and 0.07%

endosulfan were made at 50% flowering and 15 days later.

Fenvalerate at a concentration of 0.01% was most effective in

reducing the incidence of armigera Hb . followed by 0.006%

cypermethrin, monocrotophos,

cypermethrin, 0.02% fenvalerate and 0.07% endosulfan which were

equivalent ineffectiveness.

deltamethrin, 0.009%0.004%

According to Agawal and Gupta (1986) Bollworms, Ear ias vitella

E. insulana and Hel iothis armigera ( Hel icoverpa armigera ) are

controlled by the use of resistant varieties and insecticide

applications integrated with the release of natural enemies

followed by cultural control.

Ba-Angood and Hubaishan (1986) reported Heliothis armigera Hb.

as a serious pest of tomato in Yemen. They recommended the

application of carbaryl and tetrachlorvinphos for the control of
1

tomato fruitborer.

Broza (1986) used Bacillus thuringiensis subsp. Kurstaki as a

control agent and found that larval mortality was only slightly

lower than that observed after treatment with endosulfan. It was
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concluded that B. thurinqiensis may be a useful control agent early

in the season, especially with regard to the preservation of

natural enemies.

Tomato in the Yemen were subjected to attack by Heliothis

armigera ( Helicoverpa armigera ) which was usually controlled by

applying carbaryl, tetrachlorvinphos and other insecticides when

the percentage of infested fruits reaches 10. The results of field

experiments showed that, on plots receiving either 2 applications

of tetrachlorvinphos when the percentage was of infested fruits was

10 or 1 application when the percentage was 15, the reduction in

infestation and the increase in yield were significantly different

from those on plots receiving treatment at the time of 20% fruit

infestation or receiving no treatment at all. A single spray at 15%

fruit infestation was found to be more economical than 2

applications beginning at 10% infestation (Ba-Angood et al. , 1986).

Singh et a_l. (1986) evaluated the efficacy of endosulfan,

malathion, fenthion, fenitrothion, phenthoate, phosalone and

carbaryl all at 0.05% against the Heliothis armigera Hb. on

Egyptian clover (Trifolium alexandrinum) in field studies in

Haryana, India, . The insecticides were applied once at the

flowering stage. Carbaryl gave the highest reduction in the larval

population, followed by endosulfan and fenthion. The maximum seed

yield (4.30 quintals/ha) and net return was obtained from

carbary l -treated plots, followed by endosulfan and fenthion.

( 24 )
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Bhalani and Parsana (1986) assessed the efficacy of 7

insecticides against the Heliothis armigera Hb. on green gram

( Vigna radiata) in field studies in India, Sprays of 0.01%

fenvalerate, 0.004% cypermethrin, 0.7% endosulfan, 0.04%

monocrotophos , 0.2% carbaryl, 0.04% chlorpyrifos and

quinalphos were given during the pod formation stage, when H.

armigera Hb. was first noticed. All of the insecticide

0.05%

treated-plots had a significantly lower incidence of the pest and

significantly higher yields than the control. Cypermethrin,

fenvalerate, endosulfan, monocrotophos and carbaryl were the most

effective treatments in reducing the incidence of armigera Hb.

and cypermethrin treated plots had the highest yield.

Singh et al. (1987) tested six insecticides i.e. 0012%

deltamethrin, 0.015% fenvalerate, 0.0075% cypermethrin, 0.015%

permethrin, 0.04% endosulfan and 0.04% triazophos against Heliothis

armigera Hb.in chickpea field in India. All the treatments

significantly reduced infestation in comparison with check plots.

Permethrin and cypermethrin were the most and triazophos and

endosulfan were least effective.

Zaman (1987) tested 7 insecticides for their effectiveness

against Heliothis armigera Hb. on okra.

decamethrin (deltamethrin) plus dimethoate, or fenpropatrin or

Sprays of cyflothrin,

fluvalinate at 0.0017, 0.011 and 0.0033% respectively provided

effective control of the eggs and larvae of Heliothis armigera Hb.

( 25 )



*

Singh et al . (1988) carried out some field trials in India to

test, the efficiency of 13 insecticides against Heliothis arm i cjo iii

( He1icoverpa armigera ) , monocrotophos and cypermethrin were the

most effective compounds against lepidopterous borers.

Deltamethrin, cypermethrin and permethrin resulted in the highesL

yields. The highest cost benefit ratio (1:5.3) was obtained in the

phosalane treated plot.

According to Lutwama and Matanmi (1988) Tomato plants in

Nigeria were subjected to foliar sprays of Bacillus thuringiensis

subsp. Kurstaki (formulated as Dipel and Thuricide) and Baculov i rus

hel iothis (Elcar), to which carbaryl, plus the adjuvant Lenac and

Gustol were on occasion added, to test their effectiveness against

Hel icoverpa armigera (Hubner) and the Lepidopterous larvae. H.

armigera Hb. larvae were found susceptible to both pathogens. The

0.5 kg/ha and the 1.0 kg/ha applications of Bacillus thuringiensis

gave good field control of the larvae, similar to that of carbaryl

at 1.5 kg/ha.

Spores and crystals of 3 isolates of Bacillus thuringiensis

(ISPC-1, ISPC-7 (both Bÿ thuringiensis subsp. kenyae) and ISPC-4

subsp. . kurstaki)(B. thur inqiensis

electrophoret ical ly. Toxicity tests of purified spores and crystals

(delta-endotoxin) with 2nd instar larvae of Heliothis armigera

separatedwere

(Helicoverpa armigera) showed that the spores alone gave 10-20%

mortality, while crystals and a mixture of spores and crystals both
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gave 100% mortality. B thuringiensis was tested for the control of

H. armiqera Hb. on 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 spraying the viable spore count on

foliage had decreased by 3 degrees of magnitude in comparison to

the original count (Kulkarni and Amonkar, 1988).

Welter et. a_l. (1988) found that as many as 15 insecticide

application per planting of fresh market pole tomatoes may be

applied also upto six application per season in processing tomato

fields not under integrated pest managements programme, are common

in California.

Walgenbach et al. (1989) conducted a series of field studied

in Western North Carolina to establish optimum timing for

insecticide and fungicide application for the control of Heliothis

zea on stalked tomatoes. Damage by this pest ranged from 3.5% to

17% in a late planting. The application interval necessary for

maximum protection was dependent on the time of zea flight

activity in relation to crop development and on the insecticide

applied. Insecticide applied at 10 to 15 day intervals provided

adequate control on early planted tomatoes, however, late planted

tomatoes, which mature during intense flight activity of H_;_ zea

requires 5 days interval for maximum protection.
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The synthetic chitin synthesis inhibitors IKI-7899

( chlorf luazuron) , IGR 1055 (of untreated composition),

dif lubenzuron I and III were tested for their activities against

Heliothis armigera (Helicoverpa armiqera) in the laboratory.

IKI-7899 and IGR 1055 fed to the adults at 5 p.p.m. had no effects

on their life span and oviposition, but the hatching rate of their

eggs was greatly reduced. When used to treat eggs at 125 p.p.m.,

they caused 50% mortality of 2nd to 3rd instar larvae from the

treated eggs. Feeding and dipping larvae in these 2 inhibitors also

produced a high mortality. Dif lubenzuron I and III produced lesser

effects (Pan and Lin, 1989).

Variatal resistance

The effects of live weight, sex, temperature, water and food

supply on the life span of adults of Heliothis armigera Hb . were

investigated in the laboratory. Adult life span increased when

water or honey solutions were provided, but there was no difference

between the sexes (Broadley and Butler, 1983).

Bilapate et al. (1984) constructed life tables in the

laboratory in India for Heliothis armigera Hb. reared on cotton

squares at 26 + 1°C. The maximum duration of the egg, larval and

pupal stages was 4, 18 and 16 days, respectively, the survival of

the immature stages was 81%.
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Dhandapani and Balasubramanian (1984) constructed life tables

for Heliothis armigera Hb. on tomato at 26 + 2°C. The net

reproductive rate representing the total female births was 140.63.

Adults of the noctuid Heliothis armigera (Helicoverpa

armigera) were collected from the field in Pakistan and its biology

was studied in the laboratory. The effects of different foods gram

(Cicer arietinum) leaves and pods and a combination of both leaves

and pods, arhar (Ca janus ca jan) pods, with the mean larval period

lasting 13.0 days, compared with 14.0, 14.6 14.8 and 16.6 days on

C . arietinum pods, leaves pods plus leaves and tomato and tomato

fruits, respectively (Ghosh et al . , 1986).

Studies carried out by Farid (1987) on Heliothis armigera

(Helicoverpa armigera) in Iran, showed that there were 2

generations a year on tomato. On caged plants, the 1st generation

began at the end of March (769 eggs being laid per female), the egg

stage lasted 5-6 days, the larval stage 20-22 days, the pupal stage

17-19 days and the adult life span 13-16 days. In the 2nd

generation, which began with 497 eggs being laid per female in

mid-May, the egg stage lasted 3-4 days and the larval stage 16-18

days. Crop losses varied considerably between different tomato

varieties, and some cultivars such as Red Claude and Urbana could

be grown without becoming seriously damaged. Ploughing old tomato

fields during their fallow period in the rotation system reduced

the severity of attacks.
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The effects of various larval densities (1,5,10,15, and 25

larvae/container on the development and reproduction of Heliothis

armiqera (Helicoverpa armigera) were determined in the laboratory

at 16-34UC and 24-58% RH. Larval survival was negatively correlated

with density. Larval and pupal weights were reduced with increasing

density, as was adult fecundity. No. effect on subsequent egg hatch

was recorded (Tripathi et al . , 1989).

The biology of Heliothis armigera (Helicoverpa armigera) was

studied on pigeon pea (Cajanus cajan) in the laboratory. The egg

stage lasted 2.7 days at 19.5 - 27.5°C during October - November,

and 5.9 days at 13.2 - 22.5°C. The preoviposition period was 2.4

days in October - November and 5.4 days in December (Kashyap and

Dhindsa , 1990).

The effects of cannibalism on growth and post embryonic

development in Heliothis armigera (Helicoverpa armiqera) were

studied in the laboratory. Larvae were fed on pods of chickpea

(Cicer arietinum) , larvae of their own species or larvae of plusia

eriosoma ( Chrysodeixis eriosoma) . The latter supported neither

growth nor development. Conspecific larvae could support growth and

development to some extent, but 63% mortality was recorded as

compared with 10% mortality on chickpea pods. The larval

development period 83 was 13-14 days on chickpea and 19-20 days

on conspecific larvae (Tripathi et al. , 1990).

( 30 )



r

Field observations and surveys of Heliothis armiqera

( Helicoverpa armiqera) in China, showed that armiqera Hb.

infested cotton, tomato, hollyhock, white gourd (Benincasa

cerifera) , lettuce, wild cabbage and hyacinth bean (Capsicum

purpureus ) (Li, 1986).

Heliothis armigera (Helicoverpa armigera ) , is the most-

important pest of cotton in Tanzania, and also attacks several

other crop in Western Tanzania. The level and timing of

infestations were studied on its main alternative host plants

(maize, sorghum, cotton, chickpea, ( Cicer arietinum) , tomato and

the wild host Cleome spp.) The stages of these plants attractive to

the pest overlap throughout the year. The expansion of chickpea and

the introduction of tomato production have enabled the pest to

survive better during the dry season, thus bridging an otherwise

unfavorable period (Nayambo, 1988).

Judal and Upadhyay (1989) recorded an outbreak of Heliothis

armigera ( Helicoverpa armigera) on various crop including mustard,

cumin ( Cuminum cyminum) , fennel, dill ( Anethum qraveolens) and

fenugreek in northern Gujarat, India, in January-February 1988.

These crops had not previously been reported as food plants of the

pest. As many as 7 and 20 larvae were recorded on a single plant of

cumin and mustard, respectively.
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According to Shaver and Lukerfahr (1971) lines of cotton were

screened for resistance to Heliothis virescens (F.) by

incorporating ether and acetone extracts of lyophilized square

tissue into casein-wheat germ diet and measuring the rate of larval

growth. Lines producing smaller larvae were subjected to assay with

fresh squares fed to larvae. Of the 256 lines tested, several have

inhibited growth of tobacco budworm larvae in the laboratory.

Resistance is most of the important insect pests of tomatoes

but a date no cultivar with well definedhas been designed,

resistance has been released. The principal reasons for this are

the complications of screening for insect resistance and the each

of emphasis on this problem. hirsutum is particularly well

endowed with natural conditions, it is notable for its lack of

insect predation. (Rick, 1973).

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

( Lycopersicon esculentum Mill.) mostly cultivars and assumed

cultivars, were evaluated for resistance to the tomato fruitworm.

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 that the susceptible and

resistant controls, respectively. Even though the data were

possibly confounded by vine-size effects, indications were that

much of the variability can be used to develop less susceptible

cultivars.
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Kogan and Ortman (1978) substituted non-preference with the

term antixenosis. It is parallel to antibiosis and convey the idea

that the plant is avoided as a bad host. Antibiosis includes all

adverse effect exerted by the plant on the insect's biology-its

survival, development and reproduction. Tolerance includes all

plant responses resulting in the ability to withstand infestation

and to support insect populations that would severely damage

susceptible plant.

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

leaves of a breeding line of tomato ( Lycopersion esculuntum) were

less suitable for larval feeding of tomato fruitworm, Hel iothis

zea , than were the leaves of "campbell-28" and "Chico III" although

this did not influence the number of larvae arriving at the fruits.

Significantly fewer larvae penetrated fruits of the breeding line

than those of the 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 cultivars when choice was given to

the larvae between fruits under laboratory conditions.

Elliger et al . (1981) reported that PI 134417 foliage

contained 0.245% (net weight) alpha tomatine compared with 0.110%

to 0.076% for susceptible esculentum cultivar 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) respectively, in
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the field). Alpha tomatine, incorporated into artificial diet, has

been reported to reduce the size of zea larvae after prescribed

feeding periods.

Waiss et a_l. (1981) Isolated diverse classes of organic.

compounds showing growth inhibitory activity toward lepidoptei ous

larvae from corn, cotton, tomato, sunflower, and soybean plants.

These compounds includes flavonoids, tannin, terpenoids,

cyclopropenoid acids, and cyclitols. The structures of these

compounds, their biological activities and their possible role in

the plant as a defence against insects are discussed.

Maxwell (1982) reviewed different resistance characters.

Morphological (Physical) resistance factors interfere physically

with locomotor mechanisms, and more specifically with Liu

oviposit ion as opposed to those factors affected the chemically

mediated behavioral and metabolic process. Much of the existing

man-enhanced practical resistance in crop plants involves

morphological factors, the primary morphological factor studied in

connection with effects on insects are thickening of cell walls,

increased toughness of tissues, proliferation of wounded tissues,

solidness and other characteristics of stems, trichome accumulation

of surface waxes, incorporation of silica, and anatomical

adaptations of non specialized organs and protective structures. Of

these, solidness and other characteristics of stem and trichome

have been used most extensively in breeding for insect resistance.
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Trichome 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 hairs. Pubescence as

resistance factor interferes with insect oviposition, attachment of

eggs to the plant, feeding and ingestion. Glaborous forms of plants

may be more resistant to some species (e.g. bollworm on cotton or

soybeans). The mechanical effects of trichome or pubescence on

insects depend on density, erectness, length and shape. In some

cases trichome posses associate glands that exude secondary plant

metabolites that may be toxic to insects or serve as a sticky

exudate to trap certain species.

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

of phenolics from foliage of tomato (Lycopersicon escu lentum Mill. )

inhibit larval growth of the fruitworm, Heliothis zea, when added

to artificial diets for this insect pest. Dose responses for

extracts were equal to those obtained with pure chlorogenic acid or

rutin, major phenolic constituents of tomato foliage. Also,

equivalent quantities of phenolics from 5 different cultivars

inhibited larval growth equally when added to diets. When 2nd

instar larvae were reared on excised leaflets from several

cultivars of field-grown tomatoes, significant differences in

larval growth between cultivars were obtained, which were

consistent through two years. The results suggest that phenolics in

tomato foliage at the minimum contribute a substantial background

level of antibiosis to Heliothis zea.
I

( 35 )

I
1



Isman and Duffy (1982b) stated that chlorogenic acid and

tin, major phenolic constituents of tomato foliage, as well as a

enolic-rich aqueous extract of tomato foliage, inhibit early

rval growth of the fruitworm, Heliothis zea , when added to an

tificial diet for this insect. Deitary concentrations of

lorogenic acid or rutin upto 1% wet weight had no adverse effect

feeding rate, digestibility and dietary utilization of food, or

ight grain when fed to 3rd or 5th instar larvae. Early instar

rvae (neonate to 2nd instar) are sensitive to toxicosis from

tin whereas, later stage larvae (3rd-5th instars) are not, and

can be overcome within 48 hours by transferring larvae

ain a rutin-enriched diet to control diet.

r
f
li

Sattar et al . (1984) recorded Heliothis armigera Hb . attacking

cultivars of sunflower (HO-1, SB-212 and IS-894) during the

awing seasons in 1981 and 1982 in field plots in the North West

antier Province, Pakistan.

Kashyap and Verma (19Q4a) correlated the resistance in tomato

fruit borer, armigera Hb. with various plant characters. The

:phos biochemical characteristics determined, were fruit yield

• plant, number of flowers per inflorescence, number of fruits

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

iber of loculs per fruit, size and shape of the fruit, vine size,

.rogen, potash, phosphorus, sodium, total crude protein, zinc,

S

in, copper, manganese, total phenolics and sugars. Infestation on
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number basis was positively correlated with infestation on weight'

basis. Inf estation,both on number and weight basis was negatively

correlates with number of flowers per inflorescence coefficient of

determination revealed that 87 percent variability in borer

infestation was due to four factors viz; zinc, iron, ascorbic acid

and reducing sugar contents. Roughness/smoothness of calyx

also found to affect the susceptibility of the genotype.

was

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

of Heliothis armigera Hb. on six tomato genotypes-two pest tolerant

( Ht64 and Ht50) and two susceptible (Hsl72 and Hsl73), one

(HslOl) and onerecommended variety

( Lycopers icon 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 period 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) .

wild tomato species

Lateef et al . (1985) studied the relationship between length

of maturation period in Cicer arietinum and build up of populations

of armigera Hb. and the effect of this relationship on varietal

resistance. It is stressed that efficient screening for resistance

can only be accomplished by comparing genotypes which flower
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simultaneously. In an analysis of pod damage data from 2 trials at

ICRISAT, it was shown that later flowering genotypes tend to have

the lower percentages of pod damage, and that if the percentages of

pod damage are plotted against time to flowering, the more

resistant and susceptible genotypes can be distinguished as being

those that are furthest form the regression lines. ICC506-7EG (53

days to 60%. flowering; 8.7% damage) is shown to the most resistant

of the early maturing varieties studied.

La L ( 1985) tested 28 tomato cultivars tested against Helioth is

armigei a Hb. in field resistance trails in Libya. Cultivars parker,

Bonus and VFN-8 were highly resistant (1-2.5% infestation) while

super Marmand, Bonset FI hybrid and No. 502 VFN FI hybrid were

highly susceptible (22.6-44.7% ) infestation.

Lateef (1985) screened more than 1200 germplasm accessions of

chickpeas for resistance against Heliothis armigera Hb., some of

which were found to suffer considerably less pest damage than

others. Subsequent tests confirmed a difference in susceptibility

and found it to be the result of differences in oviposition and

larval preference and retention on the plant. Studies have shown

that the amount of acid exudate on the leaves appears to be useful

criterion for distinguishing relatively resistant, from susceptible

genotypes .

A number of tomato accessions with very pubescent leaves and

stem w. re compared with susceptible TK70 and resistant 76 WI’

!
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1134417 for field damage by Heliothis armigera Hb . All the

accessions were more susceptible than TK70. The lack of resistance,

despite the pubescence, was attributed to lack of glandular

trichomes (Anonymous, 1985).

Sixth-instar larvae of Heliothis armigera (Helicoverpa

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 armigera Hb. but had

phagostimulant effects on Hÿ assulta . Tannic acid, gossypol and

tomatine inhibited larval growth of the 2 species, the decreased

ingestion caused by tomatine having a more pronounced effect on H .

assulta, and tannic acid and gossypol caused lower diet

digestibility. assulta (Xu and Qind, 1987).

Earrar and Kennedy (1988) found that a second trichome

constituent, 2 undecanone is active against H_ÿ zea . In combination

with 2-tridecanone in artificial diet. It synergistically increases

mortality of young larvae.

Bhat and Jayaswal (1988) evaluated eight isogeneic lines of

the cotton genotype AET 5 for their resistance to damage by the

Ear ias spp . and Heliothis armigera (Helicoverpa armigera) .

Genotypes with nectariless, smooth and okra-type leaves, either

singly or in combination, had lower incidence of noctuids on
1
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squares than their normal counterparts. Of the individual leaf

character istics, smooth leaves resulted in the maximum reduction of

square damage (33.41%).

A1 i nuckhamedov and Shvetsova (1988) concluded that out of 150

cotton varieties tested against Hel iothis armigera Hb., the

varieties showing resistance to the pest had few hairs, under

developi d nectaries and little branches.

Tripathi et al . (1989) studied the effects of a varieties of

gram (Cicer arietinum (Radhe, Desi, KI 468 and K4) on growth,

reproduction and development in Heliothis armigera ( Hel icoverpa

armigera ) in the laboratory. Radhe induced the most rapid

population. Weight of mature larvae ranged from 396.58 mg on K4 to

455.36 mg on Radhe, and pupal weight showed a similar trend. Radhe

was also the most suitable variety and K4 the least suitable with

regard to larval survival, duration of larval development,

percentage emergence, growth index, pupal period, male and female

life span, and fecundity.

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 Heliothis armigera (Helicoverpa armigera) . B 6013 was

highly resistance. High phenol content (134.22) and 124.37 ug/fresh

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

( 40 )

!



• K

Srivastava and Srivastava (1989) screened eight desi chickpea

( Cicer arietium) genotypes of mid-maturity group against the

noctuid Heliothis armigera (Helicoverpa armigera) using an open

The genotypes ICC-3137, K-850 and

ICC-4103 were found to be more susceptible than the others. More

field screening technique.

eggs were laid and more larvae were recorded on more susceptible

A low amount of acidity in the leaf extracts ofgenotypes .

genotypes was found to be associated with susceptibility to H .

armigera Hb.

Tewari et al . (1989) reported the economical damage level of

Heliothis armigera Hb. was fixed at 3.48% infestation based on the

relationship between the severity of plant damage and yield loss of

crop. Fruit infestation increased in intensity up to the 3rd

picking and then declined.

Srivastava and Srivastava (1990) studied antibiosis in the

Cicer arietium genotypes ICCX-730041, ICC-01613, ICC-10817,

ICCL-79048 (Low susceptibility), C-235 (moderately susceptible) and

K-850 ICC-1403 and IC-3137 (highly susceptible) against Heliothis

armigera ( Helicoverpa armigera ) in the laboratory at 26°C. LD 12:12

and 80% RH . There was a large variation between genotypes in larval

survival (77-90%), Larval and pupal weight (33-436 and 231-310 mg,

resp.), egg viability (55-78.5%), adult longevity (8-10 and 10-12

days for males and females, resp.) and Howe's growth index

(0.079-0.099). Larval weight contributed the most to the variation,

followed by larval period, pupal weight and pupal period.

( 41 )



Chhabra et al . (1990) studied sources of resistance in

cultivs is of chickpea (Cicer arietinum) to Helicoverpa armiqera in

field trials. The results are examined in relation to the

biochemistry of the cultivars of chickpea tested. A high percentage

of crude fibre, non-reducing sugars and low percentage of starch

appeared to be related to the low incidence of the pest in cultivar

GL 645, while a high percentage of cellulose, hemicellulose and

lignin in the pod wall is thought to inhibit pod damage.

Farrar and Kennedy (1990) stated that non lethal growth

inhibiting allelochemicals have potential roles in host plant

resistance to insect because they can extend the time the insects

are exposed to other mortality factors. Four chemicals constituents

of wild tomato, lycopersicon hi rsutum f . glabratum, PI 134417 were

evaluated in artificial diet as growth inhibitors to Helioth is zea

(Boddie), alpha-tomat ine, chlorogenic acid, beta-caryophy1lene and

alpha-hmuulene . All caused small increase in developmental time.

According to Wiseman and Windstrom (1992) one of the most

valuable alternatives to the use of insecticides for control of

insects pest, in the use of insect resistant cultivars.

Female moth of the tobacco budworm, Hel iothis virescens (F)

oviposit in terminals of cotton plant, Gossypium hirsutum (L.). The

hatcheo Larvae feed in the terminal area, then migrate to small

squares (buds) where they feed and finally burrow into and feed on

( 42 )



the anthers, where they grow rapidly. They attempt to avoid feeding

on gossypol glands during the first 48 h after hatching, when the

tobacco budworm neonate larvae were fed squares of highly glanded

lines, growth was decreased by 25-75%. The number of glands in

calyx and bract tissues of squares of resistant lines were

significantly higher than in susceptible lines. The difference was

greatest in the calyx crown where the ratio in resistant to

susceptible lines was 10-20 fold. The calyx crown of highly glanded

resistant lines also was high in terpenoid aldehydes . High pressure

liquid chromatography data showed that gossypol content of

susceptible and resistant glanded lines is equal, whereas three

other terpenoid aldehydes, hemigossypolone and heliocides H; and Hv

are greatly increased in resistant lines, and they are presumably

more closely associated with resistance (Hedin et al . , 1992).

Varietal resistance vs chemical control

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 been ended in 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 on a one

factor control system. Integrated control has been defined as the
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"u ti ] i y.d L ion 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". Since the crop and the

crop variety is a part of agroecosystem, 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 mechanism can reduce the economic injury even if the

insect population is not reduced. Sometimes we might think of as

rather minor differences in resistance may have an important effect

on the insect population and it may be worth while to refine our

techniques, if possible, to determine degrees of resistance or

susceptibility. Information can be obtained on the difference

between varieties for such factors 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 feed on resistant variety could be very important in an

integrated control programme.

The antibiosis type of varietal resistance not only influence

insect populations directly but may often have an added indirect

effect. For examples if the rate of nymphal development is reduced

the immature stages will be exposed for a longer period of time to

parasites, predators or to adverse environmental conditions. Also

the adults produced are often smaller in size and weaker which may

be followed by unsuccessful hibernation or aestivation.
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One additional advantage of host plant resistance has over

other control factors is that it is compatible with all other

methods of insect control. Even if a variety is not resistant

enough to reduce the insect population below the economic level, it

may require less insecticide or fewer number of applications may be

required to give control than would be required to give control on

a susceptible variety. In tests at Tifton, Georgia, under

artificial infestation a resistant hybrid had 48% more corn

earworm, Heliothis zea free ears than a susceptible hybrid treated

with insecticide applications. Under natural infestations the

susceptible hybrid plus 7 insecticide applications had only 8% more

worm free ears. Resistant hybrid treated with an insecticide had

only 4% more worm free ear under natural infestation and only 15%

more worm free ears under artificial infestations that it was

some

untreated. These data indicate that resistant hybrids require much

less insecticide than susceptible hybrids to achieve an equivalent

high level of earworm control.

Kennedy (1984) found that the allelochemical, 2-tridecanone ,

which conditions resistance in the wild tomato, Lycopersicon

hirsutum f . glabra turn, to Manduca sexta and plays an important role

in the resistance to Leptinotersa decemlineata, induced and

enhanced level of tolerance to the carbamate insecticide carbaryl

in the third important insect pest of tomato, Heliothis zea. This

phenomenon has important implications regarding the compatibility

of using tomato cultivars having 2-tridecanone mediated insect

resistance in conjunction with insecticides to manage the full
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spectrum of tomato insect pests. Insecticides and natural products

may interact to produce positive or negative synergistic effects

upon insecticide toxicity in insects. Thus, the use of plant

natural products as basis of HPR against insect pest may not always

be compatible with insecticidal control and may have disruptive

consequences within the frame work of an IPM programme. The results

suggested that 2-tridecanone may be an inducer of mixed function

oxidase activity, which subsequently led to an enhanced ability of

the insect to metabolize carbaryl. The induced larvae, as a group,

are not. only less sensitive to the lethal affects of the inducing

compound, 2- tridecanone, but carbaryl as well. The unquestioned use

of tomato cultivars selected for high levels of 2-tr idecanone

mediated resistance to sexta and decemlineata, without

concurrent selection for high level of resistance to zea

attributable to other plant mechanisms, could unwritingly result in

increased crop losses due to zea .

Hamm and Wiseman (1986) studied the susceptibility of fall

armyworm Spodoptera f rugiperda (J.E.Smith), larvae to nuclear

polyhidrosis virus (NPV) in relation to host plant resistance in

corn, Zea mays L. In laboratory tests, freezed dried silks of

resistant and susceptible corn lines were incorporated into

artificial diets. Larvae treated with the virus before they were

held individually on the diets showed significantly higher

mortality due to NPV on the diet containing resistant silks than on

the test diet containing susceptible silk. When larvae were fed on

test diets for 6 days before they were treated with the virus, the
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larvae cjLew larger and were less susceptible to the NPV on the diet

containing susceptible silk than on the diet containing resistant

silk. In a field test comprising five lines of corn with a spectrum

of leaf feeding resistance to fall armyworm, larvae growing on the

most susceptible line had the lowest mortality due to NPV. Thus,

the susceptibility of fall armyworm larvae to NPV was inversely

related to the growth and vigor of the larvae, which was directly

related to the susceptibility of the host plant. Therefore, the

fall armyworm NPV should be more effective when used on resistant

lines of corn than on susceptible corn.
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CHAPTER-III

MATERIALS AND METHODS

Studies on population dynamics, host range, host plant.

resistance, foraging strategies of armiqera Hb. larvae, chemica1

control and impact of potassium fertilizer on the incidence of

He1ioth i s armiqera Hb . were conducted at the experimental farm of

Agricultural Research Institute Tarnab, Peshawar- Experimental

fields where tomato crops were grown consecutively for three

years were exclusively reserved for conducting these studies and

were left fallow after the tomato crop was harvested. In the

adjacent plots chickpeas were grown each year by Plant Pathology

Section for disease screening.

Rearing of H. armigera Hb.

For conducting different studies on H. armigera Hb. , insect

culture was maintained in the laboratory at 28 + 20°C and R.H. .

55 . 60%. The eggs were collected from tomato fields free of

pestici.ial residues. The eggs were identified by magnifying hand

lense (xlO) and were kept in Petri dishes having moinstened

blotting paper (10-20 eggs/Petri dish) covered with fine nylon

cloth. These Petri dishes were then placed in a specially prepared

wooden chambers measuring 2.5 cu.ft. with fine mesh wire guaze on

sides till hatching.
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The neonate larvae were immediately shifted gently with fine

camel hair brush to 40 ml capacity plastic vials covered with

finely perforated lids. The food usually consisted of freshly

harvested foliage from tomato plants (preferably 3rd or 4th leaflet

The leaves were fed after thorough

rinsing with running tap water for about 3-4 minutes followed by

placing them in a plastic tray under the ceiling fan to remove the

extra water, to avoid fungul growth due to excessive

The food was replanished on alternate day.

from the terminal shoots).

moisture .
S> , ' •

The pupae either were maintained individully in their

respective rearing vials till adult emergence or shifted to Petri

dishes (7.2 cm x 1.8 cm) half filled with fine moist soil.

Generally 4-6 pupae were placed in each Petri dish.

pupae was done on seventh day by using characters of pupae as

described by Waldbauer et al (1984).

Sexing of

A glass chimney (about 22.5

cm high) with basal and upper openings as 9 and 6 cm diameter

respectively was placed on each Petri dish containing pupae

After adult emergence the pairing was done by confiningsexwise .

one male and two female in each glass chimney.

The adults were fed on 10 percent honey solution impregnated

on cotton wool and placed in Petri dishes which were changed daily

to avoid fungul growth.

covered with cheese cloth for oviposition. The cheese cloth was

inspected for egg counts and changed daily.

The top of the chimney opening were
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20 well-set adults of H. armigera Hb.For identification,

labelled specimens obtained from laboratory culture were sent to

USA with relevant information where my advisor DR. G.H. Abro got

these identified from a biosystematist USDA, at California, Dr.

Thomas D. Eichlin’. After receiving the serial wise identification

letter, the counter specimens identical to the original were

labelled as type specimens and all the remaining adults were

identified and labelled accordingly through comparision.

Population Dynamics

the egg, larval population dynamics of H. armigera

infestation of tomato fruits was studied on the

In 1989,

Hb . and percent

tomato variety "Roma local" at the experimental field Tarnab.

Approximately 3-4 leaf-stage seedlings were transplanted into the

field on March 25, 1989 and sown on ridges. Size of plot was 0.1

hec . The space between row to row was kept one meter and plant

to plant 1/3 meter. All the recommended agronomic practices were

carried out as usual. Nitrogen was applied at the rate of 100 kg

per hec., irrigation was given at weekly intervals and weeding was

done manually when needed. Observations were recorded on 25 tagged

plants selected at random. Data were recorded one/two weeks after

transplanting in the field till harvest of the crop. Observations

Dr. Thomas D. Eichlin, Sr. Insect Biosystematist. US Department of
Agricu1t.ure .
P.O.Box 942871. Sacramento

Insect Biosystamatics Lab. 340-E 1220 "N" street,
CA 94271-0001, California, USA.
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were taken on the number of eggs and larvae per plant and percent

infestation of fruits. Whole plant foliage was observed carefully

for recording the larval population; for egg deposition and

counting. Special attention was focused on 3rd to 5th leaf from the

top of growing tip because it is the most favorable egg deposition

site for the H. armigera Hb. female as described by Joyce (1982).

The above experiment was repeated in 1990 and 1991

(transplantings done on 25 March), following the same procedure

using the same "Roma local" tomato variety. The agronomic practices

and parameters studied were the same as described earlier.

Rainfall data were obtained from the meteorological

department, Agriculture Research Institute, Tarnab, Peshawer.

Potassium fertilizer vs Heliothis infestation

To investigate the influence of different doses of potassium

fertilizer on the percent fruit infestation by H. armigera Hb.,

experiments were conducted during the years 1989 and 1990. Three to

four leaf stage seedling of local tomato variety "Roma" were

transplanted on furrows into the field on 17.3.1990 and 4.3.1991

respectively. The row to row and plant to plant spacing were

maintained as 2 metres and 40 cms respectively. The experiment was

carried out in randomized complete block design having five dose

levels of potassium fertilizer. However, Nitrogen (lOOkg/hec) and
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phospohorus (80 kg/hec) applictions were also made in each

treatment. The potassium doses were 0, 50, 100, 150 and 200 kg/hec,

respectively. Each potassium dose was replicated four times and the

plot size for each replicate was 5 X 10 m.

In all the treatments phosphorus (P205) and potassium (K2So.)

(with variable doses) were applied as a single basal dose in a

band 8 cm below the actual place where seedlings were to be

transplanted and incorporated with soil one day prior to

transplanting. However, nitrogen was applied in split doses, the

first as 80 kg/hec as basal dose alongwith phosphorus and

potassium fertilizers and the remaining 20 kg/ha, fifteen days

after first weeding. All agronomic practices such as irrigation and

weeding were performed as usual.

Observations were recorded from five randomly selected plants

The observations were taken on number of eggs per

plant, number of larvae per plant and percent fruit infestation at

the time of picking.

per replicate.

Before transplanting the tomato seedlings into the field,

physio-chemical analyses of soil was carried out in order to

ascertain the physical properties and nutritional status of soil.

For that purpose, soil samples were taken from five randomly

selected sites with the help of agar. The soil samples weighing

approximately one kilogram were taken up to a depth of 9" from the

surface of soil. The soil samples were handed over to the
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directorate of plant and soil nutrition Tarnab for physio-chemical

analyses.

To determine the uptake of nutrients by tomato plants, leaf

analyses were carried out for NPK. Samples of fully

weighing 500 g were harvested per

t i ssue

expanded full grown leaves

treatment at random from experimental area.

harvested alongwith their petioles. Samples were desiccated in oven

Plant leaves were

(Gallen kemp) at 50°c, then grinded into fine powder. Samples were

digested with nitric acid and perchloric acid (Page, 1982). Total

phosphorus was determined by spectrophotometric method according to

olsen method (page, 1982), while total potassium was determined by

(Page, 1982) .flame photometer For determination of total

nitrogen, kjeldahl method was used (page, 1982).

Chemical Control

To assess the efficacy of different insecticides in the field

population of H. armigera Hb. , studies were conducted over a period

of three years (1989-1991) on a standard tomato variety Roma. Each

insecticide was tested at the recommended dose and the insecticides

tested are shown in table 15. The plants were grown on furrows

having row to row and plant to plant distance of 2 metres and 40 cm

respectively. These experiments were laidout in randomized complete

block design with four replications. Replicate size was 5 X 10 m.

Observation was taken from randomly selected 6 plants per ,
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Observations were recorded for number of larvae perrep1icate .

plant. Pretreatment observation was recorded one day before

spraying and post treatment observations were recorded at five, ten

and fifteen days after treatment.

Spraying was done early in the morning with knapsack hand

compression air sprayer having 3-5 bar air pressure. Before

spraying, sprayer was calibrated. After spraying of ore

insecticide, the sprayer was washed thoroughly with tap water twice

and then the next insecticide was applied.

During the year 1989 one spraying was carried out. Seedling

were transplanted into field on March 6, 1989 and the spraying was

done on June 22, 1989. Three spraying were performed during the

Seedlings were transplanted in the field on March 17,year 1990.

1990 and sprayings were carried out on May 15, June 2 and June 19,

In 1991 transplantation of seedlings was done on March 4,

1991. Three insecticide applications were done on May 30, June 17

1991, respectively.

1990.

and July 7 # !

Tomato cultivar resistance

Field Studies

Seeds of Sixty five varieties/cul tivars and lines were

obtained from Vegetable Botanist, Agriculture Research Institute,

Approximately 3-4 leaf stage seedlings wereTarnab, Peshawar.
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transplanted in field on March 17,1991. The experiment was laid

out in randomized complete block design (RCB) with four

replications per variety and plot size for each replicate was 0.01

Row to row space was maintained as 102 cm and between planthec .

to plant distance 26 cm. Observations were taken on 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 harvest of the crop.

Data were recorded for number of eggs and larvae per plant and

percent fruit infestation per plant. The marketable yield of tomato

fruits per plant was also recorded.

Laboratory Studies

The study on biology of H. armigera Hb. on 65 cultivars of

tomato was conducted under controlled environmental conditions in

an incubator, (Gallenkamp-INF-781, cool incubator with timed cycling

illuminator ) .The temperatures and photoperiod of the incubator were

maintained at 26 + 2°c and 14:10 hrs (L:D) respectively. While

the relative humidity inside the incubator was maintained at

ca.65-70% by placing an open pan in the lower chamber of incubator

filled with water.

The eggs of H. armigera Hb . were collected from tomato crop

grown outdoors in the field. On eclosion, neonate larvae were

transferred singly into a 40 ml capacity plastic vials with fine

( 55 )



perforated lid. Ten vials were maintained for raising H. armigei a

Hb. larvae on each cultivar. The larvae were fed with third to

fifth terminal leaflets. Leaflets were washed with running tap

water, dried in plastic tray for sometime under the ceiling fan so

that excess water is evaporated, before given to larvae for

feeding. The food was replanished according to need. The

observations on larval period, pupal period, adult longevity,

percent survival to adult stage, larval weight after 15 days

feeding, and pupal weight after 7 days were recorded. The larval

and pupal weight were recorded on electronic top loading analytical

balance (Metter PE 160).

Cultivars effects on biology of H. armigera Hb.

The varieties found as most resistant and most susceptible in

the field screening and biology experiments were selected for

further investigation to confirm the field results. The experiment

was conducted under room temperature, with average temperature ca .

20 + 2° C and R.H. 55 to 60 %.

The eggs of H. armigera Hb. were collected from tomato field

and kept for hatching in the laboratory. The neonate larvae were

Hundred larvae weretransferred singly to 40 ml plastic vials.

studied for each cultivar. The larvae were fed third to fifth

terminal leaves and food was given as and when required which was

rinsed with tap water to remove pathogenic organisms if any. The
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larval and pupal durations of H. armiqera Hb. were recorded. Sexing

of the insects was done during pupal stage following Waldbauer et

al (1984) .

To evaluate the effect of host on the fecundity of H. armigera

Hb., adults after emergence were paired in glass chimneys for egg

laying. Two females and one male were released in each chimney and

provided with 10% (w/w) honey solution impregnated on cotton wool

placed in Petri dish inside each chimney which was replaced every

second day to avoid fungal growth. This experiment was done during

two years 1991 to 1992.

Chemical analysis of tomato cultivars

For chemical analysis, full grown leaves (usually 4-8

leaflets) from the top of growing tips of 65 tomato cultivars were

harvested approximately 103 days after transplanting into the

Approximately 0.5 kg labeled fresh leaves were kept in

paper bags and placed in hot air oven (Memmert) for desiccation.

field.

The leaves after desiccation were grinded into fine powder (Grinder

Mixer MX-291N, National Japan) . The samples were wet digested with

nitric and perchloric acids and analysed to determine copper, zinc,

ferrus and mangnase (in ppms) using Atomic Absorption

Spectrophotometer (AA-670 Shimadzu) (Page, 1982).
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Effect of crude extract on larval mortality of H. armigera Hb.

The experiment was conducted during May 1992. For this

purpose, 100 grams of green fruits and 100 grams of foliage

(leaflets, fourth - fifth terminals) were harvested separately from

the most resistant tomato cultivar, Tiny Tim 85 days after

transplanting into the field. The samples were immediately

transferred to laboratory, after washing thoroughly with tap water,

they were chopped with sharp knife in order to facilitate blending.

Each sample was blended separately for three minutes (Grinder-Mixer

MX-291N, NJ) after adding 100 ml of distilled water. The slurry

was shifted into two 500 ml beakers and 100 ml hexane was added as

organic solvent. The samples were stored in refrigerator at 5°c for

24 hrs . After 24 hours, the extract was stained from a fine mesh

The fruit and foliage extracts thus obtained werenylon c loth .

sprayed separately with flit pump on the leaves of susceptible

tomato cultivar, Big long. In check, only hexane was sprayed.

After evaporation of solvent/water from treated leaves, three

to four leaves were placed in a 40 ml plastic vial with perforated

lid and a single 3rd instar H. armigera larva (weighing Av. 30-40

mg body weight) was released in each vial. These larvae were

The experiment was laid out in randomized

complete block degign with four replications per treatment and

each treatment containing five vials. The experiment was conducted

under room temperature with approximately 28 + 2°C and 57% relative

collected from field.
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The observations on mortality were recorded at 24, 48

The larva not responding on probing with

humidity .

and 72 hours interval.

camel hair brush was considered dead.

Fruit damage by H. armigera Hb. larvae.

Free-choice test: Unripe green fruits of resistant, Tiny Tim and

susceptible, Big Long tomato cultivars were harvested from the

experimental tomato field and placed inside a glass chamber

The experiment was replicated four times.

Before placing tomato fruits inside the chamber, each fruit was

thoroughly washed with tap water and marked as resistant 'R' and

susceptible 'S'. In each chamber, 20 fruits each from susceptible

and resistant cultivars were placed after thorough mixing. After

that 10 third instar larvae were released in each chamber. The

measuring 4.5 cu. ft.

larvae were collected from tomato fields. Observations on fruit

infestation and damage were recorded after 1, 2, 3 and 5 days of

The experiment was carried out under laboratory

conditions with 2B + 2°C temperature and 57% R.H.

release.

No-Choice test: The experiment was replicated three times, each

replication having four glass chimneys. Unripe green tomato fruits

after harvesting from resistant, Tiny Tim and susceptible, Big Long

cultivars were washed thoroughly, placed in glass chimneys. Five

fruits were placed in each chimney and two to third instar larvae

of H. armigera Hb. collected from the field were released (one
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Fruit infestation and damage was recorded 1, 2, 3larva/chimney) .

and 5 days after release.

Marketable yield of tomato cultivars.

The yield of tomato was recorded at picking with top loading

The fruits with recovered injured hole were considered asbalance .

market:able .

Trichome study

To study the leaf characteristics of 65 tomato cultivars/

lines for their possible role in offering antixenosis or antibiosis

to H. armiqera Hb. larvae, fresh leaves of uniform size and

maturity were plucked from the vigorously growing plants. These

were immediately immersed in water to prevent them from drying. The

leaves were allowed to remain immersed in water for two hours to

regain their turgor pressure if had lost any. This procedure is

imperative to facilitate the peeling process. Epidermal strips

were removed from the upper surface of leaves of uniform sizes and

maturity by scraping method.

used for this purpose.

The sharpe edge of safety blade was

After collecting enough pieces of epidermal peels by a fine

carnal hair brush, these were put on clean glass slides for furthur

study. The chlorophyl of the epidermal peels was removed by
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treating the peels with different concentrations (20, 40, 60, arid

100 percent) of rectified alcohol till all the chlorophyl was

render, ed completely colourless. One or two drops of fast green

were added to make its structure more prominent followed by adding

one or two drops of glycerin jelly on the slide. A coverslip was

put over the material and slightly pressed to remove the extra

strain and jelly, then the slide was warmed. The edges of the

coverslip were sealed with nail-polish to prevent the passage ct

air ancJ to protect the material from drying. The slide was mounted

on microscope for the detailed study of trichomes.

All the calculations were made at 20 power of microscope. The

measurements were taken with the help of occular micrometer. The

data obtained were converted into micron with the help of s Lage

micrometer .

1000 occular divisions = 51 stage divisions

510
100 occular divisions = 510 m = = 5.1 m.

100

Figures obtained by occular micrometer were converted into

micron by multiplying them with 5.1 u.
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armigera Hb.cultivars performance on H. !Insecticides vs
infestation .

Field Studie: Two most resistant (accession 87-ll-(l) and Tiny Tim)

and the two most susceptible (Big Long and accession 87-70- (3))

tomato cultivars/lines from 65 cultivars/lines were selected after

field and laboratory experiments during 1991 for further studies.

The seedlings of these four cultivars/lines were transplanted in

the field on 5-3-1991. The row to row and plant to plant distance

was maintained as 2 metres and 40 cm respectively. The experiment

was laid out in randomised complete block design with split plot

arrangement. The experiment was replicated four times and the

treatment size was 8 Sq. metres.

The bio-insecticide, B. thuringiensis (Thuricide) was sprayed

with knapsack hand compression sprayer at the rate of 300 gm/hec .

with four different time fequencies given below:

Three spraying with 25 days interval between spraying.

Four spraying with 20 days interval between spraying.

Five spraying vita 15 cays interval between spraying.

Six spraying with 10 days interval between spraying.

1.

2.

3.

4 .

The post trea.t~r.ert data cr renter.t fruit infestation were

recorded at the time of picking c
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To investigate the effect of integration of insecticides with

host plant resistance on larval mortality of H. armiqera Hb., an

other experiment was conducted during 1992 in which four

cultivars/lines were sown at Agriculture Research Institute,

Tarnab, Peshawer. This experiment was conducted in randomised

complete block design with split plot arrangement having treatment

size 1-1 Sq . metres. The B. thuringiensis (Thuricide) at the i ate

of 300 gm and fenvalerate at the rate of 300 ml/hec were applied

with knapsack hand compression sprayer on May 20, 1992.

treatment data on larval count were recorded at 5, 10 and 15 days

Post

interval .

Laboratory Studies: The effect of integration of insecticides with

different, cultivars/lines of tomato on mortality of H. armiqerra

Hb. larvae under laboratory conditions was evaluated. The foliage

of different tomato cultivars/lines sprayed with Bt was harvested

at different time intervals after spray. The individual larva was

introduced on treated foliage in a plastic vial of 40 ml capacity

covered with perforated lid. Check (control) insects were kept on

untreated foliage in similar way. The experiment was replicated

three times with five insects per treatment. Third instar larvae

were collected from tomato field for this experiment. The post

treatment data were recorded at 1, 2 and 3 days interval. This

experiment was conducted under controlled conditions. The

temperature was maintained at 26+2°C with photophase as 14:10 L: D

cycle, in another experiment, in which the bioassay protocols were.
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same as for the year 1991, was conducted in 1992 under laboratory

Third instar larvae were introduced after spray at 0

Percent larval mortality was

condi t ion .

hour, 72 hour and one week interval.

recorded on four cultivars following each release.

Foraging strategies of H. armigera Hb. larave on tomatoes

To study the foraging strategies of IK armigera Hb. larvae,

five levels of 3rd or fourth instar larvae collected from tomato

field were released on potted tomato plants of Roma variety. There

were 1 ive treatments i.e TÿlL), T2(3L), T3(5L), T4(7L) and Tb(9L)

replicated four times in a RCB design. The larvae were kept

confined to pots by covering these with fine muslin cloth nets.

Parameters studied were % active larvae, % sluggish larvae, %

damage leaves/larva, % damage fruits/larva, % larvae disappeared,

£ deao larvae and cannibolism. The post release observation

frequt ncy was maintained at two and five hours and ten additional

observations at 24 hours intervals. The results were statistically

analysed at 5% level of probability.

Host range of H. armigera Hb.

Studies were carried out on the major agricultural crops grown

on the experimental fields of Agricultural Research Institute,

Tarnab, Peshawar. The crops included in the two years study i.e.

1989 and 1990 were tomato, chickpea, okra, clover, soybean,
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sunflower, potato, tobacco and maize. The crop were kept free of

pesticidal sprays and kept under suruvelliance from germination

till harvest. Weekly sampling were taken for number of larvae per

plant. The size of the observational field varied from 0.4 to 0.8

hec. and at least 30 plants were sampled per host crop selected

randomly for each observation excluding peripheral plantation.

Statistical analysis

Population analysisa.

Population data was analyzed by simple logistic model given in

equation 1 (Southwood, 1978).

Nt, = Nto eRT

is the number of insects at time interval _i, Nto is the

number of insects at time interval zero (The first observation) e

where Nt

is the base of natural logarithm, R is the rate of increase, T is

Above equation was rearranged to givethe time elapsed in days.

equation 2.

In Nt. = In Nto + RT n r s

Now In Nti the natural log of insect population at time

interval i, Nto is the intercept of y on natural log insect

population, R is the slope of the curve and T is the time in days.

n is the number of observations used in calculation, r is the

correlation coefficient and s is the standard deviation from
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regression. Regression equation of insects are described in tables

This equation holds true for single species models

with Deevey ' s type II population growth responses (Deevey, 1947).

2, 9 and 26.

Spatial Distribution Analysisb.

The data were fit to three distributions: Poisson (random

distribution), binomial (even distribution), and negative binomial

(clumped distribution). Three dispersion indices were calculated.

The indices were the variance/raean ratio (I.D.) and Green's

coefficient of dispersion (Green, 1966).

Index of dispersion represents the variance to mean ratio and

was calculated as:

ID = s2/ x

Here s2 is the sample variance and x is the samples mean.

Green's Index (Green 1966) was computed as:

(S2__/__X_)__- 1

n - 1
G. I .

Secondly, Taylors' power law (Taylor, 1961) was used to

describe the sample variance as a function of the sample mean.

Mean and variance were calculated for each transact in each plot

and were used to estimate the parameters of Taylors' model.
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The representative equation for the model is:

S2 = amb

and for calculation purposes the above equations is derived to the

following equation:

log s2 = p log m S Fa + n r

Where s is the standard deviation and m is the mean based on log

a is the intercept on Y and p is the slope of line.

number of observations used, r is the correlation coefficient, S is

n is the10 .

the standard deviation from regression and F is F-Statistics.

The data were subjected to analysis of variance, the mean H.

armigera Hb. population were discriminated through L.S.D (Least

Significant Difference) test. The correlation and regression were

also tabulated for H. armigera Hb. population development with time

as described by Steel and Torrie (1980).

Calculation of Reduction Percentages in Chemical Trialsc.

The reduction percentage of population of H. armigera Hb .

calculated by Henderson and Tilton formula.

was

Ca X Tb
Percent mortality = (1 - ) x 100

where as:

Tb = number of pest on the treated plant before spray.
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T4 = number of pest on treated plant after treatment.

Cb = number of pest in untreated check plant before spray.

Ca = number of pest in untreated check plot after treatment.

The data thus obtained were subjected to statistical analysis

the significance of different insecticides into find out

different intervals. The data of various intervals were

statistically analyzed.

Sequential Sampling Analysisd.

Stop-lines for decision making were calculated by the negative

binomial distribution formula. This distribution is frequently

used by entomologists and is often appropriate with data that are

contagious or clumped (Southwood 1978). Computations for time

sequential sampling, where data show this distribution, involved

the formulas.

qoi

qlf i
al = log

t-
bt = - kÿ! at

Ui

Pt, iqo,i

Poi, ql,i
wl = log

dt w; rc
ui

Where k = clumping factor, a parameter of the negative binomial

distribution, as estimated from the data (Southwood 1978) for 1
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estimation procedures) poi = mo/k

binomial distribution associated with the insect population in the

sample of an endemic (low) population (mo, is the mean number of

insects expected in the ith sample of an endemic population) qOi

1 + poiPi = mi/k = parameter of the negative binomial

distribution associated with the insect population in the sample *

of an outbreak (high) population ml is the mean number of insects

expected in the sample of an outbreak population): ql = 1 + pi and

rl = number of the insects observed in the sample.

parameter of the negative

An efficient mode of calculating suggests computing a and u

then calculating:

bt = bl ka and dl = dq-1 wr

All above statistical analysis were performed on IBM-PC

compatible computer using Microstat statistical package developed

by Ecosoft, Inc. U.S.A.

dispersion, Green Index were calculated through Lotus 123 program.

However, mean-variance ratio, Index of

The tests were either conducted on completely randomized

design or RCB with split plot arrangement. Data were subjected to

analysis of varriance (ANOVA) or means and standard errors were

calculated. Least significant differrence (P-0.05 or 5%) were

calculated from the data analysed by ANOVA. These statistical

proceedures were performed with MSTAT (Particular), except means
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and standarrd errors were calculated with lotus 1,2,3 (Lotus

Development Corp. (Cambridge, Mass).

Cluster analysis

For varietal resistance it was done by average method and

euclidean distance through statgraphic programme.
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CHAPTER - III

RESULTS AND DISCUSSION

Population dynamics

Pest Phenology

The results of the first experiment carried out during the

year 1989 indicate that the Heliothis armigera Hb. females started

egg deposition 35 days after transplantation (DAP) when on average

10 eggs/25 plants were counted (Table 1). H. armigera Hb. eggs

were observed in the field upto' 105 DAP, after that no egg was

detected. The maximum number of eggs i.e. 19 eggs/25 plant were

observed after 42 DAP, whereas the first larval population of H.

armigera Hb . appeared on tomato foliage after 35 DAP. The pest was

The maximum of 19 larvae/25present on the crop upto 126 DAP.

plants were observed on 63 DAP. Tomato fruit infestation by the

larvae of H. armigera Hb . started on 56 DAP.

infestation (41.68%) of fruits was observed on 70 DAP. Fig.l.

The highest

The results of second experiment conducted during the cropping

season 1990 reveal that females started egg laying on tomato plant

grown in the experimental field 35 DAP and continued upto 105 DAP.

Maximum 40 eggs/25 plants were laid after 49 DAP. Larval population

started their appearance in the field after 49 DAP and continued

upto 126 DAP. While maximum per 25 plants larval population (35)

Infestation of tomato fruit was firstwas recorded on 98 DAP.

observed 56.DAP and it went on increasing till 77 DAP when the
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Egg and larval population, and fruit infestation by H. armiqera Hb.
during tomato growing seasons in 3 years.

Table 1.

Percent fruit infestation
1989 1990 1991

eggs/25 plants
1989 1990 1991

Larvae/25 plants
1989 1990 1991

DAP

0.000 0 0 0 0 0 0.0021 0.00

00 0.0028 0 0 0 0 0.00 0.00

35 10 3 0 00 1 0.00 0.00 0.00
;

42 19 13 910 1 0.00 0.00 0.000

49 13 40 22 924 0.00 0.004 . 0.00

15.3956 6 15 78 17 11 45 26.26 3.39

363 29 19 2781 10 18.55 20.43 0.00

70 0 24 120 8 12 20 41.68 29.64 8.00

77 0 20 57 104 25 35.75 35.03 12.39

84 24 20 7 21.348 7 6 22.52 16.78

91 30 24 22.910 24 3 5 15.07 18.31

98 352 41 5 35 19.818 14.73 9.16

105 2 8 0 20.9346 1 5 12.33 11.26

112 0 0 5 04 13 16.39 11.69 5.30

119 0 5 2 100 4 12.30 11.43 4.55

126 0 0 2 1 5 4 12.50 8.22 8.09

0133 0 0 0 0 3 0.00 0.00 15.07

00 0 0.00 0.000 0140 1 5.88

*DAP = Days After Transplanting. Transplanting was cbne on March 25 in each year.
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The fruit infestationhighest infestation (35.03%) was recorded.

declined after that till harvest of the crop. Fig. 2.

The results of the studies carried out during the third year

1991 clearly show that H. armiqera Hb. female initiated deposition

of their eggs on tomato plant foliage 42 DAP and remained active

rill 126 DAP. Similarly larvae showed their presence after 42 DAP

and continued till 140 DAP. H. armigera Hb . started infestation of

Infestation was recordedfruits as shown in table 1 after 56 DAP.

till 140 DAP when crop was harvested. Fig.3.

The tender growth of the tomato plants is usualy very vigorous

42 days after transplantation therefore, these plants were observed

to be attractive to H. armiqera Hb. more as compared to other host

to H. armigera Hb. is for planti-rops. The feeding preference

structures that are high in nitrogen, principally the reproductive

structures and growing points of their hosts

Therefore, the initiation of egg laying appears to be related to

(Fitt, 1989).

the tender leaflets and flower formation, with peak deposition

relation to the peak number of open flowers for H.

Similar observations were recorded for

occurring in

zea (Zalom, et al, 1983).

H. armiqera Hb . by Parihar and Singh (1986) who found that the

time of flowering is also the time of mass oviposition in H.

armiqera Hb . Also Nyambo (1988) observed that the level and timing

of infestation of H. armiqera on different hosts is related to the

flowering pattern of the host plants, the infestation becoming

severe as the plants begin to flower.
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The consolidated seasonal average of biological parameters of

study for three years shown in table 1 indicated that during

succeeding years there was increasing trend in the number of eggs

deposited per plant, number of H. armigera Hb . larvae per plant,

and there was negative trend of percent infestation of fruits. This

could be due to climatic factors, such as temperature and rain fall

during 1989 crop growing season; lowest rain fall was recorded as

compared to 1990 and 1991 (Appendix-1). Therefore, temperatures

were high, and during dry and hot climate flower and fruit setting

was adversely affected, as a result larval pressure was high

(infestation high) during 1989 and 1990 as compared to 1991. Jan et

a l (1988) carried out population dynamics studies of H. armigera

Hb. (based on male moth catch in pheromone traps) at two locations

in Peshawar valley, Pakistan and found that at one location (Karak)

the moth catch was high compared to other location (Tarnab) and the

chickpea was also cultivated extensively at first location

compared with second location, but pest damage was high at second

location which was due to pest dispersal over extensive area at

Karak resulting in low pest damage. Similarly, Nyambo (1988) found

significant positive relationship between the level of H. armigera

Hb. infestation in Cleome sp., cotton and maize and amount of

rainfall. Moreover Zhang (1981) and Wu(1983) also observed that the

temperature and rain fall were most important factors that

influence the occurrence of H. armigera Hb.
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Present studies also indicate that H. armigera Hb. is a

serious pest of tomato and its level cf infestation is quit?* high

which requires control meaouroo in order cc reduce economic less.

H. armigera Hb. is also severe pest of LouiaLo in India where

omic damage level has been fixed 3.48% infestation

iship between infestation and yield (Tewari et al, 1987).

Plant insect interactions occur at many different levels and in H.

based on

armigera Hb. are greatly complicated by the large host range

including many cultivated species and weeds (Nyambo, 1988). The

pest status of H. armigera Hb. derives from a suite of four

physiological, behavioral and ecological characteristics that

enable it to survive in unstable habitats and in turn to colonize

and exploit agricultural systems successfully: polyphagy, high

mobility, high fecundity and a facultative diapause (Fitt, 1989).

H. armigera Hb. has been recorded from at least 60 cultivated and

67 wild host plants (Reed and Pawar, 1982). H. armigera Hb. is a

highly mobile insect pest; in Peshawar valley there are three

generation of pest during spring-summer season. H. armigera Hb .

armigera Hb. infests gram during(Jan et at,1988). H.

February-March , when host condition deteriorates due to crop

naturity it migrates to tomato crop and continues to persist till

It fulfills its nutritional requirements.

The regression equations for egg and/or larval population

evelopment show feeble negative p values during 1989 and 1991 and

ositive p values during the year 1990 (Table 2). All equations
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Regression equations for H. armigera Hb. population data given in
table 1.

Table 2.

fInDAP = In a + bDAJP n r s

18 0.7845 0.5138 4.802Eggs 1989 ln4.2260 - 0.0509DAP

18 0.3407 0.7516 1.182Eggs 1990 ln2.2022 + 0.0111DAP

0.56040 1.0822ln5.0779 - 0.0257DAP 18 5.036Eggs 1991

ln3.4848 - 0.0251DAP 18 0.6750 0,6710 7.532Larva 1989

18 0.2750 0.5825 0.491Larva 1990 In 2.079 + 0.0090DAP

Larva 1991 ln3.6043 - 0.0164DAP 18 0.6057 0.6586 6.954

( 79 )



i

given in table 2 show poor correlation coefficient.

armigera Hb. is K-selected insect and may not show steep population

Besides H.

curves .

Spatial distribution

Spatial pattern of H. armigera Hb. eggs distribution during

1989, 1990 and 1991 on tomato crop are given in tables 3, 4 and 5,

respectively. Index of dispersion (I.D.) values were more than 1

during 1990 and 1991. However, during 1989 I.D. values oscillated

around 1. I.D. values greater than one are indicators of negative

binomial distribution (Southwood, 1978). Besides most of the

Green's index (G.l.) values were positive and which also confirm

distribution of H. armigera (Hb. ) eggs onthe negative binomial

tomato .

Spatial pattern of H. armigera Hb. larval distribution on

tomatoes crop during 1989, 1990 and 1991 are given in tables 6, 7

and 8, respectively. I.D. values were mostly higher than 1 and G.l.

values were positive. The following regression equations based on

Taylor's Power Law are presented in table 9. Most equations on eggs

or larval H. armigera Hb. population distribution indicate that p

value exceeds 1. Whenever values of p exceed 1, the distribution

fits negative binomial distribution (Zar, 1984). Sequential

sampling plan for H. armigera larvae on tomato described by Tewari

't ad, (1987) also followed a contagion pattern fitting a negative
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Spatial distribution analysis patterns of H. armigera Hb.
eggs on tomato during 1989.

Table 3 .

M

Green ' s
Index

Variance Index of
Dispersion

MeanEggs per
25 plants

DAP

0.000 0.000 0.0000000.00021

0.000 0.000 0.0000000 0.0028

0.640 1.600 0 . 02500035 10 0.40

0.9760.76 0.742 -0.00096042 19

0.7290.5249 13 1.403 0.016794

56 0.006 0.000 0.000 0 . 000000

63 0.105 0.8803 0 .12 -0.005000

70 0.00 0.000 0.000 0.0000000

77 0 . 00 0.0000 0.000 0.000000

04 0.32 0.537 1.680 0.0283338

0 .0091 0 0.000 0.000 0.000000

0.07398 2 0.08 0.920 -0.003330

0.08 0.073105 2 0.920 -0.003330

112 0.0000.000 0.000 0.000000

119 0.0000 0.00 0.000 0.000000

126 0.00 0.0000 0.000 0.000000

0.00 0.000133 0 0.000 0.000000

0.00 0.000140 0 0.000 0.000000

’DAP = Days After Transplanting.
25-3-1989.

Transplanting was done on
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Spatial distribution analysis patterns of H. armigera Hb .
eggs on tomato during 1990.

Table 4.

Green 1 s
Index

Mean Variance Index of
Dispersion

Eggs/25
plants

DAP

0.000 0.000 0.0000000.0013 0

0.0000000.000 0.0000.0020 0

0.000 0.000 0.0000000.0027 0

1

0.105 -0.0050000.88034 3 0 .12

0.7290.52 1.403 0.01679441 13

0.0770831.60 4 .560 2.85040 40

0.60 1.360 2.266 0.05277755 15

3.974 3.42662 1.16 0.10109129

69 0.96 3.718 3.873 0.11972224

76 2.40020 0.80 0.0833333.000

3.71883 24 0.96 0.1197223.073

3.76090 30 1.20 0.0888803.133

3.840 2.74297 35 1.40 0.072619

0.32 0.537104 8 1.680 0.028333

111 0 0.00 0.000 0.000 0.000000

0.00 0.000118 0 0.000 0.000000

0.00 0.000125 0 0.000 0.000000

0.00132 0.000 0.000 0.0000000

0.00 0.000140 0.0000 0.000000

’DAP = Days After Transplanting.
25-3-1990 .

Transplanting was done on
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Spatial distribution analysis patterns of H. armiqera Hb.
eggs on tomato during 1991.

Table 5.

*DAP Green ’ s
Index

Variance Index of
Dispersion

Eggs/25
plants

Mean

0 . 0000000 . 000 0 . 0000.00013

0.000 0.000 0 . 0000000.0020 0

0 . 000 0.000 0.0000000.0027 0

0.640 1.60010 0 .40 0.02500034

2.90522 0.88 0.09590941 3.301

12.740 4.08548 78 3 .12 0.128547

55 12 .18081 3. 24 3.760 0.115000

120 8.400 1.75062 4.80 0.031250

6.121 2.68469 57 2.28 0.070204

2 . 8802076 0.80 3.600 0 .108333

0.96 2.918 0.08500083 3.04024

1.64 4.31090 2 . 628 0.06784541

1.84 4.29497 46 2.333 0.055579

5 0.20 0.240104 1.200 0.008333

0.20 0.2405 1.200111 0.008333

2 0.08 0.073118 0.920 -0.003330

0.0000.00 0.000000125 0.0000

0.00 0.000 0.000 0.000000132 0

0.00 0.0000 0.000 0.000000140

*DAP = Days After Transplanting.
25-3-1991.

Transplanting was done on
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Spatial distribution analysis patterns of H. armiqera Hb .
larvae on tomato during 1989.

Table 6.

Green ' s
Index

Variance'DAP Index of
Dispersion

Larvae/25
plants

Mean

0.000 0 . 000 0.0000000 0.0013

0.000 0.000 0.0000000 0.0020

0 . 04 0.038 0.960 -0 . 00166027 1

0.04 0.038 -0.00166034 0.9601

0.21441 4 0.16 1. 340 0.014166

48 17 0.68 0.697 1.025 0.001078

55 0.74219 0.76 0 . 976 -0.000960

62 0 . 32 0.3778 1.180 0.007500

69 0.2140 .16 1. 3404 0.014166

76 7 0.3610.28 1.291 0.012142

0.10583 3 0 .12 0.880 -0.005000

90 5 0.20 0.240 1.200 0.008333

97 0.04 0.038 0.960 -0 . 0016601

104 0.00 0.0004 0.000 0.000000

0.08 0.0732111 0.920 -0.003330

0.04 0.038118 1 0.960 -0.001660

0.00 0.000125 0 o.oop 0 . 000000

0.00 0.000132 0 0.000 0.000000

0.00 0.000140 0 0.000 0 . 000000

'DAP = Days After Transplanting.
25-3-1989.

Transplanting was done on
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Spatial distribution analysis patterns of armiqera Hb.
larvae on tomato during 1990.

Table 7 .

Green
1 s

Index
Variance Index of

Dispersion
* DAP* Larvae/25

plants
Mean

0.000000
0.000000
0.000000
0 . 000000
0.000000

-0.019160
0.004393
0.025000
0 . 007777
0.025000
0.012142

-0 . 040000
-0.029760
0.000000
0.000000
0.014166
0.008333
0 . 000000
0 .000000

0.000
0.000
0.000
0.000
0.000
0.518
0.486
0.640
0.569
0.640
0.361
0.038
0.400
0.000
0.000
0.214
0.240
0.000
0.000

0.000
0.000
0 . 000
0 . 000
0 . 000
0.540
1.105
1.600
1.186
1.600
1.291
0.040
0.285
0.000
0.000
1.340
1.200
0 .000
0.000

0.00
0.00
0.00
0.00
0.00
0.96
0.44
0.40
0.48
0.40
0.28
0.96
1.40
0.00
0.00
0.16
0.20
0.00
0.00

013
020
027
034
041

2448
55 11
62 10

1269
76 10

783
2490

97 35
104 0
111 0

4118
5125

132 0
140 0

'DAP = Days After Transplanting.
25-3-1990 .

Transplanting was done on
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Spatial distribution analysis patterns of H. armigera Hb .
larvae on tomato during 1991.

Table 8.

Green ' s
Index

Variance Index of
Dispersion

Larvae/25
plants

MeanDAP*

0.000
0 . 000
0.000
0.000
1. 306
1. 306
1.111
0.060
0. 200

0.000000
0.000000
0.000000
0 . 000000
0.012777
0 .012777
0.004629

-0.038820
-0.033330
-0.041660
0.003888
0.008333
0.007500
0.008333
0.016794
0.025000

-0.006660
-0.005000
-0.001660

0.000
0.000
0.000
0.000
0.470
0.470
2.000
0.073
0.160
0.000
0.262
0.240
0.377
0.240
0.729
0.640
0.134
0.105
0.038

0 0.00
0.00
0.00
0.00
0.36
0.36
1.80
1.08
0.80
1.00
0.24
0.20
0.32
0.20
0.52
0.40
0.16
0.12
0.04

13
020
027

34 0
941

48 9
4555

62 27
2069

76 25
683 1.093

1.200
1.180
1. 200
1.403
1. 600
0.840
0.880
0.960

90 5
897

104 5
13111

118 10
4125
3132

140 1

'DAP = Days After Transplanting.
25-3-1991.

Transplanting was done on
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Regression equations for H. armigera Hb. distirbution based on
Taylor's pcwer law.

Table 9.

fa + bxy sn r

70.4049 + 1.1821 0.9700 0.2563 109.753Eggs 1989

0.98211.0656 + 1.5414 0.2365Eggs 1990 11 244.232

0.9805Eggs 1991 0.8300 + 1.2965 274.52913 0.3391

Larva 1989 0.1776 + 1.0601 13 0.9921 0. 1477 684.519

Larva 1990 -1.1978 - 0.1233 10 -0.1014 0.8990 0.003

-0.5034 + 0.6550 15 0.6106Larva 1991 0.8460 7.135
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The aggregative nature of larvalbinomial distribution.

distribution was further confirmed according to Lloyd's index of

patchiness and mean crowding. In the equations of Taylor's power

law regression p is related to the pattern in which the insect uses

its environment, whereas a is a measure of crowding of the insect

The parameter p of Taylor's power law is a

measure of aggregation, and the parameter a is a scaling factor

related to the environment, sampling procedure, and sample unit

(Southwood 1978).

employed (Southwood 1978).

Population distributions patterns are the quality of each

insect species (Taylor, 1984). Certain insect species fall in the

negative binomial distribution pattern and the. examples are bean

leaf beetle, Cerotoma trif urcata (Kogan et al . 1974 ), Mexican bean

beetle, Epi lachna varivestis (Shepard and Carnot 1976) and H.

armigera (Tewari et al. (1987). While the others fall in Poisson

distribution pattern and the examples include damsel bug, Nabis

Spp. (Waddil et aj.. 1974).

Time-Sequential Sampling Plans

The requirements for developing a time sequential sampling

essentially the same as those for spatial sequential

Required are a

distribution, class limits that characterize an outbreak density,

plan are

mathematical model of the datasampling .

and the level of acceptable risk in making classification

( 88 )



*

(decision) errors. For time-sequential sampling, differences from

spatial sequential sampling requirements exist only with respect to

time. Therefore, dispersion characteristics are established on the

basis of samples taken through time, rather than from those at one

time. For example data would normally take the form of numbers of

insects per unit area per date, with dispersion analysis over

dates. Also, whereas in spatial sequential sampling, a single set

of class limits is chosen to describe an endemic (mo) and an

outbreak (ml) population, class limits are set for each sample time

in the time sequential sampling program. These changing mo and ml

values reflect differences in growth rates between an endemic and

an outbreak population and can be estimated f tom observational

Usually the difference between mo and ml begins small, grows

to a maximum at population peak and declines as these population

data .

types subside. The levels chosen for acceptable risk

(probability of calling a population endemic when it is outbreak)

and p (probability of calling a population endemic when if is

endemic), are selected as in spatial sequent ial sampling.

Frequently, a value of 0.1 is used for both cC. mi'1 p.

In time sequential sampling the boundaries, of the decision

zones, after the tth sample, are given by the general formulas:

dl,t = bl + bt (lower)

d2,t = b2 + bt (upper)

where d, is a weighted cumulative number of insects observed (as
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the conventional d, which is the unweighted cumulativeopposed to

number) bl and b2 are intercepts.

L i - a J
bl = log

1 - p
b2 = log

CC

and bt is a slope line parameter that varies from date to date.

For development of time sequential sampling program, it is

necessary to calculate class boundaries for every potential sample

time because values of mo and ml are set for and vary with each

t iine .

A weighted cumulative number is necessary in time sequential

for the analysis of more precisely distinguish between endemic and

outbreak populations. At each sampling time, the means of the

population types change and the SPRT must reflect this change.

weighting coefficient (w) is specific for a date and is a device

that reflects change in the difference between the two means.

The

Basically the value of w increases as the difference between mo and

ml increase and it decreases as this, difference decreases.

Therefore w places most emphasis on sampling time when the

difference between population types are greatest and are easiest to

distinguish. Although w is present in the conventional (sequential

probablity ratio test) SPRT, it is not noticeable. This is because

it is a constant and, as such, is divided out of the left hand side
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denominator in the right hand side of the

specific steps required for

calculation of the time sequential sampling plan are as follows.

and appears as the

general boundary formulas. The

Summarize population data, through time, based on population

type (endemic, outbreak).

(1)

Determine the mathematical model (e.g. Negative Binomial,

Poisson, Binomial) that best fits the data and is most useful.

If sufficient data are available this determination should be

done for each sample time. However, lacking such an amount of

data, field counts through time may be pooled for analysis.

(2)

Set class limits, mo and ml values for each sample time in the

entire sample period. These values reflect the density of a

typical endemic population (mo) and outbreak population (ml)

on a specific sample period. (For the binomial distribution,

probabilities of occurrence in a sample are set in place of

these class limit densities).

(3)

Choose levels of acceptable risk of making classification

errors , and B .

(4)

Calculate boundaries of the decision zones for each sampling

time (e.g. every 2 or 3 days) in the entire program.

entire program would normally cover the length of time for

most individuals in a generation to pass through the subject

stage .

(5)

The
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(6) Calculate a weighting coefficient (w) for each sampling time

in the program as specified for the dispersion.

Present program in graphical or tabular form as with spatial

sequential sampling, albeit with specifications and

instructions for use of the weighting coefficient.

(7)

Using a time sequential sampling scheme is essentially similar

to using a spatial sequential sampling program. Differences are

mainly in the manner of accumulating data. With time sequential

sampling data are accumulated for a field from time to time rather

than place to place in the field. Additionally, the count from a

field at a time is multiplied by the period specific weighting

coefficient (w) before it is accumulated. Because of this

weighting coefficient, a tabular presentation of time sequential

sampling is most convenient.

The H. armiqera Hb. is a widespread pest of tomato in Pakistan

with outbreaks occurring sporadically throughout the country

(Lohar 1992). Larvae are easily identified infesting tomato plants

and larval samples are taken at the appropriate time. In years

and fields showing low potential, larval sampling need not be

done. Such a situation is appropriate for decisions from time

sequential sampling.

Samples of the larval population were taken at weekly interval

of three growing seasons (1989

showed two distinct population configurations in Tarnab tomato. The

configurations, outbreak and endemic, are presented in Figure 4 by

1991). Means from these data
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lining up the date of first larval encounter for the configuration.

It can be seen from the curves that differences in growth rates

between types are small at first, reach a large maximum, and

It also is evident that a total of ca . 6 samples (each

week) would be adequate to detect type of configuration in any one

decline .

year .

To analyze the time dispersions of the data, counts of larvae

per 25 plants at each sample time were pooled from 1989,number

pooled data were used to determine the1990 and 1991. These

mathematical model. The Poisson series was tried but was rejected

because of a significant chi-square value. The null hypothesis for

the negative binomial was accepted because X? = 62.3, df = 49 and

A common k of 0.5138 was calculated for thePx2 > 0.05.

distribution .

Class limits were set for endemic (mo) and outbreak (ml)

population for each sample time for six times (Table 10). These

obtained from the means in Figure 4. Thecritical densities were

level of acceptable error was set at

sequential sampling programs.

0.1 for a and p as in most

A graph of the resulting time sequential sampling program is

shown in Figure 5. The graph is similar to that found in

conventional sequential sampling, except for the striking curvature

of the upper and lower limits. This characteristic results from
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Table 10. Critical H. armigera Hb. larvae describing endemic and
outbreak population configurations.

Critical density

mo* ml’'Sample period

0.48 7.201

7.15 9.672

10.86 21.833

24.374 11. 30

12.23 29.155

14.29 37.736

' Exponentially smoothed data of the average of larval populations
of 1989 and 1990.

" Exponentially smoothed data of the larval populations of 1991.
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the varying differential between mo and ml on different dates and

the iterative calculations.

A tabulatar representation of the program is shown in table

11. It can be seen that the table is more convenient, because

weighting factors can be stated easily, as well as directions for

further activity.

As constituted, the program calls for sampling to begin with

tomato seedlings (3-4 leaf stage) and continue weekly until the

first larva is On the date of detection and datesfound.

thereafter, samples are taken and summed. The summed count is

multiplied by the weighting coefficient to yield a weighted count.

A running total of weighted counts is kept by sampling every week

after finding the first larva until a decision can be made. I f the

decision indicates an outbreak population with destructive

potential, the plan calls for a return to the field to sample

A spatial sequential sampling program given earlier is

employed at that time to sample larvae.

larvae .

If the decision indicates an endemic configuration, directions

a cessation of sampling activities.

not be obtained by the sixth sample period, the plan automatically

calls for a larval sample from the

call for Should a decision

Thedate of highest count.

place of time-sequential sampling in the overall H. armigera Hb.

pest management subsystem is shown in Figure 6.
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Time_3equential sampling of Heliothis armiqera Hb .Table 11.

Weighted
count

lower
unit

Running
total

Weighting
Factor

Number
Counted

Sample Data
number

of
weighted
count

0.8077 0.00001

0.00000.02282

0.02473 0.0000

4 0.0260 0.0000

0.0216 0 . 28585

0.02366 0.8196
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Sequential Sampling
of H .armiqera Larvae

Population Economic

Population
Dec ie ion

Non-economic

Conventional Insecticides at
Minimal Recommended Dose

Check Field for
Efficacy of Application

Terminate Pest Management
Activities

Figure 6. Diagram of the pest management sub-ByBtem for armiqera Hb . on
tomato crop showing placement of the time-sequential program.
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Potassium fertilization vs Heliothis infestation

Table 12 shows the availability of different nutrients in the

before the application of fertilizer. Table 13 shows the

uptake of N P K by tomato plants treated with variable doses of

fertilizers. Results revealed that there was no significant effect

of the fertilizers on uptake by tomato plants.

soil

Table 14 shows the results of the effect of potash fertilizer

on the egg and larval population build up of H. armiqera Hb . on

tomato plant and percent fruit infestation of tomato by H. armiqera

Hb . larvae. Results indicate that there was no significant effect

of potash fertilizer on either egg, larval population or

infestation of tomato.

Increasing levels of potassium have been shown to improve all

aspects of fruit quality i.e, reducing the incidence of hollow

print, and of ripening disorders, improving fruit shape and

firmness and increasing both the free and t\\e total acidity of

fruit juices (Chaboussou, 1972). However in present study fruit

quality was not studied. Our aim of this experiment was to

investigate the effect of potassium fertilizer on the incidence

and level of infestation by H. armiqera Hb. and present study

revealed that there was no effect of potassium fertilizer on egg,

larval population or percent fruit infestation by H. armiqera Hb.
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Table 12. chemical analysis (fertility evaluation) of soil.

1989* 1990"Analyis

3 4No samples analysed

Total soluble salts (%) 0.102 0.090

Nitrogen (%) 0.053 0.062

Phosphorus PPM. 2.22 2.7

Potassium PPM- 191 184

Organic matter (O.M) 1.07 1.24

’Phosphorus and nitrogen is less. Potassium is comparatively in
excess .

‘'Total soluble salts are in safe limits. Phosphorus and potash are
high, percent organic matter and Nitrogen is medium.

( 101 )



**!

Table 13. Uptake of NPK by Tomato plants treated with variable
doses of N.P.K (1990) (Percent NPK).

Dose (N+P+K) kg/ha Nitrogen Phosphorus Potash

0 .17100 +80+0 0.13 2.19

100 +80+50 0.18 0.11 2.30

100 + 80 + 100 0.20 0.16 2.23

100 + 80 + 150 0 .17 0.12 2.39

‘0.19100 + 80 + 200 0.13 2.37

Data statistically non-significant at 0.05 level.

i
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Table 14. Effect of variable doses of Potash on number of eggs,
larvae, and percent fruit infestation of H. armiqera Hb.
for 1989 and 1990.

Larvae/
plant
1989

Larvae/
plant
1990

Dose NPK(Kg/hec) Eggs/
plant
1989

% fruit damage

1989 1990

NPK (100+80+0) 1.785 0.64 61.801. 740 39.53

NPK (100+80+50) 0.910 1.325 0.66 64 . 58 54.96

NPK (100+80+100) 2.675 1.770 0.60 60.86 42.18

NPK (100+80+150) 2.335 2.010 0.68 64.05 46.47

NPK (100+80+200) 1.205 0.800 0.66 66.69 48.70

NS = Data statistically non-significant at 0.05 level.
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Although there are some reports in literature regarding the

effect of potassium on pest infestation for example Perrenound

(1977) reviewed the beneficial effect of improved K nutrition and

mentioned that most often K nutrition effect pest injury by

ameliorating plant growth but in some cases changes in plant

structure decreased the suitability of the host plant for pest

while Marwat et al (1985) found the population of cabbage aphid to

have negative correlation and the yield as positive with increasing

levels of potassium. Rathore and Lai, (1994) conducted studies in

rice to determine the role of potassium in reducing the population

of green hopper, Nephotettix sp., white backed hopper, Sogatella

f urcif era and brown plant hopper, Nilaparvata lugens . It was

suggested that the reduction in the population of three species at

high doses of potassium was partly due to the fertilization

enhancing protein syntheses and thus reducing the amino acid

content in the sap, making plant tissue less favorable for the

reproduction of sucking pests. While kitchen et al. (1990) concluded

that increasing K fertility did not reduce potato leaf hopper

injury in alfalfa; however, alfalfa growth and persistence

improved, with or without potato leaf hopper, with increasing K

fertility. On the other hand Inayatullah (1987.) concluded that

potassium had positive correlation with the sugarcane borer

infestation, as the potassium content increases the infestation of

sugarcane borer also increases. Whereas, Shahid (1988) observed

that different doses of potash had no significant effect on the

infestation of army-worm on sugar beet crop.
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The soil where tomato crop was grown for two years (1989-90)

had sufficient potassium level (Table 12) and the plants could not

utilize the additional dose of this fertilizer which resulted the

insignificant uptake of this nutrient (Table 13). It is therefore,

concluded that the tomato plants would not respond to the

addi tional/luxurient doses of potash in the potassium rich soil and

eventually would bear no effect on the plant system to offer any

sort of resistance to the H. armigera Hb.

Chemical control of H. armigera Hb.

Nine insecticides representing different insecticide group

were tested for their efficacy against H. armigera Hb. Each

insecticide was applied with in the recommended range (Table 15).

Table 16 shows the mean larval population density recorded at 5, 10

and 15 days interval after spray in 1989. The data reveal that

almost all the insecticides remained successful in keeping the

larval population of H. armigera Hb. below outbreak configuration

(OC) level, whereas in the check plot population was above OC

Table 17 shows the efficacy of different insecticides

applied in 1989 against H. armigera Hb. at different time

intervals. Average larval reduction percentage in H. armigera Hb.

treated plots with Thiodan and Folidol M was the highest followed

by Thuricide, Dimilin, Azodrin and Sevin. Permasect and Atabron

remained least effective (cdii = 13.97 at 0.05 level).

level .
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Insecticides used in the chemical control of H. armiqera Hb.Table 15.

Trade name Dose a.i.S.No. Ccrrmon name Group
g/ha

Thiodan 35 EC1. Endosulfan Organochlorine 673

2. Parathian methyl Folidol M 50 EC Organophosphate 525

Azodrin 40 WSC Organophosphate3. Monocrotophos 750

4. Permethrin PyrethroidPernesect 25 EC 100

I5- Fenvalerate Edcidin 20 EC Pyrethroid 80

6. Carbryl Sevin 85% SP Carbamate 2244

7 . Dif lubenzuron Dimilin 25 W 1(3? 150

8. Chlorf luazuron Atabron 5 EC 2001(3?

9. Bacillus thurinqiensis Ber. Thuricide
16,000IU/mg

Microbial 1000

10. Control
i
!

* Bt. is given as formulated dose.
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Effect of different insecticides on population reduction of if. armigera Mb. 1989.Table 16.

(Mean larvae per plant)

»
Control Thicdan FoltdolM Azodrin Permasect Edcidin Sevi n M irr i I A tal> ion ihur>c’do(OC)1 nlrr va)

(days)

0.89 0.52 0.5? 0. '•30.59 0.51 0. 71 0.59Pr e- 0.288 0.57 0 60

0.00 0.00 0.03 0.24 0.00 0.09 0.05o . rfj5 0.387 0.77 0.00

0.250.02 0.05 0.34 0.34 0.23 0 . 18 0.82 0.120.873 0.910

0.975 0.95 0.08 0. 44 0. 11 0.25 0.11 0.22 0.131 5 0.06 0.07

Outbreak configuration estimated from table 10.
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Effect of different insecticides on population reduction of H. armigera Hb. 1989.Table 1 7 .

(Percent larval reduction)

Thlodnn FolirftolH Azodrin Permascct Edcidin Sevin Dimil in AUibrnn lhuricideInterval

(days)

87.0 100 10073.1 100 93.6100 96.1100b

77.660.7 73.6 17.1 86. 793.3 69.1 67.697.310

72.887.1 86.9 77.3 86.893.6 91 . 1 93.1 61.2IS

abdc be dab ;baa
85.2 77.8 88.0 61 .094.8 86.1 67.3 91. 197.0avg

odi i 13.97 at 0.0b level .
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Larval infestation recorded at 5, 10 and 15 days interval

after spray during 1990 as depicted in table-18, shows that all the

insecticides kept the larval population of H. armigera Hb. below

outbreak configuration upto 15 days after spray. The results of

first spray during the year 1990 given in table 19 indicate that

there was no significant difference between percent larval

reduction in the insecticide treated plants with Thiodan, Folidol

M, Permasect, Edcidin, Dimilin, Atabron, and Thuricide. However,

Azodrin was the least effective (cdii = 29.20 at 0.05 level). The

result of 2nd spray given in table 19 also indicate that Sevin

exhibited the highest mortality and was non-significant with

Thiodan, Foidol M and Edcidin while, Atabron Permasect and Dimilin

effective insecticide, (cdii = 2135 at 0.05 level).were the least

Results of third spray shown in table 19 indicate that, almost

the insecticides lost their effectiveness by 15 days postall

Dimilin was most effective and permasect thetreatment interval.

least effective insecticide and were significantly different (cdii

= 26.18 at 0.05 level ) .

Table 20 indicates the larval density recorded at three

i.e. 5, 10 and 15 days after spray during croppingintervals

All the insecticides were found effective in1991.season

suppression the larval population of H. armigera Hb. below outbreak

configuration boundry. Table 21 reveals the result of first spray

during the third year of study that is, 1991. Results indicate that

( 109 )
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Effect of different rnscct1c1d«*a on population reduction of H. armigera Mb. 1990.Table IB.

(Mean larvae per plant)

Thlodan FolidolM Arodrln Fÿnmuoct Fdcidln 5ev1n Dimilin At.abron Ihuricvde(0C)Intorvo 1

(days)

Coritro1

r i»st Spray

0. 750. 60 .59 0 113 ci . «;• 0.630.46 0.49 0.1.1T'r c 0.780 0.57

0.08 0. 160.387 0.03 0. 10 0.00 0.16 0.00 0.005 0.55 0.00

0.320.50 0.3210 0.873 1.00 0.00 0.71 0.10 0.08 o.on0.08

0.975 0.48 0.91 0.49 0. 7415 0.85 0.33 0.82 0.98 0.66 0.07

Spray

1.02f’ri? 0.200 0.93 0.82 0.88 IJ. 9/0. 78 0. 76 1 .90 1. 12 0.97

0.00 0.160.387 0.24 0.03 0.44 0 .155 0 04 0. 17 0.24 0.0‘J

0.5210 1 . 13 0.42 0.57 0.75 0.57 0.570.073 0.35 0. 16 0.33

0.54 0.66 0.31 0. /915 0. 80 0.36 0. 77 0.40 0 . fili 0.990.975

Third Spray

0.60 0.570.280 0.60 0.59 0.65 0.60 0.56 0.61TV r» 0.89 1.02

0.05 0.13f). 387 0. 17 0.09 0.02 0.0/ 0. 19 0.095 1.20 0.11

0.31 0.22 0. 39O.Q73 0.31 0.30 0.32 0.30 0.27 0 2410 1.05

0.741.05 0.58 0.530.975 0.48 0.52 0.46 0 . 70 0.51 0.5415

Outbreak conf igurat ion estimated from table 10.
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Effect of different insecticides on population reduction of H. armigera Mb. 1990fable 19.

(Percent larval reduction.)

Ihiod/in FolidolH Aÿodrin Permaiioct Edcldin Sevin Dimi I in Atabrun ThuricidoIntervalSpray

(days)

5 Bfl.5 100 72.8 79.01 r;t Spray 100 93.6 84.7 100 100

70.561.7 68.8 92.?100 39.7 80.4 9?. *i10 09.8

17.5 43.2 -6.07 30.(1 7.015 51.7 1/ -6 70 033.0

abb ab .ib,ib i )a a
73. 7*55.9 45.7Avg 00.5 75.5 47.3 70.6 68.4 66.6

M

7nd spray 96.2 90.9 60.0 83.1 84.0 69.5 90.95 70.4 00.2

64.1 55.110 68.1 00.0 64 .4 90.5 59 1 75.264 .0

36.615 62.0 47.5 8. 14 65.6 74.5 33 .7 M . 1 16.4

h: ab rtiitn a c n
i i.n‘r>3.6 75.6 53.6 67 9 83.0 54.054.4 Kl.flavg

tu
3rd spray 5 88.7 93.5 97.7 80.3 90-5 95.370.8 74 . 4 89.0

56.4 55.610 55.6 58.0 63.1 56.8 81.5 66.758. 1

17 5 2.30 34.715 32.0 24.8 12.3 67. I 24.573.3

ob bab .ib b * 01.3* b ob
55.4 56.6 55.5 52.6 51.9 60.6 59.957.0avg

t
odii = 79.20 at 0.05 level.

od i i - 21.53 at 0.05 level.

cdi i

ii

in

26. 18 at 0.05 level.
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Tf feet of dlFferent Insecticides on population reduction of H. armigera Mb. 1991Table 20.

(Mean larvae per plant)

(DC) Control Thlodan folidolN Azodrin Permasrct Edcidin Sevin Oimilin Atabron ThuricideInterval

(days)

1st spray

0. 490.200 0.43 0.46 0.46 0.50 0.47 0.50 0.42Pr e - 0.40 0.43

0.140.367 0.63 0.03 0.04 0.04 0.035 0.03 0. 17 0.04 0.06

0.06 0.0010 0.873 0.53 0. 19 0.31 0.08 0 77 0.78 0 16 0.07

0.24 0.54 0.63 0.570.975 1.03 0.24 0.57 0.60 0.3615 0 47

Second Spray

0.540.788 1.03 0.59 0.59 0.54 0.56Pre- 0.64 0.60 0.49 0.56

5 0.387 1.43 0. 16 0.08 0.09 0.09 0.00 0.00 0.05 0.00 0.23

10 0.873 1.63 0.29 0. 17 0.36 0.79 0.27 0.74 0.24 0. 14 0. 34

15 0.520.975 1.83 0.57 0.49 0.4 0.40 0.55 0.54 0.35 0.56

Third Spray

0.200 1.73 0.60 0.52 0.56 0.54 0.55Prc 0.57 0. 39 0.49 0.41

0.105 0.387 0.07 0.08 0.00 0.05 n.oc0.83 0.07 0. 14 0.01

0.17 0.3310 0.873 0.73 0.24 0.22 0.24 0. 1 1 0.2 7 0.22 0. 19

0.32 0.43 0.4115 0.975 0.03 0.36 0.44 0.36 0.41 0.37 0.57

Outbreak oonf igurat ion estimated from table 10.
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Table 21. F f feet of diffeent irmectlcid) on population reduction of H. arnricjnra III).

{Percent larval reduction)

Ihiodan FolidolH Azndrin Permasoct Edcidin Sevin Dimilin At.jhron Thur tcideI nberva 1Spray

(days)

94.0 93.5 BO.3 95.6 95.a 71.91st spray 5 95.5 9? .3 90.5

67.6 40.5 86.2in 89.3 B5 .9 63.7 46 .0 I >11 f> 85.9

15 54.6 45.5 49.1 51.977.9 7B . 1 39. B M .7 54 . 1

bod ldc ate rid it: itx:a e
76.R71.987.5 06.0 50. 1 76.9 70.4 52 . fiavg

M
2nd spray 5 79.7 07.609.6 07.3 89.7 90.6 94 .0 inn 69.5

10 68.4 01. 7 57.7 65.0 66.0 75.9 74 8 Ml .5 60.0

15 50.6 52.3 45. I 50.1 59.5 50. B 49.6 59 4 43.0

.±c
66. 2

ab hr abc
72.4**ÿ 72.8* o

74.5 63.3 70.2 72.6 80. 3 57.7avg

3rd spray 5 04.8 75.4 98.0 70.9 06.7 100 71.6 6/ 7 93.7

10 57.5 23.6 1.11 31.0 25.5 67 . B 111. 3 2 4 . 4 20.6

15 29.6 -21.0 -8.04 1.49 -17.9 7.5 *58. i 11.5 -87. 1

bab ab b b ab lx: berr
57.3 25. 7 30.09 34 . 7 31.4 58.4 -1.0 23.6 9.0avg

od i 1 = 14 .03 at 0.05 level .

14.99 at 0.05 level .
orM \ - 30.22 at 0.05 love 1.

f »
edi i

VII
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there was no statistically significant difference in percent larval

reduction amongst Thiodan, Folidol Mf Atabron, and Thuricide.

Almost all insecticides lost their residual toxicity at 15 days

post treatment interval (table 21). Thiodan was the most effective

and Dimilin the least effective insecticides among the toxicants

under study, (cdii = 18.43 at 0.05 level).

All the insecticides in present study showed their maximum

effectiveness at 5 days post treatment interval. Effectiveness

succeedingly decreased and was at its lowest at 15 days interval

(table 21). The results of third spray as evident in table 21 are

self explanatory and indicate that statistically Sevin, Thiodan and

Folidol M remained non-significant. Sevin was most toxic

insecticide showing the highest efficacy against h. armigera Hb.

while Dimilin was the least effective, (cdii = 30.22 at 0.05 level)

Sevin and Thiodan had residual toxicity which could last upto 15

days .

Table 22 shows the comparative efficacy of different

insecticides over a period of three years. These studies indicate

that Thiodan was statistically the most effective insecticides

against H. armigera Hb . on tomato which is mostly due to its long

residual activity as compared to other insecticides followed by

Folidol M, Sevin, Thuricide, Edcidin, Dimilin and Atabron in

However Permasect and Azodrin were observed todescending order.

be the least effective insecticides (cdii = 17.03 at 0.05 level).
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Table 22. Mean larval percent mortality of H. armiqera Hb . (three
years spray 1989, 1990 and 1991)

1990 19911989 MeanTreatment

Th iodan 66 . 5097 . 0 70 . J 6 77.88

• ibFol idol-M 71.03 75.9694 .8 62 .06

51.06 54 . 64cAzodr in 31. 7686.1

54.03 58. 55c67 . 3 54.33Permasect

abeEdcid in 53.4682 . 2 60 . 30 65 . 32

69 . 32abrSev in 63 .1077.8 67 . 00

.ib'.'D im i1in 69.9088 . 00 4 1 . 2 6 66 . 38

I'.rA tabron 59.5661.00 69 . 10 59.85

.3beThu r icide 62.4391 .1 47.83 67.12

edii - 17.03 at 0.05 level.
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The results contained in this table also indicate a tendency

reduction of effectiveness of Folidol M, Azodrin, Dimilinin the

and Thuricide under present study over a period of thee years time

against H. armigera Hb. which might probably be due to the

enhancement in the degree of tolerance developing in the H.

armigera Hb. population prevailing in the fields due to its

exposure to insecticide pressure, an indication which might

culminate into the development of insecticide resistant population.

In the present studies nine insecticides representing

different groups of insecticides were tested for their toxicity and

effectiveness against H. armigera Hb. under field conditions. These

insecticides have different modes of action and different residual

toxicities. Insecticides such as Folidol M, Thiodan and Sevin have

comparatively long residual toxicity, therefore remained more

effective than remaining insecticides in reducing larval population

of H. armigera Hb . on tomato upto fifteen days after treatment. The

remaining insecticides were effective upto 10 days after spraying.

In synthetic pyrethroids, Edcidin was more toxic than permasect

against H. armigera Hb. larvae, while in case of insect growth

regulators, Dimilin was more effective than Atabron in controlling

H. armigera Hb . larval populations.

There are many studies reported in literature about the

comparative efficacy of different insecticides against H. armigera

For example, Aslam et al (1902) used B.Hb. on different crops.
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thuringiensis , methomyl and endosufan against H. armigera Hb. and

found B. thuringiensis better than two insecticides. In the

present study endosulfan was found better than B. thuringiens is .

This difference might be due to differences in the H. armigera Hb.

population having difference tolerance levels for endosulfan.

Butter et al (1982) compared fenvalerate and permethrin with

carbaryl for their effectiveness against H. armigera Hb. and both

pyrethroids were more effective than carbaryl. Similarly, Chari et

al (1985) evaluated the efficacy of amitraz, carbosulfan,

quinalphos, monocrotophos , endosulfan, fenvalerate, cypermethr in ,

f luvalinate, f lucythrinate, and decamethrin against H. armigera Hb.

on chickpea and found that all insecticides were equally effective

14 days after spraying, except for quinalphos whereas, in the

present studies only endosulfan and methyl parathion were effective

upto fifteen days, remaining insecticides were effective upto 10

days after post treatment. Studies on the comparative efficacy of

different insecticides are reported against H. armigera (Singh et

al, 1986; Bhalani and Parsana, 1986; Singh et ad, 1987).

Insect growth regulators (IGRs) are comparatively new comers

in the field of plant protection compared to synthetic

insecticides. These have different mode of action (chitin

inhibitors) than insecticides, their application will delay the

enhancement of tolerance to insecticides in field populations of

insects and development of insecticide resistance pest populations

could be delayed. In Pakistan, the IGRs are recently introduced and

( H7 )



few of them are now commercially available for application in the

field. In the present study two IGRs Dimilin and Atabron were used

which gave better reduction of H. armigera Hb . population compared

Dimilin was more effective thanto some of the insecticides.

Atabron against H. armigera Hb. in the present studies.

results are reported for chlorf luazuron against H. armigera Hb.

Similar

(Pan and Lin, 1989).

In the present studies a biological insecticide, Bacillus

thur ingiensiS (Bt) was also tested against H. armigera Hb. which

gave comparable results. Bt. was effective against H. armigera Hb.

after that the effectiveness was greatly reduced.upto 10 days,

Kulkarni and Amonkar (1988) tested Bt. for the control of H.

armigera Hb . on chickpea found that larval population was reduced

following treatment. They further noted that seven days after

spraying, the viable spore count on foliage decreased by 3 degrees

of magnitude in comparison to the original count. Lutwama and

kurstaki on tomato plants against

Helicoverpa armigera and found that H. armigera Hb. larvae were

susceptible to pathogen; the 0.5 kg/ha and 1.0 kg/ha applications

of B. thur ingiensis gave good field control of larvae similar to

Matanmi (1988) used Bt subsp

that of carbary1 at 1.5 kg/ha. Besides toxicity of B.

thur ingiensis, it also affects the biological parameters of

foliage for example,surviving insects feeding upon treated

Herbert and Harper (1989) studied the food consumption of H. zea

larvae intoxicated with a B-exotoxin of B. thuringiensis found that
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mean total leaf consumption by treated survivors was significantly

less than untreated larvae and also experienced a prolongation of

their stadium.

The percent larval reduction in most of the insecticides

applied in 1990 and 1991 were noted to progressively reduce in the

subsequent sprays which might be due to dilution of insecticide

effect because of plant growth and tissue/canopy expansion and

insecticide aging. There are studies reported in literature where

insecticide efficacy has deteriorated due to aging process and the

effect become less conspicuous over a period of time (Sagar, 1985;

Gohokar et al, 1985; Chhabra and Kooner, 1985; Gohokar et al,

1987) .

In the present studies reduction of effectiveness in Folidol

M, Azodrin, Dimilin and Thuricide over a period of three years

indicates an enhancement in the tolerance limits of H. armigera Hb .

field populations against these insecticides. This may be an

indication of development of insecticide resistance in field

copulations slowly and gradually. Development of resistance in

insects to insecticides is not a recent problem. During the last

hree to four decades, numerous insect species have been exposed to

series of new and more toxic insecticides. After many years of

xposure to certain insecticides in field, assays of some insect

opulations now show decreased susceptibility to those toxicants.

Gunning et aJ. 1984; Kay et al. 1986; Lutrell eÿ al.. 1986;
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McCaffery et a_l. 1986; McCaffery et al. 1988).

insects to continued exposure to various insecticides has resulted

The response of

in phenomenon referred to as insecticide resistance. Resistance

genetic change which is a response to pesticidedesignates a

selection pressure; upto 1990 some 504 insects species have been

known to be resistant to insecticides (Georghiou, 1990).

There is no systematic monitoring and detailed studies on the

development of insecticide resistance in insect populations in

Pakistan and present studies indicates a trend in H. armiqera Hb .

population. There is a strong need to follow up and evaluate the

status of insecticide resistance in H. armiqera in Pakistan.

Tomato cultivar resistance

Table 23 shows impact of population distribution and percent

fruit infestation of H. armigera Hb. on marketable yield of

different cultivars of tomato under field conditions. Cluster

analysis on the interaction of eggs per plant, larvae per plant,

percent fruit damage, and yield in Kg per plant gave five cluster

First group (A) comprised of Padano and

NEMA-UD, second group (B) had Chico III and Nema-1401, in third

(C) there was only one variety Big long, whereas fourth group (D)

had Petogro, Condor, U.C.-90-VF, Roma.VF. , U.C.82 Davis, Tanja,

Riogrande, Novamech,

87-70(6), 87-1- (1) , 87-70- ( 5 ) , 87-5-(4), 87-8-(2), B7-71-(5),

groups (table 24).

U.C.105 J, V.F.6339 HY, Roma local
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Table 23. Impact of population distribution and percent Fruit
infestation of H. armigera Hb . on marketable yield of
different cultivars of Tomato under field conditions.

Yield
Kg per
plant

S.No. Name of
variety

Cluster
group

Larvae
per
plant

Percent
fruit
damage

Eggs
per
plant

Padano
Chico III
Petogro
Big long
Condor
Nema-1401
U.C.-90-VF
Roma .VF .
U.c.82 davis
Tan ja
U . C .105 J
V.F.6339 HY
Riogrande
Novamech
Roma local
87-70(6)
87-1- ( 1)
87-70-(5)
87-5- ( 4 )
87-8- ( 2 )
87-71- ( 5 )
87-5- ( 1 )
87-11- ( 3 )
87-3- ( 2 )
87-9- ( 2 )
87-9- ( 1 )
87-9- ( 1 )
87-4- ( 2 )
87-70- ( 4 )
87-6- (1)
87-70(2)
87-5- ( 2 )
87-2- ( 2 )
87-2- ( 2 )
87-1- ( 2 )
87-11- ( 2 )
87— 70— (1)
87-3- ( 1 )
87-10- ( 2 )
87-71- ( 3 )

0.275
0.225
0.292
0.282
0.305
0 .127
0 . 335
0.285
0.435
0.780
0.350
0.540
0 . 382
0 . 473
0 .420
0.630
0.498
0.515
0 . 690
0 . 657
0 . 390
0.483
0.417
0.417
0.525
0 . 438
0.610
0.420
0 . 585
0.500
0.447
0.535
0 .410
0.418
0.473
0.660
0.532
0.440
0.550
0.590

34 . 78
58.03
63.35
75.63
58.38
64 .47
62.50
68.28
74 .11
62 . 63
54.85
46.42
59.03
64.97
48.09
56.52
51.65
59.93
69.72
48.04
60.47
70.11
58.05
59.83
56.89
46.03
51.50
56.26
61.13
44 . 20
60 .17
50.47
56.96
67.13
37.90
45.94
62.82
68.95
48.44
63.09

1. 1.41
0.66
0.66
1.65
0.99
0.49
0.82
0.91
0.33
1.07
1.41
2.32
0.90
2.24
1.07
0.74
1.91
2 . 57
0.91
1.24
0.99
0.49
0.74
1.99
0.83
1.24
1.15
1.07
1. 99
1.49
0 .74
1. 24
0.74
1.24
0.91
1.24
0.91
0.66
1.16
1.16

0.552
2.082
0.987
1.710
2 . 200
1.841
1. 726
1.048
1.142
1.211
1 .018
1. 540
1 .979
2.130
1.889
1. 965
1. 492
2 . 513
2 .803
3.000
2.018
2 . 581
1.151
1.824
2 . 513
3.653
2 .179
1 .763
1 .871
2 . 385
2.063
3.217
3.456
1. 344
1.461
1.825
1.135
0.9663
1. 681
1. 786

A
2 . B
3. D
4 . C
5 . D
6. B
7. D
8. D
9 . D
10. D
11. D
12 . D
13. D
14 . D
15 . D
16. I)

17 . D
18. I)

19 . D
20. D
21 . D
22 . D
23 . D
24 . D
25 .
26.

D
D

27 . D
28. D
29 . D
30 . D
31. D
32 . D
33 . D
34 . D
35 . D
36. D
37 . D
38. D
39 . D
40. D
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Table 23. Continued.

Y ield
Kg per
plant

Cluster
group

Percent
fruit
damage

Larvae
per
plant

S. No . Name of
variety

Eggs
per
plant

l

87-70- ( 3 )
87-8- ( 1 )
87-2- (1)
87-11- ( 2 )
87-9- ( 4 )
87-71- ( 2 )
87-71- ( 2 )
87-4- ( 3 )
87-2- ( 3 )
87-9-( 3 )
87-4- ( 1 )
87-71- ( 5 )
87-71- ( 1 )
87-10- ( 4 )
87-11- ( 1 )
Tiny Tim
Hay Slip
Sanmarzan
HXB-ZENTTH
HTB-NEMAPEEL
MHUF-6203
DR-2- ( Sindh )
NEMA-UD
ROMA (1989)
Money maker

0 . 520
0.575
0.400
0.638
0.482
0 .540
0 .500
0.460
0.475
0.402
0.502
0 .535
0.653
0 .407
0.410
0.600
0.295
0 . 390
0.485
0.473
0 . 370
0.457
0.393
0.605
0.758

1.944
1. 741
1.889
1.466
1.352
1.336
1.589
1.275
1. 533
0.920
1.496
1. 347
1. 622
1.345
0.802
1.956
1.558
1.729
1.331
1.067
1. 284
0.6028
0.9187
0.8512
0 . 4875

74.72
67.11
73.74
59 . 30
70.15
70.33
68.47
61.79
69.19
58.23
60.52
65 . 20
33.08
54.46
42.67
26.82
58.87
70.71
58.52
58.60
46.11
47.79
34 .99
51.82
53.47

1.32
1.41
0.75
0.99
1.24
1.41
0.82
1.32
1. 66
0.66
0.91
1. 32
0 . 66
0.83
1.08
1. 32
1.24
0 .74
0 . 33
0 . 57
0 . 24
1.33
1.74
0.74
0 .16

D41.
D42 .
D43.

44 . D

45. D

D46.
47 . D
48. D

D49 .
50 . D
51. D
52. D
53. D
54 . D
55 . D

56 . E
57 . D

58. D
59. D
60 . D
61. D

62 . D
63. A

D64 .
D65 .
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Table 24. Cluster analysis of data given in table 23.

Cluster Frequency Percon I lqe

2 3 .onA

2 3 . onB

1 1.53C

59 90 . 78D

1.53E 1
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87-9- (1) ,87-3- ( 2 ) , 87-9- ( 2 ) ,87-11- ( 3 ) , 87-9-(l),87-5— ( 1) ,

(4), 87-6- (1) , 87-70(2), 87-5-(2), 87-2-(2),87-4- ( 2 ) , 87-70-

87-70— ( 1) ,87-ll-(2) , 87-3- (1) , 87-10- ( 2 ) ,87-1- ( 2 ) ,87-2- ( 2 ) ,

87-71-( 3) , 87-70- ( 3 ) , 87-8-(l), 87-2-(l), 87- ll-(2), 87-9-(4),

87 — 71— (2) , 87 — 71- ( 2 ) , 87-2-(3), 87-9-(3), 87-4-(l), 87-71- (5),

87-71- (1) , 87-10- ( 4 ) , 87-ll-(l) , 87-4-(3), Hay Slip, SanMarzan,

HXB-ZENTTH , HTB-NEMAPEEL, MHUF-6203, DR-2- ( Sindh ) , ROMA (1989)

the fifth group (E) was Tiny Tim.Money maker, and in

Frequency-wise cluster analysis (table 24) shows 2 varieties in

group A, 2 (B), 1 (C), 59 (D) and 1 in (E), respectively.

The population distribution of H. armigera Hb. that is, the

number of eggs and larvae per plant and percent fruitave rage

infestation are shown in table 23. The results indicate that the

highest number of eggs deposited by the H. armigera Hb. females was

observed on the cu ltivar/ line 87-70(4) which was 1.99 eggs/plant,

while the lowest number was 0.16 eggs/plant observed on cultivar

Money Maker. Similarly, the highest and lowest number of larvae

per plant were observed, on the tomato cultivars Tanja and Nema-1401

numbering to 0.78 and 0.127 larvae per plant respectively. While

the percent fruit infestation data reveals that the highest percent

infestation was recorded on tomato cultivar Big Long (75.63%) and

the lowest on Tiny Tim (20.09%).

Similar to the results of present study, when Ferry and

(1974) evaluated a collection of 1,030 accessions ofGuthbert
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tomato cultivars and assumed cultivars for resistance to the H. zea

found that although no cultivar was immune, however, significant

differences in the dgree of susceptibility were observed. The most

resistant cultivar, Tiny Tim was 83.1 and 57.6% less damaged than

the susceptible and resistant controls respectively. Cosenza and

Green (1979) observed under field conditions the leaves of breeding

line ' Entry 38 of tomato less suitable for Larval feeding of H.

zea than were the leaves of cultivars "Campbell-20" and "Chico

III". Similarly Lai (1985) tested 28 tomato cultivars for resistant

against H. armigera and found highly appreciable differences in the

percent infestation levels between the susceptible and resistant

cultivars. Similarly there are many studies of resistance of other

crops such as chickpea and cotton against H. armigera reported in

literature for example (Lateef, 1985; Bhat and Jayaswal, 1988;

Ujagir and Khare, 1988; Alinuckhamedov and Shvetsova, 1988;

Srivastava and Srivastova, 1990; Chhabra et aj., 1990; Ferry and

Guthberz, 1973; Farrar and Kennedy, 1987).

Table 25 depicts physical and chemical leafthe

characteristics of different tomato cultivars in relation to H.

armigera Hb . larval populations and percent fruit damage. Table 26

depicts regression analysis of correlation between chemical

characteristics of tomato varieties and H. armigera Hb. infestation

from the data given in table 25. Step-wise model was fitted, the

correlation between infestation and larvae per plant gave negative

dependance (-0.3251) with poor correlation coefficient (-0.2558).
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Physical and chemical leaf characteristics of different tomato oultivars in relation to II.

armigera Mb. larval populations and percent fruit damage.

Table 25.

Fe Mn Cu Reducing Ascorbic

acid

Tr ichome ZnLarvae/ X fruit

plant daiage.

S. Mo . Name of

var i ety Density/ Length
2

(am) (nrn)

sugar

50.69 890.07 83.62 37.61 1.5219 20.4 22PADAHO

CHICO III

ffTOGRO

BIG LONG

CONDOR

NFHA 1401

U.C. -90-VF

R0KA.VF.

U.C.82 0AVIS 0.435

TANJA

U.C. 105 J

V.F.6339 MY 0.540

RIOGRANDE

NOVAHEOt

ROMA LOCAL

87-70(6)

87-1 (1)

07-70- (5)

8/ 5 (4)

87-0(2)

87-7 I - ( 5 )

87-5- ( 1 )

07-11(3)

87-3-(2)

87-9(2)

8/9(1)

87-9- (1)

07-4- (2)

87-70- (4)

87-6(1)

87-70(2)

87-5-(2)

87-2-(2)

87-2-(2)

871(2)

87-11(2)

07-70- ( J )

07-3(1)

87-10-(2 )

07-71-(3)

0.275 34.78l .
35.83 1298.54 224.63 37.61 1.49 2116 17-850.225 58.032

33.15 36.53 1240.11 97.06 42.59 1.5563.35 22 230.2923.

17.05 61.46 1601.11 143.54 49.39 1.516 230.202 75.63 124.

16.58 37.95 1340.97 95.92 40.03 1.426 210.305 58.30 205.

25.21 925.37 04.53 35.000. 127 64.47 9 20.4 1.39 206.

23.00 1308.62 107.770.335 62.50 19 17.05 23.56 1.408 217.

04.5320.4 23.51 1240.11 25.83 1.3900.205 60.20 26 218.

74.11 20 16.50 41.63 1096.02 79.52 32.62 1.5019. 23

21.60 31.58 511.85 66.3010. 0. 70 62.63 23 34.44 1.666 24

22.950.350 54.85 17 25.21 965. 71 66.12 26.73

31.26

1.52311. 23

46.42 19.13 20.60 960.04 77.2412- 19 1.531 22

16 20.4 36.53 1283.41 162.4513. 0.302 59.03 33.08 1.502 21

0.4/3 64.97 15 16.58 25.91 1651.54 164.73 36.2514. 1.621 23

15.3 29.45 794.25 M.3115. 0.420 40.09 17 29.45 1.451 22

16. 0.630 56.52 16 15.3 36.82 995.97 93.42 31.26 1.671 23

51.65

59.93

21.68 26.62 552.19 40.30 22.20 1.43017. 0 490 10 21

0. 515 24 22.95 64.85 970. 75 09.09 35.80 1.376

1.632

10. 20

0.690 69.72 12.75 35.40 637.92 50.56 28.55 2419. 34

17.05 37.95 1116.990 657 40.04 24 96.61 30.51 1.570 2320.

24 17.05 26.34 1036.31 126.00 20.55 1.5521 0.390 60.47 22

15.3 1006.7422 0.483 70.11 27 30.02 112. 70 26. 73 1.516 23

14.030.417 22 32.29 915.20 72.23 26.28 1.475 2223 50.05

17.85 32.71 1300.62 126.22 40.33 1.490.417 59.83 15 2224 .

56.09 14.50 47.15 1273.32 123.72 43.95 1.43525. 0.525 10 21

17.25 28.04 864.050.430 46.03 29 86.12 40.33 1.398 2026.

12.75 23.79 940.4951.50 210.610 98.66 29.90 1.521 2227.

56.26 21 17.85 25.49 1318. 71 120.73 40.03 1.654 2420. 0.420

39 15.3 34.03 1449.02 26.73 1.513 2361.130.505 94.1029.

23 23.1144.20 15.3 22.37 1096.82 79.29 1.480 220.50030.

0.447 60.17 13 16.50 30.87 854.77 03.16 33.08 1.542 2331.

50.47 20 16.58 19.82 009.88 95.47 31.26 1.051 2032. 0.535

19 15.3 29.34 931.5356.96 00.56 35.75 1.391 200.41033

19 17.2567.13 32.43 852.92 76.53 31.33 1.521 2234. 0.410

23 15.3 51.54 1405.12 42.140.473 37.90 116.08 1.541 2335.

20.445.94 18 49.99 095.110.660 78. 15 31.26 1.502 2136.

30 22.95 35.2662.02 650.09 100.45 43.04 1.405 2037 0.532

17.B5 42.3360.95 21 706.32 102.35 29.43 1.583 220.44030.

17.0532 56.3640.44 1071.61 153.34 35.00 1.6200.55039.

17.0521 52.1163.09 1409.40 148. 78 36.70 1.675 240.59040.

1
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Table 25- Contlnued.

Rcduc i nr;Fr ichome Zn Fc (JU A?,a)rl)irLarvae/ X fruit

plant damage.

HiS.No. Name of

variety Density/ Length

(nn)ÿ (nm)

«ic idsugar

1041.3535.83 99 11

117.43

41. 87-70 (3) 0.570

47. 87-0 (1) 0.575

43. R7 2 (1)

44. 07 Il-(?) 0.838

45. B7 9 (4)

48. R7-7 l - (7 ) 0.540

47. 87-71 (?) 0.500

48 87-4 (3)

49. M 7-7 (3) 0.4/5

50. 07-9 (3)

51 . 07-4 ( I )

57. 0/71 ('0 0.535

M. 0/71(1) 0 I 3

54 . 07 HI (4 ) 0 40/

55. 07 11 (1) 0.410

58 . liny Tim

57. May Si ip 0.795

58. Sarmarjran 0.390

59. >fXn-7rNTlll 0 405

00. HTB NEMAPEEL 0. 4 73

61. HUJF -6203 0.370

87. DR 2 (Sindh) 0.457

03. NEKA UD

04. r»MA (1989) 0.GO5

65. Money rioter 0.758

74 . 72 20.4

15.3

79.00 1.401 7117

49.53 906.55 47.4443 1.37967.1.1 70

1338.88 67.9816 17.85 36.22 203.46 1.47673.74 710.400

1070.65 4(1. 3320.5 67.69 173. 72 1.4? 7159.30 2?

970.75 116.88 1.50625.5 49.28 35.00 770.482 70.15 9

1147.2

1096.82

37 . 6721-76 22.09 119. IG 1.36770.33 7126

33.70 87.2668.47 21.76 31 .26 1.616 2430

15.3 1046.39 94 . 10 33. 53 1.4760.460 37 36.53 776. 79

19.5417.85 975. 79 96 . 38 11.98 1.490211 7769. 19

930.41 171 44O 402 15.3 42.20 in.81 1 . 574 7358.73 54

17.85 874.94 170 700.502 50.69 N>.76 7360.57 79 1 . 55

70.4 17.79 1364 .09 10/ tl \ . 41)019 511. 75 7765.70

15.3 1788.45 !3‘l (»/ 1 . 57.143 36.53 4 l 95 7133.00

J4.7 1490. 17 «l.0130 30.87 119 Mi 1 .36754 . 46 7(1

12.75 5 7.77 1475-04 i:vi»747.6 7 37 1 IM. 115 I . 3915 VU

17.05 66.77 1459.91 5H . 450.1,00 26.82 3/ 185.74 J .3/8 70

55 22.3758.87 19.13 1343.92 119.16 50.79 1.G7? 74

24.73 1106.9)70.71 31 52.11 100 93 13.95 l .508 77

59.1958.5? 14.03 1798.54 1 I? 133/ 5 1.4/ I . 39/ 711

39.3758.60 78.05 773.65 71.3126 30. 3fi 731.655

17.85 37.95 137.3917 1243.07 33.53 7?46. 1 1 1 .574

19.35 59.19 1404.44 7147.79 74 119.16 41 .06 l . 400

77.6034.99 I7.85 1570.42 160 l 7 41 .86 1.176 ?!0 393 39

40 . 7812.75 1641.45 148. 78 1 .51641 .86 7351.82 31

15.3 1490.24 41 .06 7053.47 31 4 7.86 130 55 1 . 504
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Regreaaion analysis of correlation between chemical characteristics
of varieties and H. armloera Kbo Infestation of the data given in
table 25.

Table 26.

Y = a + bX

0.2558 3=12.1608 F= 4.411n =65Infest = 64.747 0.32511arvae r=

0.0893 S=0. 6752 F= 0.507n=65Yield = 1.4648 + 0.48041arvae r=

0.6705 s=0. 277 F=10. 57Yield = 1.4809 + 0.0036infest n =65 r=

1.5494E-04 f e + 0.0279vitcO.OlOOtl + 0.0028znLarva = 0.1061

8=0.1121 F=4 . 912r=0 .4967n=65

Variable not included in the equation due to no correlation are Trichome density,
Manganese, Copper and Glucose.
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Similar results were obtained for correlation between yield and

number of larvae per plant (b=

improvement in the correlation between yield and fruit infestation

There is some0.4804, r=0 . 0093 ) .

( b=0.0036, r=0.6705). The stepwise model on thepercent

correlation between larval population and chemical/physica1

parameters gave negative dependendance on trichome length

(-0.0100), and iron content ( -1.5494E-04 ) and positive dependance

on zinc (0.0020) and vitamin c (0.0279). Variables not included in

the equation due to no correlation,

manganese, copper and glucoseiTab'e 26) .

are Trichome density,

Trichome study

Studies on the leaf characteristics of different tomato

cultivars shown in table 25 indicate the density and length of

trichomes. There were clear differences among the different

cultivars. The highest trichome density was found in cultivar Hay

Slip and the lowest in Nema 1401. While the highest average and the

lowest average trichome length was found in HTB-Nemapeel 26 and

Roma (1989), 87-11(1) and 87-9-(l) cultivars measuring to 28.05 and

microns respectively. Trichomes of all the cultivars/lines12 .75

under study were non-glandular in nature.

Trichomes play important role in defence of plants against

herbivorous insects. Tomato varieties resistant to insects are some

times endowed with trichomes which cantain toxic chemicals such as
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2-tr idecanone and 2-undecanone in those glands having antibiotic

growth inhibiting effects on insects feeding upon that plant tissue

{kennedy et a_l, 1985; Farrar and Kennedy, 1988).

The results of chemical analysis of foliage of different

cultivars/lines of tomato are shown in table 25 reveal negative

dependence on iron ( -1.5494E-04 ) and positive dependence on Zinc

(0.0028) and ascorbicacid (0.0279) respectively. Kashyab and Verma

(1984a) evaluated some morphological and biochemical plant

characters in relation to susceptibility of tomato to H. armigera

and found that the reducing sugars in tomato fruits were

positively correlated, while zinc, and iron content in foliage and

ascorbic acid content in fruit were negatively correlated with

Hb.

Heliothis inf estation C Table 2G )

Effect of different tomato cultivars on biology of H. armigera

is given in table 27. which shows the larval and pupal duration,

adult longevity and duration of life-cycle. The results indicate

the longest duration of life-cycle of 38.00 days was observed on

cul tivar/ line UC-90-VF and 87-8(2) while the shortest one of 29.50

days on 87-10(4). While the shortest and longest larval durations

were observed on cultivars Big Long and Tiny Tim with 12.0

18.5 days respectively.

and

Enormous differences were found in average larval and pupal

weight of H. armigera Hb . larvae and pupae developing on different
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tomato cultivars/lines in the present study. The study indicates

that the highest larval weight was found on cultivar Nema-1-401

(494.5 mg) and the lowest on Tiny Tim (110.0 mg). While the

heaviest pupa weighing 320.5 mg (av.wt) was found on Big Long and

the lightest pupa weighing 116.5 mg on 87-4-(3) cultivar/line of

However, the larval survival did not differ very greatly

and it ranged between 10-30% on different cultivars/lines.

tomato .

Cluster analysis of the data in table 27 gave five clusters

namely A, B, C, D and E (Table 28). Cluster A had two varieties

TANJA and U.C.105J. Cluster B had four varieties comprising of

87-2- ( 2 ) , V.F.6339 HY, 87-71-(2) and 87-9-(4). Cluster C had 54

varieties which include 87-10-(4), 87-ll-(l), 87-ll-(2), 87-2~(l),

87-2-(3) , 87-4- (1) , 87-4- ( 3 ) , 87-70-(3), 87-71- ( 1 ) , 87-71-( 2 ) ,

87— 71-( 5) , 8-(l), 87-9-(3), DR-2-( Sindh ) , Hay Slip,87-

HTB-NEMAPEEL, HXB-ZENTTH, MHUF-6203, Money maker, NEMA-UD, ROMA

(1989), SanMarzan, 87-10-(2), 87-11(3), 87-ll-(2), 07-1- (1 ) ,

87-1- ( 2 ) , 87-3- ( 1) , 87-3- ( 2 ) , 87-4 (2), 87-5(4), 87-5-(l), 87-6-(l),

87-70(1)., 87-70(2), 87-70-(4), 87-70-(6), 87-70— (5), 87-71(5),

8(2), 87-9- (1) , 87-9- ( 2 ) , BIG LONG, CHICO III,87-71- ( 3 ) , 87-

CONDOR, NEMA-1401, NOVAMECH, PADANO, PETOGRO, R I OGRANDE , ROMA

U.C.-82 DAVIS and U.C.-90- VF. Group D had three

varieties namely, 87-5-(2), 87-5-(2) and 87— 9— (1) .

LOCAL, ROMA.VF,

Finally group

E had only one Tiny Tim variety.
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Biology of H. armiqera Mb. on different cuLtivars of tomato under

laboratory conditions.
Table 27.

I t> I ' 1 ir> I l' r

fil nun
Duration of _WelgM (mu)

i“np il
Adult

1 ongc v \ l.y

HupJ 1

duration

X !»u r v i v .) I I

nfu M I .i<| •

Larva)

duration
S.No, Variety

life cycle Larval

20 r.220 . 0
207.5
211.0
341.0
185. 5
494 . 5
203.0
141.0

160.5
115.5
150.5
311.5
173.5
221.0
162.0
195.0
127.0
204 . 5

176.0
180.0
155.5
173.0
165 . 5
173.5
239.5
194.5
112.0
145 . 5
221.5
153.0

167.5
173.0
213.5
183. 5
102 . 0
100 . 0

195.0
218.5
160.5
193.0

7.0 33.00
33.00
35.00
32 . 00

35 . 00

34 .50

30.00
31.00
35.00
33.00
34 . 50
32.00
33.50
31.50
34 . 50
33.50
33.50
35.00
30 . 50
38.00
33.00
36. 50

35 . 50
34 . 50
30 . 00
35.00
33.50
33.00
35.00
34 . 00
35 . 00
35 . 00
33.50
30 . 50
33.00
35 . 00

34.50
36.00
36.00
36.50

1 63 . n
i r> r. s
111/.!)

.321) . 5
100.6
19H 0

? in . u
14? o
18f.O
126.0
161.0
312.0
165 0
160.0

1 5 / . 5

105.0
120.5
10f' 5
174 0
148 5
10] 0
16 5 5
156.0

12.0
12.0
13.0
14.0
14.0

12.0
14.0
11.0
13.0
12.0
12.0
10.0
12.0
10.0
13.0

12.0
12.0
14 . 0
10.0
14.0
11.0
13.0
12.0
12.0
10.0

12.0
13.0
1? .C
13.0
10.0
10 . 0
li .0
10.0
10 . 0
10 . 0

13.0
12.0
13.0
13.0

14.0

14.0
15.0
15.0
12.0
15.0
15 . 5
16.0
13.0

PA DA NO

CHICO III
PI mono
BIG LONG
CONDON
Nl HA - 140 I
u c. 90 vr
ROMA . VF

U. C . *02 0AVIS 15.0
T ANJA
U.C. 10 5J
V . F . 6339 HV

R lOGNANOE
NOVAKECH
ROMA LOCAL
0 7- 70- (6)

07- l - ( 1 )

07- 70 --(5)

87-5(4)

07-0(2)

07-71(5)

87-5(1)

07-11(3)

87-3 (?)

07-9- (2)

07-9(1)

8 7 - 9 - ( 1 )

07-4(2)

0 7- 70 ( 4 )

07-6(1)

07-70(2)

07-5(2)

07-5-(2)

0 7 - 2 - ( 2 )

07- 1(2)

87-11-C?)

87-70(1)

0 7 - 3 - ( 1 )

07- 10 - ( 2 )

07-71(3)

1 .
20 (6.02 .
20 (7.03 .

C156.04 .
Cin6.05.
r.207.06 .
C150.07 .
C157.00 .
C207.09 .

10 A15.0
15.5
15.0
14.5
14 . 5
15 . 5
14 . 5
15.5
14.0

14.5
15.0
14.0

15.5
16 . 5
16.5
13.0
16.0
15.5
14.0
15 . 0
17.0

17.0
16.0
16.5
13.5
15.0

16.0
16.5
16.0

16.0
16.5

6.010 .
10 A7.01 1
10 87.012.

C157.013 .
15 C7 . 01 4 .

6 . 0 15 C15 .

C7.0 1516.
6.0 15 C17.
7 . 0 C10 . 10
6 . 0 r19. 20
9.0 C20 . 20

15 C21 . 0.0
15 C0.02? .
15 C7.023 .

6.0 15/ 6 20 C24

C252 0

213 5
122 5
145. 5
230 . 0
160.5

186 5

162.5
192 0

160 0

2 10.0
103.5
209.0
243 . 5
179.0
1 79 . 0

157.025
10 D7.026 .

r.6.0 1027 .

C15? n . 7 . 0
15 C29 . 7 . 0
157.030 .

r2031 . 8 . 0
0.0 10 032 .

10 07.033 .
a107 . 034 .
c1535. 0 . 0
c106.036 .
C156.037 .
C157.038 .
C157 . 039 .
C6.0 1040 .
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Table 27. Continued.

Duration of _ Weight (mg)

life cycle Larval
Adu 11

1ongev i ty
X Survival to flutter
adult stag#'. Group

Larval
duration

Pupa 1

du r a t ion
S . No . Variety

Pupa I

35.00
34.00
33.00
34.50
34. 50
31.50
30 . 50
33.50
35.00
32 . 50

34.00
34.00
34.00
29.50
36.00
36.50

33.50
34.00
35.00
31.00
35 . 00
35.50
36 . 50
35 . 50
31.50

250 . 0
250.0
183.0
153.0
173.0
151 .5
108. 0
110.0
205 . 5
143.0

117.5
150 . 0
191 . 5

202.0
146 . 0
110.0
150.0
130.0
W6.5
140.0
177.0
190.0
140.0
162.0
19 1 .0

7.0 194.5
240 . 5
132.5
153 6

159.5
149.5
I 4 ;

116.6
153.0
146.0
1 20 6

14 6.0
217.0
2 12.0
116.6
110.6

166.U
136.6
166.0

f 4 9 .
160.0
193.6
131 . 6

169 . 0

204 . 6

1907-7O-C3)
87-0(1)

8 7 - 2 - ( 1 )

87- 1 1 - ( 2 )

87-9- (4)

07-71(2)

07- 71 - (2)

87 -4 - ( 3)

07-2(3)
07-9-(3)

07-4(1)

0 7 71 - ( 5 )

0 7 - 7 1 - ( 1)

87- 10- (4)

07- 1 l-{ 1)

Tiny T i in

Hay Slip

Sanma r zan
HXO-ZENTTH
HTB-NEMAPELl
MHlir 6203
DR 2 -(Sindh)

NEMA -UD
ROMA ( 1909 )

Money maker

17.0
16.5

16.5
15.5
15.5
14 . 5
12.5
13. 5
16.0
14.5

16. 5
15 . 5
15.0
12.5
18 . 0

18.5
16.5
17.0
10.0
15 . 0
16 . 0
17.5
16.5
17.5
15 . 5

11.0
11.0
10.0
12. C
12.0
11.0
1 ! .0
12.0
10 . 0
10 . 0
10 . 0

12.0
12.0
11.0
12.0
12.0
1 l .0

10.0
10 . 0
10.0
11.0
11.0
12.0
12.0
10.0

4 1 .
7.0 1542 .

20 C7.043 .
15 r:7.044 .

7.0 15 H45 .
10 R6.046 .
10 C7.0•1 7 .

C150.048 .

C159.049 .
I 5 C8.050 .
15 r:8 . 06 1 .

15 C7.062 .
C207.053 .

15 C6.054 .
C156.055 .
i306.066 .
C6.0 2067 .

7.0 20 C58.
7.0 20 C59 .

f1 56.060.
15 C8.0G l ,

C208 . 062 .
1 5 C63. 0.0

6.0 2064 .
15 r6.0r> 5 .
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Table 28. Cluster analysis of data given in table 27.

Cluster PercentageFrequency

2 3 . 08A

4 6.15B

55C 84 . 62

3 4 . 62D

1 I . 6 3E
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Table 29 indicates the effect of resistant and susceptible

cultivars/lines on some biological parameters of H.

armigera Hb. The results reveal that there was significant

difference in larval and pupal period of H. armigera Hb . on two

cultivars of tomato, one being resistant and the other one

tomato

However, the larval and pupal duration, adultsusceptible.

longevity and average fecundity of females of H. armigera Hb.

developing on different cultivars of tomato differing in their

resistance indicate that the differences in between means of above

parameters were statistically non-significant.

The results of effect of crude extract of resistant tomato

cultivar, Tiny Tim on larval mortality of H. arm igera Hb . are shown

in table 30 which indicate that there was significant effect of

antibiotic chemicals on larval mortality compared with control. The

larval mortality remained non-significant upto 48 hours, however,

singnificant antibiotic impact was noted after 72 hours. The

symptoms of phytochemicals poisoning observed in the treated

larvae were inhibition of food consumption, morbid movements and

sluggishness .

In the present studies appreciable differences were found in

different biological parameters of H. armigera Hb . developing on

different tomato cultivars/lines, such as larval and pupal period

which is an important factor from the point of view of damage and

insect pest managements that due to growth inhibition it will be
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Effect of resistant and susceptible tomato cultivars on some
biological parameters of H. aimiqera Hb.

Table 29.

Tiny Tin
Resistant

Big bong
Susceptible

T ValueParameter

Larval weight after 15 days (g)

Pupal weight after 7 days (g)

Larval duration (days)

PUpal duration (days)

Adult longevity (days)

Duration of life cycle (days)

Mean Fecundity per female

0.173 a 0.288 b 0.588

0.139 a 0.216 b 0.06414

18.83+2.7 18.97+3 -1.771

9.33+1.67 9.14+2.2 -0.0841

11.09 9.71 0.407

38.59 37.82 0.953

75.50 71.25 4.872

*Twotailed T test at 0.05 level.

:
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Table 30. Effect of crude extract (in Hexane) of resistant tomato
cultivars on larval mortality of H. armiqera Hb. at

different time intervals.

Mortality afterMediumExtract
(CV)

Trea Linen I.
48 hrs(CV) 24 hrs 72 hrs

4.53 be
(20.00%)

6.155 b
(37.30%)

8.283 a
(68.11%)

Tiny Tim Big LongFruit
extract

Tiny Tim Big Long 3.575 b
(12.28%)

4.79 be
(22.44%)

8.423 a
(70.451)

Leaves
extract

Big Long 4.445 b
(19.26%)

Contro l 4.53 be
(20.00%)

Hexane 4.980 be
(24 . 38%)

LSD 5 % 1.735:

(* Means are transformed values).
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exposed to other mortality factors for longer periods of time for

example to pesticides and may be more susceptible to the effect of

pesticides because toxicity of insecticides is almost inversely

proportional to body weight of animal; smaller larvae are more

susceptible than larger larvae of same species to insecticide

probably due to larger amounts of detoxification enzymes present in

larger insects.

There are different al lelochemica Is present in tomato foliage

and unripe fruits which cause mortality in early instar larvae and

growth inhibition of insects feeding upon tomato plants. Isman and

Duffey (1982) fed semi-purified extracts of phenolics from foliage

of tomato to H. armigera Hb. in artificial diet and found

inhibition in larval growth. When second instar larvae were reared

on excised leaflets from several cultivars of field grown tomatoes,

significant differences in larval growth between cultivars were

obtained. Similarly, differences in larval and pupal weight gain

were observed in the present studies when H. armigera Hb . larvae

were raised on different cultivars/lines of tomato (Table 29).

These differences may be due to presence of different

al lelochemicals in tomato for example chlorogenic acid, rutin,

alpha-tomatine, beta-caryophy1lene , alpha-humulene , 2-Tridecanone ,

2-undecanone , aldaric acid (Isman and Duffey 1982 a, b, Waiss et

al, 1981; Farrar and Kennedy, 1990).
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The dietary concentrations of chlorogenic acid and rutin upto

1% wet weight had no adverse effect on feeding rate, digestibility

and dietary utilization of food or weight gain when led to third or

Early instar larvae (neonate and second

instar) were sensitive to toxicosis from rutin, whereas later

fifth instar larvae.

stages (3-5th instars) were not and toxicity could be overcome

within 48 hrs (Isman and Duffey, 1902 b) . Similarly, Farrar and

Kennedy (1990) observed alpha-tomatine caused small buta

statistically significant increase in mortality in larval and pupal

stage. Significant effects of alpha-tomatine concentrations on

insect growth were found; 0.08% alpha-tomatine caused a 47%

reduction in size at 10 days compared to the control. Pupal weights

of insects on the low rate were only 4.6% than those on control.

Similarly, larval developmental time was also increased. In the

present study significant higher mortality was recorded when H.

a rmigera larvae were fed on a plant foliage sprayed with the crude

extract from a relatively resistant tomato cultivnr, Tiny Tim

compared with control which indicates presence of some

allelochemicals in this cultivar. (Table 30). Kashyab and Verma

(1904b) studied the development and survival of H. armigera Hb . on

six tomato genotypes differing in resistance and found variation in

developmental times, larval and pupal period and larval survival.

There are a number of studies where insect development and

other biological paramters are adversely affected due to feeding on

crop plant varieties containing different allelochemicals which are
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antibiotic in action against those phytophagous insects for example

(Schreiber et a_l. 1968; Shaver and Lukefahr, 1971; Reed et al 1972;

1990; Mullirs and Pieters 1982; Sondheimer,Kashyap and Dhindsa,

1988; Hedin et al. 1992; Wiseman and Windstorm, 1992).

Significantly higher fruit damage was caused by H. armiqera

Hb. larvae feeding on tomato fruits of susceptible cultivar, Dig

Long as compared with the resistant one in free choice and

non-choice tests (Table 31).

Similar results were obtained by Cosena and Green (1979) when

under field conditions significantly fewer larvae of H. zea

penetrated fruits of the breeding line 'Entry 38' than those of the

cultivars 'Campbell-28' and 'Chico III’ indicating that the

principal source of resistnce was in or near the fruit skin. The

fruits of the breeding line 'Entry 38' exhibited a significant

degree of antixenosis compared with the fruit of other cultivars

when choice was given to larvae between fruit under laboratory

conditions. It is reported that alpha-tomatine (a glycoalkaloid) is

found in leaf lamellae and unripe fruit of tomatoes (Jurik and

Stevens, 1982) which might cause antixenosis and reduce fruit

damage as has been observed in the present studies. Alpha-tomatine

has also been reported to inhibit growth and reduce larval weight

in insects feeding upon diet containing alpha-tomatine (Elliger et

al 1981; Farrar and Kennedy, 1990).
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Table 31. Relative fruit damage of resistant and susceptible tomato
cultivars by H. armigera Hb. under lab. conditions.

Tiny Tin
Resistant

Big Long
Susceptible

Percent Fruit
damage at

LSD 5%Test

1 day 6.67 a 11.67 bFree Choice 4 . 910

2nd day 16.67 b10.00 a

5th day 10.00 a 16.67 b

No Choice 1 day 17.19 a 31.25 b 11 .07

2nd day 29.69 a 43.75 b

3rd day 34.38 a 40.44 b

5 th day 45.31 a 70.31 b
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Insecticides vs cultivara performance of H. armigera Hb.

infestation

The data shown in table 32 reveals the results of the

integration of Bt with different cul tivars/1i nes of tomato

differing in their resistance against H. armiget a Hb. The tomato

cultivar, Tiny Tim is a resistant cultivar and its integration with

Bt had minimum perceent fruit infestation, it was followed by

accession 87-11(1) also a comparatively resistant, line, while the

maximum percent fruit infestation was recorded on the most

susceptible cultivar, Big Long. There was significant effect of

schedule) inbetween resistant and(sprayspray frequency

susceptible varieties on percent fruit infestation.

There was no significant difference in percent mortality of H.

armigera larvae feeding upon Bt treated foliage of different

cul t.ivars/lines (Table 33). Therefore, another test was performed

in which only the resistant cultivar, Tiny Tim was used. Residual

toxicity of Bt was tested at different time intervals after spray

and it was found that Bt was most toxic when freshly applied on

tomato foliage and 48 hrs time was required to show its toxic

effect. Spray residue aged 72 hrs was less toxic than 0 hr and it

was more toxic than one week (Table 34).

At all the time intervals fenvalerate was better than Bt in

larval population suppression of H. armigera . Both insecticides

were more effective at 5 and 10 days interval. Also both
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Performance of insecticide (Thuricide) and host plant on percent
tanato fruit infestation by H. armigera Hb. under field conditions.

(percent fruit damage)

Table 32.

Varieties Spray frequencies
3 S 4 S 5 S 6 S

Tiny Tim-R 3.430 a 2.295 a 3.650 a 2.327 a

87-ll(l)-R 4.795 ab 7.680 abc 6.025 ab 4.005 a

Big Long-S 16.292 ef 29.007 f 15.08 cd 15.898 d

87-70-( 3)-S 18.73 de 18.678 de 14.523 cd 12.978 bed

L.S.D.5% = 8.193

1
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Performance of insecticide (Thuricide) and host plant against H.
armigera Hb. larvae under Laboratory conditions.

Table 33.

(Observation recorded after 72 hrs)

X larval mortality % larval mortalityVarieties

( 70.36 )Tiny Tim - R 8.418

( 68.67 )87-11(1) - R 8.317

( 66.91 )Big Long - S 8.480

87-70-(3)— S 7.912 ( 62.10 )

L.S.D.5% = 2.215
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Performance of insecticide (Thuricide) and host plant on percent
larval mortality of H. armigera Hb. on resistant variety under
Laboratory conditions.

Table 34 .

Release
interval

Observation Frequency
24 flours 48 hours 72 hours

6.357 (39.91%) 9.577 (91.22%) 10.02. (100%)0 Hours
:

bod de e

3.207 (9.78%) 7.65 (58.02%)72 Hours 10.02 (100%)
ab ode e

1 Week 2.177 (4.24%) 3.88 (14.55%) 4.673 (21.34%)
ab abca

L.S.D.5% = 3.329

Mean values transformed by x + 0.5 where x stands for percent mortality.
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insecticides were most toxic and effective when integrated with the

most resistant tomato cultivar. Tiny Tim compared to other

cultivars/lines (Table 35). There was no significant differences

in between varieties on percent larval mortality of H. armigera

Hb. following release after spray at three intervals (Table 36)

however, maximum mortality was seen after 0 hours release in all

varieties treated with Thuricide and Fevalerate. Both the products

gradually lost their effectiveness after one week. On pooled data

basis of three post larval release intervals, the percent larval

mortality in the most resistant variety, Tiny Tim was, Thuricide

(47.11%) Fenvalerate (41.66%) arid control (24.99%) whereas, in the

Big Long (The most susceptible variety), Thuricide (30,88%),

Fenvalerate (38,89%) and control (24.99%), respectively.

therefore, concluded that integration of plant resistance and

insecticide application will bear complementry effects against the

It is,

target insects.

The development of resistant varieties/cul tivars has been

considered as an ideal method of controlling insects (Lungibill,

1969). Crop cultivars resistant to one or more arthropods pests of

agricultural importance constitute a valuable tool for crop

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

Resistant varieties/cultivars ideally should provide complete and

permanant control of the major crop pests. However, such high

levels of resitance are present in only a few crop varieties. High

resistance also has the disadvantage occasionally of providing high
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Effect of inset tlcideo and host plant on larval population of
H. armlaera Hfr • under field conditions.

Table 35.

Big Long-S 87-11(1>R I fny T Im-R87-70(3)-$Treatment Interval

Thuricide 5 days 0.165 IJk 0.165 f Jk 0.165 IJk 0.165 IJk

10 days 0.665 defghlj 0.417 fghljk 0.582 efghljk 0.582 efghljk

15 days 0.667 defghlj 0.497 efghljk 0.917 abcdefg 0.752 cdefghl

Fenvalerate 5 days 0.000 k 0.165 f jk 0.082 Jk 0.000 k

10 days 0.247 hi Jk 0.165 IJk 0.332 ghljk 0.332 ghljk

15 days 0.582 efghljk 0.585 efghljk 0.665 defghlj 0.415 fghljk

Control 5 days 1.085 abode 1.418 ab 1.418 ab 1.000 abode f

10 days 1.500 1.498 a 1.082 abode 1.332 abe

15 days 1.667 abed 0.585 efghljk 0.832 bcdefgh 1.000 abedef

L.S.D. 5% 0.3434
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Performance of insecticides and various tanato varieties on percent
larval mortality of Heliothis armiqera Hb. (Laboratoy experiment).

Table 36.

87-11(1)-R Tinny Tim-RTreatment Interval 87-70 ( 3)-S Big Long-S

Thuricide 58.33 ab 50.00 abc 58.00 ab0 hour 58.33 ab

50.00 abc 58.33 abc72 hour 41.67 abed 66.67 ab

8.33 abone week 41.67 a 16.67 ab 16.67 ab

58.33 ab0 hour 33.33 abedFenvalerate 75.00 a 33.33 abed

72 hour 33.33 abed 41.67 abed 75.00 a 58.33 abc

one week 16.67 ab 16.67 ab 25.00 ab 33.33 ab

0 hour 25.00 bodControl 33.33 ab 16.66 be 16.66 bod

72 hour 41.67 abed 33.33 abed 41.67 abed 33.33 abed

one week 0.00 b 8.33 ab 33.33 ab 25.00 ab

FOr 0 hour release, L.S.D. 5%
For 72 hour release, L.S.D. 5%
For one week release, L.S.D. 5%

13.39
14.16
27.25
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selection pressure resulting in the development of biotyes capable

of feeding on the resistant varieties (Maxwell, 1982).

The resistant varieties, even those with low and moderate

levels of resistance, offer a number of advantages to an integrated

One of the frequently cited advantage of using

such resistant cultivars in pest management schemes is their

putative compatibility with most other pest management practices

(Kogan, 1975; Bergman and Tingey, 1979; Adkisson and Dyck, 1980,

Maxwell, 1982; Kennedy, 1984). It has long been known that the host

plants when fed upon by certain phytophagous arthropods can alter

their susceptibility to insecticides (Richardson and Casanges,

1942; Potter and Gillham, 1957; Selander et al, 1972, Dahms, 1972;

control system.

Wieb and Roddiffe, 1973; Yu et al , 1979; Berry et al, 1980, Baily

et al, 1980; Buntin et al, 1992).

In the present studies, H. armigera Hb. larval infestation of

tomato fruits was minimum on a resitant cultivar, Tiny Tim and the

efficacy of insecticides in reducing larval population was also

maximum on this cultivar, which indicates that integration of

insecticides with host plant resistance was synergistical ly

enhancing the effectiveness in population and damage suppression of

H. armigera on tomato. Schuster and Anderson (1976) reported that

Frego bract (resistant cotton cultivar) increased insecticidal

efficacy for the control of Heliothis spp . Baily et al. (1980)

observed that insect resistant cultivars can be an economic
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substitute for some pesticide use and combinations of resistance

characteristics could result in a significant reduction in the use

of pesticides.

On the other hand al lelochemicals present in resistance crop

plant may some time interact negatively and enhance the tolerance

of insect pest against pesticide for example, Kennedy (1984)

reported regarding the incompatibility of using tomato cultivars

having 2- tridecanone mediated insect resistance to induce an

enhanced level of tolerance to the carbamate insecticide carbaryl

in H. zea.

Apart from chemical control, host plant resistance can impact

biological control mechanism and that a combination of the two

techniques could result in a more efficient management of insect

pests, for example, Pair et al (1986) found establishment of fall

armyworm, Spodaptera f rugiperda (J.E. Smith) larvae was

significantly lower on resistant Antigua 2D-118 and Poineer X 304C

than upon susceptible ' Cacahuac intle Xs ’ and 'Poineer 33691* corn

Although 'Pioneer x304C* and 'Antigua 2D-118’ hadlines .

significantly fewar larvae in post-infestation counts, rates of

parasitization were higher than for larvae observed on susceptible

corn lines. A probable cause was that S. f rugiperda larvae on corn

lines with nonpreference type resistance exhibited more movement

and were more exposed to parasitoids. Similarly, Hamm and Wiseman

(1986) is field tests comprising five lines of corn with a spectrum
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of leaf feeding resistance to fall army worm, larvae growing on the

most susceptible line had the lowest mortality due to nuclear

polyhedrosis virus (NPV). Thus, the susceptibility of fall army

worm larvae to NPV was inversely relate to the growth and vigour

of the larvae, which was directly related to the susceptibility of

the host plant. Therefore, the fall armyworm NPV, should be more

effective when used on resistant line of corn than on susceptible

line.

Foraging strategies of H. armigera Hb. Larvae on tomatoes

The parameters probed were % active larvae, % inactive larvae,

damaged leaves per larvae, damged fruits per larvae, percentage

disappeared larvae, percentage dead larvae and cannibolism.

levels of larval population i.e. one, three, five, seven and nine

of 3rd instar collected from tomato field were released on potted

Five

plants replicated four times.

that in case of percent active feeding larvae, one larva fed more

vigorously and was signifiantly different in feeding bahaviour than

Three larvae were noted to be less active as compared to

The results given in table 37 show

others .

one larva, but significantly active than five , seven and nine

larvae. Five and nine larvae remained non-significant, but

different than seven larvae significantly at 0.05 level. Percent

inactive larvae regime was found significantly higher in one larva

followed by seven, three, five and nine larvae.

were found significantly different from one another at 0.05 level

All the treatments
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Table 37. Foraging strategies of H. armigera Hb. larvae on tomato.

Particulars Values LSD 0.05

1.00 3.00 5.00 7.00 9.00No. of larvae/plant.

% Actively feeding larvae 50.00a 35.00b 20.00ÿ 22.80c 20.10d 2.02

4.003 0.67° 0.40d 1.14b 0.22c% Inactive larvae 0 .123

13.003 10.19b 1.46rt 1.91'1 3.82°Damaged leaves/larva 0.880

1.29“ 0.47b 0.24c 0.25c 0.17*Damaged fruits/larva 0.049

50.00ÿ 48.30® 75.60° 77.70b 79.80a% Disappeared larvae 1.58

% Dead Larvae 0.00 0.00 0.00 0.00 0.44

Cannibalism 0.00 0.00 0.00 0.00 0.00

Third instar larvae were released. Values represent average of 12 days
experiment. Experiment was replicated four times.
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of significance.

(13.0 leaves per larva), followed by three (10.19 leaves/ larva ) ,

nine (3.8 leaves per larva), seven and five larvae damaged 1.91 and

Damaged leaves were found higher in one larva

leaves per larva respectively.1.46 All treatments were

significantly different except five and seven larvae at 0.05 level

of significance. Similarly damaged fruits were also significantly

higher in one larva release followed by three larvae, whereas five

larvae and seven larvae were non-significant in fruit damage but

were significantly different than nine larvae.

disappearance was significantly higher in nine larvae followed by

seven and five larvae. However percent disapperance was least in

Percent larval

three larvae. Percent dead larvae could not be observed as the

larval release period was maintained upto 12 days and probably most

of the larvae had changed into pupae whereas cannibolism was not

seen as all the released larvae were from the same age group where

such type of encounters between larvae is very rear.

Larvae of H. armigera Hb. after release were found attacking

the leaves, stem, flower buds and fruits of tomato. Holes were

made in the terminal portions of stem. The larvae preferred to

feed on young fruits (green stage), the rippend fruits (red stage)

were least preferred. The young larvae usually entered into the

fruits near the calyx through a small hole that was difficult to

was found damaging several fruits without

Young larvae immediately

after release started feeding on the leaves making irregular holes

One larvadetect .

eating equivalent to that of one fruit.
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and shifted to green Fruits which was observed lo be the most

preferred fending site.

Similar foraging behaviour of H. armigera Hb . larvae was also

reported by Saleem and Younus (1982).

it is concluded Lhat H. armigeraFrom the over all results,

Hb . larvae being voracious feeders would cause substantial losses

in term of fruit and foliage damage with extremely low density of

larval population i.e. one larva per plant at the initial stage of

fruit setting in tomato would cause hundred percent damage. These

results are in total agreement with the findings reported by Ahmed,

(1978) .

Host range of H. armigera Hb.

The studies were carried out on various crops growing at ARI

Tar nab, Peshawar to investigate the host range and pest carry over

under local agro-ecological conditions. H. ai niiqera Hb. larvae

were recorded in the last week of Feb. with well defined peak in

1st week of April on gram and continued till harvest of the crop,

with seasonal average as 4.80 larvae per plant, that is

Pest population appeared on soybean in the first

week of March, when its larval population was 0.30 larvae/plant,

its maximum population of 3.00 larvae/plant were recorded in first

week of April after that it decreased till the harvest of the crop.

the last

week of April.
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Similarly the pest was recorded on tomato from 3rd week of April

till fourth week of July. H. armigera Hb . was also recorded to

attack other crop such as tobacco, maize, sunflower, okra, potato

and barseem grown on the ARI Tarnab fields (Table 38).

II. armigera Mb. is an important cosmopolitan pest of

polyphagus nature (Baloch, 1977; Lohar, 1992). The caterpillars

feed on tender foliage and young fruiting bodies of their host

plant. They make holes in fruiting bodies and feed inside them,

thereby damaging their nutritive market value. This pest has been

reported feeding on many host plants such as lucern, Medicago

sativa L., barseem, Trifolium alexandr inum L., chick peas, Cicer

ar iet inn L., garden peas Pisum sativum L. , tomatoes, Lycopersicum

esculentum Miller., groundnuts, !Archis hypogae L. , cotton 1

(lossy p i urn li i.rsutum I.., potato Solatium tuberson L., PsE3 castor,

Ricinus communis b. , maize, Zea mays L. , safflower, Carthamus

tinotor ius L., calendula flower, Calendula of f icinatis L. , zinnia

Zinnia elegans J.G. Zinn, and chillies. Capsicum annum L.

1977, Saleem and Younus 1982, Lohar 1992,

Cunni nghamanal broadly 1975, Chaudry et al 1978, Yadav et a_l 1986,

Bilapata et al 1980, Mundhe 1982).

flower ,

in Pakistan (Baloch,
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Relative density of H. armiqera Hb. larvae on different host plants
in Peshawar during 1989 and 1990 (av. nurfcer of larvae/plant.)

Table 38.

Months Soybean Gram Tcrnato Tobacco Maize Sunflower Okra Potato Burseem

January
1W
2W
3W
4W

February
1W
2W
3W
4W 0.35

i

March
0.30
0.70
1.12
2.18

0.86
2.40
5.00

12.00

1W
2W
3W
4W

April
3.00
2.71
1.80
0.57

15.00
6.50
1.60
0.15

1W 0.12
0.51
0.71
0.92

0.18
0.27
0.79

2W
3W 0.02

0.02
0.06
0.184W

May
1.82
2.62
2.53
2.12

1.12
1.93
2.17
2.75

1W 0.56
0.56
0.58
0.40

1.17
1.52
1.93
2.05

0.63
1.03
2.11
2.68

2W 0.17
0.27
0.39

0.02
0.07
0.10

0.13
0.17
0.27

3W
4W

June
2.98
3.19
3.57
1.81

0.91
1.17
1.92
1.80

1W 1.87
0.91
0.51
0.21

0.28
0.28
0.53
0.83

0.23
0.13
0.07
0.03

0.81
0.93
1.19
1.25

1.33
0.09
0.02

2.00
1.91
0.95
0.21

2W
3W
4W

July
0.01
0.07
0.12
0.11

0.51
0.09

1.08
1.11
0.98

0.96
0.90
0.44
0.18

0.111W
2W
3W
4W

Table 38. Continued.
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Table 38. Continued.

Months Soybean Gram Tomato Tobacco Maize Sunflower Okra Potato Burseem

August
1W
2W
3W
4W 0.7

September
1W 0.29

0.162W
3W
4W

October
1W
2W
3W
4W

November
1W
2W
3W
4W

December
1W
2W

l3W
4W

Seasonal 1.63
average

4.80 0.31 1.64 0.81 0.07 0.67 1.92 0.90
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CHAPTER - IV

SUMMARY, CONCLUSION AND RECOMMENDATIONS

i
During present investigation experiments were conducted on the

pest phenology on tomato crop for three years (1989-91).

pehnologi cal studies comprised egg, larval population dynamics,

spatial distribution analysis and development of larval time-

sequential sampling plan. On population dynamics, the regression

equation for egg, larval population development showed feeble

negative p values during 1989 and positive p values during the year

1990. All equations showed poor correlation coefficient. Besides,

l! . a rmigera Hb . is K-selected insect and may not show steep

population curves.

carried out at A.R.I. Tarnab, it was ascertained that means from

Pest

From the sequentional sampling programme

data showed two distinct population configurations i.e. outbreak

The differences in growth rates between types wereand endemic.

email at first, reached to its peak and then declined. A total of

ca. 6 samples (each week) were adequate to detect type of

configuration in any one year. Spatial pattern of H. armigera Hb.

eggs distribution during 1989, 1990 and 1991 revealed that I.D.

values were more than 1 during 1990 and 1991. However, during 1989

index of dispersion (I.D.) values oscillated around 1. Besides,

most of the green's index (G.I.) values were positive which

confirmed the negative binomial distribution of fP armigera Hb.

The I.D. values of the spatial pattern of H.

a rmigera Hb. larval distribution on tomatoes during 1989, 1990 and

eggs on tomatoes.
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iTherefore, larval distribution991 were mostly higher than 1.

Iso fits negative binomial distribution.

The results of discriminating doses of potassium fertilizer on

gg and larval population, and the percent fruit infestation by H.

rmigera Hb. showed that there was no significant effect of i

ertilizer on the uptake by tomato plants and that there was no

ignificant effect of potash fertilizer on either egg, larval

opulation or infestation of tomato.

The relative efficacy of nine insecticides representing

ifferent groups of insecticides against H. armigera Hb. were

atermined over a period of three years. During the first year

1989) one application was made, while during second year (1990)

nd third year (1991) insecticides were applied three times. Each

risecticide was applied within the recommended dose range. Results

ndicated that all the insecticides were successful in keeping the

arval population below outbreak configuration level upto 15 days

fter spray. Consolidation of study data over a period of three

aars revealed that Thiodon was statistically the most effective

asecticide against H. armigera Hb. on tomato with 77.88 percent

arval mortality, mostly due to its long residual toxicity compared

a other insecticides. This insecticide was insignificantly

allowed in their effectiveness by Folidol M (75.96%), Sevin

59.32%), Thuricide (67.12%), Dimilin (66.38%), Edcidin (65.32%)

id Atabron (59.85%). Permasect and Azodrin were significantly the
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54.66% larval mortalitywith 58.55% andleast effective

The results alsorespectively (cdii = 17.03 at 0.05 level).

indicated a tendency in the reduction of effectiveness of Folidol

M, Azodrin, Dimilin and Thuricide over a period of three years

against H. armigera Hb . which might probably be due to enhancement

in the degree of tolerance developing in H. armigera Hb. population

prevailing in the field because of its exposure to insecticide

pressure, an indication which might culminate into the development

of insecticide resistant population.

The impact of population distribution and percent fruit

infestation of H. armigera Hb. on marketable yield of 65 tomato

cultivar was studied under field conditions. Cluster analysis on

the interactions of eggs per plant, larvae per plant, percent fruit

damage and yield in Kg per plant gave five cluster groups.

Frequency-wise cluster analysis shows two varieties in group A

(3.08%), two in B (3.08%), one in C (1.53%), fifty nine in D

(90.78%) and one in E (1.53%). The regression and correlation

analysis between characteristics of 65 varieties and H. armigera

Hb . infestation were carried out and stepwise model was fitted. The

correlation between infestion and larval population gave negative

dependence (-0.3251) with poor correlation coefficient (-0.2558).

Similar results were obtained for correlation between yield and

number of larvae per plant (b=0.4804, r=0.0893 ) . Some improved

correlation between yield and fruit infestation percent was

The step-wise model correlationobserved (b=0.0036, r-0.6705).
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be i ween larval population and chemical/physical parameters gave

negative dependence on trichome length (-0.0100) and iron content

(-15494E-04) and positive dependence on zinc (0.0028) and vitamin

Cluster analysis on the interaction of larval

duration, pupal duration, adult longevity, duration of life cycle,

larval and pupal weight and % survival to adult stage also gave

Frequency-wise cluster analysis shows two

C (0.0279).

five cluster groups.

varieties in group A (3.00%), four in B (6.15%), fifty two in C

Tiny Tim being(S'!. 62%), three in D (4.62%) and one in E (1.53%).

moderately resistant cultivar, was placed in group E.

Field and laboratory studies were carried out to evaluate the

effect of integration of insecticides and resistant tomato

cultivars on the fruit infestation by H. armiqera Hb . The results

indicated that integration of resistant cultivar, Tiny Tim and B.

thu r i ng iens is had maximum effect on larval mortality and minimum

percent fruit infestation, it was followed by accession 87-11(1)

!
also a resistant line, while the maximum infestation was recorded

on most susceptible cultivar, Big long.

The host range study conducted at ARI Tarnab, Peshawar

revealed that the density of the H. armigera Hb. larvae per plant

with seasonal averages in various hosts was soybean (1.63), gram

(4.80), tomato (0.31), tobacco (1.64), maize (0.81), sunflower

(0.07), okra (0.67), potato (1.92) and burseem (0.90). Gram was

observed to be the most favourable host plant of this pest.
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Keeping in view the high mobility and polyphngous nature of II .

arinigera lib., integrated approach is recommended lor its effective

control r.g. integration of insecticide applicnl 1 ' > M with rosisi.mt

Moreover, there is an urgent need to monitor and

determining the insecticide resistance in field populations of li.

arinjÿfera Mb., as the increase tolerance of the post against almost

all. insecticides applied was observed in present studies over a

period of three years.

cu Ltivars .
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APPENDICES

Appendix 1. Rain fall (in mm) data during tomato growing season.

Mean of three years1991Month 19901989

125.9 117.2Ma rch 107.4979 . 38

April 57 . 8 62 . 00 43.8411.72

70 . 5613.92 17 . 3 33.93May

15.00 5.00June

July 34.30 45.00 32 . 3717 .80

August 19.80 49 .60 5 . 00 24 . 80

Total 287.90 314.76142.62 242.80

1
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Statistical analysis of data shown in table 13
( phosphorus ) .

Appendix 2 .

Sum of
squares

F-value Prob.Degree of
freedom

Mean
square

Source

Replication 3
Factor A
Error

0.01
0.01
0.02

0.003
0.002
0.001

2.004
12

0.04Total 19

Analysis of variance (potash).

Sum of
squares

Degree of
f reedom

Prob.F-valueMean
square

Source

Replication 3
Factor A

Error

0.27
0.15
0.16

0.09
0.03
0.01

4 3.0
12

0.58Total 19

Analysis of variance (nitrogen).

Degree of
freedom

Sum of
squares

F-value Prob.Mean
square

Source

Replication 3
Factor A
Error

0.001
0.003
0.041

0.0003
0.0007
0.0030

4 0.23
12

Total 19 0.045

( 181 )



1

Appendix 3. Analysis of variance of table 14 (Egg 1989).

Prob .Sum of
squares

F-valueDegree of
freedom

Mean
square

Source

0.8540
1 . 3563

Replication 3
Factor A
Error

4.152
8.792

19.446

1.384
2.198
1. 621

0 . 30594
12

0.04Total 19

Analysis of variance of table 14 (Larvae 1989).

Degree of
f reedom

Sum of
squares

F-value Prob.Mean
square

source

replication 3
i-'actor A
Error

4 .819
3.711
9 .708

1. 606
0.928
0.809

1. 9859
1 . 1467

0 .1700
0 . 38134

12

Total 19 18.238

Analysis of variance of table 14 (Larvae 1990)

Degree of
f reedom

Sum of
squares

F-value Prob.Mean
square

Sou rce

Replication 3
Factor A
Error

0.01
0.02
0 .07

0 .003
0.005
0.006

4 0.83
12

Total 19 0.0140 .10
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Analysis of variance of table 14 (percent fruit
damage 1989 ) .

Appendix 4 .

F-value Prob.Sum of
squares

Degree of
freedom

Mean
square

Source

Replication 3
Factor A
Krror

33.031
21.446
20.330

99 . 092
85. 7840

243.960

0 . 2357
0 .4200

1. 6231
1.05494

12

Tota 1 428.83619

Analysis of variance table 14 (Percent fruit damage 1990).

Degree of
freedom

Sum of
squares

Source F-vn ) ueMean
square

Prob.

Replication 3
Factor A
Frror

1844 .916
573.841

1634 . 271

614.972
143.460
136.189

4 . 5 L 56
1 .0534

0 .0243
0.42074

12

"’eta1 19 4053 . 028

\
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Appendix 5. Analysis of variance of table 17, (1989)

1_

Sum of d.f. Mean square F-ratio Sig. level
squares

Source of

Main Effects
Insecticides 10797.316 8 1349.664 6.109 . 0000

Res idual
Error 219.9469415908.180 72

Total Corrected 26705.496 80

Analysis of variance of table 19, 1990 (1st spray).

d.f. Mean square F-ratio Sig. levelSource of Sum of
squares

Main Effects
Insecticides 9097.9184 8 12437.2398 1.201 . 2668

Residual
Error 69515 . 648 72 965.49927

Total Corrected 79413.866 80

Analysis of variance of table 19, 1990 (2nd spray).

Source of d.f. Mean square F-ratio Sig. levelSum of
squares

Main Effects
Insec t ic ides 8364.4112 8 1045.5514 1 . 992 .0595

Res idual
Error 37784.575 72 524.78578

Total Corrected 46148.986 80
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Analysis of variance of table 19, 1990 (3rd spray).ppendix 6.

Mean square F-ratio Sig. leveld.f .Sum of
squares

ource of

ain Effects
nsecticides 0.968 .4675751.272786010.1822 8

esidual
rror 55853.920 72 775.74889

otal Corrected 61864.102 80

nalysis of variance of table 21, 1991 (1st spray).

d.f. Mean square F-ratio Sig. levelSum of
squares

Source of

[ain Effects
nsecticides 9522.1356 8 1190.26698 4.778 .0001

’.esidual
Irror 72 249.1316717937 . 480

'otal Corrected 27459.616 80

malysis of variance of table 21, 1990 (2nd spray).

d.f.Source of Sum of
squares

Mean square F-ratio Sig. level

Iain Effects
insecticides 3198.5889 8 399.82361 1. 571 .1487

*es idual
Irror 13322.100 72 254.47361

i’otal Corrected 21520.689 80
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dix 7. Analysis of variance of table 21, 1991 (3rd spray).

e of d.f . Mean square F-ratio Sig. levelSum of
squares

Effects
ticides 11020.010 8 1377.5012 1.333 . 2415

ual
74425.185 72 1033.6831

Corrected 85445.195 80

sis of variance of table 22, (Mean percent larval mortality)
91.

d.f. Mean square F-ratio Sig. levele of Sum of
squares

Effects
ticides 1318.1993 8

3860.0130 2 1930.0065
164 . 7749 1. 703

19.947
.1735
.0000

i

ual
1548.0704 72 96.754401

Corrected 6726.2827 26

,

l
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Analysis of variance of table 30, (Crude extract).idix 8.

F-value Prob.Sum of
Squares

Degree of
freedom

Mean
Square

ce

0.2637
0.0012
0.0052
0.2434

1.4120
9.0757
6.6078
1.4667

2 .150
13.806
10 .063

2.234
1.523

6.451
27 .612
20 .126
8.934

36.549

ication 3
Dr A
Dr B

2
2
4
23r

99.6711 35

ysis of variance of table 31, (Free choice).

Sum of
Squares

F-value Prob.Degree of
freedom

Mean
Square

ce

13.8571
17.2857

3.5714
0 .1429

ication 2
or A
or B

134 . 722
168.056

34.722
1. 389
9 . 722

0 . 0013
0 . 0020
0.0675

269 . 444
160.056

69 . 444
2.778

97 . 222

1
2
2

10r

1 606 .94417

ysis of variance of table 30, (No choice).

Sum of
Squares

Degree of
f reedom

F-value Prob.Mean
Square

ce

ication
.or A
.or B

1009 . 521
2257.080
4632.568
179.443

23709 .150

336.507
2257.080
1544 .189
69.814

113.293

2.9702
19.9225
13.6301
0.5280

0.0551
0.0002
0.0000

3
1
3
3

23>r

il 10457.76431
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Analysis of variance of table 32, (Field
experiment). (Percent damaged fruits per plant).

indix 9.

F-value Prob.Sum of
Squares

Degree of
f reedom

Mean
Square

~ce

25.962
1235.873
116.556

44.209
33.092

0.7845
37.3465

3 . 5222
1. 3359

77 .885
3707 . 619

349 . 667
397.857

1489 .142

Lication
:or A
-or B

3
0.0000
0.0224
0 . 2460

3
2
9

23Dr

6022.171al 63

Lysis of variance of table 33, (Lab. experiment).

F-value Prob.Degree of
freedom

Sum of
Squares

Mean
Square

rce

0 . 500
0 . 587
3 . 689

67 .125
1.224
3.004

0.1356
0.1590

lication 2
tor A

1.000
1. 760

22 .136
134 .250

7 . 342
48.057

3
6or

0.000022.3485
0.4074

2tor B
6

16Dr

35 214 . 547al

lysis of variance of table 34, (Lab. experiment).

F-value Prob.Sum of
Squares

Degree of
f reedom

Mean
Square

rce

10455 . 651
13719 .535

7947 . 613
11590 . 442

2484 . 354
5402 . 274
2932.022

77502.499

3485.217
6859.768
1324 . 602
5795.221

414.059
1350 . 569

244 . 335
717 . 616

4.8567
9.5591
1.8458
8.0757
0 .5770
1.8820
0 . 3405

0.0033
0.0002
0.0969
0.0005

3tor A
tor B 2

6
2tor C
6

0 .11884
12
108or

al 132034 . 390143
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Analysis of variance table 35.idix-10 .

Sum of
Squares

F Prob.Degree of
Freedom

Mean
Squares

:e
Ratio

0.2301
0.1291
0.3829
0 . 0000

1.2945
0.7961
1.736

16.2214
0 . 5159
0.7019
0 . 2083

3116 . 698
3349 . 392
5169 . 460

26036.278 13018.138
414.050
563.272
167 .185
802.258

1038.899
1676.696
861. 577

3Dr A
Dr B 2

6
2Dr C

2484.298
2253.090
2006 . 225

86672.997

6
4

12
108r

131088.4351431

ysis of variance table 35.

Degree of
Freedom

Sum of
Squares

Prob.Mean
Squares

Fce
Ratio

3047 . 698
601.968

6558.687
7962 . 676
1975.201

185 .148
2089 . 698

40834 .167

1015 .953
300.984

1093 .114
398.338
329.2008
46.287

174.891
378.094

2.6870
0.7961
2.8911

10.5300
0.8707
0.1224
0.4626

3 0.0501or A
or B 2

6 0.0119
0.00012or C

6
4

12
108>r

il 63264.403143
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Analysis of variance of table 37 (Percent active
larvae) .

3ix 11.

d.f. Mean square F-ratio Sig. levela of
tion

Sum of
squares

Effects
.0000406 . 363699 .825502788 . 3020nt 4

a larvae

ual
20.666000 15 1.7221667

corrected 2821.6895 19

sis of variance of table 37 (Percent inactive larvae).

Mean square F-ratio Sig. levelSum of
squares

e of
t ion

d.f.

effects
40.470920 4 10.117730 1579.250 .0000nt

e larvae

ual
.0768800 15 .0064067

corrected 40.549520 19

sis of variance of table 37 (Damaged leaves per larvae).

d.f. Mean square F-ratio Sig. levele of
tion

Sum of
squares

effects
e leaves 415.01065 4 103.75266 317.507
lant

.0000

ual
3.9212700 15 . 3267725

corrected 420.58430 19
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V

Analysis of variance of table 37 (Damaged fruit per
larvae) .

lix 12.

Mean square F-ratio Sig. levelSum of
squares

d.f .2 Of
cion

affects
a fruit
arvae

3.3463200 4 .8365800 825 . 572 .0000

ual
.0121600 15 .0010133

corrected 3.3657200 19

sis of varaince of table 37 (Percent disappeared leavae) .

d.f. Mean square F-ratio Sig. levelSum of
squares

e of
tion

effects
3834.4320 4 958.60800 908.633 .0000nt

peared
e

ual
12.660000 15 1.0550000

corrected 3851.8095 19
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