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ABSTRACT

The main purposes of the study were to determine the effect of botanical extracts on the
control of brinjal shoot and fruit borer (BSFB) and to find out the best BSFB resistant
variety of brinjal. Two experiments were conducted; first experiment was carried out at
Prof. Purnendu Gain Field Laboratory of Agrotechnology Discipline, Khulna University
(KU) Khulna during the period from December 2013 to June 2014 and the second
experiment was conducted in sack at the germplasm centre, Agrotechnology Discipline,
Khulna University, Khulna during February 2014 to August 2014. In the first experiment
six botanicals and control were used as seven treatments. The experiment was laid out in
a Randomized Complete Block Design (RCBD), with 3 replications. There were 7
treatments viz., To = Control (only water), T; = Neem leaf extract, T, = Neem oil, T3 =
Mahogany oil, T4 = Mahogany (oil + cake), Ts = Garlic extract and T¢ =Tobacco leaf
extract. The brinjal variety ‘Makra’ differed considerably for treatment variations in terms
of crop growth characters as well as yield and yield contributing characters. Data were
collected on total numbers of shoot, total numbers of infested shoot, percentage of shoots
damage, percentage reduction of shoots infestation, numbers of larvae per infested shoot,
total numbers of fruits, percentage of fruits damage, percentage reduction of fruits
infestation, numbers of larvae per infested fruits, cost of production, gross return and
benefit cost ratio (BCR). In all the parameters Mahogany (oil + cake) showed the best

performance followed by Neem oil and the lowest performance was observed from
Control (only water),

In the second experiment thirteen varieties were used as treatment. This is a one factor
experiment that was laid out in CRD using thirteen varieties with five replications. The
varities were V;=BARI begun-1, Vo=BARI begun-4, V3;=BARI begun-5, V,=BARI
begun-6, Vs=BARI begun-7, V¢=BARI begun-8, V;=BARI begun-9, Vs=BARI begun-
10, Vo=Makra, V(=Muktokashi, V|;=Lalita, Vi,=Hazra, V;3=Chaga. Data were collected
on total number of shoot, total number of infested shoot, percentage of shoot damage,
percentage of shoot infestation reduction, numbers of larvae per infested shoot, total
number of fruit, percentage of fruit damage, percentage of fruit infestation reduction,
numbers of larvae per infested fruit. The maximum numbers of fruits was observed in V;
and minimum in Vg and in Vyo. Percent of fruit infestation was maximum in Vi
(Muktokashi) and minimum in V4 (BARI begun-6).

From the present study it was found that Mahogany (oil + cake) showed the best result
and BARI begun-6 showed the highest performance against brinjal shoot and fruit borer.
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CHAPTERI

INTRODUCTION

Brinjal (Solanum melongena) is one of the typical vegetables in that its” cultivation helps to
improve human nutrition and generate income. It is the most common, popular and principal
vegetable in Bangladesh and other parts of the world (Nonnecke, 1989). This vegetable is
cultivated largely. on small, family-owned farms where weekly sale of its produce brings in a
ready cash income (Alam et al., 2003). It contains some very essential nutrients that are
highly beneficial for the human body. It is rich in dietary fiber, vitamins and minerals. The
statistics have been sourced from USDA that the nutrients in brinjal value/100 g (raw) are
water 92.30 g, energy 25 keal, protein 0.98 g, carbohydrate 5.88 g, dietary fiber 3.0 g and
sugar 3.53g. Bajaj et al. (1979) reported that on an average the oblong fruited brinjal
cultivars are rich in total water soluble sugars, whereas the long fruited cultivars contain
large amounts of free reducing sugars, anthocyanin, phenols, glycoalkaloids (as solasodine),
dry matter and amide proteins. What’s more, they contain negligible calories, making them
an ideal component of both low-fat and weight loss diets.

In tropical and subtropical climates, brinjal can be sown directly into the garden (Doijode,
2001). Brinjal is one of the most important vegetables in South and South-East Asia (Thapa,
2010) having hot-wet climate (Hanson et al., 2006). The cultivation of brinjal is more than
1,600,000 ha producing around 50 million MT throughout the world, among which, ninety
percent of production from five countries, of which china shares 58 percent of output, India,
25%, followed by Iran, Egypt and Turkey (FAO, 2012). The higher yield and longer fruiting
and harvésting period lure the farmer on eggplant production (Ghimire et al., 2007). Brinjal,
the most popular and preferred vegetable, is widely grown in Bangladesh. It covers about

1
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15% of the total vegetable area of the country producing 1.6 million tons annually. The
production of brinjal is 60-65 t/ha (BARI, 2005) which is not satisfactory to meet up the
growing demand of it. The production of brinjal is affected severely by different pest attack.

Brinjal is susceptible to the attack of various insects from seedling to fruiting stage. In
Bangladesh about eight insect species are considered as major pests causing damage to the
crops (Biswas et al., 1992). Among them brinjal shoot and fruit borer (ZLeucinodes orbonalis,
Guenee) is one of the most destructive insect pests of brinjal in Bangladesh (Alam, 1969). As
a result of its feeding inside fruit, the fruits become unmarketable and yield losses up to 90
percent (Baral, et al., 2006). It also reduces the content of vitamin C in fruit up to 80 percent
(Sharma, 2001). Brinjal shoot and fruit borer is the most destructive pest which caused 31-

86% fruit damage in Bangladesh (Alam et al., 2003) reaching up to 90% (Rahman, 1997),

37-63% in India (Dhankar, 1988) and 50-70% in Pakistan (Saeed and Khan, 1997). In this
condition brinjal production is in threat in the recent years due to increased cost of
production on management of insect pest complex. Farmers of Bangladesh as well as of other
Asian countries in most cases solely depend on insecticides for the management of the pest.
Such dependence on insecticides has created many problems such as very frequent
application of insecticides (up to 140 times in a season), excessive residues on marketed
vegetables that concerns general consumer’s health and the environment, pesticide resistance,
trade implications, poisoning, hazards to non-target organisms, increased production costs
etc. (Alam et al., 2003; Pedigo, 2002; Debach and Rosen, 1991). The cost of pesticide to total
material input cost was 55% for brinjal and it ranked first when compared to tomato (31%)
and cabbage (49%) in the Philippines (Orden et al., 1994), whereas it was 40-50% in

Bangladesh (SUSVEG Asia, 2007). In the meantime, the insect is becoming tolerant to the



chemicals, making it more difficult to control. The current pesticide use is not only non-
sustainable but, if continued, it will adversely affect brinjal and other vegetable production
(Anjali et al., 2012). For this reason the farmers are losing their crops and income greatly.
Now-a-days, emphasis is given on the use of plant extracts as biopesticides in insect control
measures (Singh, et al 2007; Gupta and Raghuraman, 2004; Oerke, 2006 and Gokce, 2010).
This is because that the use of plant based biopesticides in insect control is non-toxic and safe
biodegradable alternatives to the conventional chemical control (Prakash and Rao, 1997; Anil
Kakker and Pandey, 2001; Dolui and Debnath, 2010). Much of the efforts have been
expanded by several workers towards the screening of indigenous plants for their
reproductive deterrent or anti fertility properties against some insect pests (Sukumar and
Osmani, 1981).
In the context of damage for ensuring food safety and minimization of severity,
environmental hazards, appropriate management practice for BSFB incorporating different
methods as needed and ought to be devised consistent with modern pest management. The
research and development activities to combat BSFB have largely been confined to select the
most effective botanical extracts and determining the resistant variety of brinjal. This has led
to decrease dependence on pesticides and consequent adverse effects of higher costs of
production, environmental pollution and destruction of natural enemies of pests. The present
study will be very helpful for the improvement of the farmer’s condition. So, proper choice
of brinjal variety and botanical extract for the management practices of brinjal shoot and fruit
borer is essential. Therefore the present study was undertaken with the following objectives:
» To determine the effectiveness of botanicals on the control of BSFB.

» To find out the best BSFB resistant variety of brinjal




CHAPTERII

REVIEW OF LITERATURE

It is an essential requirement of a scientist or researcher that he acknowledges the
contributions of the previous workers. No one can be successful without knowing what
others have done before. It is an innate desire of all willing to contribute in his field, to learn
from other people on this regard. For everything, there must be some previous information. A
real researcher will never ignore going through those information. Literature review,
therefore, constitute one of the basic requirements of any research report or dissertation.
During the present work a good number of literatures were consulted. The main sources were
books, journals, abstracts, popular articles etc. The seminar library of Agrotechnology
Discipline in Khulna University and Central Library of Khulna University were exploited.
Relevant web sites in the internet were regularly browsed.

The literature relevant to the present study is reviewed in this chapter. A retrospection of
literature pertaining to utilization of botanical extract and performance of different brinjal
varieties to control brinjal shoot and fruit borer are presented below. The researcher
attempted to study the most effective botanical extract and resistant variety to control brinjal
shoot and fruit borer. However for the management of Leucinodes orbonalis (Guenee) in

brinjal and other related crops are presented here under the following headings.

2.1. Physico-morphic characters

Study of morphological traits and the attack of L. orbornalis in brinjal were conducted among

150 lines tested, PBR 129.5, Punjab barsati and SM-174, were found to be highly resistant

and Punjab chamkila was the most susceptible to damage by the borer (Dilbagh et al.,1991).




Evaluation of twenty eight brinjal varieties was conducted on morphological cleaved of plant
leaf and fruit for antixenosis against brinjal shoot and fruit borer. It was observed that
varieties with characteristics like hair and prickle on stems, leaves and fruit stalks result in
lowest percentage of fruit infestation as compared to those without hair and prickles (Ali et

al., 1994),

Study of physical and biochemical characters of plants associated with resistance of shoot
and fruit borer was conducted with ten aubergine cultivars. The anatomical characters such as
more lignified hypodermis, compact vascular bundles and narrow shoot pith were less
susceptible cultivars. It was found that there was significant negative correlation between
silica contents and the degree of shoot infestation. Borer doesn’t prefer light green fruits and
were less infested as they had narrow pericarp and mesocarp with compact seedlings and
seeds closely arranged. Certain biochemical characters of the plants were positively
correlated with fruit infestation such as total sugar contents, free amino acid and crude oil

protein (Jat and Pareek, 2003).

Comparative study of the ratoon cropping of two hybrids and a local cultivar for their
additive and non-additive characteristics was conducted. Although the plant height was more
in MBH-10 hybrid yet its leaf surface index was less than other hybrid, Manjrigota.
Contrarily, MBH-10 was high in yield compared to Manjrigota and other cultivar. However,
shoot and fruit borer infestation was comparatively less in hybrids as compared to normal

cultivar (Page et al., 2004).

Experiment to determine the factor of resistance in aubergine against shoot and fruit borer

was performed. The number of infested shoot and fruit along with morphological character,




including plant height, leaves per plant, mean leaf area, leaf area per plant, primary branches
per plant, thickness of terminal shoots, terminal shoots per plant, and fruit per plant and fruit
length was recorded. These morphological characters were highly correlated to the
infestation of shoot and fruit borer. It was concluded that lower the moisture, sugar and

protein contents in fruit make them less susceptible to L. orbonalis infestation (Hazaraet al.,

2004).

A study was conducted with four interspecific crosses of aubergine on F < sub > 4 < sub >
generation, EP 635 Solanum viarum, S. viarum MDU 1, EP 45 solanum, and Co 2 S. viarum.
Data on plant height, number of branches per plant, number of fruit per plant, fruit length,
fruit girth, mean fruit weight, calyx length, marketable yield per plant, and shoot and fruit
borer (L. orbonalis) infestation was recorded. The genotype coefficient of variation was

found to be high for fruit and shoot borer infestation (Prabhu et al., 2007).

The combined ability of eight lines with three starters of aubergine for additive gene flow,
fruit number and their yield were studied. Non-additive ability was also focused by heterosis
process. High rate of additive and non-additive characteristics were observed in hybrid lines

of the parent cultivars (Kamalakkannan ef al., 2007).

Studies were conducted on aubergine, white potato, sweet potato, tomato, okra, polestar and
black night shade under the aspect of different host range of L. orbonalis. The insect’s eggs
were recorded three days after infestation at vegetative and fruiting stages. Aubergine was
found preferred as host and eggs were seen on lower surface of top and middle leaves (Ardez

et al., 2008).




Study was performed on different morphological and biochemical aspects of shoot and fruit
borer in two brinjal varieties. HLB-12 a resistant genotype manifested 29% less damage
against BR-112 which demonstrated 42-61.5% damage as highly susceptible variety.
Resistance was positively attributed to pericarp and mesocarp thickness and compactness of
seed ring. Moisture contents, crude protein and nitrogen showed positive correlation but total
sugar, fiber contents tannin, potassium and manganese were negatively affected

(Chandrashekhar et al., 2009).

2.2. Infestation

In an experiment, 28.52%, 25.37%, 5.54%, 28.73% and 29.53% fruit borer infestation was
observed on Black beauty, Muktakeshi, Pusa purple long, Bananas giant and Pusakranti
cultivars of melongena, respectively (Mote and Shivu, 2003). It was reported that L.
orbonalisis found where ever the egg plant is grown and cause significant damage i.e. 12-

16% on shoot and 20-63% on fruits (Alam, 1969).

Considerable damage was observed by L. orbonalis which adversely affected the quality and
quantity of the brinjal crop. Damage by brinjal shoot and fruit borer started at seedling stage

and continued till last harvesting of the eggplant (Islam and Karim, 1991).

In another experiment it was observed at vegetative phase that the larvae after hatching bore
into the petioles, young tender shoots and large leave’s midribs. It has also been observed
that the larvae prefer to enter into the tender fruit through the calyx while boring flower buds.
Examining the bored holes the infested fruit can easily be identified by the presence of dark

colored excreta. Certain microorganisms because secondary infections resulting in further




deterioration of the fruit and ultimately made it unfit for the human consumption (Islam and

Karim, 1994).

Irradiated lines of brinjal were compared for growth, yield and borer infestation. Very low
infestation of fruit and shoot borer was observed in these irradiated lines as compared to the
control one. It was observed that purple pigmentation, tough calyx cover and high phenolic
contents in these lines, might be the reason for their resistance to borer’s infestation (Babu e?

al., 1999).

Field experiment for fruit borer infestation and yield characters of eight brinjal cultivars and
four related Solanum species was carried out. Considerable differences both in phenotypic
and genotypic characteristics were observed. Major factors like diameter and length of fruit

with yield potential were highly genetic variations (Behera et al., 1999).

The incidence of bacterial wilt and the attack of fruit and shoot borer on nine genotype of
brinjal were studied. The fruit borer infestation in these varieties ranged from 2.88 to 5.64%
(Chaudhry and Sharma, 2000). Similarly, twelve cultivars were compared for borer
infestation and found 33 to 53% damage of fruit in different cultivars (Kumar and Shukla,

2002).

The infestation level of fruit and shoot borer on a local brinjal cultivar with high yield
potential of 5-11 fruits per plant was observed. Along with L. orbonalis other sucking and
chewing insect pests were also observed. The mechanical suppression of these pests was
found to be successful in managing these insect pests below economic injury level

(Karmakar and Bhattacharya, 2000).




Survey of sixty farmer’s fields was conducted in Orissa, India regarding the severity of L.
orbonalis infestation in aubergine and local practices used for their management. Farmers
found this insect pest as the most dangerous for the brinjal crop and considered blanket
spraying as the most important management tool using Carbaryl, Endosulfan, Carbofuran and
Cypermethrin. The farmers growing vegetables like aubergine were having negligible

knowledge of beneficial insects (Krishna er al., 2001).

A field experiment was conducted to examine the inheritance of resistance in eggplant for
number of infested and non-infested shoot and total number of infested fruits per plant

damaged by brinjal shoot and fruit borer was also recorded (Divya et al., 2007).

A field trial was conducted in India to screen twenty five brinjal cultivars against L
.orbonalis from July to December. Infestation progress was calculated on weekly basis using
a 1-10 scale for classification in various categories. Pusa purple and Black Beauty proved to
be resistant (1-10%) but Aspara, Brinjal-925, Shabnam and MEBH-11 with 11-20% fruit

infestation were recognized as moderately resistant cultivars (Elanchezhyan et al., 2008).

In another study including twelve brinjal cultivars shoot and fruit infestation was recorded
from 4.0 to 11.1% and 16.24 to 45.7%, respectively (Senapati, 2003). A field experiment was
conducted, based on different levels of infestation of brinjal shoot and fruit borer, to evaluate
the comparative effectiveness of three IPM packages. The first IPM package was
mechanically controlled grafted aubergine, the second package included application of neem
oil, kerosene and wild Ipomoea extract, while third IPM package contained application of
cypermethrin verses untreated control. Cypermethrin showed lowest fruit infestation when

treated on grafted plants. Grafted brinjal were used in [PM packages 1 and 3, where the




quantity of invisible portion of infested fruit was found lower. In all IPM packages; the
intensity of attack was higher including the control, in all the plants at early and late stages of

fruiting (Rahman and Islam, 2004).
2.3. Integrated pest management

Efficacy of different methods either singly or in combinations for control of L. orbonalis was
observed. Trichogramma was found more effective than control plots for the management of
shoot and fruit borer. The main results comprised on neem oil (0.2%), neem oil (0.1%) +
lufenuron (0.01%), neem oil (0.1%) + B.T. (0.075%), and neem oil (0.1%) + carbaryl
(0.075%) which resulted in higher fruit yield compared with control plots (Sasikala et al.,

1999).

Efficacy of Bracon brevicornsis biological control agent against L. orbonalis was studied.
There was about 10% damage in the parasitoid release was observed. However, an increase

in fruit damage was observed with increasing plant age (Mohanty et al., 2000).

A comparative study for the infestation level of major insect pests of garden eggs (S.
integrifolium L.) with aqueous neem seed extracts was conducted. Karate was observed with
adverse effects on beneficial insects in the garden egg’s ecosystem. Whereas ANSE and
Karate’s application has significantly reduced; the fruit damage, activities of leaf feeders and
count of borers per fruit. On the other side, ANSE could not effectively control the shoot and
fruit borer as Karate; however, it managed better reduction in borer damage as compared to
both Biobit and control. It was recommended that innovative methods of application, proper

timing and aqueous neem seed extract can be other alternative or supplement to synthetic
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insecticide for the management of vegetable pests by poor farmers (Owusu-Ansah er al.,

2001).

Comparative study of different formulations of Bacillus thuringiens is (biological agent),
neem and chemical insecticides against brinjal shoot and fruit borer was carried out. Five

sprays of Dipel was gave 10% reduction in fruit and shoot damage (Puranik e al., 2002).

Study for evaluation of natural parasites and extent of parasitism to brinjal shoot and fruit
borer was performed. They found three parasites namely Trathalaflavo orbitalis, an
unidentified dipteran fly and an unidentified mermaid. Rate of parasitism was more in later

crop stage with mild weather conditions compared to hot and dry climate (Singh and Singh,

2002).

The host spectrum of a microsporidian, Vairimorpha sp., isolated from Helicoverpa armigera
was determined in a study. It was found that microsporidian were highly pathogenic and all
the tested species were susceptible with marked sluggishness and less irritability. However,
its infection decreased with increase in stage of the larvae of the tested insect pests including

L. orbonalis (Narayanan and Gopalakrisnan, 2003).

Comparative study for the current status of resecarch on the use of entomopathogenic
nematodes as biological control agents including the target vegetable pests, their culturing
and bioefficacy against Eariasvittella, Agrotis, ipsilon, L. orbonalis and S. litura. They also
compared their compatibility with neem products, pesticides and oil cakes (Hussaini ef al.,

2003).
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Study on delta and wing traps baited with synthetic female sex pheromone of L. orbonalis
more effective which caught and retained ten times more moths than either Spodoptera or
uni-trap designs. However, windows cut in the side panels of delta traps significantly
increased trap catch from 0.4 to 2.3 adult moths per trap per night. The efficiency of locally-
produced water and funnel traps were also compared, which prove to be as effective as delta
traps. The incorporation of these traps with insecticide application proved to be the most

efficient way to manage this inse‘ct pest (Cork et al., 2003).

A study was conducted on the development of multifaceted adaptable IPM in aubergine by
using five different crop protection modules, which comprised bio-intensive (module 1),
mechanical plus bio-intensive (module II), bio-intensive + mechanical + culture + chemical
(module III), prevalent farmers protection (module IV) and untreated control as module V.
They collected data on the basis of number of adult shoot and fruit borer, and incidence of
leaf hopper including other pest and pathogen attacking on plant. Module III gave the best
result for the integrated management of L. orbonalis and other pathogens (Sardana et al.,

2004).

Six brinjal cultivars (BH-1, BH-2, Punjab Jamuni Gola, Punjab Naeelam, Barsati and Punjab
SadaBahar) were included in an experiment conducted to reduce the insecticide usage against
Brinjal shoot and fruit borer. These cultivars were transplanted under net house under field
condition. Five alternate sprays of insecticide; Thiodan, 35 EC at 2 l/ha, Sevin, SOWP at 2
kg/ha, Monocil 36EC at 1375 ml/ha, Decis 2.8 EC at 400 ml/ha were recommended in open
field condition i.e. they were applied on appearance of pest, in comparison to net house
condition where the soil was sterilized by Formalin and no insecticide spray was applied to

control pest. Thus on weekly basis, clean cultivation was performed. The removal of infested
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shoots was done along with each fruits picking infested by L. orbonalis to destroy them
mechanically. It was concluded that net house crops were better protected as lower fruit
damage 2.8-2.9% was recorded when compared with field condition where even after spray;

the damage was 55.08% (Sandeep e? /., 2004).

The host range of entomopathogenic nematodes Heterorhabditis indica, Steinernem
asiamkayai and S. glasieri, determined when isolated and tested against larval, pupal and
adult stages of different lepidopterous pests, from different areas in Tamil Nadu, India. H.
indica, S. glasieri and S. siamkayai have demonstrated mortality of all insects including L.

orbonalis (Umamaheswari et al., 2004).

IPM has demonstrated best results as multidimensional approach of crop protection using
mechanical, cultural and chemical control methods, when explored for the control of
aubergine insect pests. It was recommended that the use of all the possible mechanisms of
management of insect pests and pathogens in integration approach for better yield should be

applied (Sardana er al., 2004).

In a field experiment conducted to study four components of Integrated Pest Management,
including application of Neem, Oil cake at 100 kg/acre at transplanting stage, Pheromone
traps installation at 25 piece/acre at starting stage of buds and flowers in 45 days old crop on
weekly basis, and Mechanically removal of infested shoots following neem oil spray at 10-12
days intervals. These IPM components significantly reduced L. orbonalis infestation on
brinjal cultivars. This approach has demonstrated better yield of marketable fruits, with

increase in cost (Rath and Maity, 2005).
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Traps as a management technique when used against male moths of L. orbonalis, by using
locally prepared aﬁd clear plastic traps (12cm length x 14 cm bass x 21 cm height) with
modification in the s.hape and number of entry holes in the trap, more male moths of brinjal
shoot and fruit borer can be trapped. They also described that significantly more male moths
were caught in traps treated with water containing powdered detergent, liquid detergent, light
gear oil or insecticide. All water traps when tested caught significantly higher number of
moths than sticky delta traps with open sides under farmer’s field conditions (Cork et al.,

2005).

Evaluation of an integrated pest management module for the management of brinjal shoot
and fruit borer (L. orbonalis) was done in the fields. This IPM module includes, the
application of neem cake at 100 kg/acre (50kg during land preparation and 50kg at three
weeks after transplanting). installation of about 25-30 pheromones traps per acre from flower
bud initiation until the final harvesting and for mass trapping changing the lures on monthly
basis, mechanical clipping of infested shoot on weekly basis and spraying of neem oil every
10-12 days interval. A socio-economic survey among the user was also conducted.
Comparison of [PM and Non IPM plot has demonstrated a clear difference in infested shoots
which was 1.83 and 1.79% in IPM plots while 12.67 and 9.52% in Non IPM. Fruit damage in
IPM plots was also lower which was 13.07 and 6.56% while in non IPM plots it was 43.34
and 27.30%. This experiment also gave higher average yields (12-20 and 13-10 t/ha.) and

cost: benefit ratio (1:1.81 and 1:2.95) (Rath and Dash, 2005).

A field experiment was conducted to check the efficacy of bioagents and neem products in

comparison to Malathion against L. orbonalis. The results showed that the bioagents and
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neem products were not better to Malathion, while B. thuringiensis sufficiently controlled

this pest (Yadav and Sharma, 2005).

For two consecutive years at farmer field scale; different integrated approaches were
evaluated for better management of L. orbonalis in brinjal cultivars. It was suggested that the
use of neem powder at transplanting with pheromone traps for moth capturing was better
than other techniques included clipping of the infested shoots with neem oil spray. These
practices helped to increase the fruit yield with minimum expenditure at pest control level

(Rath and Maity, 2005).

An isolation of microsporidian was done from larvae of S. /irura and found their systemic
presence with mature spores being produced in nervous tissue, midgut, labial glands,
muscles, gonads, tracheae, malpighian tubules, epidermis and more extensively in adipose
tissues. These were found in nine important lepidopterous insect pests including L. orbonali
sand were recommended as potential bio-contro! agents (Johny and Muralirangan, 2005).
Comparative data of locally produced different clear plastic water traps at large-scale were
collected. Amass trapping trials for control of brinjal shoot and fruit borer was laid out. They
observed non-significant effect by changing the shape (triangular or square) and number of
entry holes (two or four) in the water trap on trap catch. There was increase noted in catch of
male moths in traps treated with water containing powdered detergent compared to liquid
detergent, gear oil or insecticide with more effective catch in water traps compared to sticky
traps at farmer’s field level. Increase of 46.1%, 58.6% and 69.1% healthy fruits were
harvested for the farmers practice, farmer’s practice plus [IPM and IPM alone, respectively.
They strongly suggested the incorporation of these traps in IPM practices along with other

managements (Cork ez al., 2005).
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An experiment carried out with the use of bio fertilizers in addition to farm yard manure
neem cake, poultry manure and macho cake and found that the infestation of shoot and fruit
borer can be reduced. It was reported that the shoot and fruit borer damage was consistently
less in the plots treated with PM + Bio fertilizers + N.C. IPM +Bio fertilizers + NC, along
with the field release of bio control agents and FYM + Bio fertilizers + NC+ field release of
bio control agents significantly reduced the shoot and fruit borer damage throughout the

duration of the experiment (Kavilharaghavan et al., 2006).

2.4. Resistance/susceptibility

The study of relative susceptibility of ditferent cultivars against Leucinodes orbonalis has
confirmed that it depends upon two factors, softness of shoot and fruit pulp and different

intrinsic characters of tolerances (Painter, 1951).

In an experiment to check the resistance of different brinjal varieties against insect pests, it
was found that Choklasi, Pusa purple and Doli-5 were resistant against L. orbonalis and
Jassid. Further it was revealed that varieties having dark colored fruit showed negative

correlation (r-80) and were found resistant to brinjal shoot and fruit borer (Jyani et al., 1995).

The research has shown that resistance does not depend on any single characteristic like
spineness, size of fruit, its shape and arrangement of seeds in fruit. Almost all of the varieties
were found to be attacked by brinjal shoot and fruit borer. However local cultivars were less

attacked by this pest as compared to the exotic ones (Gangopadhyay ef al., 1996).

A study was carried out for screening of selected genotypes of eggplant under field

conditions. It was that observed variability in relation to infestation by brinjal shoot and fruit
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borer was present. This research work has confirmed that cultivars S. indicum, S. giloand S.
incanumwere resistant against L.orbonalis (Behera ef al., 1999). In same pattern in another
study of 19 brinjal cultivars two other cultivars horn penny and black penny 11-407 were

confirmed as highly resistant cultivars to borer attack (Panda er al., 1971).

Pusa purple long and Pundibari were under focus in a two year study to check their
susceptibility against brinjal shoot and fruit borer, degree of damage and crop yield. It was
found that both of them were highly susceptible to this pest. Thripstabaci and Bemisiatabaci
were the key sucking insect pests of most of the brinjal cultivars used for this study (Ghosh

and Senapati, 2001).

In the field trails to evaluate thirteen Solanum spp. and 30 F, crosses of S. melongena for
resistance fo L. orbonalis, Arkakeshra was found to be resistant to this pest. Four from
genotypes and eleven from F1 crosses were recorded as resistant species with their fruit

damage ranging from 2.75 - 10.00% (Sharma et /., 2001).

The disease transferring and pest resistance characteristic were studied on S. indicum, S.
melongena, Doli-5 and Morbi 4-2, through interspecific hybridization. Physico-morphic
characters like fruit colour, fruit shape and prickles were under consideration in this trail.
Hybrids; S. indicumDoli-5 produces medium oblong fruit, while S. indicumMorbi4-2 showed
complete dominance and produced round solitary fruits. It was also observed that the hybrid
had high resistance against L. orbonalis infestation but is susceptible to leaf diseases (Patel et

al., 2001).

An experiment was conducted on fifty four wild and native brinjal cultivars for resistance to
L. orbonalis. It was observed that cultivars with oblong fruit and tightly arranged seeds were
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found more resistant to L. orbonalis. Only three out of twenty nine cultivars of aubergine

were found resistant to L. orbonalis and rest of twenty six were susceptible to this key pest

(Singh and Singh, 2001).

A comparison was carried out in a study of different interspecific crosses for resistance to L.
orbonalis. In this trial S. indicum was found to be resistant to L. orbonalis infestation as

compared to others (Behera and Singh, 2002).

Relationship of phenol and chlorophyll contents for resistance to L. orbonaliswas established
on twelve brinjal cultivars in a field experiment. It was found that the increased phenol and

chlorophyll content influence the infestation of fruit borers in brinjal (Asati et al., 2002).

Screening of native isolate of Heterorhabditis indica was carried out. Sixteen species of four
orders were recorded as hosts of Heterorhabditisindica. Ergolismerione, Syleptaderogata,
Leucinodes orbonalis and A. sty were recorded as new hosts of H. indica (Banu and

Rajendran, 2002).

Evaluation of ten aubergine cultivars for resistance to L. orbonalis was performed. The
variation in shoot infestation was observed ranging from 3.28% to 12.71%. The lowest shoot
damage was recorded in Arka Kusumakara (3.28%) while fruit infestation was lowest in SM-
10 which was 20.23%. The fruit infestation was highest in Pusa Purple Round (46.51%).
Further it was found that Arka Kusumakar and SM-10 were resistant to shoot and fruit borer

(Jat et al., 2003).

Field experiment conducted on ten aubergine cultivars in search of resistance varieties

against brinjal shoot and fruit borer. They examined that all the screened cultivars were
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susceptible to pest under study. Out of these ten four i.e. Pusa Purple Long, Naeelam Long,
Black Beauty and BR-112 were recorded least susceptible, whereas Pusa Purple Round was
susceptible, while Krishma and Kanahya (the local variety) were highly susceptible to borer

attack (Yadavet al., 2003).

To assess resistance to L. orbonalis a comparative study of three local and nine improved
brinjal cultivars was conducted. The positive correlation was observed between number of
larvae; per fruit with calyx diameter, number of holes per plant and chlorophyll content.
However, number of larvae was negatively correlated with phenol contents and plant height
(Asati ef al., 2004). Similarly, a field experiment was conducted for the screening of eighteen
aubergine cultivars against shoot and fruit borer, in which lowest occurrence of L. orbonalis

(on shoot and fruit of eggplant) was recorded in SKN BSR- 14 (Bharadiya and Patel, 2004).

The population dynamics of shoot and fruit borer have shown great variation ranging from
0.03-0.99 and 0.01 to 0.60 in a field experiment. The seasonal variation was recorded as;
third week of September and November supported highest population of eggs and larvae as
compared to third week of December and second week of September. A positive correlation
was found between minimum temperature vs. egg and larval population (Bodkhe et al.,

2007).

A study was designed to analyze qualitative amino acids of highly susceptible and resistant
aubergine cultivars infested with L. orbonalis. Overall, identification or presence of lysine
with increased number of spots was also considered to be responsible for resistance (Anand,

2004).
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A field experiment conducted to evaluate eleven aubergine cultivars for their resistance to L.
orbonalis. They categorized these cultivars into three classes; Pusa Purple Long, Brinjal
green Long, and Selection Puja was less susceptible with (<25% infestation), Pusa Hybrid-5,
Pusakranti, Kokila, PusaUpkar and Aarti moderately susceptible (25-35% infestation) and
Narkiran, PusaUttam and Pusa Hybrid-6 were highly susceptible (more than 35% infestation)

(Yadav and Sharma, 2005).

In another screening experiment under field conditions, eighteen aubergine cultivars against
the shoot and fruit borer infestation were included. They found that SKN and BSR-14 have
given the lowest chance of infestation of L. orbonalis to shoots and fruits (Bharadiya and

Patel 2004).

To observe the infestation of shoot and fruit borer onaubergine cultivars a field experiment
was conducted. Three out of twelve cultivars of aubergine were found to be less susceptible

to L. orbonalis with infestation less than 25% (Yadav and Sharma, 2005).

Comparative data collected on twenty five genotypes for their tolerance level, Out of these
genotypes, two were highly susceptible to L. orbonalis with more than 41% fruit damage.
Only two were highly tolerant (1-10% fruit damage) while five with moderate level (11-20%
fruit damage). The possibility of tolerant species to L. orbonalis favors the incorporation of

host plant resistance in pest management tactics (Elanchezhyan et al., 2008).

In another comparative study, highly susceptible to resistant brinjal cultivars against shoot
and fruit borer on predator Chrysoperla carnea and the egg parasitoid, Trichogramma
chilonis were observed. Flower extract of highly susceptible cultivar when examined has
shown about 70% egg parasitism as compared to 47% in control. Similar trend of attraction
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and improving the efficacy of C. carnea was observed in the flower extracts with 85%

predation (Elanchezhyan et al., 2008).

2.5 Botanicals

It has been found that there are many plant species available throughout the tropics so far
having some kind of pesticidal properties. According to Kiritani (1979), eco-friendly, less
costly measures, such as, cropping system approach, botanicals (Prakash et al, 2008) are
more advantageous over insecticides, as they fit well in IPM. The safer plant products are
useful in developing sound pest management strategies (Gupta and Singh, 2002).
Azadirachtin containing extracts from neem seeds have antifeedant and sterilent properties. It
was found that azadirachtin also act as a chitin synthesis inhibitor which control over the
neuroendocrine system, ecdysone and juvenile hormone synthesis. However, the result
regarding use of azadirachtin based pesticides on management of L. orbonalis vary greatly.
In the same experiment Saimandir and Gopal (2012) reported that NSKE was effective,
however Nimbo Bas non-effective. Udaiyan and Ramarathinam (1994) and Muregesam and
Murugesh, (2009) proved the effectiveness of Nimbecidine. The product Neem cake extract
@ 5 percent and Calotropis gigantean (Linnaeus) @ S percent were also quite effective in
Kharif crop reducing fruit damage by more than 50 percent. The oil product of botanicals
was found to be efficient for L. orbonalis management. Neem oil @ 2 percent was the best
treatment both in Kharif{(60.20%) and Rabi (59.91%) followed by Nimbecidine @ 2 ml/litre
(57.42%) (Murugesam and Murugesh, 2009). Several earlier workers have also demonstrated
the effectiveness of Neem oil against L. orbonalis (Udaiyan and Ramarathinam, 1994).
Similarly, Mathuret al. (2012) showed that 2 percent of newer botanical oils of Pungam

(Pongamiapinnata) and Tluppai (Madhucaindica) in TPM modules proved to be quite
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effective in lowering both shoot and fruit infestation and can thus be utilized in resistance
management strategy.

All the botanicals, such as Ecogold @ 10 ml/litre of water; Alata soap @ 5 g/litre of water;
Garlic @ 30 g/litre of water; Neem oil @ 3 ml/l of water); Papaya leaves @ 92 g/litre of
water and Wood ash @ 10 g/plant significantly reduced the different pest of brinjal including
L. orbonalis. Therefore, it is considered as pest management options to reduce insect pest
populations and increase brinjal productivity (Mochiah et al., 2011).

Among many other plant products, Chitraer al. (1993) reported the ether extracts of
Aregemon maxicana Linnaeus 0.1 percent was comparable to Monocrotophos 0.04 percent
and Endosulfan 0.07 percent. Equally effective were A. indicaA. Juss. and Annonas quamosa
Linnaeus against brinjal pest complex including L. orbonalis with first spray 3 days after
transplanting and later 3 at fortnightly intervals.

From the above description, it was revealed that no work has so for been done in Bangladesh
to compare the resistance of local and BARI varieties of brinjal against brinjal shoot and fruit
borer. Although many researches were done on botanicals especially neem based biopesticide
but few researches were done on mahogany and tobacco but their performance better. So,

further study is required to find out their performance.
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CHAPTER III

MATERIALS AND METHODS

The study was undertaken during November 2013 to August 2014 to evaluate the most
effective biopesticides among seven botanicals and to identify most resistant variety against
brinjal shoot and fruit borer. The materials used and the methodology adopted for conducting
the experiments to fulfill the objectives set forth in the present study is presented here under.

3.1 Experiment 1: Effect of botanicals on the management of brinjal shoot and fruit

borer (BSFB).
3.1.1 Experimental site

The experiment was conducted at Prof. Dr. Purmendu Gain Field Laboratory of

Agrotechnology Discipline, Khulna University, Khulna during the period from December

2013 to June 2014.

3.1.2 Climate of the experimental site

The climate of the experimental area was subtropical in nature, which was characterized by
high temperature, heavy rainfall, high humidity and relatively long day during the months of
April to September and low rainfall associated with moderately low temperature, low

humidity and short day during the rest of the year.
3.1.3 Characteristics of soil

The experiment was carried out on a medium high land belonging to Agro-ecological zone -

13, (AEZ-13). The texture of the soil was clay-loam with a pli 7.5.
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3.1.4 Plant material used

The local seed of brinjal variety named Makra was collected from local market Gollamari
and raised as seedling in germplasm centre in Khulna University, used in the experiment.
3.1.5 Raising of seedlings

Brinjal seedling was raised in seedbed of 3m x 1m size. The soil was well prepared and
converted into loose friable and dried mass by spading. All weeds and stubbles were
removed. Weeding, mulching and irrigation were done when required. Seedling was raised at

germplasm centre in Khulna University.
3.1.6 Preparation of plots

At the beginning of the land preparation half dose of cowdung was mixed with the soil. The
rest half dose of cowdung, full TSP, one-third Urea and one-third MoP were mixed during pit
preparation. Rest of the Urea and MoP were applied 21 DAT, 35 DAT and 50 DAT. The

plots were pre-labeled for each variety and treatment after randomization.
3.1.7 Design and layout of the experiment

The experiment was laid out in the Randomized‘ Complete Block Design (RCBD) with three
replications. The entire experimental plot was divided into 3 blocks each containing 7 units
plots. Totally there were 21 unit plots. The treatments were randomly assigned to each unit
plot so as to allot one treatment combination once in each block. The unit plots were 3mx2m
in size with 75 cm distance between the blocks and 50 cm between the unit plots. Each plot

was contained 16 plants.

24




3.1.8 Transplanting of brinjal seedlings

Healthy seedlings were uprooted from the seedbed and were transplanted in the experimental
plots during late afternoon on December, 2013 maintaining a spacing of 75 cm between the
rows and 50 cm between the plants. This allowed an accommodation of 16 plants per plot.
Immediately after planting, the seedlings were watered. Seedlings were also planted around
the experimental area for gap filling and to check the border effect.

3.1.9 Treatments of the experiment

The following treatments were applied with three replications:
To= Control

T, = Neem leaf extract

T, = Neem oil

T; = Mahogany oil

T4+ = Mahogany (oil + cake)

Ts = Garlic extract

Te=Tobacco leaf extract

3.1.10 Preparation of treatments
3.1.10.1 Preparation of Neem leaf extracts and the stock solution
Fresh leaves of Azadirachata indica (Neem) were collected from the plants at the Khulna

University campus. Then the collected leaves were dried in shade and were ground with a

domestic grinder. Fifty grams (50g) of the ground leaves were added with water and left




overnight to make 1000 ml solution. The mixture was then filtered and the filtrate poured
into a flat bottom flask as stock for the field spraying five gram of wheel powder was added
to increase its adhesiveness (Murugesam and Murugesh, 2009).

3.1.10.2 Preparation of Garlic extract and the stock solution

Bulbs of garlic were brought from the market, 30 g of garlic bulbs were chopped into pieces
using knife and such material was ground thoroughly, mixed with 50 ml of water and the
ground mixture was soaked in little quantity of water over night and squeezed through muslin
cloth and the volume was made up to | liter to get 3 per cent extract five gram of wheel
powder was added to increase its adhesiveness (Murugesam and Murugesh, 2009).

3.1.10.3 Preparation of Tobacco leaves extract and the stock solution

Tobacco leaves were brought from the market, 30 g of tobacco leaves were chopped into
pieces and such material was ground thoroughly in mixed with 50 ml of water and the ground
mixture was soaked in little quantity of water over night and squeezed through muslin cloth
and the volume was made up to 1 liter to get 3 per cent extract five gram of wheel powder
was added to increase its adhesiveness (Murugesam and Murugesh, 2009).

The rest of the treatments were collected from the local market and from Syed Abdul Motin,
innovator and researcher. Those were neem oil, mahogany oil, mahogany cake.

3.1.11 Treatment application

The treatments were applied as foliar sprays starting after 20 days of transplanting and
repeated subsequently at 7 days interval and mahogany cake was applied in the plot and

incorporated with soil. Care was taken to avoid drifting of treatment to neighboring plots.

26



3.1.12 Untreated control

No pest control technique was applied in control plots. However, an equal volume of water,
which was used for other plots, was sprayed at 7 days intervals.

3.1.13 Intercultural operations

After transplanting of seedlings, various intercultural operations were accomplished for
better growth and development of the plants, which were as follows:

3.1.13.1 Gap filling

When the brinjal seedlings were well established, the soil around the base of each seedling
was pulverized. A few gaps filling was done by healthy seedlings of the same stock where
initially planted seedlings failed to survive.

3.1.13.2 Weeding

Weeding and mulching were accomplished as and whenever necessary to keep the crop free
from weeds, for better soil aeration and to break the crust. It also helped in soil moisture
conservation,

3.1.13.3 Irrigation

Irrigations were given throughout the growing period at 10-15 days interval. The irrigations
were given to increase the yield.

3.1.13.4 Harvesting

Harvesting of fruits was started at 60 days after transplanting and continued up to 150 days
after transplanting with an interval of 7 days. Harvesting was usually done manually.

3.1.14 Data collection

In order to know the effects of the treatments on controlling BSFB, data in respect of the

following parameters were collected from vegetative to late fruiting stage. Data were
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collected from randomly selected five plants from each treatment per plot excluding the
border plants.

3.1.14.1 Total numbers of shoot

The total number of shoots was recorded from 5 tagged plants of each plot at weekly
intervals.

3.1.14.2 Total numbers of infested shoot

The total number of infested shoots was recorded from 5 tagged plants of each plot at weekly
intervals,

3.1.14.3 Percentage of shoots damage

The data on infested shoot was recorded by direct count but percentage of infested shoots
was calculated by using the following formula.

PSD =1S/TS*100

Where, PSD= Percentage of shoots damage, IS = Numbers of infested shoot/plant, TS =
Total numbers of shoot/plant

3.1.14.4 Percentage reduction of infestation in shoot

Percentage reduction of infestation in shoot was calculated by using the following formula.

P = (Po-Pr/Pg)*100

Where, Py = Total no. of infested shoot/plant in control, Pr = Total no. of infested shoot/plant
in treatment

3.1.14.5 Number of larvae per infested shoot

The total number of larvae was counted from infested shoots.

3.1.14.6 Total numbers of fruits

The total number of fruits was recorded from S tagged plants of each plot at weekly intervals.
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3.1.14.7 Total numbers of infested fruits

The total number of infested fruits was recorded from 5 tagged plants of each plot at weekly
intervals.

3.1.14.8 Percentage of fruits damage

The data on infested fruits was recorded by direct count but percentage of infested shoots
was calculated by using the following formula.

PFD = 1F/TF*100

Where, PFD= Percentage of fruits damage, IF = Numbers of infested fruits/plant, TF = Total
numbers of fruits /plant

3.1.14.9 Percentage of infestation reduction in fruit

Percentage of infestation reduction in fruit was calculated by using the following formula.

P = (Po-Pr/Pg)*100

Where, Py = Total no. of infested fruits /plant in control, Pr = Total no. of infested fruits
/plant in treatment

3.1.14.10 Number of larvae per infested fruits

The total number of larvae was counted from infested fruits.

3.1.14.11 Weight of healthy and infested fruits

Fruits were harvested at 7 days interval and the number of healthy and infested fruits was
recorded for calculating the percent fruit infestation. The weight of healthy and infested fruits
was noted separately per plot per treatment. The cumulative yield of healthy and infested
fruits per plot was transformed into healthy, infested and total yield per hectare in tons,

respectively.
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3.1.14.12 Cost of production
For benefit cost analysis, records of the costs incurred for labor, fertilizer, treatment
application in each time were maintained. It is to be noted here that expenses incurred
referred to those only on pest control. The price of the harvested marketable healthy fruits of
each treatment and that of control were calculated at market rate. The Benefit-Cost Ratio
(BCR) was analyzed. The production cost was recorded and all accumulates in case of
individual treatment that was spent during production time.
3.1.14.13 Gross return
The total sell price was counted which was termed as gross return.
3.1.14.14 Benefit from the product
It was counted by the following formula: The price of the total yield- cost of production. It
may be termed as net return.
3.1.14.15 Benefit cost Ratio (BCR)

It was calculated by the following formula:

Gross return (Tk. ha")

B: C ratio =
Cost of cultivation (Tk. ha™)

3.1.14.16 Data analysis

Data were analyzed by using MSTAT-C software for analysis of variance after square root

transformation for per stage data. ANOVA was made by F variance test and the pair

comparisons were performed by Duncan's Multiple Range Test (DMRT) (Gomez & Gomez,

1984).
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3.2 Experiment 2: Performance of brinjal varieties against brinjal shoot and fruit

borer.
3.2.1 Experimental site

The experiment was conducted at the Germplasm Centre of Agrotechnology Discipline,

Khulna University, Khulna during February 2014 to August 2014,

3.2.2 Soil

The soil used in bags was collected from the garden of Germplasm Centre of Agrotechnology
Discipline, Khulna University, Khulna. The average character of the soil was clay loam to
clay. After collecting the soil it was sun dried and ground well. Then the soil debris was

removed by sieving and the soil was put into bags after mixing with manure and fertilizer.

3.2.4 Preparation of bags

In this experiment medium size bazaar bags were selected as growing container. Each bag
was filled-up with sun dried soil and kept under natural light. Cowdung was uniformly
incorporated to the soil before filling bags. The rest half dose of cowdung, full TSP, one-third
Urea and one-third MoP were mixed during pit preparation in the bag. Rest of the Urea and
MoP were applied 21 DAT, 35 DAT and 50 DAT. The bags were pre-labeled for each

variety.
3.2.5 Planting materials

Seeds were collected from local market Gollamari and Bangladesh Agricultural Research

Institute (BARI).
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3.2.6 Raising of seedlings

Brinjal seedlings were raised in seedbed of 3m x Im size. The soil was well prepared and
converted into loose friable and dried mass by spading. All weeds and stubbles were
removed. Weeding, mulching and irrigation were done when required. Seedling was raised at

Germplasm centre, Khulna University.
3.2.7 Transplanting of brinjal seedlings

Healthy seedlings were uprooted from the seedbed and were transplanted in the experimental

bags during late afternoon on February, 2014,
3.2.8 Treatments of the experiment

Eight improved varieties released by BARI and S local cultivar were used as treatment. The

brinjal varieties were

V1=BARI begun-1
V,=BARI begun-4
V3=BARI begun-5
V4=BARI begun-6
Vs=BARI begun-7
V¢=BARI begun-8
V7=BARI begun-9
Vs=BARI begun-10
Vy=Makra

Vi10=Muktokashi
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Vi;=Lalita

Vi,=Hazra

V13=Chaga.

3.2.9 Intercultural operations

After transplanting of seedlings, various intercultural operations were accomplished for
better growth and development of the plants, which were as follows:

3.2.10 Gap filling

When the seedlings were weak it was required to fill the gaps. Gap filling was done by
healthy seedlings of the same stock where initial planted seedlings failed to survive.

3.2.11 Weeding

Weeding and mulching were accomplished as and whenever necessary to keep the crop free
from weeds, for better soil aeration and to break the crust. It also helped in soil moisture
conservation.

3.2.12 Irrigation

Irrigations were given throughout the growing period at 7days interval during dry season.
The irrigations were given to increase the yield.

3.2.14 Data collection

In order to know the performance of different brinjal varieties against brinjal fruit and shoot
borer (BSFB) data in respect of the following parameters were collected from vegetative to
late fruiting stage. Data were collected from every plant.

Pest Control: No pest control measures were used in the experiment.

3.2.14.1 Total numbers of shoot

The total number of shoots was recorded from plant of each bag at weekly intervals.
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3.2.14.2 Total numbers of infested shoot

The total number of infested shoots was recorded from every bag at weekly intervals.
3.2.14.3 Percentage of shoots damage

The data on infested shoot was recorded by direct count but percentage of infested shoots
was calculated by using the following formula.

PSD =1S/TS*100

Where, PSD= Percentage of shoots damage, IS = Numbers of infested shoot/plant, TS =
Total numbers of shoot/plant

3.2.14.4 Numbers of larvae per infested shoot

The total number of larvae was counted from infested shoots.

3.2.14.5 Total numbers of fruits

The total number of fruits was recorded from plants of each bag at weekly intervals.

3.2.14.6 Total numbers of infested fruits

The total number of infested fruits was recorded from plants of every bag at weekly intervals.
3.2.14.7 Percentage of fruits damage

The data on infested fruits was recorded by direct count but percentage of infested shoots
was calculated by using the following formula.

PSD =1S/TS*100

Where, PSD= Percentage of fruits damage, IS = Numbers of infested fruits plant, TS = Total
numbers of fruits /plant

3.2.14.8 Numbers of larvae per infested fruits

The total number of larvae was counted from infested fruits.
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3.2.14.9 Weight of healthy and infested fruits

Fruits were harvested at 7 days interval and the number of healthy and infested fruits was
recorded for calculating the percent fruit infestation. The weight of healthy and infested fruits
was noted separately per plot per treatment. The cumulative plot yield of healthy and infested
fruits were transformed into healthy, infested and total yield per hectare in tons, respectively
3.2.10 Data analysis

Data were analyzed by using MSTAT-C software for analysis of variance after square root
transformation. ANOVA was made by F variance test and the pair comparisons were

performed by Duncan's Multiple Range Test (DMRT) (Gomez & Gomez, 1984).
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CHAPTER IV
RESULTS AND DISCUSSION

The efficacy of some botanicals and performance of some brinjal varieties were evaluated
against the brinjal shoot and fruit borer (Leucinodes orbonalis, Guenee) major damaging

insect of brinjal. The results obtained from the experiment are discussed under the following

heads:

4.1 Experiment 1: Effect of botanicals on the management of brinjal shoot and fruit

borer (BSFB)
4.1.1 Infestation of shoot in vegetative stage (30-60 DAT)

Various plant extract were significantly affected on the infestation by BSFB (Appendix 8).
The data on producing shoot/plant as influenced by the application of different plant extract
are shown in Table 1. A significant variation was observed in terms of total shoot number per
plant, infested shoot number per plant, mean number of larvae per infested shoot in
vegetative stage. The total number of shoots was found the maximum (6.50) in Mahogany oil
+ Mahogany cake followed by neem oil (6.00) and tobacco leaf extract (6.00) and the
minimum was obtained from the control (3.00). The lowest number of infested shoots (1.10)
was found in Mahogany oil + Mahogany cake and the highest number of infested shoots
(1.60) was observed in tobacco leaf extract. Mean number of larvae per infested shoot was
recorded the maximum (3.10) in the control and the minimum (1.00) in neem oil which was

statistically similar to Mahogany oil + Mahogany cake (1.09).
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Ashadul er al. (2014) also reported that protection of shoot and fruit borer had higher over
control (92.50 and 91.30%, respectively) and fruit yield increment over control had higher
(61.70%) in neem leaf extract. Among all the characters control treatment produced lower
results in the study. Use of neem leaf extract was highly effective to reduce the shoot and

fruit infestation as well as to get higher yield.

Table 1. Infestation of shoot in vegetative stage (30-60 DAT)

Treatments Mean number of shoots per plant Mean number of

larvae per infested
Total Infested shoot
Control 3.00d 1.35¢ 3.10a
Neem leaf extract 5.00bc 1.35¢ 1.70bc
Neem oil 6.00ab 1.10e 1.00c
Mahogany oil 4.500¢c 1.50b 2.30b
Mahogany oil + Mahogany cake 6.500a 1.10e 1.09¢
Garlic extract 4,00cd 1.30d 2.20b
Tobacco leaf extract. 6.00ab 1.0a 1.30c

Level of significance e = iyl

CV (%) 10.90 14.31 14.46

#*= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.

4.1.2 Infestation of shoot in early fruiting stage (60-90 DAT)

All the shoot characteristics like total number of shoot, number of infested shoot, mean
number of larvae per infested shoot were statistically significant (Appendix 9). From the
Table 2 it can be observed that the maximum number of shoot was produced in tobacco leaf
extract (11.00) followed by Mahogany oil + Mahogany cake (10.50) and neem oil (10.00)
and the minimum was recorded from the control (7.00). The number of infested shoot was
found the lowest in Mahogany oil + Mahogany cake (1.60) and neem oil (1.60) and the

highest was recorded from the control (3.00). Mean number of larvae per infested shoot was
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recorded the lowest in Mahogany oil + Mahogany cake (1.10) preceded by neem oil (1.40)

and the highest was recorded from the control (2.50).

All the botanicals, such as Ecogold @ 10 ml/litre of water; Alata soap @ 5 g/litre of water;
Garlic @ 30 g/litre of water; Neem oil @ 3 ml/l of water); Papaya leaves @ 92 g/litre of
water and Wood ash @ 10 g/plant significantly reduced the different pest of brinjal including
L. orbonalis. Therefore, it was considered as pest management options to reduce insect pest

populations and increase brinjal productivity (Mochiahet al., 2011).

Table 2. Infestation of shoot in early fruiting stage (60-90 DAT)

Treatments Mean number of shoots per plant Mean number of
larvae per infested
Total | Infested shoot
Control 7.00¢ 3.00a 2.50a
Neem leaf extract 9.00abe , 2.20bc 2.10ab
Neem oil 10.00ab | 1.60¢ 1.40c
Mahogany oil 9.00abc ’. 2.30b 2.40a
| Mahogany oil + Mahogany cake 10.50ab ? 160c | 1.10c
| Garlic extract | 8.50bc | 2.60ab 2.30a
| Tobacco leaf extract. | 11.00a 2.50ab 1.50bc
s Level of significance it b e
|
| CV (%) 8.92 11.12 12.04

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.

4.1.3 Infestation of shoot in mid fruiting stage (90-120 DAT)

A significant variation (p<0.01) was observed (Appendix 10) due to the effect of botanicals
on brinjal shoots infestation by brinjal shoot and fruit borer (BSFB) in mid fruiting stage (90-
120 DAT) due to the application of different treatments (Table 3). In mid fruiting stage the
result revealed that, the highest number (15.00) of total shoots per plant was found in tobacco

leaf extract and the lowest from the control (10.00). The highest number of total infested
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shoots per plant was recorded from the control (4.00) and the lowest was found in
Mahogany oil + Mahogany cake (1.80) and neem oil (1.80). The Mean number of larvae per

infested shoot was the highest in control (2.50) and the lowest in Mahogany oil + Mahogany

cake (1.08).

Among many other plant products, Chitraet al. (1993) reported the ether extracts of
Aregemon maxicana L. 0.10 percent was comparable to Monocrotophos 0.04 percent and
Endosulfan 0.07 percent. Equally effective were A. indica A. Juss. and Annonas quamosa L.
against brinjal pest complex including L. orbonalis with first spray 3 days after transplanting

and later 3 at fortnightly intervals.

Table 3. Infestation of shoot in mid fruiting stage (60-90 DAT)

Treatments Mean number of shoots per plant Mean number of

larvae per infested
Total Infested shoot
Control 10.00d 4.00a 2.50a
Neem leaf extract 12.50bc 2.90b 2.00a
Neem oil 13.00abc 1.80c 1.30b
Mahogany oil 12.00bcd 2.90b 2.20a
Mahogany oil +Mahogany cake 14.00ab 1.80c 1.08b
Garlic extract 11.00cd 3.00b 2.10a
Tobacco leaf extract. 15.00a 3.30ab 1.30b

Level of significance ** *x *x

CV (%) 7.38 13.68 10.51

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.

4.1.4 Infestation of shoot in late fruiting stage (120-150 DAT)

In the late fruiting stage effect of botanicals were significantly varied at 1% level (Appendix
11) due to the application of different treatments (Table 4). In this stage the total number of
shoots per plant was found the highest in tobacco leaf extract (16.00) and the lowest in

control (11.00). The number of infested shoots per plant was recorded the maximum from the
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control (3.80) followed by Garlic extract (3.00) and the minimum (1.50) in Mahogany oil +
Mahogany cake. Mean number of larvae per infested shoot was found the highest (2.30) in

control and the lowest (1.07) in Mahogany oil + Mahogany cake.

According to Kiritani (1979), eco-friendly, less costly measures, such as, cropping system

was approached.

Table 4. Infestation of shoot in late fruiting stage (120-150 DAT)

Treatments Mean number of shoots per plant | Mean number of

larvae per infested
J Total |  Infested shoot
| Control 11.00d 3.80a 2.30a
Neem leaf extract 13.00bcd 2.60bc 1.90a
Neem oil 14.00abc 1.70cd 1.20b
Mahogany oil [ 12.00cd 2.60bc 2.10a
Mahogany oil 1+ Mahogany cake ’ 15.00ab 1.50d 1.07b
Garlic extract 12.00cd 3.00ab 2.00a
Tobacco leaf extract. 16.00a 2.40bc 1.00b

Level of significance S ik e

CV (%) 8.69 : 14.30 10.59

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.

4.1.5 Percent shoot infestation in different stages

Different botanicals were used in this experiment and they showed statistically significant
results that were presented in the Appendix 12. From the experiment, it was found that in
vegetative stage percent shoot infestation was the lowest in Mahogany oil + Mahogany cake
(16.92%), preceded by neem oil (18.33%) and the highest (45.00%) was recorded from the

control (Fig.1).

Whereas, in early flowering stage, the percent shoot infestation was the highest in control

(42.86%) followed by Garlic extract (30.59%) and the lowest in Mahogany oil + Mahogany
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(15.24%). In the mid flowering stage, the percent shoot infestation was the highest in control
(40.00%) and the lowest in Mahogany oil + Mahogany cake (12.86%) and finally in
reproductive stage, the highest percent shoot infestation was observed also estimated from
the control (34.50%) and the lowest was in Mahogany oil + Mahogany cake(10.00%).

Ashadul ef al. (2014) also reported that protection of shoot and fruit borer had higher over
control (92.50 and 91.30%, respectively) and fruit yield increment over control had higher
(61.70%) in neem leaf extract, Among all the characters, control treatment produced lower
results in this study. Use of neem leaf extract was highly effective to reduce the shoot and

fruit infestation as well as to get higher yield.
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Fig 1. Percent shoot infestation in different stages

To= Control, T; = Neem leaf extract, T, = Neem oil, T5 = Mahogany oil, T, = Mahogany (oil

+ cake), Ts = Garlic extract and T =Tobacco leaf extract
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4.1.6 Percent shoot infestation reduction over control in different stages

The percent shoot infestation reduction over control by brinjal shoot and fruit borer (BSFB)
in different stages was statistically significant (Appendix 13). The results indicated that
among the seven treatments percent shoot infestation reduction over control was found the
highest in Mahogany oil + Mahogany cake (62.39%) the lowest in the Mahogany oil
(25.93%) in the vegetative stage. At the early stage of fruiting the highest (64.44%) was
found in Mahogany oil + Mahogany cake and the lowest in the Garlic extract (28.60%).
Whereas, in the mid fruiting stage, the percent shoot infestation reduction over control was
the highest Mahogany oil + Mahogany cake (67.86%) the lowest Garlic extract (31.82%).
Finally in late fruiting stage, the percent shoot infestation reduction over control was

recorded the highest from Mahogany oil +Mahogany cake (71.05%) and the lowest in the
Garlic extract (27.63%).

From the result, it was recorded that in all the growth stages of brinjal namely early fruiting
stage, mid fruiting stage and late fruiting stage, percent shoot infestation reduction over
control was found the highest in Mahogany oil + Mahogany cake and the lowest in the Garlic

extract

Botanicals (Prakash et al., 2008) are more advantageous over insecticides, as they fit well in

IPM. The safer plant products are useful in developing sound pest management strategies

(Gupta and Singh, 2002).
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Fig 2. Percent shoot infestation reduction over control in different stages

To= Control, T; = Neem leaf extract, T, = Neem oil, T; = Mahogany oil, T4 = Mahogany (oil

+ cake), Ts = Garlic extract and T =Tobacco leaf extract
4.1.7 Infestation of fruit in early fruiting stage (60-90 DAT)

Effect of botanicals on brinjal fruits infestation by brinjal shoot and fruit borer (BSFB) in
early fruiting stage (60-90 DAT) differed significantly due to application of different
treatments (Appendix 14). In early fruiting stage, mean number of fruits per plant was found
the highest in tobacco leaf extract (6.90) and the lowest in the control (3.50). Infested fruit
per plant was the maximum in the control (2.60) followed by garlic extract (2.50) and the
minimum in Mahogany oil + Mahogany cake (0.60). Mean number of larvae per infested
fruit plant was found the highest in control (3.80) and the lowest in Mahogany oil +

Mahogany cake (1.500) followed by neem oil (1.70) (Table 5).
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Udaiyan and Ramarathinam (1994) and Muregesam and Murugesh, (2009) proved the

effectiveness of Nimbecidine. The product Neem cake extract @ 5 percent and Calotropis

gigantean (Linnaeus) @ 5 percent were also quite effective in Kharif crop in reducing fruit

damage by more than 50 percent.

Table 5. Infestation of fruit in early fruiting stage (60-90 DAT)

Treatments Mean number of fruits per plant Mean number of

larvae per infested
Total Infested fruit
Control 3.50d 2.60a 3.80a
Neem leaf extract 4.50cd 1.80b 1.90c
Neem oil 5.50bc 1.10c 1.70¢c
Mahogany oil 4.90¢ 2.40a 1.80c
Mahogany oil + Mahogany cake 6.30ab 0.60¢ 1.50c
Garlic extract 4.40cd 2.50a 2.40b
Tobacco leaf extract. 6.90a 2.10ab 1.50c

Level of significance ** ** **¥

CV (%) 9.66 13.18 10.28

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ

significantly by DMRT.

4.1.8 Infestation of fruit in mid fruiting stage (90-120 DAT)

Different botanicals were used in this experiment and they showed statistically significant

results that were presented in the (Appendix 15). In mid fruiting stage mean number of fruits

per plant was found the highest in tobacco leaf extract (5.25) followed by neem oil (5.00)

and Mahogany oil + Mahogany cake (5.00) and the lowest in neem leaf extract (4.10).

Infested fruits per plant were the maximum in control (2.80) and garlic extract (2.80)

followed by Mahogany oil (2.60) and the minimum in Mahogany oil + Mahogany cake

(0.60). Mean number of larvae per infested fruit plant was observed the highest in the control

(3.20) and the lowest in Mahogany oil + Mahogany cake (1.06) (Table 6).
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The oil product of botanicals was found to be efficient for L. orbonalis management. Neem

oil @ 2 percent was the best treatment both in Kharif (60.20%) and Rabi (59.91%) followed

by Nimbecidine @ 2 ml/litre (57.42%) (Murugesam and Murugesh, 2009).

Table 6. Infestation of fruit in mid fruiting stage (90-120 DAT)

Treatments Mean number of fruits per plant Mean number of
larvae per infested
Total Infested fruit
Control 4.75ab 2.80a 3.20a
Neem leaf extract 4.10b 2.10abc 1.50bc
Neem oil 5.00a 1.50c 1.30bc
Mahogany oil 4.50ab 2.60ab 1.90b
Mahogany oil+ Mahogany cake 5.00a 0.60d 1.06¢
Garlic extract 4.50ab 2.80a 1.90b
Tobacco leaf extract. 5.25a 2.00bc 1.30bc
Level of significance ** *¥ *x
CV (%) 6.40 14.53 15.010

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ

significantly by DMRT.

4.1.9 Infestation of fruit in late fruiting stage (120-150 DAT)

The mean number of fruits per plant and infested; mean number of larvae per infested fruit

plant was statistically significant, shown in the Appendix 16. In late fruiting stage mean

number of fruits per plant was found the highest in tobacco leaf extract (7.10) followed by

Mahogany oil + Mahogany cake (6.50) and the lowest in the control (4.00). Infested fruits

per plant were found the maximum in the control (2.80) and garlic extract (2.80) and the

minimum in Mahogany oil + Mahogany cake (0.60). Mean number of larvae per infested

fruit plant was the highest in the control (3.20) and the lowest in Mahogany oil + Mahogany

cake (1.07) followed by neem oil (1.10) (Table 7).
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Several workers have also demonstrated the effectiveness of Neem oil against L. orbonalis
(Udaiyan and Ramarathinam, 1994). Similarly, Mathur ez al. (2012) showed that 2 percent of
newer botanical oils of Pungam (Pongamia pinnata) and Iluppai (Madhuca indica) in IPM
modules proved to be quite effective in lowering both shoot and fruit infestation and can thus

be utilized in resistance management strategy.

Table 7. Infestation of fruit in late fruiting stage (120-150 DAT)

Treatments Mean number of fruits per plant Mean number of
larvae per infested
Total Infested fruit
Control 4.00d 2.80a 3.20a
Neem leaf extract 5.00bcd 2.10ab 1.40bc
Neem oil 6.00abc 1.30c 1.10¢c
Mahogany oil 5.40abcd 2.50ab 1.80b
Mahogany oil + Mahogany cake 6.50ab 0.60d 1.07c
Garlic extract 4.30cd 2.80a 1.60bc
Tobacco leaf extract. 7.10a 1.90bc 1.20bc
Level of significance i s i
CV (%) 14.51 14.36 13.52

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ

significantly by DMRT.

4.1.10 Percent fruit infestation in different stages

Effect of botanicals on brinjal percent fruit infestation by brinjal shoot and fruit borer (BSFB)
in different stages differed significantly in different treatments at p<0.01 level (Appendix

17).

The maximum percent of fruit infestation by brinjal shoot and fruit borer (BSFB) was
observed in the control (74.29%, 58.95% and 70.00% respectively) in early fruiting stage,

mid fruiting stage and late fruiting stage respectively. And the minimum percent of fruit
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infestation was found in Mahogany oil + Mahogany cake (9.520, 12.00 and 9.23

respectively) in early fruiting stage, mid fruiting stage and late fruiting stage, respectively.

Efficacy of different methods either singly or in combinations for control of L. orbonalis was

observed. Trichogramma was found more effective than control plots for the management of

shoot and fruit borer. The main results comprised on neem oil (0.20%), neem oil (0.10%) +

lufenuron (0.01%), neem oil (0.10%) + B.T. (0.07%), and neem oil (0.10%) + carbaryl

{0.07%) which resulted in higher fruit yield compared with control plots (Sasikalaet al.,

1999).
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To= Control, T, = Neem leaf extract, T, = Neem oil, T; = Mahogany oil, T, = Mahogany (oil

+ cake), Ts = Garlic extract and Ts =Tobacco leaf extract
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- 4.1.11 Percent fruit infestation reduction over control in different stages

Different botanicals were used in this experiment and they showed statistically significant
results that were presented in the Appendix 18. Percent of fruit infestation reduction over
control by brinjal shoot and fruit borer (BSFB) was observed the maximum Mahogany oil +
Mahogany cake (86.70%, 85.08% and 85.50% respectively) in early fruiting stage, mid
fruiting stage and late fruiting stage respectively. And the minimum percent of fruit

infestation reduction over control was found in garlic extract (17.40%, 9.06% and 9.80%

respectively) in early fruiting stage, mid fruiting stage and late fruiting stage, respectively.
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To= Control, T; = Neem leaf extract, T> = Neem oil, T3 = Mahogany oil, T4 = Mahogany (oil

+ cake), Ts = Garlic extract and Ts =Tobacco leaf extract

4.1.12 Effect of botanicals on brinjal yield

In case of fruit yield per plot significant variation also found among all the treatments
(Appendix 19). The yield was found the maximum (35.82t/ha) when in the field Mahogany
oil + Mahogany cake was applied and the minimum in control (16.48t/ha). Increased yield
over control was recorded the maximum in Mahogany oil + Mahogany cake (17.49t/ha) and

the minimum in garlic extract (5.34t/ha).

In a field experiment conducted to study four components of Integrated Pest Management,
including application of Neem, Oil cake at 100 kg/acre at transplanting stage, Pheromone
traps installation at 25 piece/acre at starting stage of buds and flowers in 45 days old crop on
weekly basis, and Mechanically removal of infested shoots following neem oil spray at 10-12
days intervals. These IPM components significantly reduced L. orbonalis infestation on
brinjal cultivars. This approach has demonstrated better yield of marked fruits, with increase

in cost (Rath and Maity, 2005)
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To= Control, T; = Neem leaf extract, T> = Neem oil, T; = Mahogany oil, T4 = Mahogany (oil

+ cake), Ts = Garlic extract and T =Tobacco leaf extract

4.1.13 Cost and return analysis of brinjal production

According to the procedure of Ramakrishna and Palled (2005), cost and return analysis in
details was done and has been shown in Table 8. Material, Non-material and overhead cost
were recorded for all treatments on unit plot basis and calculated per hectare. The total cost
of production range between291666 Tk. and 491666 Tk/ha. The highest cost of production
was found in neem oil (491666 Tk/ha) followed by tobacco leaf extract (411666) and the
lowest was found in the control (291666Tk/ha). The range between the gross return was
264000 Tk to 949700 Tk/ha. The treatment Mahogany oil + Mahogany cake gave the highest
net return of Tk. 949700 followed by tobacco leaf extract of Tk. 888200 and the lowest was

found in control (264000 Tk/ha). The maximum benefit cost ratio was found 2.35 in the

50



R

}
_1
i
!
1
|
’.
!
|
|
|
|

Mahogany oil + Mahogany cake which was statistically similar with tobacco leaf extract

(2.16) and the minimum in control (0.91).

Considering the economic return per hectare, this experiment demonstrated that application
of Mahogany oil+ Mahogany cake was found more appropriate for brinjal production for

controlling brinjal shoot and fruit borer.

Latif et al. (2009) showed the better performance by reducing 80.63% fruit infestation over
control and produced the highest number of healthy and total fruits/plant (25.00 and 27.20,
respectively). The same package also increased 108.83%healthy fruit yield and decreased
74.13% infested fruit yield over control. The highest benefit cost ratio (5.53) was recorded in
IPM package 2 (Potash @100 kg/ha + flubendiamide24WG applied at 5% level of fruit
infestation), where 9 sprays were required. The BCR 0f4.12 and 4.00 was obtained in IPM

package 6 and package 5 with 8 and 5 sprays, respectively.

Table 8. Cost and return analysis of brinjal production

Treatments Yield (t/ha) | Gross return | Total cost | Net return Benefit
(Tk/ha) of (Tk/ha) cost
production ratio(BCR)
(Tk/ha)

Control 16.48d 264000g 291666 -27670g. 0.910c
Neem leaf extract 25.32bc 573200d 341666 231500d 1.68b
Neem oil 30.85ab 808500c 491666 276800c 1.64b
Mahogany oil 23.32¢cd 448200e 391666 56500e 1.14¢
Mahogany oil + 33.97a 949700a 403333 506300a 2.35a
Mahogany cake
Garlic extract 21.82cd 403200f 361666 41500f 1.11¢
Tobacco leaf extract. 35.82a 888200b 411666 476500b 2.16a
Level of significance e i . 5
CV (%) 11.17 11.47 28.16 12.19

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ

significantly by DMRT.
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4.2 Experiment 2: Performance of brinjal varieties against brinjal shoot and fruit borer

(BSFB).

4.2.1 Performance of different brinjal varieties against brinjal shoot and fruit borer

(BSFB) on shoot infestation in vegetative stage (30-60 DAT)

Performance of different varieties against brinjal shoot and fruit borer (BSFB) on shoot
infestation in vegetative stage was varied statistically (p<0.01) (Appendix 21). .The total
number of shoots per plant was found the highest in BARI begun-1 (8.40) and the lowest in
makra (3.40). The maximum number of infested shoot was present in BARI begun-1 (3.650)
and the minimum in makra (1.35). It was observed that mean number of larvae per infested

shoot was the highest in chaga (4.53) and the lowest in makra (1.16).

Study of morphological traits and the attack of L. orbonalis in brinjal were conducted among
150 lines tested, PBR 129.50, Punjab barsati and SM-174, were found to be highly resistant

and Punjab chamkila was the most susceptible to damage by the borer (Dilbagh et al.,1991).
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Table 9. Performance of different varieties against brinjal shoot and fruit borer (BSFB)

on shoot infestation in vegetative stage (30-60 DAT)

Varieties Mean number of shoots per plant Mean number of larvae per
Total Infested infested shoot
BARI begun-1 8.40a 3.65a 2.00e
BARI begun-4 7.20b 3.00abc 2.15de
BARI begun-5 8.80a 3.00abc 2.40d
BARI begun-6 8.20a 2.40cd 1.70f
BARI begun-7 6.20c 2.60bed 2.75¢
BARI begun-8 6.60bc 2.20d 1.16g
BARI begun-9 6.80bc 3.55a 2.89%¢
BARI begun-10 6.00¢ 2.60bcd 3.20b
Makra 3.40e 1.3% 447a
Muktokashi 4 40d 2.00de 4.39a
Lalita 6.40bc 3.30ab 3.26b
Hazra 6.60bc 3.30ab 3.24b
Chaga. 4.40d 2.40cd 4.53a
Level of significance i e i
CV (%) 820 14.49 5.04

*#*= Significant at 1% level. Means followed by common letter(s) in a column do not differ

significantly by DMRT.

4.2.2 Performance of different varieties against brinjal shoot and fruit borer (BSFB) on

shoot infestation in early fruiting stage (60-90 DAT)

Performance of different varieties against brinjal shoot and fruit borer (BSFB) on shoot

infestation in early fruiting stage was varied statistically (p<0.01) (Appendix 22). The total

number of shoots per plant was found the highest in BARI begun-5 (16.40) and the lowest in

makra (7.60). The maximum number of infested shoot was observed in BARI begun-1 (7.40)

and the minimum in BARI begun-8(4.00). It was observed that mean number of larvae per

infested shoot was the highest in chaga (4.48) and the lowest in makra(4.12).
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It was observed that varieties with characteristics like hair and prickle on stems, leaves and

fruit stalks result in the lowest percentage of fruit infestation as compared to those without

hair and prickles (Ali et al., 1994).

Table 10. Performance of different varieties against brinjal shoot and fruit borer

(BSFB) on shoot infestation in early fruiting stage (60-90 DAT)

Varieties Mean number of shoots per plant Mean number of larvae per
Total Infested infested shoot

BARI begun-1 14.80ab 7.40a 2.15f

BARI begun-4 13.20bc 5.80bcd 2.22f

BARI begun-5 16.40a 5.80bcd 2.38f

BARI begun-6 16.00a 5.20bcde 1.40g

BARI begun-7 11.004¢ 5.00cde 2.74ef

BARI begun-8 12.20¢ 4.00e 1.25¢

BARI begun-9 11.80c 6.20abc 2.74ef

BARI begun-10 12.60c 5.40bcd 3.40cd

Makra 7.60d 4.60de 4.12 ab

Muktokashi 8.40d 4.00e 4.22ab

Lalita 11.80c 6.40ab 3.02de

Hazra 11.00bc 7.20a 3.72bc

Chaga. 8.80d 5.20bcde 4.48a

Level of significance *k ** **

CV (%) 9.46 12.13 11.580

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ

significantly by DMRT.,

4.2.3 Performance of different varieties against brinjal shoot and fruit borer (BSFB) on
shoot infestation in mid fruiting stage (90-120 DAT)

Performance of different varieties against brinjal shoot and fruit borer (BSFB) on shoot

infestation in mid fruiting stage was evaluated which varied statistically (p<0.01) (Appendix

23). The total number of shoots per plant was found the highest in BARI begun-5 (21.40) and

the lowest in makra(11.60). The maximum number of infested shoot was observed in hazra

(10.00) and the minimum in BARI begun-8(5.60). It was observed that mean number of




larvae per infested shoot was the highest in makra (4.34) and that was the lowest in BARI

begun-8 (1.19).

Jat and Pareek (2003) reported that there was significant negative correlation between silica

contents and the degree of shoot infestation. Borer doesn’t prefer light green fruits and were

less infested as they had narrow pericarp and mesocarp with compact seedlings and seeds

closely arranged. Certain biochemical characters of the plants were positively correlated with

fruit infestation such as total sugar contents, free amino acid and crude oil protein.

Table 11. Performance of different varieties against brinjal shoot and fruit borer

(BSFB) on shoot infestation in mid fruiting stage (90-120 DAT)

Varieties Mean number of shoots per plant Mean number of larvae per
Total Infested infested shoot

BARI begun-1 18.80bc 9.60a 1.73e
BARI begun-4 18.60bc 6.60bcd 1.96de
BARI begun-5 21.40a 7.40bc 2.04de
BARI begun-6 20.00ab 6.00cd 1.71e
BARI begun-7 15.40de 6.80bcd 2.23d
BARI begun-8 17.00¢d 3.604 119
BARI begun-9 17.60bcd 9.60a 2.68¢
BARI begun-10 17.80bcd 8.00b 2.92bc
Makra 11.60f 7.20bcd 4.34a
Muktokashi 13.20ef 6.80bcd 4.26a
Lalita 17.400cd 9.80a 3.26b
Hazra 17.60bcd 10.00a 3.30b
Chaga. 12.80f 7.60bc 4.30a
Level of significance ** ** *#

CV (%) 7.96 11.62 9.04

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ

significantly by DMRT.
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4.2.4 Performance of different varieties against brinjal shoot and fruit borer (BSFB) on

shoot infestation in late fruiting stage (120-150 DAT)

Performance of different varieties against brinjal shoot and fruit borer (BSFB) on shoot
infestation in late fruiting stage was evaluated which varied statistically (p<0.01) (Appendix
24). The total number of shoots per plant was found the highest in BARI begun-5 (26.40) and
the lowest in makra (15.00). The maximum number of infested shoot was observed in hazra
(13.00) and the minimum in BARI begun-8 (6.80). It was observed that mean number of
larvae per infested shoot was the highest in makra (4.11) and the lowest in BARI begun-8

(1.07).

Comparative study of the ratoon cropping of two hybrids and a local cultivar for their
-additive and non-additive characteristics was conducted. Although the plant height was more
in MBH-10 hybrid yet its leaf surface index was less than other hybrid, Manjrigota.
Contrarily, MBH-10 was high in yield compared to Manjrigota and other cultivar. However,
shoot and fruit borer infestation was comparatively less in hybrids as compared to normal

cultivar (Page et al., 2004).
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Table 12. Performance of different varieties against brinjal shoot and fruit borer

(BSFB) on shoot infestation in late fruiting stage (120-150 DAT)

Varieties Mean number of shoots per plant | Mean number of larvae per
Total Infested infested shoot

BARI begun-1 23.80bc 11.60b 1.64fg
BARI begun-4 23 .40be 9.80cd 1.86ef
BARI begun-5 26.40a 9.00de 1.91ef
BARI begun-6 25.20ab 7.40f 1.34gh
BARI begun-7 18.60d 8.00ef 2.15de
BARI begun-8 21.60¢c 6.80f 1.07h
BARI begun-9 21.80¢ 11.00bc 2.50cd
BARI begun-10 23.20be 10.20cd 2.79b¢
Makra 15.00e 9.00de 4.11a
Muktokashi 16.60¢ 8.00ef 4.06a
Lalita 21.80¢ 12.00ab 2.88bc
Hazra 23.20bc 13.00a 3.06b
Chaga. 15.80e 9.60d 4.08a
Level of significance e e iy

CV (%) 5.600 7.330 9.600

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.

4.2.5 Performance of different brinjal varieties against percent shoots infestation by

brinjal shoot and fruit borer (BSFB) on different stages

The variation of different brinjal varieties against percent shoot infestation by brinjal shoot
and fruit borer (BSFB) on different stages was statistically significant at 1% level (Appendix
25). In vegetative stage the maximum shoot infestation was found in chaga (54.00%) and the
minimum in BARI begun-6 (29.60%). The infestation was observed the highest in makra
(60.36%, 62.03% and 60.02% respectively) in early fruiting stage, mid fruiting stage and late
fruiting stage respectively. And infestation was the lowest in BARI begun-6 (32.40%,
29.86% and 29.38% respectively) in early fruiting stage, mid fruiting stage and late fruiting

stage, respectively (Table. 18).
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29.86% and 29.38% respectively) in early fruiting stage, mid fruiting stage and late fruiting

stage, respectively (Table. 18).

Experiment to determine the factor of resistance in aubergine against shoot and fruit borer
was performed. The number of infested shoot and fruit along with morphological character,
including plant height, leaves per plant, mean leave area, leaf area per plant, primary
branches per plant, thickness of terminal shoots, terminal shoots per plant, and fruit per plant
and fruit length was recorded.. These morphological characters were highly correlated to the
infestation of shoot and fruit borer. It was concluded that lower the moisture, sugar and

protein contents in fruit make them less susceptible to L. orbonalis infestation (Hazaraet al.,

2004).
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Fig 6. Percent shoot infestation in different stages
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V,=BARI begun-1, V,=BARI begun-4, V;=BARI begun-5, V,=BARI begun-6, Vs=BARI
begun-7, V¢=BARI begun-8, V;=BARI begun-9, Vg=BARI begun-10, Vy=Makra,

Vic=Muktokashi, V;;=Lalita, V,,=Hazra and V;3=Chaga.

4.2.6 Performance of different varieties against brinjal shoot and fruit borer (BSFB) on

fruit infestation in early fruiting stage (60-90 DAT)

Production of number of fruits is a genetically matters and different varieties produce
different number of fruits and showed statistically significant at 1% level (Appendix 26). The
maximum number of fruits was observed in BARI begun-1 (5.00) and the minimum in makra
(0.90) and in muktokashi (0.90). The highest number of infested fruits was found in chaga
(2.10) and the lowest in lalita (0.60). Mean number of larvae per infested shoot was the
maximum in chaga (4.96) and the lowest in BARI begun-8 (1.52) (Table 13). Resistance was
positively attributed to pericarp and mesocarp thickness and compactness of seed ring.
Moisture contents, crude protein and nitrogen showed positive correlation but total sugar,
fiber contents tannin, potassium and manganese were negatively affected (Chandrashekhar et

al., 2009).

59




Table 13. Performance of different varieties against brinjal shoot and fruit borer

(BSFB) on fruit infestation in early fruiting stage (60-90 DAT)

Varieties Mean number of shoots per plant Mean number of larvae per
Total Infested infested shoot

BARI begun-1 5.00a 1.90ab 2.03gh
BARI begun-4 4.00b 1.60¢ 247fg
BARI begun-5 2.75¢ 1.20de 2.56f
BARI begun-6 2.80¢ 0.70gh 1.8%hi
BARI begun-7 2.75¢ 0.80fgh 2.70ef
BARI begun-8 1.90d 1.00ef {321
BARI begun-9 2.90¢ 0.90fg 3.10e
BARI begun-10 3.00c 1.60bc 4,25be
Makra 0.90e 0.60gh 4.37b
Muktokashi 0.90e 0.70fgh 3.70d
Lalita 0.90e 0.60h 3.87cd
Hazra 1.90d 1.30d 3.88cd
Chaga. 2.80c¢ 2.10a 4.96a
Level of significance i s o

CV (%) 13.50 13.51 849

*#*= Significant at 1% level. Means followed by common letter(s) in a column do not differ

significantly by DMRT.

4.2.7 Performance of different varieties against brinjal shoot and fruit borer (BSFB) on

fruit infestation in mid fruiting stage (90-120 DAT)

A significant response was obtained at 1% level in respect of performance of different

varieties against brinjal shoot and fruit borer (BSFB) on fruit infestation at the mid fruiting

stage(Appendix 27). In mid fruiting stage the maximum number of fruits was observed in

BARI begun-1 (10.00) and the minimum i chaga (0.90). The highest number of infested

fruits BARI begun-1 (3.70) and the lowest in chaga (0.80). Mean number of larvae per

infested shoot was found the maximum chaga (4.76) and the lowest in BARI begun-8 (1.44)

(Table 14).

60




Irradiated lines of brinjal were compared for growth, yield and borer’s infestation. Very low
infestation of fruit and shoot borer was observed in these irradiated lines as compared to the
control one. It was observed that purple pigmentation, tough calyx cover and high phenolic
contents in these lines, might be the reason for their resistance to borer’s infestation (Babu ef

al., 1999).

Table 14. Performance of different varieties against brinjal shoot and fruit borer

(BSFB) on fruit infestation in mid fruiting stage (90-120 DAT)

Varieties Mean number of shoots per plant | Mean number of larvae per
Total Infested infested shoot
BARI begun-1 10.00a 3.70a 1.93fg
BARI begun-4 9.20b 3.60b 2.36ef
BARI begun-5 6.80c 3.00b 242¢
BARI begun-6 3.80ef 1.00fg 1.76gh
BARI begun-7 3.50fg 1.00fg 2.58de
BARI begun-8 4.50e 2.30¢ 1.44h
BARI begun-9 5.30d 1.70de 2.96d
BARI begun-10 5.70d 3.20b 4.06b
Makra 2.90g 2.00cd 4.17b
Muktokashi 1.95h 1.40ef 3.54¢
Lalita 2.80¢g 1.70de 3.72be
Hazra 2.75¢g 1.80de 3.74bc
Chaga. 0.90i 0.80g 4.76a
Level of significance p e 5
CV (%) 9.87 10.70 8.53
**= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.

4.2.8 Performance of different varieties against brinjal shoot and fruit borer (BSFB) on

fruit infestation in late fruiting stage (120-150 DAT)

Performance of different varieties against brinjal shoot and fruit borer (BSFB) on fruit
infestation in late fruiting stage was varied significantly at 1% level among different
treatments (Appendix 28). In late fruiting stage the maximum number of fruits was observed
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in BARI begun-4 (10.00) and the minimum in makra (2.00). The highest number of infested
fruits was recorded from BARI begun-4 (4.00) and the lowest from BARI begun-9 (0.80).
Mean number of larvae per infested shoot was the maximum chaga (4.56) and the lowest in

BARI begun-8 (1.32) (Table 15).

The incidence of bacterial wilt and the attack of fruit and shoot borer on nine genotype of
brinjal were studied. The fruit borer infestation in those varieties ranged from 2.88 to 5.64%
(Chaudhry and Sharma, 2000). Similarly, twelve cultivars were compared for borer
infestation and found 33 to 53% damage of fruit in different cultivars (Kumar and Shukla,

2002).

Table 15. Performance of different varieties against brinjal shoot and fruit borer

(BSFB) on fruit infestation in late fruiting stage (120-150 DAT)

Varieties Mean number of shoots per plant Mean number of larvae per
Total Infested infested shoot

BARI begun-1 9.20b 3.50b 1.84fg
BARI begun-4 10.00a 4.00a 2.25ef
BARI begun-5 6.80c : 3.00¢c 2.32e¢
BARI begun-6 4.50e 1.10fg 1.66gh
BARI begun-7 3.50fg 1.00fg 2.44de
BARI begun-8 3.55fg 1.80de 1.32h
BARI begun-9 2.75ghi 0.80g 2.84d
BARI begun-1Q 5.75d 3.15bc 3.94b
Makra 2.00i 1.30ef 4.04b
Muktokashi 3.00fgh 2.10d 3.36¢
Lalita 3.75ef 2.20d 3.60bc
Hazra 2.75ghi 1.80de 3.62bc
Chaga. 2.40hi 1.8Qde 4.56a
Level of significance ** ** **

CV (%) 9.98 11.88 9.16

**+= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.
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4.2.9 Performance of different brinjal varieties against percent fruit infestation by
brinjal shoot and fruit borer (BSFB) on different stages
A significant (p<0.01) response was found among different brinjal varieties against percent

fruit infestation by brinjal shoot and fruit borer (BSFB) on different stages (Appendix 29).
The fruit infestation was found the highest in chaga (75.28%, 74.40% and 73.90%
respectively) in early fruiting stage, mid fruiting stage and late fruiting stage respectively.
And the infestation was recorded the lowest in BARI begun-6 (25.16%, 27.42% and 25.40%

respectively) in early fruiting stage, mid fruiting stage and late fruiting stage respectively.

In an experiment to check the resistance of different brinjal varieties against insect pests, it
was found that Choklasi, Pusa purple and Doli-5 were resistant against L. orbonalis and
Jassid. Further it was revealed that varieties having dark colored fruit showed negative

correlation (r-80) and were found resistant to brinjal shoot and fruit borer (Jyani et al., 1995).
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Fig 7.Percent fruit infestation in different stages
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Vi=BARI begun-1, V,;=BARI begun-4, V;=BARI begun-5, V,=BARI begun-6, Vs=BARI
begun-7, Ve=BARI begun-8, V;=BARI begun-9, Vg=BARI begun-10, V¢=Makra,
Vio=Muktokashi, V,=Lalita, Vi;=Hazra and V,3=Chaga.

4.2.10 Resistance of different brinjal varieties against brinjal shoot and fruit borer

(BSFB) infestation

Resistance of different brinjal varieties against brinjal shoot and fruit borer (BSFB)
infestation was varied significantly at 1% level (Appendix 30). Number of fruits per plant
was found the maximum in BARI begun-1 (60.00) and in BARI begun-4 (60.00) and the
minimum was recorded in muktokashi (14.40). Number of infested fruits per plant was found
the highest in BARI begun-1 (17.40) and the lowest in BARI begun-6 (5.80). Percent of fruit
infestation was observed the maximum in muktokashi (59.05) and the minimum in BARI

begun-6 (19.28) (Table 16).

To observe the infestation of shoot and fruit borer in aubergine cultivars a field experiment
was conducted. Three out of twelve cultivars of aubergine were found to be less susceptible

to L. orbonalis with infestation less than 25% (Yadav and Sharma, 2005).
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Table 16. Resistance of different brinjal varieties against brinjal shoot and fruit borer

(BSFB) infestation
Varieties Number of fruits per | Number of infested Percent of fruit
plant fruits per plant infestation
BARI begun-1 60.00a 17.40a 29.09cdef
BARI begun-4 60.00a 16.60ab 27.52def
BARI begun-5 42.00b 14.40b 34.30cd
BARI begun-6 30.00cd 5.80e 19.28¢g
BARI begun-7 26.00de 6.00e 23.091g
BARI begun-8 33.60c 10.00c 30.00cde
BARI begun-9 27.20de 7.20de 26.60ef
BARI begun-10 44 .80b 15.60ab 34.86¢
Makra 15.60gh 8.40cde 53.93a
Muktokashi 14.40h 8.40cde 59.05a
Lalita 16.40fgh 8.80cd 57.33a
Hazra 22.40ef 9.80cd 43.67b
Chaga. 21.60efg 9.40cd 43.42b
Level of significance ** o **
CV (%) 11.26 13.70 10.16

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.

4.2.11 Yield Performance of different varieties

Significant difference (p<0.01) was found in different varieties in term of yield performance
(Appendix 31). Number of fruits per plant was found the highest in BARI begun-1 (60.00)
and in BARI begun-4 (60.00) and the lowest in muktokashi (14.04). Weight of fruits per
plant was recorded the maximum in BARI begun-10 (4.70) and the minimum in lalita (2.13)

(Table 17).

Field experiment conducted on ten aubergine cultivars in search of resistance varieties
against brinjal shoot and fruit borer. They examined that all the screened cultivars were
susceptible to pest under study. Out of these ten four i.e. Pusa Purple Long, Naeelam Long,

Black Beauty and BR-112 were recorded least susceptible, whereas Pusa Purple Round was
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susceptible, while Krishma and Kanahya (the local variety) were highly susceptible to borer

attack (Yadavet al., 2003).

Table 17. Yield Performance of different varieties

Varieties Number of fruits per plant Weight of fruits per plant
Xg)

BARI begun-1 60.00a 3.77bc
BARI begun-4 60.00a 3.35¢cd
BARI begun-5 42.00b 4.20ab
BARI begun-6 30.00cd 3.15cde
BARI begun-7 26.00de 2.85def
BARI begun-8 33.60c 3.23bcd
BARI begun-9 27.20de 2.99cde
BARI begun-10 44.80b 4.704a
Makra 15.60gh 3.12cde
Muktokashi 14.40h 2.45¢ef
Lalita 16.40fgh 2.13f
Hazra : 22.40ef 3.14cde
Chaga. 21.60efg 3.20cde
Level of significance ** *E
CV (%) 11.26 13.23

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.
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CHAPTER V
SUMMARY AND CONCLUSION :

Summary

Judicious use of chemical insecticides to control the brinjal shoot and fruit borer ( BSFB) in
field condition may cause numerous problems such as severe health hazards to consumers
and environmental pollution. So it is very essential to find out an eco-friendly and safe
alternative to chemical insecticides. For this reasons, in first experiment six botanical extracts
and control were used as seven treatments. The experiment was laid out in a Randomized
Complete Block Design (RCBD) with 3 replications. There were 7 treatments viz., Control
(only water), Neem leaf extract, Neem oil, Mahogany oil, Mahogany (oil + cake), Garlic
extract and Tobacco leaf extract. In the second experiment thirteen varieties were used as
treatment. This was a one factor experiment that was laid out in CRD using thirteen varieties
with five replications. The varieties were BARI begun-1, BARI begun-4, BARI begun-5,
BARI begun-6, BARI begun-7, BARI begun-8, BARI begun-9, BARI begun-10, Makra,
Muktokashi, Lalita, Hazra and Chaga. The data obtained from different growth and yield
components were analyzed statistically by analysis of variance (ANOVA-1) technique and
the means of the parameters were compared by Duncan’s New Multiple Range Test (DMRT)

using MSTAT-C computer program.

Several parameters such as total numbers of shoot, total numbers of infested shoot,
percentage of shoots damage, percentage of shoots infestation reduction over control,
numbers of larvae per infested shoot, total numbers of fruits, percentage of fruits damage,
percentage of fruits infestation reduction over control, numbers of larvae per infested fruits,

cost of production, gross return, benefit cost ratio (BCR) were taken into consideration for
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data collection to justify the performance of brinjal in different treatments and comparison of

different brinjal varieties. Data were collected weekly intervals.

Total numbers of shoot was significantly differed among different treatments. The numbers
of shoot was the highest in Mahogany oil + Mahogany cake followed by neem oil and

tobacco extract throughout the all observations and control maintained the lowest.

The total number of infested shoot statistically differed at 1% level and the lowest was found

in Mahogany oil + Mahogany cake and the highest recorded from the control.

Percentage of shoots damage and percentage of shoot infestation reduction over control
showed statistically significant results. In all stages percent shoot infestation was the lowest
in Mahogany oil + Mahogany cake followed by neem oil and the highest was recorded in
control and percentage of shoots infestation reduction over control was the highest was

recorded in Mahogany oil + Mahogany cake the lowest in control

Total numbers of fruit was significantly differed among different treatments. The highest
numbers of fruit was observed in tobacco extract followed by Mahogany oil + Mahogany
cake and the lowest was found in control. Number of healthy fruit was the highest in
Mahogany oil + Mahogany cake and the lowest in control In all stages percent fruit
infestation was the lowest in Mahogany oil + Mahogany cake followed by neem oil and the
highest was recorded in control and percentage of fruit infestation reduction over control was

the highest in Mahogany oil + Mahogany cake and the lowest in control.

Mean number of larvae per infested shoot and fruit were the lowest in Mahogany oil +

Mahogany cake followed by neem oil and the highest was recorded in control.

68



In case of economic analysis, the effect of different botanicals was also significant. The
maximum gross return was found in Mahogany oil + Mahogany cake because of its high
yield, the lowest infestation and the highest percentage of fruit infestation reduction over
control. The second highest gross return was found in tobacco extract which was statistically
different from the high value. The cost of production was high in neem oil due to its high

cost.

In second experiment total numbers of shoot, total number of infested shoot, mean number of
larvae per infested shoot was significantly differed among different varieties due to their
genetic characteristics. In most of the cases, the total number of shoots per plant was the
highest in BARI begun-1 and the lowest in makra the maximum number of infested shoot
was found in BARI begun-1 and minimum was observed in makra, mean number and the

larvae per infested shoot was the highest in chaga and the lowest in makra.

The variation of different brinjal varieties against percent shoot infestation by brinjal shoot
and fruit borer (BSFB) on different stages was statistically significant at 1% level. In most of
the cases the maximum shoot infestation was found in chaga and minimum in BARI begun-

6.

Production of number of fruits is a genetically matters and different varieties produce
different numbers of fruits and showed statistically significant at 1% level. The maximum
numbers of fruits was observed in BARI begun-1 and minimum in makra and in muktokashi.
Percent of fruit infestation was found maximum in muktokashi and minimum in BARI

begun-6.
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Conclusion

From the study it is found that percentage of shoot damage and percentage of fruit damage
were the lowest in Mahogany oil + Mahogany cake followed by neem oil and the highest was
recorded in control The percentage of shoot and fruit infestation reduction over control was
recorded the highest from Mahogany oil + Mahogany cake and the lowest from the control,
Mean numbers of larvae per infested shoot and fruit were the lowest in Mahogany oil +
Mahogany cake followed by neem oil and the highest was recorded in control. The highest
BCR was found in Mahogany oil + Mahogany cake. In case of varietal experiment BARI

begun-6 provide better performance than others it can for best benefit.

Brinjal is one of the three most popular and economically important vegetables among small-
scale farmers and low income consumers. During the past two decades this crop has been
increasingly ravaged by brinjal shoot and fruit borer (BSFB). Farmers have resorted to
frequent sprays of pesticides to kill the larva that increases the cost of production. For
controlling BSFB botanical extracts will be applied.

Therefore, it can be concluded that this study established the fact that eco-friendly
management measures namely natural products like mahogany (oil + cake), neem oil and
tobacco leaf extract played tremendous role to prevent the severe damage of brinjal caused
by brinjal shoot and fruit borer (BSFB), in the field, resulting in its” higher production in cost
effective way, of which mahogany (oil + cake), was proved to be highly effective against
brinjal shoot and fruit borer (BSFB). Thus, the study to improve the eco-friendly
management practices will benefit our agriculture sectors in such a manner that these eco-
friendly management practices have less environmental impact on its associated biota in

comparison to enormous insecticidal hazards.
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APPENDICES

Appendix 1. Percent shoot infestation in different stages

Treatments Vegetative stage | Early  fruiting | Mid fruiting | Late fruiting

(30-60DAT) (%) | stage (60-90 | stage  (90-120 | stage (120-150
DAT) (%) DAT) (%) DAT) (%)

Control 45.00a 42.86a 40.00a 34.50a

Neem leaf | 27.00bc 29.00bc 23.20bc 20.00bc

extract

Neem oil 18.33cd 19.00ef 13.85d 12.14d

Mahagoni oil 33.33b 25.56¢d 24.17bc 21.60b

Mahogany oil + | 16.92d 15.24f 12.86d 10.00d

Mahogany cake

Garlic extract 32.50b 30.59b 27.27b 25.00b

Tobacco leaf | 26.67bc 22.73de 22.00¢c 15.00cd

extract.

Level Of * % * % *3k &k

significance

CV (%) 12.91 7.43 8.08 13.72

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.

Appendix 2 Percent shoot infestation reduction over control in different stages

Treatments Vegetative stage | Early  fruiting | Mid fruiting | Late fruiting
(30-60 DAT) | stage (60-90 | stage  (90-120 | stage (120-150
(%) DAT) (%) DAT) (%) DAT) (%)

Control 0.00c 0.00f 0.00d 0.00e

Neem leaf | 40.00ab 32.33de 42.00bc 42.11c

extract

Neem oil 59.26a 55.67ab 65.38a 64.85ab

Mahagoni oil 25.93b 40.37cd 39.58bc 37.28cd

Mahogany oil + | 62.39a 64.44a 67.86a 71.05a

Mahogany cake

Garlic extract 27.78b 28.60e 31.82¢ 27.63d

Tobacco leaf | 40.74ab 46.97bc 45.00b 56.58b

extract.

LCVCI Of * % % ok * %k %%k

significance

CV (%) 26.74 10.05 9.97 13.33

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.
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Appendix 3. Percent fruit infestation in different stages

Treatments Early fruiting stage | Mid fruiting stage | Late fruiting stage
(60-90 DAT) (%) (90-120 DAT) (%) (120-150 DAT) (%)

Control 74.2%9a 58.95a 70.00a

Neem leaf extract 40.00bc 51.22ab 42.00cd

Neem oil 20.00cd 30.00c 21.67de

Mahagoni oil 48.98ab 57.78a 46.30bc

Mahogany oil + | 9.52d 12.00d 9.23e

Mahogany cake

Garlic extract 56.82ab 62.22a 65.12ab

Tobacco leaf extract. | 30.43bcd 38.10bc 26.76¢cde

Level of significance | ** ** *ok

CV (%) 25.97 13.87 22.57

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ

significantly by DMRT.

Appendix 4. Percent fruit infestation reduction over control in different stages

Treatments Early fruiting stage | Mid fruiting stage | Late fruiting stage
(60-90 DAT) (%) (90-120 DAT) (%) (120-150 DAT) (%)

Control 0.00g 0.00e 0.00g

Neem leaf extract 43.90d 41.10bc 38.90d

Neem oil 71.90b 44.30b 69.50b

Mahagoni oil 31.50e 25.60cd 25.90e

Mahogany oil + | 86.70a 85.80a 85.50a

Mahogany cake

Garlic extract 17.40f 9.06de 9.80f

Tobacco leaf extract. | 57.40c 58.20b 58.70c

Level of significance | ** *x **

CV (%) 5.45 16.29 '7.73

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ

significantly by DMRT.




Appendix 5. Effect of botanicals on brinjal yield

Treatments

Yield (t/ha) Increased  yield over
control (t/ha)

Control 16.48d 0.00d
Neem leaf extract 25.32bc 8.84bc
Neem oil 30.85ab 14.37ab
Mahagoni oil 23.32cd 6.84cd
Mahogany oil + Mahogany cake 33.97a 17.4%a
Garlic extract 21.82cd 5.340cd
Tobacco leaf extract. 35.82a 19.34a
Level of significance o *
CV (%) 11.17 22.18

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.

Appendix 6. Performance of different brinjal varieties against percent shoot infestation

by brinjal shoot and fruit borer (BSFB) on different stages

Varieties Vegetative stage | Early  fruiting | Mid fruiting | Late fruiting

(30-60DAT) (%) | stage  (60-90) | stage (90-120) | stage (120-150)
(%) (%) (%)

BARI begun-1 43.47abcde 50.19bc 51.06¢d 48.70de

BARI begun-4 | 41.79bcde 43.83d 35.87f 41.99f

BARI begun-5 34.17def 35.54e 34.56f 34.06g

BARI begun-6 | 29.60f 32.40¢ 29.86f 29.38g

BARI begun-7 | 41.90bcde 43.75d 44.20e 43.07f

BARI begun-§8 33.33ef 32.82¢ 32.92f 31.47g

BARI begun-9 52.14ab 52.58bc 54.44bc 50.56¢d

BARI begun-10 | 43.33abcde 42.82d 44.90de 44.05ef

Makra 40.00cdef 60.36a 62.03a 60.02a

Muktokashi 46.00abed 47.46¢cd 51.43cd 48.16de

Lalita 51.43abc 54.25ab 56.36abc 55.07bc

Hazra 50.00abc 55.40ab 56.75abc 56.07ab

Chaga. 54.00a 59.210a 59.62ab 60.94a

Level Of Aok k% &%k * %k

significance

CV (%) 14.60 7.42 7.95 6.00

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ
significantly by DMRT.
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Appendix 7. Performance of different brinjal varieties against percent fruit infestation

by brinjal shoot and fruit borer (BSFB) on different stages

Varieties Early fruiting stage | Mid fruiting stage | Late fruiting stage
(60-90) (%) (90-120) (%) (120-150) (%)

BARI begun-1 37.68fg 37.04hi 38.60g

BARI begun-4 40.18f 40.24gh 40.14fg

BARI begun-5 44 .24f 44.88fg 44.88f

BARI begun-6 25.16h 27.42j 25.40h

BARI begun-7 29.22h 30.38j 30.38h

BARI begun-8 51.86e 50.14ef 50.88e

BARI begun-9 31.82gh 32.40ij 31.06h

BARI begun-10 55.44de 55.48de 54.82de

Makra 69.98ab 69.28ab 68.76ab

Muktokashi 72.82a 72.08ab 70.76a

Lalita 59.52cd 60.06cd 59.30cd

Hazra 64.90bc 65.96bc 64.30bc

Chaga. 75.28a 74.40a 73.90a

Level of significance | ** ** *x

CV (%) 8.55 7.05 7.01

**= Significant at 1% level. Means followed by common letter(s) in a column do not differ

significantly by DMRT.

Appendix 8. Analysis of variance of infestation of shoot in vegetative stage (30-60 DAT)

Source  of | Degrees of | Mean square
variation Freedom Mean numbers of shoots per plant Mean numbers of
Total Infested larvae per infested
shoot
Treatment 4.70%* 0.27%* 1.65%*
Error 12 0.36 0.05 0.08

**= Significant at 1% level
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Appendix 9. Analysis of variance of infestation of shoot in early fruiting stage (60-90

DAT)
Source  of | Degrees of | Mean square
variation Freedom Mean numbers of shoots per plant Mean numbers of
Total Infested larvae per infested
shoot
Treatment 6 4.16%* 1.16** 1.23%*
Error 12 0.75 0.07 0.07

**= Significant at 1% level

Appendix 10. Analysis of variance of infestation of shoot in mid fruiting stage (90-120

DAT)
Soure of | Degrees of | Mean square
variation Freedom Mean numbers of shoots per plant Mean numbers of
Total Infested larvae per infested
shoot
Treatment | 6 0.25% 2.27%* 1.05%*
Error 12 0.88 0.16 0.05

**= Significant at 1% level

Appendix 11. Analysis of variance of infestation of shoot in late fruiting stage (120-150

DAT)
Source  of | Degrees of | Mean square
variation Freedom Mean numbers of shoots per plant Mean numbers of
Total Infested larvae per infested
shoot
Treatment 6 7.87** 2.13%* 0.92**
Error 12 1.31 0.13 0.04

**= Significant at 1% level
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Appendix 12. Analysis of variance of percent shoots infestation in different stages

Source of | Degrees of | Mean square

variation Freedom Vegetative Early fruiting | Mid fruiting | Late fruiting
stage (30-60 | stage (60-90 | stage (90-120 | stage (120-
DAT) DAT) DAT) 150 DAT)

Treatment 6 301.31%* 288.57** 277.00** 229.19**

Error 12 13.82 3.50 3.65 7.49

**= Significant at 1% level

Appendix 13. Analysis of variance of percent shoots infestation reduction over control

in different stages

Source of | Degrees of | Mean square

variation Freedom Vegetative Early fruiting | Mid fruiting | Late fruiting
stage (30-60 | stage (60-90 | stage (90-120 | stage  (120-
DAT) DAT) DAT) 150 DAT)

Treatment 6 1531.77** 1562.37** 1576.61** 1711.14**

Error 12 92.17 17.67 18.86 35.09

**= Significant at 1% level

Appendix 14. Analysis of variance of infestation of fruit in early fruiting stage (60-90

DAT)
Source  of | Degrees of | Mean square
variation Freedom Mean numbers of fruits per plant Mean numbers of
Total Infested larvae per infested
fruits
Treatment 6 6.04** 1.44%* 2.44%*
Error 12 0.23 0.06 0.05

**=Significant at 1% level
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Appendix 15. Anafysis of variance of infestation of fruit in mid fruiting stage (90-120

DAT)

Source  of | Degrees of | Mean square

variation Freedom Mean numbers of fruits per plant Mean numbers of
Total Infested larvae per infested

fruits

Treatment | 6 0.78** 1.52%* 1.53**

Error 12 0.10 0.08 0.08

**= Significant at 1% level

Appendix 16. Analysis of variance of infestation of fruit in late fruiting stage (120-150

DAT)

Source  of | Degrees of | Mean square

variation Freedom Mean numbers of fruits per plant Mean numbers of
Total Infested i‘ar\./ae per infested

ruits

Treatment | 6 4.8]1** 1.69%* 1.78%*

Error 12 0.62 0.08 0.06

**=Significant at 1% level

Appendix 17. Analysis of variance of percent fruit infestation in different stages

Source of | Degrees of | Mean square

variation Freedom Early  fruiting | Mid fruiting | Late fruiting

stage (60-90 | stage  (90-120 | stage (120-150
DAT) DAT) DAT)
Treatment 6 2682.08** 946.17** 1789.95%**
Error 12 127.95 33.42 89.93

**= Significant at 1% level
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Appendix 18. Analysis of variance of percent fruit infestation reduction over control in

different stages

Source of | Degrees of | Mean square

variation Freedom Early fruiting | Mid fruiting | Late fruiting
stage (60-90 | stage (90-120 | stage  (120-150
DAT) DAT) DAT)

Treatment 6 2716.89%* 2498.18%* 2715.86**

Error 12 6.35 50.87 11.72

**= Significant at 1% level

Appendix 19. Analysis of variance of effect of botanicals on brinjal yield

Source of variation

Mean square

Degrees of Freedom | Yield (t/ha) Increased yield over
control (t/ha)
Treatment 6 168.51%* 168.51%*
Error 12 8.46 8.46

**= Significant at 1% level

Appendix 20. Analysis of variance of cost and return analysis of brinjal production

Source | Degre | Mean square
of es of | Yield |Increas | Gross return | Total cost | Net return | Benefit
variati | Freed | (t/ha) |ed (Tk/ha) of (Tk/ha) cost
on om yield production ratio(B
over (Tk/ha) CR)
control
(t/ha)
Treatm | 6 168.50 | 168.50 | 20568047719 | 118011966 | 14275308525 | 0.92**
ent S** S** 4.96** 66.71 5.87**
Error | 12 8.46 8.46 4795561616.9 | 0.00 3798297093.1 | 0.04
2 ]

**= Significant at 1% level
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Appendix 21. Analysis of variance of performance of different varieties against brinjal
shoot and fruit borer (BSFB) on shoot infestation in vegetative stage (30-60 DAT)

Source  of | Degrees of | Mean square
variation Freedom Mean numbers of shoots per plant Mean numbers of
larvae per infested
Total Infested shoot
Treatment 12 12.95** 2.20%** 5.74%*
Error 52 0.28 0.16 0.02

**= Significant at 1% level

Appendix 22. Analysis of variance of performance of different varieties against brinjal

shoot and fruit borer (BSFB) on shoot infestation in early fruiting stage (60-90 DAT)

Source  of | Degrees of | Mean square
variation Freedom Mean numbers of shoots per plant Mean numbers of
Total Infested larvae per infested
shoot
Treatment 12 36.97%* 5.70** 5.40**
Error 52 1.32 0.454 0.11

**= Significant at 1% level

Appendix 23. Analysis of variance of performance of different varieties against brinjal

shoot and fruit borer (BSFB) on shoot infestation in mid fruiting stage (90-120 DAT)

Source  of | Degrees of | Mean square
variation Freedom Mean numbers of shoots per plant Mean numbers of
Total Infested larvae per infested
shoot
Treatment 12 41.34%* 11.42%* 5.73**
Error 52 1.80 0.81 0.06

**= Significant at 1% level




Appendix 24. Analysis of variance of performance of different varieties against brinjal

shoot and fruit borer (BSFB) on shoot infestation in late fruiting stage (120-150 DAT)

Source  of | Degrees of | Mean square
variation Freedom Mean numbers of shoots per plant Mean numbers of
Total Infested larvae per infested
shoot
Treatment 12 66.24** 17.57** 5.41%*
Error 52 1.41 0.50 0.06

**= Significant at 1% level

Appendix 25. Analysis of variance of performance of different brinjal varieties against

percent shoot infestation by brinjal shoot and fruit borer (BSFB) on different stages

Source of | Degrees of | Mean square
variation Freedom Vegetative Early Mid fruiting | Late
stage (30-60 | fruiting stage  (90- | fruiting
DAT) stage (60-90 | 120 DAT) | stage (120-
DAT) 150 DAT)
Treatment 12 290.09%* 448.22%%* 600.78%* 538.59*%*
Error 52 39.72 12.13 14.08 7.74

**= Significant at 1% level

Appendix 26. Analysis of variance of performance of different varieties against brinjal

shoot and fruit borer (BSFB) on fruit infestation in early fruiting stage (60-90 DAT)

Source  of | Degrees of | Mean square
variation Freedom Mean numbers of fruits per plant Mean numbers of
Total Infested larvae per infested
fruits
Treatment 12 7.06%* 1.20%* 5.76**
Error 52 0.11 0.02 0.07

**= Significant at 1% level
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Appendix 27. Analysis of variance of performance of different varieties against brinjal

shoot and fruit borer (BSFB) on fruit infestation in mid fruiting stage (90-120 DAT)

Source  of | Degrees of | Mean square
variation Freedom Mean numbers of fruits per plant Mean numbers of
Total Infostad laryae per infested
fruits
Treatment 12 36.83** 4.95%* 5.40**
Error 52 0.20 0.05

**= Significant at 1% level

Appendix 28. Analysis of variance of performance of different varieties against brinjal

shoot and fruit borer (BSFB) on fruit infestation in late fruiting stage (120-150 DAT)

'of

Source Degrees of | Mean square
variation Freedom Mean numbers of fruits per plant Mean numbers of
Total Infested larvae per infested
fruits
Treatment 12 33.44** 5.01** 5.20%*
Error 52 0.21 0.06

**= Significant at 1% level

Appendix 29. Analysis of variance of performance of different brinjal varieties against

percent fruit infestation by brinjal shoot and fruit borer (BSFB) on different stages

Source of | Degrees of | Mean square

variation Freedom Early  fruiting | Mid fruiting | Late fruiting
stage (60-90 | stage  (90-120 | stage (120-150
DAT) DAT) DAT)

Treatment 12 1483.50** 1379.30** 1363.83%*

Error 52 18.75 12.79 1241

**= Significant at 1% level
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Appendix 30. Analysis of variance of resistance of different brinjal varieties against

brinjal shoot and fruit borer (BSFB) infestation

Source of | Degrees of | Mean square .
variation Freedom Numbers of | Numbers of | Percent of fruit
fruits per plant | infested  fruits | infestation
per plant
Treatment 12 1216.47** 80,33%+* 875.11**
Error 52 12.86 | 2.10 14.20

**= Significant at 1% level

Appendix 31. Analysis of variance of yield performance of different varieties

Source of variation

Mean square

Degrees of Freedom

Number of fruits per

Weight of fruits per

plant plant (kg)
Treatment 12 1216.47 ** 80.333 ** i
Error 52 12.86 2.108 1

**= Significant at 1% level
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» Appendix 32. Some pictorial presentation of brinjal variety ‘Makra’ as influenced by

different botanicals

Pic 1. Preparation of land Pic 2. Transplanting seedlings

Pic 3. Different treatiment matenials



Pic 4. Vegetative stage of plant Pic 5. Infestation by BSFB

Pic 10. Infested shoot Pic 11. Removal of insect from infested

Shoot
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Appendix 33. Some pictorial presentation of different brinjal varieties

Pic 14 Vegetative stage of plant Picl5. Flowering stage of plant
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