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i. INTRODUCTION

Mnmordlca ntiarantia X. commonly known,, as tlttergourd

is the most important summer vegetable-in-India (Hath, 1965).
This gourd is considered to be;an_ol4 world species with
its native home in the Tropical Africa and Asia (Hutchins
and Sando, 1941j Thompson and kelly, 1967). The importance
of the vegetable has long been accepted on account of its
high nutritive value, unique medioinai properties and
consumer preference. Bittergourd ranks first among the
cucurbits and compare well with any other vegetable for
its nutritional qualities (Sopalan et ^., 1982). The fruit
contains two alkaloids, one of them being momordiclne which
is reported to possess cooling, stomachic, appetising,

carminative, antipyretic, anthelmlntlc, aiphrodisiac and
vermifuge properties (Blatter^^, 1955; Hadkarnl, 1954).

The cultivatijn of this, crop is hi^ly remunerative
partibularly under irrigated conditions during summer and -
hence is gaining popularity among the vegetable growers of
the state. . s. -

There are many pests attacking, this crpp. Among them
the melon fly, Sssaa cucurbitae Coq. is the most destructive
one on ,cultivated species of cucurbits.' Narayanan and Batra
(1960) reported that the insect infests about twenty seven
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plants belonging to various families, cucurbitaceae,

solanaoeae and leguminaceae. Lall and Singh (1959) reported

that the extent of damage to the bittergourd by the pest may

go up to fifty nine per cent. -

The adult lays e^gs in the frait rind and the larvae

on hatching burrow and ifeed well protected within the fruit

resulting in rotting of the entire pulp. When the fruit

drops, full grown maggots pupate at a depth of 2 - 3 cm in

viable goil, emerging only as adults to reinfest the crop.

The absence of an exposed immature stage in the life cycle

of the insect makes the curative methods ineffective for the

control of the pest. \

The high damage potential of D. cucurbitae invited the

attention of plant protection technologist from very early

days. Several control measures had been recommended against

this pest. Biweekly prophylactic spraying is the common

method, of control now in vogue. Since the return from the

crop is quite high, farmers resort to very intensive sp3?ays

during the harvesting time for producing infestation free frui1

They even apply toxic and residual granules like carbofuran

even during the harvesting stage of the crop. This invariably

leads, to residue hazards in fruits harvested from treated crop.

Besides, this high cost technology is bound to become ineffectj
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in the long run due to the po&siTDle resistance mechanism

which may develop in the insect population in due,course.

Hence a low cost safer technology for controlling D. cucurbi'

was a long felt necessity. In this context detailed investl
tions in the following aspects of.fruit fly control were

taken up. ,

1. Selecting suitable; attractants for trapping the adults

of D. cucurbitae in the field and standardising the

methods of trapping.

2. Screening'types/varieties of bittergourd for locating

resistant ones if any for cultivation in the field or
i ' ' • '

for utilization in breeding programmes. - , -

3. Evaluation of materials which can be used for bagging
• fruits .to ward off the flies from egg laying. •

4. Assessment of the relative efficacy of bagging,, use of
resistant varieties and trapping in limiting the- damage

-caused by D. cucurbitae.
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2. REVIEW OP LITERATURE ^

Literature available on the different aspects related

to the control of D. cucurbitae (Coq.) has been briefly-

reviewed here.

2,1, Mechanical control

Protection of individual fruits by light muslin bag was

suggested by Cleghorn (1914) as a successful remedy for pre

venting the damage done by the melon fly Carpomyia pardalina

(E.). He found that the bag could be removed when the fruits

so protected attained the age of 6 days and the same; bag could

be used for protecting about 20 young fruits during each season.

Bunting and Milsum (1950) recommended the covering of

cucurbits with clo.th or paper bags, for protection from Dacus

caudatus (F.) and.D, ferrugineus (P.). According to Hutson

(1940) gourds covered with bags of newspaper were completely

protected from infestation by D. cucurbitae (Coq,) but

secondary rotting was more prevalent among the bagged fruits.

Miller (1940) observed that protection from infestation

by. D, ferrugineus was achieved by covering the fruits with

paper, cloth or netting at the stage of development most

susceptible to attack. The susceptibility varied with the

type of fmiits but it was,generally safe to apply covers

shortly after the fruits were formed.
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, Mlsaka £t a^. (1940) suggested covering the fruits

with paper bags to prevent the females of D. ferru/^ineus

dorsalis (Hend) from ovipositing on mango fruits.

2.2. Cultural control

Back and Pemberton (1914), Severin (1914) recommended

burying the infested fruits below 3" under soil with addition

of sufficient lime for destroying the larvae of the melon fly.

According toKoidsumi and Snibata (1935) the pupae in

the soil could be killed by submerging the field with water.

Narayanan (1953) recommended a light ploughing of the

vegetable field after the crop was lifted in order to expose

the pupae to the attack of parasites and predators, Wesley

(1956) recommended sowing of early or late varieties of

cucurbit vegetables and also raking up soil under the infested

plants during winter months for destroying the hybernating

pupae. •

/

According to Narayanan and Batra (i960), turning over the
\

soil not only destroyed the pupae but also aerated the root

system. Syed £t ajL, (19YQ), found that prohibiting the

cultivation of two or more of its major food plants with

different phenologies, in a single area was the most promising
method to prevent the year round development of a. zonatus

(Saunders). Pucci ^t al. (1983) reported that olive harvesting
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was not economically viable in years of heavy Dacus incidence

unless it was carried out before the second week of November.

Alzaghal and Mustafa (1987) recommended the ploughing
of the soil under olive trees in autumn and in late winter

after harvesting reduced adult emergence from pupae following
diapause. Collection of all fruits on or under trees at

harvest also reduced the' abundance of the over-wintering
stages of D. oleae (Gmel).

2,3. Use of resistant varieties

Fernando and Udurawana (1941) studied the relative

resistance of some strains of bittergourd to the cucurbit

fruit fly. They found that one strain was consistently
superior to the others in regard to both resistance to the

fruit fly and yield. Nath (1966) reported the varietal

resistance of gourds to the fruit fly D. cucurbitae. He

observed that bottlegourd group was the most resistant and
the spongegourd group the most susceptible. The degree of
damage varied with the age of the fruit, the temperature,
relative humidity,^ and time of the year. Fruit quality was
reduced by even one puncture by the fly.

In pumpkin the fruit fly resistance source was located

and the resistant variety Arka suryamukhi ( ) was developed
(Kath ^ a^., 1976). Khandelwal and Nath (1979) evaluated



cultivar3 o:^ water melon for resistance to fruit fly-and

found that two cultivars were resistant to the fly and the

varieties from USSR, USA, Japan and other Indian cultivars

were susceptible^

Darshan Singh (1976) studied field incidence of melon fly

D. cucurbitae on different cultivars of bittergourd. The

percentage damage of fruits ranged from 29.4 to 48.7 indicating

that all the cultivars were susceptible to the attack of this

fruit fly but their degree of susceptibility varied. Although

no variety seemed resistant,,some varieties had comparatively

low infestation by fruit flies.

2.4. Physical.control -

Seo ^ a^. (1974) found that when fruits of papaya

heavily infested with larvae of Dacus dorsails (Hend.) received

vapour heat treatment at 44.4°G for 8.75 h no insect survived.

Armstrong (1982) found that immersion for 15 minutes in hot

water (50°C) disinfested the banana fruits that were infested

by D. cucurbitae. D. dorsalis. Ceratitis capitata (Wied.)

without detriment to either fruit quality or shelf life.

Selecting papaya,, fimits less than 10 quarter tipe and

immersing for 20 minutes in water at 42°C followed immediately

by a second immersion for 20 minutes in water at 49°C reduced

infestation by D. dorsalis (Couey and Hayes, 1986).
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' 2.5. Attractants '

A plastic trap that was lighter, cheaper and easier to

handle than the standard glass ones was developed hy Steiner

(1957). He used angelica,seed oil on dental cotton as an

attractant for Ceratitis capitata. This ^rap was also proved

effective, against D. cucurbitae and D. dorsalis when baited

with appropriate lures. Lall and Singh (I96O) reported that

the bait containing fermented palm juice one part, saturated

sugar solution one part and malathion WP 50 per cent, 5 g at

the rate of 100 ml gave the maximuin catch of both sexes of

D. cucurbitae. _

Cuelure was most effective in trapping D. cucurbitae '

(Alexander ^ al., 1962). Clensel (a liquid soap containing

ammonia) attracted D. doraslis. D. zonatus. D. diversus (Coq),

D. cucurbitae and D. ciliatus (Loew) (Batra, 1964),

Ajjan (1968) compared the plastic trap developed by

Steiner and modified Steiner trap with the standard glass

"bell shaped trap in catching adults of the olive fruit fly

D. oleae with a 3 per cent aqueous solution of diammonium

phosphate as the attractant. According to him modified trap

had some advantage in saving labour, attractability and total

expenses. ^
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Monro and Richardson (1969) noted cuelure as the best

attractant for Dacus tryoni (Frogg). When mixed with malathion'

cuelure did not change in attractiveness over more than six

months, however, when mixed with DDVP it declined in attractive

ness within 6-12 days.

ElTahir and Venkatraman (1970) reported that but of the

traps baited with cuelure, trimedlure and methyl eugenol in-

Sudan, cuelure was found to be attractive to males of

—• ci-liatus b\it not to those of D. vertebratus (Bez.).

Hydrolysed•protein attractant was equal or superior to Staley

Wo. 7, an acid hydrolysate of ma.ize protein for attracting

D. oleae (Stavrakis et a^., 1970).

Doolittle ejt a^. (1970) compared attractiveness of

mixtures of cuelure and 4-(p-hydroxy phenyl)~butanone for the

control of melon fly. He found that the addition of

4-(p-hydroxy phenyl)-2-butanone, the probable degradation

product of cuelure, to cuelure in increasing amounts did not

diminish its attractiveness to D. cucurbitae.

Trap baited with methyl eugenol to attract the males

gave effective control of D, dorsalis in a mango orchard.

The methyl eugenol was used at 1f« with 0.1 carbaryl and the

trap was replenished monthly (Lakshmanan et a_l., 1973).
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/Males of D. cacumlnatus (Her) were attracted to oil

extracted from the leaves of the native plant Ziera smith!

;. ( ) . It was fou-nd that methyl eugenol was the main
> •

constituent (Fletcher et a^., 1975). A tangle foot coated

McPhail trap painted day light fluroscent yellow captured

more olive flies D. oleae than a tangle foot coated clear

one, when "both were "baited with 2^ ammonium sulphate and

water (Prokopy and Economopoulos, 1975).

A tub shaped plastic trap baited with a mixture of

protein insecticide bait and borax containing dichlorvos

impregnated plastic trap was as least as effective as the

McPhail invaginated glass trap baited with the same mixture

in capturing adults of D. dorsalis and D. cucurbitae (Nakagawa

, et^., 1975).

V- ' ' - • • " •'
Shah and Patel (1976) observed that 40?^ of the essential

. oil content of Ocimum sanctum (Linn) consisting of methyl

eugenol was. a sex attraetant for the males of Dacus correctus

(Bezzi). Jacobson et aJ.. (1976) identified acetic acid and

acetic anhydride, the contaminants in commercial cuelure,

as responsible for its transient attraction of adult females

of Ceratitis ca-pitata' and D. cucurbitae.

Economopoulos (1977) in his studies on the control of

D. oleae by fluroscent yellow traps indicated that males may

be more attracted to the yellow traps than females.
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Hooper and lirew (1978) oo^pared the effioienoy of two
traps and found that Stelner traps caught significantly .ore
»axe tephriti-as than the Bate.an trap. Hooper (,„8, observed
that captures of .aXe tephritids responding to .ethyl eugenol
and =-lure were significant when both attraotants were
combined in a-single trap.

Wfects of malathion and oarharyl with, or without the

attractant gur on the incidence Of D.eucurbitae-ion were studied and found that carbaryl was superior to
nalathxon in reducing infestation (Eavadia et al., 1978).

Rioci and Ceccarexii (1979) pbseihred the captures of
£. oleae by means of coloured Prokobol trap and found that
-ny factors .contributed to the significant difference between

e,number and sex of adults caught in the- traps, notably the
varieties,,the trap surface (interior and exterior),

the date of capture and the interaction between them.

Attraction of £. ^
t.ap baited with 2^ Zital-98 odour lure and ,. 5^ bora, water
solution,(Z), fluroscent yellow panels (FT), yellow panel (r)
and yellow pherion traps (W) were observed. All traps were
ccvered With sticky material. The Z,raps .ere found to '
attract ™.ch larger number of 5. ^ ,^an the colour traps
(Economopoulos, I979).
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Males of D. dorsalia (more than 20 days old) were

strongly attracted to methyl eugenol-when compared to

—• curbitae. their attraction to methyl eugenol was found

to be significantly different. The percentage of D, dorsalis.

P, umbrosus (F) and D. cucurbitae caught was 43.3, 47.5 and

4.2 per cent respectively (Ibrahim and Hashim, 1980). Vita

et a^, (1980) contented, after laboratory tests and subse

quent field tests, that ammonium polyacrylate, ammonium salts

of the alternating ethylene maleic acid co-polymer, micro

encapsulated ammonium acetate and micro encapsulated ammonium

carbonate were all attractive to the olive pest, D. oleae.

Catches of JD, oleae with bottle traps containing

diammonium phosphate hung on parts of the trees facing west

caught fewer adults than did any other traps (Longo and

Benfatto, 1981), Certain solutions of ammonium bicarbonate

were highly effective attractant against D. tryoni (Bateman

and Morton, 1981). ' ' •

Zervas (1982) Suggested a new trap with attractant

ammonium sulphate which remained effective for six months

and evaporating rate was low (6 - 10 ml/day) even in hot-

months, Katsoyainnos (1983) compared Eebell yellow sticky

traps with McPhail traps both baited with 2?S ammonium sulphate

and found that McPhail traps caught 4.2, - 46.3 and 2.4 - 16.7



13

times as many adults of D. oleae and Ceratitis capitata

respectively as the Rebell traps.

Economopoulos and Papadopoulos (1983) tested various

kinds of sticky traps with different baits for their attract

iveness to D. .oleae and found that McPhail traps with

Entomozyl (of unstated composition, each used at 2?^ in a

T.5^ aqueous solution of borax) caught significantly hi^er
number of adults thaii the Rebell traps.

Plexiglas panels coated with temocid adhesive (Chromo-

tropic traps) hiing at medium and low lefvels of the trees

caught more adults of D, oleae than traps at the hi^er

levels. Bagnoli et y., (1983), Ricci ^ aa. (1983) investi

gated the levels of infestation by D. oleae in relation to

the presence of the Chromotropic traps in olive varieties and

found that use of one trap/tree was enough for monitoring

adult population and for forecasting future levels of

infestation.

V ' • .

Steam distillation extraci;s of the flower buds and

leaves of the labiate Ocimum sanctum caught significantly

more males of jP. dorsalis than traps baited with 1 - 15?^

methyl eugenol (Tan, 1983). Z-8 methyl 6 Nonenyl acetate

was most attractive substance for adults of D. cucurbitae

(Voaden ^ aJ.., 1984).



.Yellow sticky rectangle with ammonium acetate slow-

release dispenser is an efficient long lasting trap for

Dacus oleae (Economopbulos and Stairopoulos-Delivoria, 1984),
A new cylindrical attractant trap baited with 0.5 ml methyl

eugenol with ^Oyul permethrin caught more D, dorsalis and
D. umbrosus than those baited with methyl eugenol alone

(Tan, 1984).

Broumas (1985) concluded that using yellow traps which

were coated with adhesive or treated with deltamethrin and

baited with both ammonium carbonate and the sex pheromone of

the tephritid as a practical method with good potential for

the protection of olives against D. oleae.

Wen (1985) evaluated four attractants for their effi

ciency in bait traps against D. cucurbitae and found that

cuelure and isolan were more effective and more persistent

than methyl eugenol and protein hydrolysate.

Addition of synthetic attractant cuelure to methyl eugenol

reduced the capture of females of D. tryoni. D. neohumeralis

(Hardy), D. cacuminatus in coloured sticky.traps and protein
baited traps (Hill, 1986).

2.6. Re-pellehts

Olive Juice applied on fresh foliage repelled D. oleae.

but the repellent effect decreased as the deposit dried
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(Vita et , 1977). , Alcoholic extract of neem seed oil (59^)

completely deterred oviposition "by D. cucurbitae on bitter-

gourd (Singh and Sriyastava, 1985).

2.7. Use of hormones

Ml saline- (synthetic sex pheromone) and 2-9-tricosehe,

at all doses were markedly at^tractive to females of D. oleae.

Z-9-monodecene at I50^ul attracted males much more than
'females (Niccoli, 1975). Fytizas and Mourikis (1977) reported

the susceptibility of D. oT^ to the juvenoid, methoprene

aitosid. He found that the treatment of larvae inhibited

development to the extent O'f 28.9-45.7?^ depending on age.

Administration of the hormone in the diet caused death

probably through an antifeedant effect.

Methoprene and possibly other sjnathetic juvenile hormone

analogue.might be used as a means of control against D. oleae

(Orphanidis, 1978). Cover sprays containing methoprene

applied in olive.groves reduced the survival of pupae to the

extent of 89.7^ (Orphanidis and Eapetanikis, 1979).

Haniotakis (1981c^ recommended a pheromone trap, at the

density of five trap/tree, in the experimental field and one

trap/tree in the periphery'for mass trapping D. oleae.
Combination of pheromone.traps with odour or colour traps was

more attractive than any one trap alone (Haniotakis,
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Mazomenos et al. (1983) tested the effects of pheromone ,

dispenser and S5Tithetic pheromone (1,7 dioxaspiro 5.5)

undeeane on capture of males of D. oleae. On the basis of

the number of males caught and the length of active period

polyethylene vials were the most effective of the dispenser

tested and that 25 - 200 mg attracted males of D, oleae for

four months. Higher concentration may have an inhibitory

effect. .

Thabir and Asok Kumar (1984) reported that diflubenzuron

and penfliiron induced complete sterility in either sexes of

D/ dorsalis when slpplied topically to newly emerged flies >

at a dose of 5/ug/fly,
%

Dfe-zomenos and Haniotakis (1985) suggested that out of

the four synthetic sex pheromone components tested for the

attraction of males of D. oleae. component I (1>7, dioxaspirol

5.5) undeeane was more attractive than any of remaining three

components alone. They found that a combination of all four

are more attractive than component I alone.

Plywood rectangles dipped in 0.1^ ai aqueous solution

of deltamethrin for 15 minutes baited with two dispenser,

one containing a mixture of sex pheromone and the other

ammonium bicarbonate (a food attractant for both sexes) were

used for the control of D. oleae (Haniotakis et al., 1986),
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Stephen £t al. (198?) reported that life cycle of the

oriental fly D. dorsalis in papaya was completely interrupted
by a coating of a standard commercial frxiit wax containing
the insect growth regulator methoprene.

Thakur and Asok Kumar (1988) studied the sterilant

effects of ethyl methane sulphonate on D. dorsalis. They
found that aqueous as well as acetone solution of ethyl

methane sulphonate (EMS) induced significant sterility in

both sexes of fruit fly but in comparison aqueous EMS was

more effective than acetone EMS.

2.8. Irradiation and eradication

Dose of five krad sterilized both sexes of D. tryoni.

Doubling this dose prevented egg laying by treated female and

permitted only six eggs per million to hatch and none to

survive wheii irradiated males were mated as a quarantine

treatment. This could provide adequate safe guard against

the spread of this pest species (Shipp and Osborn, 1968).

Eradication through annihilation of the male population

of D. dorsalis in Iferiani Islands by the distribution of fibre

board squares impregnated with methyl eugenol and naled every

two weeks for 4/2 months was reported by Steiner et aJ.. (1970),
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Field trials with fibre board blocks soaked in a mixture

of 95% cuelure and 5^ naled at the rate of about 0.9 oz/block

gave 99% control of male population of D. cucurbitae (Cunningham

and Steiner, 1972). Application of thickened foliar sprays of

methyl eugenol and a toxicant (either 3% technical naled or

25?^ technical malathion) at 5 - 10 lb/mile^ reduced the number
of males taken in traps by over 9Q% (Cunningham ^ aJL., 1972).

Use of male annihilation technique reduced the infesta

tion by D. dorsalls from a maximum range of 23 and 14.5?^ to

final level of 3 to 0.5 per cent (Balasubramanium £t a^., 1972).

Tzanatakis (1972) reported the current status and

prospects of applying the sterile release method against

D. oleae. He found that for good results the pupae should be

irradiated as- late as possible in the pupal stage, field

release should begin well ahead of the fruiting season and

should be made at short intervals and that the release points

should not be more than 200 m apart.

An eradication campaign comprising of 15 weekly applica

tions of a bait spray containing a protein hydro3.ysate and

malathion, annihilation of males by means of pieces of thick

string impregnated with cuelure mixed with malathion and

distributed on all standing vegetations indicated that use of

cuelure traps rapidly reduced the number of D. tryonl in the

island (Bateman et al., 1973).
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Male irradiated at a dose of 16 krad within 24 hours

after emergence gave 98% sterility but the dose of irradiation

required for effect when male pupae were treated three days

before adult emergence was seven krad. They found that the

best proportion of sterile flies in a population for sexual

competition w^s found to be eight sterile males to one normal

male (Cavallore et a^., 1973).

Irradiation at a dose of 25 krad prevented the adult

emergence of D. dbrsalis and D, cucurbitae (Thomas and

Rahalkar, 1975). Hopper (1975). observed that a dose of eleven

krad caused complete sterility in males of D. cucumis (French),

When females were given six krad they became totally .'sterile.

Application of sprays of a mixture of 80% cuelure,

naled and Thixcine (a thickener) from an air craft at the

rate of 0.8, 2,-3.4 and 8,5 lb mixture/square mile reduced

population of adult males of D. cucurbitae by 92, 97, 93 and

95% respectively for 11 - I5 days (Cunningham et al.. 1975).

Release of sterile flies oLn Eume Islands reduced the

hatchability of :eggs of D. cucurbitae from 91 to 29^

(Iwashashi^ aJ.., 1976), Iwashashi (1977) reported that

eradication of D. cucurbitae from the island had been achieved

after the release of 264 x 10^ treated pupae. Harmful effects
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of irradiation of D. cucurbitae as mating competitiveness

was negligible with a dose of seven krad which was used in

the eradication project (Teruya and Zukeyama, 1979).

Sonda and Ichinohe (1984) eradicated D. dorsalis uaing

male annihilation method with methyl eugenol as an attractant.

Koyama et aA. (1984) got successful eradication of D. dorsalis

with sufficient dose of lure-toxicant until the number of,
)

males caught in monitor traps was reduced to about 0,015^.

Eta (1986) reported a successful eradication programme

using protein hydrolysate bait sprays with malathion together

with traps containing cuelure to eliminate males.

2•9. Biological control

Pullaway (1915) successfully introduced and established

Q-pius fletcheri (Silv) in Hawaii for control of melon

fly D. cucurbitae. An unidentified species of Opius from

Forth Borneo proved as an effective parasite of D. cucurbitae

in the laboratory and was released in large numbers in the

field.

Batra (1954) recommended biological control of

D. cucurbitae by release of parasite of O; fletcheri in the

infested cucurbit fields in India. Clausen (1956) reported
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the parasitism o±" Opius fletcheri on D, cucurbitae being

low in summer.

Nishida and Bess (1957) reported that the parasite

0. fletche^ was successful only in the wild areas whereas

the fruit fly D. cucurbitae was found to breed on the fruits

Momoridca balsamina (Linru). D. cucurbitae was found

parasitised by 0,. fletcheri,- Syntomosnhyrum indicum (Silv.),

Spalansis sp. and Ipobracon sp. but Opius fletcheri was

found more effective and widespread than other parasites in

northern India (Wishida, 1963).

2.10. Chemical control

2.10.1. Cover sprays

Melis (1957a) suggested that low volume sprays of

diazinon and malathion gave good results in the control

programme of D. oleae in Italy. Melis (l957b) applied

0,0, dimethyl S-methyl phosphorodithioate at 0.06 per cent

for the control of D. oleae. All treatments gave complete

kill of the larvae within the olives.

Orphanidis et a^. (1958) showed the effectiveness of .

dimethoate (Rogor) spray at 0.03 to 0.06 per cent for the

control of D, oleae.
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nicotine sulphate 0.1 per cent, endrin 0.02 per cen^tcs-^::^^;^

and parathion 0.025' per cent reduced the bittergourd fruit fly-

incidence effectively and the latter two gave higher yield.

They recommended application of DDT 0.1 per cent.three times

with a fourth round of endrin 0.02 per cent or parathion

0.025 per cent (Sreenivasan and,Narayanaswamy, I960).

Malathion 25?^ WP when used at dilutions of. 1 : 800 for young

leaves arid 1 ; 400 for old leaves gave excellent results for

the control of D.. cucurbitae (Chen, I960). The most effective

materials for the control of _D, oleae were d,imethoate, bqpord

oil and parathion with copper sulphate (Russo, 1960). "

Carbaryl was. less toxic than fenthion, trichlorphon and

parathion. Fenthion was more persistent than trichlorphon'

and parathion against D. cHiatus (Saddik et a^., 1964).

Azab e;t aA, (1964) studied the relative toxicity of some

common insecticides to the adults of pumpkin fly-D. ciliatus.

He concluded that malathion 0.23 per cent toxicant remained

effective for five days, after which the percentage mortality

had decreased from 98 to 12. ^Trichlorphon at,0.2 per cent

remained toxic for only three days after which the "percentage '

mortality had decreased from 84 to 7. -

Sprinkling or a coarse spray.with a liquid bait contain

ing one per cent yeast protein and 0.1 per cent malathion is



23

an effective method .ti) control the melon fly D, cTacurbitae —

without risk of poison hazards or phytotoxicity (Dale and

Nair, 1966). Planes and Del Rivero (1966) recommended

three applicat.ion of fenthion, diazin'on or dimethoate at

intervals of ahout a month which provided complete protection

against D, oleae.

Sprays of dimethoate, ethoate methyl,. dicrotophos.

mecarbam and formothion at the rate of 0.04 and 0.06 per cent

applied three times each year caused total mortality of the

immature stages and marked reduction in adult population of

D. oleae (Damiano, 1967). Best results were obtained with

meanzon (pp 175) applied at 0.1 per cent for control of

D. oleae (Penili and Zocchi, 1967). • - '

Various combinations of Bordeaux mixture, copper

sulphate,, parathion^ dimethoate, Bopard oil, ethoate-methyl

and carbar.yl were tested in mixed sprays and dust formulations

for control of D. oleae and found that spray gave better

control than dust containing same compound or normal volume

sprays were more effective than low volume ones (Russo, 1968).

Cover sprays of carbaryl and trichlorphoii 0.1 per cent and

carbaryl 0.05 per cent applied four times beginning from

flowering time supplemented by application of aldrin or

heptachlor to the" soil agaihst larvae and by prompt
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destruction of,infested fruits gave effective control

against melon fly D. cucurbitae (Das ^ 1968). • ;

Orphanidis et al. (1969) compared carbamate insecticides

with OP insecticides in hydrolysed protein baits for control

of olive fly D. oleae and found that bait sprays containing

five per cent Staley No.7 hydrolysed protein bait in

Dimetilan 1 per cent was superior to all other carbamates

and all the organophosphate compounds tested.

Two formulations of dimethoate, formothion and endothion

gave good residual control of eggs and larvae of olive fruit

fly D. oleae and showed the evidence of phytotoxicity

(Awadallah and Nadim, 1970). Saddik and Rizkallah (1970)

compared sprays of 0.1 per cent fenthion, 0.1 per cent para^-

thion or 0.24 per cent trichlorphon for -the control of

D, ciliatus on cucumber, increased the percentage of

uninfeSted fruits from 87.6 for no.;treatment to , 97.2, 94,

95.6 respectively and the yield/plot from 5.4 kg for no •

treatment to 11.6, 8.3 and 8.9 kg respectively.

Merinphos, dimethoate, diazinon and methomyl gave high

mortality of adults of D. caudatus (Chang and Peng, 1971). .

High volume or low volume sprays of Itilon (l2,5fo dimetilan

and 25^ diazinon) afforded good control of D. oleae

(Bugiani at al.. 1971). Out of the eight insecticides tested
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fov the control of melon' fly D. cucurbitae infesting snake-

gonrd 0.1 'per cent dimethoate or fentKion•gave good results

(Nagappan et a^., 1971).

Dimethoate and naled were the most toxic to D. dorsalis.

D. cucurbitae and Oeratltis capltata•(Kelser ^ al., 1973).

Good control of melon fly D. frontalis (Becker)

was obtained by using three applicn.tion of either 2 per cent

diazinon or 0.2 per cent fenthion beginning at the time'of

fruit.set '(J3a--Angood, 1977).

Out of seven insecticides tested against D. cucurbitae

fenthion was consistently most toxic followed by malathion,

tetrachlorvinphos, trichlorphon and endosulfan. Carbaryl and

DDT were almost ineffective' (Bhatt and Bhalla, 1978).

Orphanidis and Kalmoukos (1979.) concluded that adults

of olive fruit fly. D. oleae were strongly attracted by baits

of protein hydrolysate containing dimetilan with mixtures of

organo phosphorus as a good bait spray' method for control

of D. oleae. ' -

Adults of-D. dorsalis were paralised by sublethal doses

of permethrin or cypermethrin at 15°C but most of them

recoved after transfer to 30°C (Tan, 1982). Fenthion was the

most effective compound"against D. cu.curbitae (Shivarkar and
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Bam'bre, 1985). Synthetic pyrethroids/ permethrin, fenvalerate

and cypermethrin each at 100 g ai/ha and, deltamethrin at

15 g ai/ha gave significantly better control of infestation

by the melon fly D, cucurbitae (Ravindranath and Sasidharn,

1986), In small plots malathion-protein hydrolysate bait

sprays appli-ed to border on the treller posts supporting the

vines of passion fruit were almost as effective" a.s cover

sprays with 0.4 per cent fenthion in preventing damage of

D. tryoni (Hargreaves et al., 1986).

Four spray applications of 0.2 per cent carbaryl at 3,

5, 9 and 11 weeks after sowing proved most effective against

the fruit fly D. cucurbitae fPareek and Kavadia,- 1988).

2.10.2. Fumigrants

Fumigation with methyl bromide 32 g/m^ for 2.5 h at
21.1®C and post fumigation storage for six days at 7.2°C is
suitable ^integrated treatment to control the infestation of'

fruit--.flies D. dorsalis and D. cucurbitae (Seo et al., 1971)

Ethylene dibromide 8 g/m^ at JO--32°C was most effective
against D. dorsalis infesting mango fruits (Shimada ^ al«.

1972).

Heating the mango fruits in water at 46.3°C for

20 minutes and fumigating them with ethylene dibromide at

8 or 12 g/m^ in wooden field boxes .at 21.1°C for 2 h and
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refrigerating them at 7.6°C for four days resulted in the

complete control of D. dorsalis arid Ceratit is cauitata

(Seo et aa., 1972). Fumigating ethylene,dihromide at a rate

of 24 g/m^ at 20°C gave excellent control of D. tryoni

(Rigney and Wild, 1975).

Fumigation for 2 h at 20°C with 1,2 dibromoethane at

20 g/m^ was found to "be an effective treatment for D. tryoni
•z •

in mangoes (Swaine ^ a^., 1975)- Bthylene dibromide 20 g/m

was sufficient for fumigation against D, dbrsalis (Anand

and Ramachandani, 1984).

Armstrong and Garcia (1985) reported that methyl bromide

32 g/m^ for 4 h and 48 g/m^ for 2 h at 19°C or above and
normal atmospheric pressure were intended to replace the

ethylene dibromide quarantine fumigation schedule for

D. cucurbitae and D, dorsalis..

2.10.3. Soil insecticides

Aldrin and heptachlor were highly effective against

larvae of D. cucurbitae and ^ere much superior to DDT, BHC

and carbaryl when applied at 4 lb per acre, Aldrin and

heptachlor remained effective up to 16 days permitting less

than 50 per cent survival pf the larvae (Dale ^ al., 1966),
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Gupta and Verma (1978) found that Aldrin 10 per cent

was the most effective among the nine insecticides tested

against the larvae of D. cucurbitae.

2.11. Integrated control

Spray of foliofume^and soap afforded economic•protec

tion to the fruits of ampalaya attacked by D.' cucixrbitae.

Picking and burning of infested fruits was an useful auxiliary

measure (Altamirano and Macabasco, I960). Lall and Singh,

(1969) studied that biology and control of melon fly

D, cixcurbltae and found that the short green variety of the

bittergourd showed high resistance to the flies. The sweetened-

spray of endrin 0.02/S provided 60^ protection. The bait

consisting of toddy, mango leather, fermented palm juice,

citronella oil and diazinon gave the maximum catches of both

male and female flies. Use of sterile insect technique and

poisoned methyl eugenol traps in citrus orchard resulted in

the redaction of fruit losses from 6.7 to 0.018 per cent in

G. poinensls ( ) and from 5.2 to 0.13 per cent in the

C. tantan ( ) (lee and Chang, 1978).

Sterile insect technique could be combined with the

use of parasites to control the immature stages of D. oleae.

Parasites cotTld also be ueed- concurrently with coloured

traps (Economopoulos, 1973').
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Yellow sticky traps with pheromone attractant and.

ammonium hydroxide were used in pest management trial against

D. oleae. As a result of this and careful monitoring of the

population, only one insecticidal spray application was

necessary as compared with three in treatments without

t2?apping (Bro-umas et al.. 1985).

An integrated control of D. frontalis revealed that

insecticides should be applied only in the late afternoon

and to field edges. Groups of rest plants might be used as

trap plants and should be treated with bait sprays (Steffen,

1983). Control measures against D. tryoni include cultural

control such as regular collection and destruction of all

fallen and infested fruits and chemical control using poison

baits, spraj'^s of mala;thion and protein hydrolysate, or cover

sprays of dimethoate and fenthion, • The braconid Q-pius

ooDhilis ( F. ) is .an egg parasite of D. tryoni but is only

.reported to have a small effect on the fruit fly population.

Methods of eradication include the poison bait sprays,

male attractants and the release of sterile male flies,

(Waddison, 1983).
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5. materials Am) METHODS; . 30

3.1. Rearing of Pac-gs cucurbitae

Bittergourd fruits infested with D. cucurbitae were

collected from the college farm. The infested fruits were

kept vertically in, a cylindrical jar (25cm x 15cm) with 8 cm

layer of moist sand below. In 3 - 4 days the full fed maggots

wriggled out af the fruits and entered the sand for pupatibn.

When all the maggots dropped down, the rotten pulp of the

fruits were removed. The jar was kept undisturbed for two

days and then the sand was carefully transferred to a tray and

the pupae were collected. Forty apparently healthy pupae each

were collected and kept in petri dishes and glass chimneys

placed over the same, the top of which was closed with a piece

of muslin cloth and kept in position with a rubber band. The

flies emerging from the pupae remained in the chimney and they

were collected and used for different experiments. The flies

emerging on each day were kept separately so that-the flies of

known age could be obtained for the different experiments.

Continuous breeding was done in the laboratory to

en^re the availability of flies in adequate numbers through

out the study. The adult flies (males and females) were

released in a glass jar (6" x 4") provided with a cotton swab

soaked in honey diluted with water (1 : 100). Tender

snakegourd fruits were placed at the base of the jar for
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egg laying. The flies laid eggs by puncturing the surface

tissues and these fruits were transferred at the end of every

24 h to Jars (9" x 6") containing sand at the bottomi The

rearing was continued following the procedure described above,

3.2, Laboratory screening of materials for attracting

the adults of D, cucurbitae

A wide range of easily available materials were screened

for their potency to attract the fruit flies on.bittergourd,

3.2,1 . Conditioning of test insects

One day. old healthy active adults of D, cucurbitae were

collected from laboratory culture (vide, para 3.1) using

10cm X 3cm glass tubes and were transferred to cylindrical'

glass jars. They were kept without any food material for

12 h prior to the commencement of the experiments,

3i2>2, Ex-posing the test inaterials to. the insects

Insect proof wooden cages (1m x 1m x 1m) having the

sides and top closed with plastic wire net (mesh 1 mm ) was

used for the purpose.

Cotton swab (2 g) soaked in 10 ml of the bait material,

diluted to the required concentration, was placed at the

centre of a watch glass of 6 cm diameter. The watch glass
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with the bait was placed at the centre of the bottom of the

cage. Fifteen numbers each of preconditioned flies.collected

in a clean specimen tube were released into each cage.

3.2.3» Fixing the range of doses of the test materials

to be tried as attractant

Twelve materials Were screened for theii^ effectiveness

as attractants to the adults of D, cucurbitae in an observa

tional trial. The materials were eugenol, eucalyptus oil,^

citronella oil (supplied by M/s, Dev and Company, Cochin),

borax, ammonium phosphate (Scientific Supplies, Trivandrum),

vanilla essence, Jaggery, sugar, vinegar, honey, toddy and

bittergourd fruits (procured locally).

The preliminary trial was conducted using widely

spaced concentrations of each material so as to fix a probable

range at which each material attracted the flies. Those

materials which failed to elicit positive response from the

flies were ,excluded in further experiment. Based on the

screening six materials which showed attractiveness of the

flies were chosen for further experiments.

3.2.4. Fixing optimum dosa,E!:e of the selected attractants

Q-raded concentrations of the materials within the

observed effective range were prepared by diluting the stock

material with distilled water.
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The number of flies attracted to the hait was recorded

at intervals of 10 minutes up to a period of 90 minutes.

Then the observations were made at 6, 12, 24, ,48 and 72 h

after exposure. The data were subjected to statistical

analysis.

5•3. Field evaluation of materials selected as

attractants for D. cucurbitae

The field experiment was conducted at the Agricultural

College Farm, Vellayani. The land was prepared by digging,

breaking clods, levelling and removing weeds.. Plots of

4 X 4 m were taken with bunds 50 cm wide around each plot.

Four pits of 60 cm diameter were taken in each plot. FYM @

10 kg was applied in each pit and thoroughly mixed with soil.

Urea, super phosphate and muriate of potash were added to

give 4 g, 55 g and 20 g of MPK/pit respectively. Four to

.five seeds were sown in each pit. Watering was done once

daily till flowering and twice daily after flowering. After

germination three healthy seedlings alone were retained in

each pit. Weeding and earthiBig up were done 30, 45 and 60

days after sowing. Top dressing with urea 4 g per pit was

done at the time of each earthing up.

To ensure a uniform population of fruit flies in the

experimental fields, adult flies reared out in the laboratory
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were released @20 flies/plot. The release was repeated at

biweekly intervals commencing from the time of flowering.

Baiting the adults of D. c_acurbita^ in- field

with selected attractants

The attr^rctants included in the experiment were sugar,

jaggery, honey, toddy (fermented), vinegar and ripe bitter-

gourd fruits. These showed significant attraction of the

flies in the screening trial.

Solution of each material was prepared using distilled

water. Ten ml of each solution was dripped on to cotton

swab (2 g) and I5 mg ai of carbofuran was sprinkled on it.

In the case of bittergourd, ripe fruit was cut lengthwise

in 5 cm long bits and carbofuran (15 mg) was sprinkled over

the cut surface. The attractants were placed in traps made

of clean empty coconut shells hung with GI wires. One trap

was placed at the centre of each plot.

The experiment was laid out adopting a randomised block

design and each treatment was^replicated thrice. The adults

of cucurbitae found in each trap, dead or moribund, were

counted and recorded at intervals of 24 hours for four days

from the time of exposure. Those flies which did not show

any movement were considered dead and those which showed

slight movement as moribund. The data were subjected to

statistical analysis.
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Valuation of different varieties of banana and

honey as attractant to D. cucurbitae in the field

The experiment was conducted using four different

varieties of banana taking honey as standard (best treatment

selected from the experiment described in para 3.3,1).

Banana varieties included in the experiment were nendran,
poovan, palayankodan and-rasakadali.

The fruits of each of the. four varieties were cut

lengthwise and crosswise to study the effect of the surface

area of the cut portion on the attraction of the flies.

Carbofuran (I5 mg ai/trap) was spread over the pulp at the

cut surface. The bait was kept in traps as described in

para 3.3.1. -

The experiment was laid out in a randomised block

design with three replications for each treatment. The

total number of adult flies found dead or mo^id in the

traps were recorded at 24 hour intervals for four days from

the time of exposure. The data were subjected to statistical

analysis.

3.4. Assessment of the relative susceptibility of

forty seven bittergourd accessions to D. cucurbitae

Forty seven accessions raised by National Bureau of

Plant Genetic Resources (iTBPGIi) at Vellanikkara Were
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screened for their relative susceptibility to fruit flies

(vide Table 4). - .
S

The total number of fruits and the number of infested

fruits in each plot were recorded at weekly intervals;

commencing from first harvest. The mean percentage of the

number of infested fruits in each variety was calculated.

The data were subjected to statistical analysis., The

varieties/accessions were grouped into five categories
following the method of Nath (1966), modified with reference

to the extent of infestation observed in the present series
of experiments. The groups identified were highly resistant

(HR) (1 - 3^ infestation), resistant (R) (5.1 _ 12^),
moderately resistant (MR) (12.1 - 259^), susceptible (S) .

(25 .1 - 38?i) and highly susceptible (HS) (above 38?i).

5•5. Assessment of the relative susceptibility of selected

varieties/accessions of bittergourd to D. cu^rbitae

Seven accessions selected from the experiment,described

in para 3.4 (two resistant accessions and five moderately
resistant ones), four additional accessions obtained from the

collections of UBPGR, two cultivars collected from Vellayani
viz.. local greenish white (LGW) and local green (LG) and

Priya ( an improved susceptible variety as check) were
included in the experiment.
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The experiment was laid out in field at the College

of Agriculture, Vellayani, following the methods described

in para arid adeq^uate population of flies was ensured by

periodical release. Randomised block design was adopted,

for the lay out with fourteen treatments (vide Table 5) in

the experiment, each replicated thrice.

The total number of fruits, number of infested fraits,

total weight of fruits, total weight of infested fraits,

in each plot were irecorded at the time of each harvest. The

mean percentage of the number of infested fruits and per

centage weight of infested fruits were calculated and data

were subjected to statistical analysis. The varieties/

accessions were grouped into different categories as

described in para 5.4.

The intensity of. the fruit damage in the different

varieties and the effect of different varieties on the

development of D. cucui^bitae were assessed by observing the

maggots, pupae and adults emerging from 250 g samples of

infested fruits collected from- each treatment and naintained

in the laboratory. The infested fruits were kept in the

laboratory in glass trou^s each containing a thin layer of

sand at the bottom. When the maggots attained full growth,

the decayed fruit parts were removed and the number of
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maggots were counted. They were allowed to pupate and the

number of pupae were counted. Number of adult females and

males emerging from each lot was also recorded. The experi

ment was repeated thrice and each experiment was treated as

one replication in analysing the data statistically.

5.6. Assessment of the effect of bagging the fruits

with different materials in protecting them from

fruit fly incidence

Bittergourd crop was raised in field following the

methods described in para 3.3. Variety priya was used.

Adequate population of flies was ensured by periodical release

(vide para 5.3). The treatment included (i) cloth bag

(50cm X 15cm) stitched with fine muslin cloth, (ii) paper bag

(50cm X 15cm) made out of ordinary news paper with sides

pasted, (iii) polythene bags (30cm X'-I5cm) sides heat sealed

and (iv) control without any protection.

Twenty plants were selected randomly from the field for

each of the above treatments. A sample of thirty fruits each,

just set, were covered randomly with each of the different

types of bag (cloth bag, paper bag and polythene bag), A set

of 50 fruits kept tagged and uncovered was observed as

control. The bags were kept intact till harvest.



39

THe percentage of fruits damaged by D, cucurbitae

and the size and weight of fruits obtained in different

treatments were assessed at harvest,

3.6.1. Effect of varying -periods of T?rotection of

bittergourd fruits after setting on the extent

of damage caused by D. cucurbitae

Ninety fruits randomly selected were covered with

polythene bags just at the.time of fruit set. The bags were

removed from 15 fruits each on 2, 4, 6, 8, 10 and 12th day

after bagging. The fruits thus exposed at different periods

after setting were tagged and observed. The number of infested

fruits were recorded. Percentage of infestation was calculated

and the data were subjected to statistical analysis,

3.7, Evaluation of different methods of control

against D. cucurbitae

The methods found effective in the different experi

ments for limiting the damage caused by fruit flies were

evaluated in a field experiment taking the different methods

as treatments.

The crop was raised as described in para 3.3. Adequate

population of the flies were maintained in the field by. making

periodical release (vide para 3.3). The treatments included

in the experiment were -
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(i) Trapping of flies

Collection of. adult flies with bait traps: Ripe

palayankodan fruits cut crosswise and sprinkled with carbo-

furan granules were kept in coconut shell and hung: among

2 •the bittergourd plants ® one trap per 4 m area. The bait

material was changed once in every week and the same was

kept in the field throughout the fruiting season starting

from the time of initial flowering.

(ii) Mechanical protection alone

This was provided td the fruits just from the time of

fruit set using polythene bags. The bags were removed on
»

the 8th day after the setting of each fruit.
V

(iii) Trapping and mechanical protection

Combination of treatments (i) and (ii).

(iv)• Chemical control

Malathion (0.05/^) sprayed at weekly intervals from

the conmiencement.of flowering

(v) Control

. \

•The plots sprayed with water alone.
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THe effect of the treatments was assessed by-

recording total weight of fruits, number of infested,

fruits and weight of infested fruits at the time of each ' -

harvest. The mean percentages of fruits (number and weight

basis) were calculated from the data and the data were

subjected to statistical analysis;

The number of adult flies caught in the traps

were also recorded daily. These data a,lso were analysed

statistically, ^
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, 4. RESULTS

4.1. Laboratory evaluation of different materials •

as attractants for baiting the adults of

D, cucurbitae

The results relating to the experiment and the remits

of the statistical analysis of the data are presented in

Table 1. Among twelve materials screened in the experiment

eugenol, citronelia oil, eucalyptus oil, borax, ammonium

phosphate and vanilla essence did not, show any attraction

Vinegar which showed sii^t initial attractibn failed to

attract any fly from the sixth hour after exposure. Among

the remaining.six treatments, as seen from the means of

fourteen observations spread over a period of 7after

exposure, ripe bittergourd fruit was the best attractant for

trapping the flies of P.. cucurbitae. the mean number of flies

attracted per observation being 8.78. The attraction of

honey. Jaggery and sugar showed a positive association with

^ the dosage.., At the highest dose of IjJ^honey attracted the

maximum number of flies (7.05 per observation) and it was

. closely followed by Jaggery (6.67) and sugar (6.01) the

differences among the three being statistically insignificant,

At the middle concentrations also the number of flies,

attracted by boney, jaggery and sugar were on par the mean
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numbers "being 5.90,'5.41 and 4.48 respectively. At the -

lowest concentration 0.25 per cent.honey (4.67) and jaggery

(4.46) came on par while sugar with a mean number of. 5.52

flies was significantly inferior to honey though it came

on par with Jaggery. The middle concentration of honey came

on par with the higher concentrations of jaggery and sugar

and the results indicated that honey was the best of the

three treatments, . -

Toddy was not found to be effective for trapping

D. cucurbitae. The lowest concentration of 25 per cent was

most attractive and even in tbat treatment the mean number

of flies settled was 2.74 per observation only. The response

and doses did not show a positive or negative association.'

The middle concentrations of ,50 per cent was least attractive

with'the minimum mean number of 0.72 flies per obseirvatiori

while the highest Concentration of 100 per cent attracted

1.16 number-of flies.

Immature stages of bittergourd also were less attractive

to the flies, the mean numbers attracted by 4, 6 and 8 day old

fruits being 1.78, 2^30 and 1 .67 respectively.

When the treatments were ranked for each of the fourteen

observations ripe bittergourd came in the first, third, fourth

and fifth positions in 10, 2, 1, and 1 observation^ respectively



Table 2. Field evaluation of attractants for
baiting the adults of D, cuctirbitae

attractants
used and

mean number of flies attracted at
different intervals after exposure

(days)

45

mean

1 2 3 4

jaggery I9S 11.49
(3.39)

M .76
(3.43)

11.76
(3.43)

11.76
(3.43)

11.70
(3.42)

sugar 1^ 8.64
(2.94)

17.56
(4.19)

17.98
(4.24)

18.32
(4.28),

15.29
(3.91)

honey • 15.84
(3.98)

24.60
(4.96)

25.60
(5.06)

26.32
(5.13)

22.84
(4.78)

toddy 25?S 12.04
(3.47)

17.39
(4.17)

18.49
(4.30)

18.92
(4.35)

16.56
(4.07)

vinegar 20?S •9.49/
(3.08)

10.18
(3.19)

10.18
(3.19)

10.18
(3.19)

9.99
(3.16)

ripe.bitter-
gourd fruits

11.90
(3.45)

14.14
(3.76)

15.21
(3.90)

15.52
(3.94)

14.14
(3.76)

figures in parentheses are transformed values

C.D. for comparing treatments = 0.070

for comparing means = 0.44
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Honey came in first, second, third, fourth and eighth

positions in 2, 3, 6, 2 and 1 ohservations respectively.

In the case of jaggery it came in the second, third, fourth,

sixth'and fourteenth positions in 5» 4, 3, 1 and 1 ohserva-

tions. Sugar came first, second, fourth, fifth, seventh,

ninth and tenth positions in 1, 5, 1» 2, 2, 1 and 2 observa

tions respectively. In general ripe "bittergourd fruits

ranked higher than other treatments upto 12 hours of exposure.

At 24 hours after exposure sugar, honey and jaggery ranked

higher than bitter gourd fruits. Thus the persistent effect

was seen more for honey, jaggery and sugar than for bitter

gourd fruits.

4.2, Field evaluation of the selected attractants for

baiting the adults of D. cucurbitae

The data relating to the experiment and the results of

statistical analysis of the same are presented in Table 2.

The results showed that honey 1 per cent was significantly

superior to all other treatments in attracting the flies in

the field as observed on the first, second, third and fourth

days after exposure (15.84, 24.60, 25.60 and 26.32 respect

ively) and also in the mean numbers computed (22,84). The

mean catch in baits using toddy (16.56), sugar (15.29) and

ripe bittergourd fruits (14.14) were on par but significantly

inferior to honey. Among the three treatments sugar and



\

Fig. 1.. Relative efficacy of different
attractants for trapping
D, c"acur"bitae used in different
concentrations as observed in
laboratory screening.

Fig. 2. Relative efficacy of different
attractants for trapping
D. cucurbitae observed in
replicated' field experiment. .

Ji
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toddy were ;on par and significantly superior to bittergburd

fruit,s in the observations recorded on the second, third and

fourth days after exposure of the baits. Jaggery and vinegar

were found as less effective in all the observations though the

former came on par with bittergourd fruits in the mean values#

As shown in Fig. 1 and; Z ripe bittergburd fruits which

shoWed the highest attractiveness in the laboratory was found

inferior to honey in field evaluation. TToddy had a better

performance in the field than in the !Labo,ratorySimilarly

vinegar which ;failed to show significant attractiveness to the

flies in the iaboratory showed significant attractiveness in

the field, the mean, number of flies,caught being in the range

of 9.49 to TO.1.8 in comparison with the mean number of 15.^4

to 26.32 in the best ;treatment.viz. honey. Thus the remits

obtained in the laboratory and field showed significant

variati^Si.

;4.3. ; Attctivehess of different varieties of banana and

honey to the, adults of cu^ujblt^.

, Data relating: to the experiment and results of statistical

analysis of the same are presented in Table 3. Data showed

that one .per cent honey (me^ flies caught 20.07) and plalyan-

kodan fruits cut crosswise (23.1:4) were on par and the latter
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Table 3. Comparative efficacy of different varieties
of banana fruits and honey as: attractants for
baiting adults of D. cucurbitae

treatments

nendran,;.^.
cut ylen^hwise V•

hendran -
cut crosswise 1;

; poovan -
cut lengthwise

ppovan -

cut crosswise

palayarikodan -
Cut lengthwise ,

^ ^alayankodah r-
cut crosswise

raskadali -.

cut len^hwise ^

iraskadali - : |
cut cros^ise

honey

mean number of flies attracted at
different inteirvals after exposure

(days)

1

;6.30 .
(2.51 )

6,60
(2.57)

10.63
(3.26)

10.96

(3.31)

13!i84
(3.72)

A6^65
<4^i08)

6.66
(2.58)

6.30
fc51):

15.84
(3.98)

9.30^
(3.05)

8.64
(2.94)

12.96
(3.60)

11.97
(3.46)

18.23
(4.27)

22.66
(4.76)

9.00
(3.00)

7.34
(2.71)

19.36
(4.40)

10.30
(3*21)

10.63
(3.26)

15.52
(3.94)

13.99 .
(3.74)

22.94
(4.79)

26.63
(5.16)

10.63
(3.26)

7.95
(2.82)

21.25
(4.61)

10.69
(3.27)

11.63
(3.41)

16.89
(4.11)

15*68
(3.96)

23.62
(4.86)

\ .

27.67
(5.26)

10.96
(3.31)

8.29
(2.88)

24.30
(4.93)

figures in parentheses are transformed values / x

C.D, for comparing treatments = •0.10

G.D. for comparing means = 0.38

mean

,9.06.^
(3.01)

,9.30;
(3.05)

13.91
(3.73)

13.10
(3.62)

19.45 •
(4.41)

23.14
(4.81)

9.24
(3.04)

7.45^
(2.73)

20.07
(4.48)
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also; The above treatments were fallowed -by poovan fruits •
out lengthwise and erossyise (.15.91 and 15.IO respeotively)
which were on: par:
to 9.30) were least effective and on par.

one day-alter setting the,trap palSyankodan fruits out
crosswise .came on par With honey while in the remaining . .
observations :the^:f6rmer was significantly s the .
latter. The :palayantodan fruits cut lengthwise w^ seen
inferior Wthe ^fruits out crosswise at. the first and second
days after setting the traps while the treatment honey came
on par with palayankodao cut Itogthwise Q third and
fourtli days after .the exposure.: . In three of the four observa

. tioili lengthwise cut; ms found;significantly better than
'orcrsswise cut in the base 6,f poovan.and rasakadali while in

one they:were:on:iar.:. In the case of nendran the trend was
not ooMtant-in the fpM otseivations,,

. of bittergouT.^ f;rn»n at ITBPBR. Tellaniktara,

•" Trichtir ,

A ' Results of the experiOeht and the inferences of.
statistical analysis of the data are presented in Table 4.

• Based'on the mean.percentage, of infested .fruits obse^ed



Table 4. Relative-susceptibility of different varieties/accessiong
of bittergourd to D. ciicurbltae

varieties/
accessions

mean percentage of infested fruits (number)
observed at different intervals after planting

(weeks)

8 9 • 10

NBPGR accession No.

mean

50

remarks

•6 16,88(24.24) 0.00( 0.00) 13.21(21.30) 10.03(18.44) R

7 12.52(20.71) 19.93(26.51) 21.20(27.41) 17.88(25,01 ) MR

12 12.33(20.54) 9.25(17.71) 58.16(49.70) 26.58(31.02) S

13 16.57(24.01) 43.00(40.95) 35.49(36.54) 31.68(34.23) s

15 0.68( 4.72) , 19.32(26.04) 66.98(54.92) 28.99(32.54) s

17 22.99(2,8.63) 30.73(33.64) 18.50(25.44) 24.07(29.35) MR

17B 0.00( 0.00) 7.98(16.41) 12.90(21.03) 6.96(15.25) R

19 20.01(26.54) 14.23(22.14) • 22.59(28.34) 18.94(25.80) ' MR

21 0.00( 0.00) 28.79(32.43) 46.28(42.84) 25.02(30.00) ,I'K

21 W 0.52( 4.12) ,29.33(32.75) 41 .85(40.31 ) 23.90(29.24) MR

22 9.85(18.25), . 50.27(45.14) 65.26(53.84) 41.79(40.24) HS

22A 14.75(22.55) 33.92(55.61) 72.50(58.34) 40.39(39,44) HS

21k 3.62(10.94) 17.08(24.40) 49.99(44.95) 23.56(29.02) 'MR

28 8.48(16.92) 39.48(38.91) 62.49'(52,21 ) 36,82(37.33) S

34 4.02(11.53) 34.62(36.02) 51 .45(45.82) 30.03(33.21 ) - S

35 .1 .28( 6.50) 20.90(27.20) 23,12(28.72) 15.10(22.84) MR

36 4.64(12.42) 17.52(24.72) • 48.09(43.89) 23.42(28.92) MR

42 4.50(12.23) 20.07(26.61 ) 29.85(33,11) 18.14(25,20) MR

45 7.03(15.34) 29.37(32.81) 24.11(29.40) 20.17(26.65) m

50 3.45(10.70) 41.89(40.33) 41.68(40,20) 29.01(32.55) s

61 W 4.38(12.05) 39.80(39.11 ) 40.90(39.73) 28.36(32.14) s

61G 3.24(10.34) 29.59(32.93) 23.56(29.14) 18.80(25.70) MR

67 4.42(12.12) 41.32(40.00) 14.29(22.21) 20.01(26.54) MR

67A 27.96(31.92) 49.95(44.94) 50.02(45.01) 42.64(40.74) HS

• 72A 28.71(32.39) 24.39(29.60) 44.43(41.80) 32.51(34.74) S

74<J 27.06(31.32) 31.12(33.89) 41 .32(40.00) 33.17(35.14) S

74W 20.87(27.15) 50.08(45.03) 59.22(50.30) .43.39(41.20) HS

76A 6.82(15.12) 55.07(47.90) 30.37(33.42) 30.75(33.64) S

78A 2.62( 9.31) 38.44(38.31) 52.71(46.53) 31 .26,(33.95) S

78C 4.35(12.02) 17.63(24.61) 33.91(35.61) 18.63(25.54) MR

80 4.47(12.20) 32.46(34.72) 23.98(29.95) 20.30(26.75) - - MR

83 11.23(19.55) 22.68(28.42) 9:78(18.21) 14.56(22.42) MR

85 8.66(17.11 ) 21;i4(27.35) 36.51(37.14) 22.10(28.03) MR

86 •6.79(15.10) 44.64(41.91) 54.31(47.44) 35.25(36.41 ) 3

87 14.62(22,44) 27.69(31.72) 60.04,(50.75) 34.12(35.72) S

103, 10.56(18.94) 51 .34(45.74) 56.73(48.84) 39.54(38.93) HS

104 16.81(24.20) 9.55(18.00) 44.44(41.75) 23.60(29.04) MR

108 7.21 (15.55) 15.58(23.23) 51,98(46.12) 24.92(29.93) MR

116 0.45( 3.81) 38.06(38.05) 27.16(31.41) 21.89(27.90) MR

125 4.31(11.95) 17,46(24.70) 26.68(31 .10) 16.15(23.69) MR

128 17.21(24.50) 13.27(21.33) 34.04(35.65) 21.51(27.62) I®

139 19.25(26.01) 20.00(26.54) 4.01(11.53) 14.42(22.31 ) MR

141 27.95(31,91) 15.96(23.53) 23.45(28.94) 22.45(28.25) m

145 5.85(14.00) . 3.17(10.23) 35.72(36.69) 14.91(22.71 ) MR

148 6.51(14.73) 22.32(28.15) 37.90(38.00) 22.24(28.12) "MR

175 12.47(20.65) 53.61(47.03) 78.46(62,32) 48.18(43.94) HS

priya 23.54(29.01) 26.85(31.21) 23.14(28.73) 24.51(29.65) MR

C.D. for comparing mean. = 2.877 C.D. for comparing treatment = 0.844
-MBPGR: National Bureau of Plant Genetic Resources
figures in parentheses are transformed values (angles)
HR: highly resistant R: resistant I-®: moderate resistant S: susceptible
HS: highly susceptible
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over three harvests, the. accessions were grouped into five

categories. The accessions 6 and 17B-came in the resistant

group (R) and the percentage of infestations were 10•03 and
6.96 respectively.

' Accessions 139 (14.42), 83 (14.56)# H5 (14.91),

35 (15.10), 125 (16.15), 7 (17.88), 42 (18.14), 61G (18.80),^
780 (18.63), 19 (l 8.94), 67 (20.01), ,45 (20.17), 80. (20.30),
128 (21.51), 116 (21.89)^-85 (22.10), 148 (22.24), 141 (22.45),

36 (23.42), 27A (23.56), 104 (23^60), 21W (23.90), 17 (24.07),

priya (24.5t),, 108?(24.92) and 21 (25.02) were found to he
moderately resistant (MR)^

^Accessions (28.99), .

50 (29.01), ,34 (30.03)> 76A; (30.75),; 78A, (31.26), 13 (31.68),
74& (33.17), 87 (3f^.12), 86 (35.25) and 2a (36.82) came in
the susceptible group (S).

Remainingaccessidns, 103 (39.54), 22A (40.39),

: 22 (41 .79), 67A (42.64),^ 74W (43.39) and 175 (48.18) were
• found highly susceptihle (HS),^.

Among the resiistant varieties/accessions, 17B showed the

least infestation and it was significantly lower than the

infestation observed in accession 6,
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.Among the moderately resistant aecessions 139, 83,

145, 35, 125 and 7 were on par. Accession 7 was followed

hy 42, 6IS, 78C, 19, 67, 45,^80, 128, 116 and 85 and they

were on par. Remaining accessions cam:e on par with the

susceptible check Priya. Accessions 108 and 21 were the

least resistant in this group. The two resistant accessions

17B and 6, three accessions 83, :35 and 7 from the first group

and moderately resistant accessions and accessions 19 and 80

from the second group of moderately resistant ones were'

selected fpr. further evaluation under field conditions. ,

4.5. Relative susceT)tibility of selected varieties/

accessions of bittergourd to D. cucurbitae" ; -

The data relating to the experiment and results of ' ,

; statistical analysis of the same are presented in Table 5 and

• -.6/ahd-Fi^,.,3. ^.-v; ^ - V ,

The accessions NBPG-R 6 and -17B which were found to be

resistant in the initial screening came in the MR group in

the repiicated/field experiment, the meah percentage of

'infested fruits being 14.3,9 and 17.22 respectively. Accession

35 showed low infestation (10.37?^) and came iii the resistant

group. Two of the four new accessions added in this experi

ment viz. 239 and 271 also came in the R group, the percentage,

infestation being 5^84=and 7.26 respectively.
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Table 5. Relative susceptivity of selected varieties
of bitter gourd to D. cucurbltae

varieties
used

mean percentage of infested fruits
(number observed at different inter-

yield vals after planting (weeks " .' mean remarks

local greenish
white

local green

priya

NBPGR 6

7 .

. 17B

,, 19

55

80

83

239

,, 244

,, 261

271

104.60

94.60

212.00

156.67

185.67

239.00

198.33

172.66

226.30

145.67

144.33

210.00

249.33

109.00

8

21.17
(27.39)

28.03
31.94

33.00
(35.04)

27.54
(30.33)
18.97

(25.81 )

17.52
(24.73)
24.08

(29.,37)
15.22

(22.95)

26.64
(31.05)

19.04
(25.84)

, 9.39^
(17.83)

17.94
(25.03)
•18.86
(25.72)

9.19
(17.62)

10.61
(19.00)

13.26
21.33

15.64
(23.30)

9.92
(18.34)

15.81
(23.42)

12.39
(20.60)

12.54
(20.72)

/5.34 .
(13.34)

11.90
(20.15)

, 7.35^(15.72)

1.45
(6.91)

14.44
(22.32)

13.47
(21.52)

0.36
(3.42)

10

8.46
(16.90)

17.31
24.55

15.80
(23.42)

7.37
(15.73)

8.85
(17.30)

8.71
(17.14)

8.10
(16.52)

4.40^
(12.If)

7.79 ,
(16.21)

9.63^
(18.05)

8.61
(17.04)

5.84
(13.95)

9.27
(17.71)

4.46
(12.15)

11

21.43
(27.55)
17.56
24.74

14.10
(22.03.)

• 4.03^
(11.54)

9.23
(17.65)
15.58

(23.23)

9.89
(18.31)
14.18

(22.11 )

8.80
(17.23)

13.14
(21.23)

2.04
(8.21)

9.93
(18.34)

11.27
(19.61).

2.30
(8.71)

12

31.47
(34.11)
23.46
28.94

28.83
(32.44)
23.10

(28.71 )
30.01

(33.21 )

31 .88
(34.34)

30.89
(33.74)
12.72

(20.90)

23.84
(29.21 )

21 .21
(27.41)

7.71
(16.11)

18.06
(25.13)

22.63
(28.40)

20.01
(26.54)

18.'63
(25.54)

19.92
26.49

21.47
(27.60)

14.39^
(22.25)

16.57
(24.01)

17.22
(24.51)
17.10

(24.42)

10.37
(18.77)

15.79
(23.41)

14.07
(22.02)

5.84
(13.95)

13.24
(21.32)

15.10
(22.84)

. 7.26
(15.62)

C.D. for comparing varieties at different periods
C.D. for comparing means =
NBPGR - National Bureau of Plant Genetics Resources
MR - moderate resistant
R - resistant , ^ r
Figures in parentheses are transformed values jangles;

2.69
3.47

MR

MR

MR

MR

MR

MR

MR

R

MR

MR

MR

MR

R



Table 6, Relative eusceptibllity of selected varieties
of bitter gourd to £. cucurbitae

varieties yield

mean percentage of infested fruits
(weight) observed at different inter
vals after planting (weeks) mean

54

rismarks

8 9 10 11

local green
ish white

926.67
20.84

(27.14)
25.93^

(30.59)
20.69

(27.03)
37.13^

(37.52)
65.10

(53.75)
33.94^

(33.62): - s ••

local green 789.33
36.40

(37.11)
22.01 35.44

(27.95) (36.52)
39.05

(38.64)
52.78

(46.55)
37.24 f

(37.60) >
;;;S ;•

priya 1776.00 42.41
(40.62)

11.44
(19.74)

9.34
(17.80)

12.21

,(20.43)
29.76

(33.04)
• 21.03 '
(27.30) MR

NBPGR 6 1261.33 34.15
(33.74)

11.75 17.58
(20.03) (24.75)

27.83^
(31.82)

34.32^
(35.83)

25.13^
(30.05)

;s / ,

9 f 7 1582.67 9.33
(17.75)

11.08
(19.42)

7.93
(16.33)

13.44^
(21.50)

16.26
(23.75)

11.61
(19.91)

R •

9 9 17B 2088.00
11.46

(19.75)
7.44

(15.82)
8.41

(16.84)
7.66

(16.04)
32.16

(34.53)
13.43

(21.50)
MR

f 9 19 1349.33
36.40

(37.11)
8.03

(16.44)
6.96

(15.25)
8.45

(16.90)
21.79

(27.81)
16.33 •

(23.80) MR

9 9 35 1342.67
.20o74
(27.05)

3.50
(10.75)

9.60
(18.03)

,5.50
(13.54)

22.15
(28.04)

12.30
(20.52) MR

9 9 80 1544c00 36.67
(37.24)

20.20
(26.70)

18.42
(25.41 )

26.32
(30.84)

28.63
(32.33)

26.05 =
(30.65) s

«

9 9 83 1341.33
23.13^

(28.73)
13.72

(21.72)
18.69

(25.61)
12.41

(20.62)
38.92

(38.60)
21.37

(27.52) . MR

9 9 239 1471.33
13.62

(2U63)
8.27

(16.71)
7.74

(16.13)
• 5.53^
(13.60)

, 7.85^
(16.24)

8.60
(17.03)

R

9 9 244 776.67 , 3.94
(11.42)

1 .38 •
(6»73)

3.68
(11.04)

: 5.51
(10.80)

12.71
(20.85)

, 5.04^
(12.94)

R

9 9 261 1082.67
25.51,

(30.32)
8.73

(17.15)
5.97

(14.12)
'4.96
(12.84)

14.26
(22.15)

11.89
(20.14)

•r

t 9 271 1037.33
15.10

(22.84)
23.54^

(29.01 )
10.04

(18.44)
12.45

(20.64)
25.81

(30.52)
.17.39^
(24.63)

, MR

C.D. N3 N3 N3 NS N3 2.829

N3: not significant
MBPSR; National &ireau of Plant Genetic Resources
3: susceptible

,R: resistant
MR: moderate resistant
figures in parentheses are transformed values (angles)
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Based on the CD values the accessions 239 (5.84) and

271 (7.26) came on par followed by 35 (10.37) which came

under the resistant (R) group. Accession 35 was on par with

244 (13.24) and 83 (14.07). Accessions 6 (14.39), 261 (15.10),
80 (15.79), 7 (16.57), 19 (17.10) and 17B (17.22) came on par
and they were on par with accession 83 also. Accession 17B

along with LGV^ and LG came on par with the susceptible check

Priya which showed the highest infestation (21.47?S).

Of the six accessions ranked, the best accessions 239

and 271 were on par and ranked top during the 1st harve-st

done at 8th week after planting and in the 4th harvest.

During 2nd harvest 271 ranked first and was significantly

superior to accession 239. In the third harvest 271 ranked

higher than 239 whereas in the 5th harvest 239 ranked higher

than 271 and the differences between them were statistically

significant. These accessions were immediately followed by

accession 35, in the 1st and 5th harvest and in the 3rd

harvest; 35 came as the 1st in the second harvest and it came

on par with 271, but in the 4th harvest it came on par with

the check and came in the 11th place.

The accession 244 was significantly inferior to 239

and 271 in the mean values and also in the 1st and 4th

harvests and it came on par with susceptible check Priya in
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the 2nd harvest: During the 5th harvest it oame significantly
inferior to 239 and 35 and during the 3rd harvest it came on
par with 35 and 271. .

In general, aooessions 83 and 6 were coming in an
intermediate Eosition in the different harvests. The relative
rank of accession 83 in the five harvests were 8th, 4th, 12th,
9th and 5th respectively. The ranks of accession 6 In the
different harvests were 12th, 5th, 4th, 3rd and 7th
respectively.

The data relating to the relative susceptihility of the
different accessions based on the weight of fruits harvested
are presented in Tahle 6. The mean of the five different _
harvests showed that accession 244 was the hest in which the
infestation per cent was 5.04 only, it was followed by
accession 239 (8.6) and the two accessions were significantly
superior to all other accessions/varieties. The accession
7 (11 .61), 261 (11 .89), 35 (12.30) and 17B (13.43) came on
par and followed the accession 259 (Pig. 3)'

Accession 244 maintained its superiority over all the
other treatments in the 1st, 2nd, 3rd and 4th harvests.
During the 5th harvest it ranked second and inferior to
accession 239 only. Bxt accession 239 though inferior only
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to 244, when the means were oompared, it ranked 4th in the Ist;
5rd and 4th harvests and 5th in the 2nd harvest. It occupied ' ' .
the 1St position in the 5th harvest.

Accession 7maintained Its position as 2nd in 1st harvest,
7th in 2nd harvest and 5th in third harvest.. In the 4th harvest
it went down t. -the 10th position. It.c..e up to the.4th posl-
tion in the last harvest.

Accession numbers 261,, 35 and 17B which ranked 4th, 5th and
comparing the. means, ocoupled 9th, 6th and 3rd positions

respeotlvel, i^ th. .st harvest . • In the. 2nd Harvest the positions'
were altered to 6th, 2nd and 3rd, tespectively. . In the 3rd and 4th

^ harvest 26:1 was 2nd in position inferior to 244 onl. while it came
in the 3rd position in the 5th harvest. Accession number 35
ranked far below, mthe 8th position, Ih the-3rd harvest, while
it. reached the>3rd position in the 4th harvest and 6th position
in the 5th harvest. In the case of 17B it occupied the 6th, 5th

. and 10th positions in the 3rd, 4th and 5th harvest, respectively.
The accession 271, 83 and 6^which ranked high on the basis ,

Of percentage- of infested fruits by number, came low in rank when
the percentage of weight Of f„,its lost due to the pest infesta-

. tion was taken Into consideration and these accessions came on par
vlth the Check Eriya. But on weight basis, the accessions 7, 261
and seen promlslne and significantly superior-to the
Check.

In general accessions 239, -35 and 244 came as the
promising ones adopting both the criteria of evaluation, '



Fig. 3. Relative susceptibility of
®-°°®®sioiis/varietiesof bxttergourd to D. cucurbitae

observed in replicated field
experiment.
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(Pig. 3). The mean number of fruits obtained from these

three varieties (Table 5) were 144.33* 172.66 and 210.0,

respectively while the number obtained from check variety

Priya was 212. The weight of fruits obtained from the acces

sions 239, 35 and 244 were 1471.33, 1342.67, 776.67 grams per

plot, respectively as against a corresponding wei^t of 1776

gram per plot in the check variety Priya. Accession numbers

271, 83 and.6 which were showing good performance while

considering the percentage damage on the basis of number of

fruits, yielded 109, 145.67 and 156.67 fruits per plot which

weighed 1037.33, 1341.3 and 1261.33 grams, respectively.

Accession numbers 7, 261 and 17B ranked top in the

percenta^re of good fruits on the basis of weight and gave

185.67, 249.33 and 239 numbers, their weights being 1582.67,

1082.67 and 2088.0 grams, respectively.

4.6. Effect of different accessions/varieties of

bittergourd on the development and survival of

the growth stages of fruit flies

The data collected and the results of statistical

analysis of the same are presented in Table 7 and Fig. 4. ,

The intensity of damage in the infested fruits and the

effect of varieties on the development of insects were assessed

as described- in para 3.5. The results and the inferences on
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Fig. 4. Antibiosis manifested by different
accessions/varieties of bittergourd
against D. cucurbitae. ,
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the statistical analysis of the data are presented in

Tahle The lowestnumber of maggots was observed in

accession 17B, (23.07). This was significantly superior to

all other accessionis followed by the accessions. 80, 239, 35

and the check (Priya). These were on par among themsel-ves

(34 .88, to 40. §.2). Accession 6 ,(54.92); was following Priya

and it was significantly; lower than the remaining accessions.

AccessionM9 showed the mximum number bf maggots (107.20),

the other accessibns remaining in: between.

Regarding the number of pupae also acession 17? (13.46)

came oh par with 239 (29.31 ) arid the latter came on par with

accessions 80 (29.57)i 35. (31.64) and, Priya (34.43) which

were on:par. Other, accessions came si^ificantly inferior to

the check variety Priya.

"Accession 17B showed the highest larval mortality

35.40 per cent and it was significantly higher than the

imortalitiy in r the varieties^ All the remaining

varieties came oh par with reference to this criterion.

. The number of adults emerging from the fruits was

found to be least in 17B (2.49). ^his accession was followed

by 80, 35-:and 239 ^which were on par. Accession 239 came on

par with Priya and accession 6. The remaining accessions were

far inferior (26.87"to 38.9 number o£ adults). :
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The pupal mortality was significantly higher in accession

17B (91.5 per cent). This was on par with accessions 80 and 35

(72.35 and 69.75). These were significantly superior to all

other accessions. In the remaining accessions pupal mortality

ranged from 43 to 60.40 per cent and they came on par.

The. female emergence was least in 17B (1.63). But it

was on par with the emergence in the check variety Priya.

Accessions 239, LGW, 35, 8, 6, 83 and 271 were on par and also

on par with Priya. >

4.7. Protecting the,growing fruits of bittergourd from

egg laying of D. cucurbitae through bagging

An.observational trial was carried out,for evaluating

the efficacy of different, types of bags (paper, cloth and

polythene) for protecting bittergourd fruits from the egg

laying of D. cucurbitae. The results of the experiment are

presented in Table 8. "It was observed that paper bag and

cloth bag used immediately after.fruit set did not completely

protect the fruits from the egg laying by the flies. Among

fruits covered with paper bag 26.67' per cent and 40 per cent

of the fruits enclosed in cloth bags were seen damaged by

the maggots while 73.33 per cent of the fruits in unprotected

control were attacked by the fly. The fruits covered with

polythene bags were completely protected from the egg laying

of D. cucurbitae and subsequent damage by the- emerging maggots.
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Table 8. Effect of bagging the growing fruits
of bittergourd on the incidence of
D, cucurbitae and on the growth of

, fruits

62

length/ girth/ weight/

treatments
percentage healthy- healthy healthy-
fruit fruit at fruit at fruit at
attacked harvest harvest hairv-est
(number) (cm) (cm) is)

paper bag 26.67 23.31 11.31 87.50

cloth bag 40.00 19.69 9.93 62.50

polythene bag nil 23.44 11.01 90.00

control 73.33 19.25 9.12 , 67.50
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The mean lengths of healthy fruits protected in paper, /

clo.th and polythene bags were 23.31, 19.69 and 23.44 cm

respectively as against the mean length of 19.25 cm recorded

for the uninfested'.fruits in control. The girth of bagged

- •aninfesijed fruits ranged from 9.93 to 11.31 cm while 'in ^

.control the girth was 9,12 cm. The mean weights of tininfested

fruits maintained in paper b^g, cloth bag and polythene bag

62.5 and 90.0 grams respectively.

The cost benefit in adopting the mechanical, protection

of bittergourd, fruits against D. cucurbitae. using different

types of bags,. had been worked out in detail and presented in

•Table 9. The net additional income that would, be generated by

baggingthe fruits using polythene bags amounts to Rs.13697/ha
while corresponding income from plots protected with paper

bags would be Rs.7235/-only. The'cloth bag, by virtue of
its high cost was not found economical. There-is no additional

.income from this treatment.

Effect of varying -periods of protecting bittergourd

fruits from the time of fruit set on the extent of

damage caused by P., cucurbitae

The results of the experiment .and, inference from the .

.stati.^ticai analysis of the data are. presented in. Table 10.
The results showed that the fruits protected up to 5 days



Table 9. Cost benefit in adopting mechanical protection
of bitter gourd fruits against D. cucurbitae

64

treatments

total yield
total
addi
tional

addi
tional

cost net addi
tional

yield
over

control

income
(Hs.)

income
(Rs.)wt/ha no. /ha

mate
rials

(Rs.)
labour

(Rs.)

j

paper bag 6795 77657 4889 14667 1552 5880 7235

cloth bag 3971 63540 1265 3795 4236 4347 ^ —

polythene bag 9531 105900 7625 22875 2824 6354 13697

control 1906 28244 ' —,
—

• —
-- '

1 . No. of paper bags required/ha was calculated at the irate
of one bag per fruit. The cost of the bag was 2 paise
per bag.

2. No, of cloth bags required/ha was estimated on the basis
^ that the bags could be reused in alternate weeks during

the harvest period and they would last for three seasons.
The cost was 50 paise per bag.

3. Polythene bags could be reused as in the base of cloth bags.
The cost was 20 paise per bag.

4. Labour required/ha was estimated at the rate of one woman
labourer for bagging 500 fruits and the wages @ Rs.30/-
per day.
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Table 10,

treatments

Effect of protection of
fruits from the time of fruit set on the
extent.of damage caused by C. cucurbitae

65

percent-length/ girth/ weight/
age of fruit at fruit at fruit at
infested harvest , harvest harvest
fruits (cm) (cm) (g)

fruits protected tip to: .

3 days ; ; : 86.0 ,13.75 8.43 45.33

5 days 93.0 15.10 9.27 48.00

7 days 6.7 22.17 11.23 100.00

9 days nil 21.20 10.57 86.66

11 d^s ; \ : nil 21.33 11.30 . 93.33

13 days nil 23^07 11.37 102.00

control 100.0 17.53 7.87 48.00

C.D.: 2.76 1.35 23.95

Note: for assessment of size and weight, fruits infested
by D, cucurbitae were selected from different
treatments.
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after setting had very severe damage (95^) and when protected

up to 7 days damage, was reduced to 6.7 per cent. %en exposed

-on 9th day after fruit set there was no incidence of damge.

Thtis the result indicates that the flies do not lay eggs in

, fruits after 9th day of fniit set,. The data also reveal.the"

. effect of bagging on the size and weight of the fruits. The

variations caused by this practice were statis^tically signifi-

, cant.: The length, girth and weight of the fruits protected

for 7,'9, 11 arid 13 days after fruit set came on par and

significantly higher than the remaining treatments of protec

tion for 3 and 5 days and control.!

4.9. Evaluation of different methods for the control of

D. cucurbitae \ '

-The data relating to the experiment and the results of

statistical analysis of the sam^ are presented in Table 11.

The results showed-that trapping the flies increased the mean

number of fruit yield significantly Over control, the numbers

in the two treatments being 19.08 and 11.48 respectively.

field ftom plots in which trap'pihg was done regularly came

on par with yield',in plot treated with malathion spray (25.4).

Plots in,Which fruits were bagged, along with re^lar trapping

of adults gave the maximum yield of 42.32. This treatment

was followed iDy the practice of bagging the fruits without

trapping of flies (35.32); Mean number of damaged firuits in



Table 11. Evaluation of different methods for the

control of D. cucurbitae in field

treatments

number of fruits collected at

different intervals after
planting (weeks) /4m

8 10 11 12

mean

mean

infested
fruits

trapping flies 7 .40 16. 20 30 .20 28 .00 13 .60 19 .08 7 .28

bagging fruits 16 .60 33. 00 55 .20 43 .40 28 .40 35 .32 0 .00

bagging + trapping 17 , 60 38. 80 65 .40 53 .40 36 ,40 42 .32 0 .00

malathion spray- 8 .80 14. 60- 40 .20 32 .40 21 .40 23 .40 6 .80

control 5 .60 9. 80 16 .40 14 .20 1 1 .40 11 .48 6 .40

C.D. for comparing means =8.51
G.D. for comparing treatments , . =3,77

treatments

weight of fniits collected at
different intervals after
planting (weeks) / 4

128 To TT

mean

mean

infested

fru.its

trapping flies 616 1280 2588 2272 840 1519.20 254.4

bagging fruits 1056' 2600 3713 3464 1972 2561.04 0.0

bagging + trapping I46O 3124 5236 4388 3024 3446.40 0.0

malathion spray 716 1224 3332 2640 1420 1866.40 297.6

control 428 748 1300 1112 704 858.40 265.6

C.D. for comparing means
C.D. for comparing treatments

= 666.38
= 378.55

>

\
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control, in plots where flies were trapped and in plots

sprayed with malathion came on pair (6;,4> 6,8 and 7.28

respecti"5rely), The relative efficacy of the treatments showed

the same trend in the five weekly harvests commencing from

the 8th week after plating. ,

The mean"yield in weight also showed the same result.

The highest yield (3446.40 ;g/4 was obtained from plots

in which fruits were bagged along with trapping of adults.

It was followed by the treatment in which bagging alone was

done (2561,04 g/4 m ), The difference between the two

treatments was .statistically significant. The yield obtained

from plots in which flies were trapped and those in which

five rounds of malathion spray was given came on par (1519.20

and 1866,40 g/4 m ).: Yield from control plot was si-gnifi-

cahtly lower and was as low as 858,4 g/4 m .The relative,

ranking in the treatments (on weight basis) in five weekly

observations were broadly in agreement.

.The-cost benefit of different treatment of the experiments

was worked out in detail and presented in Table 12, The

practice of bagging the fruits combined with trapping of adults

gave the highest return of Hs,12196/ha and this treatment was

followed by bagging, of-fruits alone firom which an additional

net re^m of Rs, 11033/- would be obtained. The net additiona]



Table 12. Cost-benefit in adopting different methods
of control against D. cucurbitae ,

63

treatments,

total yield of total
good fruits addi

tional

—income
Wti over

cost net
addj
tioi
incc

•f^rapping 4750 62500

' . - •<

206?
fip2./V ,

! 6207 312 360 553

mechanicai
protection 951Q; ,109375 6837 20511 2916 6562 1103

mechanical
protection +
trapping

10762 131250 8081 24243 3812 8235 1219

chemical
control 5822 71875 3141 9423 800 1400 722

control 2681 : : 34375 —
-

1.

2.

3.

4.

feags required/ha was calculated on the basisthat the bags could be reused in alternate weeks during the
harvest^period and the bags would last for three seasons.
The cost per bag was 20 paise. Removal of the bag could be
done along with the harvest without incurring extra expenditure

Labou^ required/h^ was worked out at the rate of one woman
labourer fbr bagging 500 fruits and the wages &Rs,30/- per day-
Cost of malathlon required/ha was Rs, $dO/- per litre.

Labour required/ha for each spraying was 8 men labourers.
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income from plots treated with malathion and those protected

by trapping came very close with each other (Rs.7223/- and

Rs.5535/- respectively).

4.10. Evaluation of number of flies trapped in different

"treatments

The data relating to the observation and the results of

the same are presented in Table I5. The mean number of flies

trapped in the plots in which fmits were bagged along with

trapping of flies and in plots in which trapping of adults

alone was done did not show significant variation. The mean

total number of flies trapped during the first, second^ third,

fourth, fifth and sixth days after setting of the traps at

weekly intervals commencing from flowering was 38.7, 53,59,

75«2, 74«03, 60«89 and 24 respectively.



Table 13.

treatments

mechanical

protection +
trapping

trapping of
adxilts alone

mechanical
protection +
trapping

trapping of
adults alone

mechanical

protection +
trapping

trapping of
adults alone

mechanical

protection +
trapping

trapping of
adults alone

mechanical

protection +
trapping

trapping of
adults alone

D. cucurbitae flies trapped in different
treatments of field experiment

mean number of flies trapped (per plot) at
different intervals after setting up the
trap (days)

1 -5-

71

mean

(8 weeks after planting)

4.43 5.86 9.30 8.49 8.06 2.31 6.18

7.01 7.64 . 8.30 6.29 8.30 1.28 6.18

(9 weeks after planting)

3.88 4.20 6.56 10.83 8.92 2.53 5.86

5.20 4.76 8.12 9.50-8.12 8.28 6.08

(10 weeks after planting)

2.88 7.30 9.69 10.70 9.24 .1.76 6.13

3.88 6.56 9.11 7.53 5.76. 3.04 5.81

(11 weeks after planting)

3.62 4.76 5.60 3,.80 2.57 0.93 3.41

1.92 4.56 2.50 3.37 1.92 0.72 2.39

(12 weeks after planting)

3.12 5.45 8.55 7.07 3.71 1.19 4.57

2.76 2.50 7.47 6.45 4.29 1.96 4.06

Note: The data were transformed tising / x + 1 and subjected
to statistical analysis. Si^ificant variations were
lacking in the data.
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5. DISCUSSIOF

Fniit flies are group of pests hard to control since

the destructive larval stages of these insects are internal

feeders in fruits and remain inaccessible to the common

insecticide applications. Since the harvest is spread over

a long period the application of insecticides for fruit fly

control is bound to cause serious, residue hazards especially

when systemics like carbofuran, capable of killing the larvae

inside the fruits, are used. Obviously non-insecticidal

methods have to be resorted to for minimising the potential

damage from the pest. Large scale trapping of adtilts

prior to the egg laying in fruits or the mechanical exclusion

of the insects from the fruits by bagging are potential

methods of control. Techniques for standardising these method

for the control of D. cucurbitae were tried in the present

investigation.

In the first series of experiments twelve materials

•known as attractants of fruit flies were screened against

D. cucurbitae adoioting a simple method in the laboratory.

The results presented in para 4.1 showed that eugenol,

eucalyptus oil, citronella oil, borax and ammonium phosphate

were totally ineffective against.D. cucurbitae. Eugenol had

been i?eported to be effective for t rapping dorsal_i^
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(Lakshmanan et 1973; Patel, 1976; laetcher ^

et ai., 1975; \Tan,- 1984). Ibrahim arid Hashim (1980) had
observed that methyl eugehol7*^s less attractive to

D. cuGurbitae than.to D, dorsalis, Citronella oil was

reported to attract D. dorsails and D. Zonatus (Narayanan
and Batra, 1960). But for D. cucurbitae it was reported, to ^

be less attractive (lall aiid Singh, 1969) •

Nakagawa/(1975) observed that borax could attract

D. cucurbitae and D..dorsalis. Economopoulos and

Papadopoulos (1983) found that aqueous solutions.of borax

showed attractiveness to oleae.

Ammonia and ammonium salts showed attractiveness to

D. trvoni, (Bateman and Morton, 1981), Narayanan and Batra

(i960) reported positive resuits, with liquid ammonid for

trapping dV dorsalis. - D. oleae also showed positive response

to ammonium salts (Iiongo and .Benfatto, 1981) # Eucalyptus

•oil, jaggery, honey, toddy and bittergourd fruits have not

been evaluated as attrabtants of fruit flies so far. Thus

the results obtained from the sereenihg had an overall .

agreement with the; earlier reports.

Among the remaining six materials tested the ripe

bittergourd fruit was most effective in attracting the flies,

up to 12 hours after exposure. It was closely followed by
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honey, . ,1 aggery and sugarin a descending order of efficacy.

But from 24th hour after exposure ripe bittergourd fruits

became less effective than sugar, honey and jaggery. Toddy

had limited attraction and the effect of vinegar lasted only

for a very short period. In an overall assessment honey

could be ranked as the best material for attracting the

adults of D. cucurbltae followed by jaggery and sugar.

Since the association between the doses and the

attractiveness of honey, sugar and Jaggery was positive and

linear, the optimum doses of the materials requiired for

trapping the insect could not be fixed from the experiment.

But the highest concentration of one per cent gave signifi

cantly higher catch and the effect remained unabated for

four days from the time of exposure.

Immature bittergourd fruits did not attract the flies

significrintly. The results showed that the flies were

predominently attracted by the feeding stimulus and for this

purpose the immature f2?uits were not useful. The bittergourd

fruits were screened for their attractiveness with a view to

exploring the possibilities of maintaining the first series

of fruits setting on crop, coated with some insecticides so

as to attract and. kill the flies available in the field. The

poor attraction of flies by immature fruits and the inferiority

of mature fruits to honey, jaggery and sugar during the later
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period, of observation indicated the inferiority of the

technique for the control of D.-cucurbitae.

The results of the field, experiment described, in para

4.2 also showed that one per cent solution of honey was. the

best among the materials screened in the laboratory for

attracting the flies and. it was significantly superior to all

other materials. Honey was followed by sugar and ripe bitter-

gourd fruits. Toddy and vinegar which performed poorly in

the laboratory screening showed better attractiveness under

field conditions and the former came second to honey and on

par with sugar. Probably the pungency of toddy and vinegar

\>70uld have rendered the^ materials attractive under the open

situation of the field v/hile in the confined space of the

laboratory it would have had some repellency. From the

laboratory and field experiments one per cent honey could

thus be chosen as the best attractant for trapping the adiilts

of D. cucurbitae.

Plantain is being used as a bait material for trapping

D. cucurbitae in some parts of the state. Different varieties

of plantains were hence evaluated in field taking honey as the

standard. The results presented in para 4.3 showed that

palayankodan was the best variety of plantain for trapping the

flies and it was closely followed by the variety 'poovan'.
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These were on par with the standard used viz. honey,. 'Nendran'

and '.rasakadali' Varieties were .less preferred by the flies. . .

The pulp of the former two.varieties/is comparatively softer

than that of the. latter varieties arid that may be attributed "

as the factor for the greater attractiveness of, the material.

The results.further showed that the,cutting of the fruits

crosswise or iehgthwise did not significantly and consistently

influence tHe efficacy of the bait. ,Bvaluation of the plantain

fruits as a. bait material for trapping^ D. cucurbitae j^as done

for the.first time. Palayankodah is a cheap variety of fruit

easily available throughout the State„.and throughout the year

and hence inay be chosen as the best bait material for trapping

the adults of,D. cucurbitae. The attractiveness of the

material persisted effectively for a week and hence was found

suitable for the mass trapping of the flies.

The utilisation of plant resistance is the best possible

method for solving the,problem of fruit borers without, the

risk o:f insecticide .residue haz^^ With this end in view

the accessions of bittergourd ."maintained by the National

Bureau of Plant Grenetic Resources, "Trichur, were screened for

resistance to frui-fe -flies and ;the accessions were grouped into

different categories based on.the level of resistance. The

results, presented in para; 4^4 revealed' that -hone of the

available accessions was immuhe. to the pest. The accessions
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•- 17B and 6 witli; &:^96 and, 1O.i05^ per cent of fruit infestation

; were identified as resistant or^es... These were followed by

accessions- 139, 85, 145, 55, 125 and

19 and .they. were si^ificantly' superior tp check Priya.

•As seen from the results presented in para 4.5 the
comparative performance of the above resistant accessions and

five of the moderately resistant accessions, when evaluated

along With; four bth^ two local cultivars, in the

field, was not; consistent. The accessions 17B and 6 found

• resistant in the initial .screening became moderately resistant
in the replicated field experiment. Accession 55 which was

in the moderately resistant group in the initial screening

came in, resistant, group in the'replicated trial. The ,

accessions 259 and 244 included in the replicated trial we're

found,more resistant than accession 55- In general accessions

244, 259 and 55 ranked higher than\o?ther ,accessions in their -

Relative resistance,among the varieties included in the

.evaluation. This relative .superiority is generally manifested

in air the harvests .cbmmencing from the eighth week after

planting, in spite, of the higher resistance the yield of
good fruits'obtained from accession 244 was much lower than

• that of the c variety 'Priya' though-in number of fruits

the two accessions yere on par. The yield of good fruits
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obtained from accessions 239 and 35 (1471 and 1349 g/plot

respectively) was close to the yield obtained from Priya

(177,6 g). Thiis in terms of the yield of good fruits the

resistant varieties did not ©xcel the susceptible check

Priya. On this criterion the accession 17B which gave an

yield of 208a^/plot was the best. Since; the ultimate

objective is the net yield of undamaged friiits from the crop

the accessions found more resistant in terms of the percentage

number of infested fruits or in terms of the percentage -

weight, of the infested fruits could not ,be recommended for

replacing the recommended variety Priya, However, these

accessions can be advantageously exploited in breeding

programm^e for evolving resistant and high yielding varieties,

' ; As observed from the data (Table 7) the relatively

resistant accessions 239» 244 and 35 not show any anti

biosis towards D. cucurbitae"when compared with the check

variety Priya in terms of number of larvae, pupae and adults

• emerging or in terms of the lairval and pupal mortality. On

these criteria accession :17B alone was significantly superior

to the susceptible, check. Though accession 17B came on par

with Priya, in terms of the percentage of fruits infested on,

number basis,; on weight basis it was significa,ntly superior

to check. Obviously the variety can be -exploited advantage

ously through further breeding. .
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Darshan Singh et al. (1976.) screened fourteen accessions

of "bittergourd and observed that BG 12 was less susceptible

to D. • cucurbitaef. But this accession had 29.4 per cent fruit

damage while the damage in the remaining accessions ranged

fromi 32/83 per cent; to 41 .93 per cent. Lall and Sin^ (1969)

had observed, that the short green varieties of bittergourd

were more resistant to D. cucurbitae. This was not in agree

ment with the present observations. Padmanabhan (1989)

screened 66; accessions of bittergourd in two field trials and

grouped them into moderately resistant, moderately,susceptible

and highly susceptiblie ones. Only eight accessions-were

identified as moderately resistant, ones and in those accessions

the percentage of firuits damaged, ranged from 10 to 20.

Obviously the <Levels of resistance so far observed in bitter

gourd accessions/varieties appear to be inadequate for

recommenxiing any one of them for cultivation without the risk

of significant levels of damage if left without insecticidal

protection, .In the present investigation also none of the

accessions screened showed, consistently low levels of infesta-

tiohfdr facilitating the recommendation for replacing the

high yielding susceptible varieties now being extensively

cultivated (Priya). It may be necessary to intensify further

breeding programme to incorporate the resistant genes in high

yielding.accessions to exploit resistance as ah effective

method for minimising the fruit fly damage.
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Cloth bags were found to give effective protection to

bittergourd fruits.from the attack of D. cucurbitae (Cleghorn,

191 4).. Paper bag ^^s reported to give adequate'protection

from the flies (Hutsoil,. 1940; Miller, .1940; . Misaka et ,

1940), Batra(1960) used paper and cloth bags against

D, dorsalis and.observed that the former warded off the attack

better, and the latter was effective when the bags covered, the

fruits loosely , However they observed that the using of. the - "

bags in large plantations was not economical. The paper bags

got torn in heavy rains.and: when wet the cloth bags.stick to

the surface of ;the. fruits, thus, facilitating^ the egg laying .

of the insect through the cloth. The results of the experi^

ment detailed in para 4-7 also showed that paper and cloth

bags gave protection, reducing, the damage to' the level of
26.67 and 40 per bent, respectively:as against 73.33 per cent

damage in 'control. .But the pplythene bag included in the

.experiment gave- 100;. per cent .protection, to'the fruits.

•Though secondary rotting,of bagged fruits was reported
.earlier due to bagging (Misaka^ et a^ the data obtained"

from; the,.present experiment revealed that the fruits enclosed

in paper and polythene bags had better ?ize: and weight than
in the case of the fiuits kept closed with cloth bag or those,

left uncovered. Even when, the entry of light was prevented
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to the fruits enclosed in paper and cloth bags the'gro^wrth of

the fruit was not adversely affected. Favourable influence

.of paper and polythene, bags on the size of the fruits was •

identical and'it showed, that •sunlight was not exerting any

. infiuence, on the growth, and maturation-of the fruits in spite
of the chlorophyll .content of the rind. The increase in the

yield of unattacked bittergourd. fruits obtained by the use of

the three types -of bags revealed that the polythene bags

would give the highest retuicnsV The results of the experiment

has: conclusively shown that prbtecting fruits from'the time '

of setting till harvest with polythene bag was a,safe, fool

proof and economical technology for preventing fruit fly

damage in bittergburd.

It'has been observed, that the older fruits are not

generally preferred by the flies for egg laying. With a. view

to ascertaihing: the; stages at which the fruits remained V

susceptible to the egg laying of cucurbitae a field experi

ment was conducted. The results of the experiment (para 4.8)

showed/that the fruits protected for nine days, after setting

.were completely free from-insect-injury while those protected

for seven days .had a low damage of,6.7 per. cent. This

revealed that .fruits tieed protection for a period of 7 to 9 /

days only from the 'tiine of fruit set. A precise assessment

• \
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:of the. s-usceptilDle stage of the f ruits to the att;a,ck of

B. cuourbitae was "being- attempted for the first time. .

In the last, field experiment the different methods,for

the, control of fmit flies were compared and the results

(para 4.9) showed that the continuous trapping of the .flies,,

commencing from the time .of first flowering significantly

reduced the damage caused bv D. cucurbitae and the treatment

came on par with the. treatment giyen fi:ve rounds of. insecti

cide spraying. Though the enclosing of fruits with polythene,

bags gave 100 per cent protection in an earlier experiment

the plots in which the bagging and trapping of fruit flies

were done gave sighificantly higher yield than in plots in .

which the bagging .alone ..was done. The flies available in the

plots might-have damaged some female flowers even prior to

fertilization and bagging and that might have affected the

total yield from the plot. The cost, benefit data (para 4.9) ,

showed that the practice of, bagging the fruits along with the

trapping of the flies was most advahtagepus and it was closely

follpwed by the bagging pf the fruits alpne. The results

cpnclusiyely showed that the bagging of the fmits was not

•unecohomicai as, cbserved iDy Batra (1960) even when practiced

ccmmercially engaging labourers as detailed in Table 12.

The trapping of.flies using' plantain fruits as an attractant
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and carhofuran-granule as a poison was also shown to be a

technolo^ as effective as spraying the crop five times from

the commencement of flowering-.- The former techjiique is

ecologically sound and 'least hazardoiis' to man since the

used up.baits could be collected, and safely disposed off
avoidling environmental pollution. , •

' The results presented in para 4.10 showed that the

popula^jiori of flies, as indicated by the catch in traps, did

not vary significantly in different treatments or among the

different observations during the period of the experiment.

In spite of that damage of fruits in plots where the trapping

of the Tflies was done came si^ificantly lower than the

damage in plots without trapping of flies. Lack of signifi

cant :variations among the population'in different treatments

'might "be due to the fact that the plots were small (4 m ) and

the flies which are swift fliers mighl; have moved from plot

to plot in-the experimental area. The flies on reaching the

plots would have got atiiracted to the baits and got killed
prior to the egg laying in fruits whereas.all the flies

reaching the plots in which bajuting was not done laid eggs,
and caused damage, . The results indicated that the efficacy

of baiting might be high when the technique is adopted over

extensive areas in the field. If the. practice is followed-
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in all crops susceptible to the pest prevalent in a location

over a long period of time the^ population of the insect can

be brought below the economic threshold level and maintained

at the level without the direct use of any pesticide. Without

insecticide use it is impossible to produce marketable fruits

from bittergourd and being a lucrative vegetable farmers often

use highly toxic pesticides like carbofuran, even during the

flowering and fruiting stages of thei crop. The yield obtained

from the crop often contain.pesticide residues above tolerance

limit. This menace can be minimised or even eliminated if

the practices of bagging the fruits at flower set and the

baiting of flies from the time of flowering till the last

harvest of fruits, are popularised among the farmers.
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^SUMMARY '

Bxttergourd is very pop-alar among the .vegetable growers

in Kerala. Fruit flies take a heavy-toll of this crop and

intense use of pesticides is a cpnmion practice of cultivators,

often leading to serious residue hazards in the marketed

fruits. In the present investi^tions an attempt was made

to standardise non-insecticidal methods of control for

tackling this pest prohlemi

1 . \Mboratory evaluation o different materials as

attractants for baiting the adults of D. cucurhitae^

Potential attractants of fruit flies viz. eugenol,

eucalyptus oil, cit.ronella oil, borax, ammonium.phosphate,

vanilla essence,, jaggery, sugar, vinegar, honey,, toddy and.

bittergpurd- fruits were screened against the adults of

cucurbitae/ Cotton swabs dipped in solutions of the

attractants . (at widely spaced concentrations) were taken .in

watch glasses and exposed t.o preconditioned flies in insect

proof wooden cages. S^genoi, eucalyptus oil, citronella

oilj borax, ammonium phosphat-e and vanilla essence did not

show any attractiveness to the flies. '

^; ^sed on the' preliminary screening six materials which

showed attractiveness to., thie flies were. chosen for further
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experifflenta. Three'graded cbnceritratIons of honey, sugar,

jaggery^ toddy and.vinegar were tested for their, attractiveness

to the flies ih the laboratory at intervals of 10 minutes

up. to 9,0 minutes and then at .6,, 12, 24, 48 and 12. h. after ^

, exposure. The results showed that (1) honey at the highest

concentratipn-1%.attracted .the maximum number of flies,

(2) .honey at a middle ,concentration 'of 0.25?S also came on : .

par with the higher concentration of ja.ggery and sugar

indicating that honey was the best of the three treatments,

(3) toddy was not :effective for attracting D, cucurbitae ,

(4) immature stages of bittergourd .(2, 4 and 6 days old) had .

poor.attraction showing that egg laying stimulus had no

influence in.the behaviour of flies and (5). ripe bittergourd

fimits; showed maximum,,attraction to the-flies up to 12 houts

of exposure and. in subsequent observations sugar, honey-and

jaggery ranked higher than bittergourd fmiits, thus' showing

that- pe2?sistence was more for sugar, honey and jaggery.

2. Field evaluation of the attractah-ts

: .A fieid experiment in randomised block design conducted,

at' the Instinictional Farin,, College of Agriculture, Vellayani,

also showed that .one.per cent. honey was significantly superior

.to all other treatments. It was followed by' sugar and ripe

bittergourd fruits., Ripe"^ bittergourd fruits which showed the.
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.highest attractiveness in the laboratory was found inferior
in field evaluation. Toddj?" had a "better performance in the

field than in the laboratory.' Vinegar which failed to show

significant attractiveness, to the flies' in the laboratory was

found effective:as'a bait•in field -evaluation. . :

^• Evaluation of different banana varieties as attractants

for baiting D. cucurbitae

The evaluation was done in field using .four varieties

of banana Cneridran,' ;poovan, ' palayankddan and rasakadali),

taking honey as Standard^./ Honey^ one per cent, palayankodan

and poovan varieties of banana" ,fihiits came on par. . Length

wise and, crosswise cutting of fruits did not show consistent

influence on.the; attractiveness, of 'the materials. The effect

of the materials persisted effectively for a-week, thus

showing .that a weekly changing of the bait would be sufficient

under field-situation.'

4' Relative susceptibility of different varieties/accessions

: of bittergourd '

Torty seven accessions of bittergpurd grown at FBPGR,

Vellanikkaj?a wei'e screened, and the .result showed that none

of the.accessions was highly resistant to the, flies. Two

accessions 6 and 17B came in the .resistant group, 26 accessions

A_
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including the check-Prlya- came under the moderately resistant

group, twelve came under the susceptible group and the

remaining six accessions were found highly susceptible.

Seven acdessions/varieties selected in the preliminary

screening, four new accessions supplied by NBPGR, two local

varieties along with a susceptible check Priya were evaluated

for-their resistance to fruiit flies in a field experiment

at th.e Instructional Parm, Vellayani.A 17B and 6

found resistant in the initial screening b.ecame. moderately

resistant in the replicated field experiment.' Accession 35

which was in the moderately resistant gcoup in the initial

screening came.in resistant group in the replicated trial.

The accessions,239^and 244:which were not included in the "

initial screening were found more resistant than accession 35.

Based on initial screening and ranking based on number and :

weight of infested fruits,"accessions 244, 239 and 35 were

found superior to-other accessions in the relative resistance-

among the varieties included in the evaluation. In terms of
• y ' • . .

yield of good_fruits the resistant varieties 244, 239 and ,

'35 were inferior to the.susceptible check Priya. Hence the

varieties .are not suitable for replacing the popular variety

Priya in the field though they can.be advantageously exploited

in breeding programmes for evolving resistant and high

yielding varieties.



Laborn.tory observation on the infested fruits collected

from diffor'jnt va'rietieB (P.30 g, finmplen) revnalod that the

relatively resistant KBPGR accessions 239, 244 and 33 did not

show any, antibiosis towards D. cucurbitae, x^rhen compared with

the check variety Priya. Accession 17B had significantly

lower number of maggots, pupae and adults and the larval and

pupal mortalities were significantly higher in that accession,

But the resistance shown by the variety was not cons-i tri;ent.

This variety also can hence be used in the breedirg, desirable

accessions.

5. Evaluation of different materials for caging developing

Mtterg.ourd fruits for the control af fruit fly damage.

Paper bags and cloth bags did not completely protect the

fruits from the egg laying by the flies though there v?as

significant reduction when compared to control. The fmits

covered with polythene bags gave complete protection of the

fruits from egg laying and subsequent damage by the emerging

maggots.

The cost benefit of the mechanical protection using

different types of bags revealed that polythene bags gave

the highest return (Rs,. 13697/ha) while net additional income

obtained by suing paper bag was Rs, 7255/ha only. Cloth bags

by virtue of their high cost, vrere not found economical.

f
/
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An observational trial revealed that the bagging of

developing fruits had a favourable influence on size and

weight of the fruits when, full grown and the cutting of

sunlight by using paper bags had no adverse effect on the

fruits. .The effect of covering the fruits with the polythene

bags for varying, periods.from fruit set, was studied in a

field experiment and it was found that,fruits protected up to

eight days were completely free from the attack by the flies.

The. fly did hot. lay eggs.oh fruits beyond eighth day after

setting. . .

6, Comparative evaluation of non~insecticidal methods for

, the control of D,. cucxirbitae on bittergourd

The effect of bagging the developing fruits, trapping-

the fruit flies and combination of both .in comparison with

the current practice of sprajring the crop at weekly intervals

after fiTuit set was studied . through a f ield experiment at the

Instructional Farm^ Vellayani. The best yield was obtained

from plots in which the fruits were bagged and trapping of

adults were, done. It was followed by bagging alone. The

trapping of flies came on par. with insecticidaL spraying and

significantly superior to control. , •
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APPENDIX I

Data relating to Table 5

Mean number of fruits obtained in harvest done at
menxs

8th WAP 9th WAP 10th WAP 11th WAP 12th WAP

LGW 21.33 23.33 24.00 17.00 19.00

LG 23.67 '27.33 15.00 11.33, 17.33

Priya 41.33 55.33 47.67 30.00 37.67 '

NBPGR 6 20.62 38.00 4.00 2.00 6.33

9 f 7^ 34.67 48.33 42.00 26.33 34.33

9 f 17B 53.00- 58.00 5.00 5.33 12.67

f 9 19 34.00 47.67 47.00 31.66 36.67

9 9 35 25.67 36.00 54.00 28.33 28.67

9 9 80 42.00 56.00 54.00 35.66 38.67

9 9 83 . 32.67 40.00 27.33 19.00 26.67

9 9 239 30.00 37.33 27.00 20.00 29.00

9 9 244 27.67 45.33 65.33 38.67 33.00

9 9 261 47.00 58.67 64.67 44.67 34.33

9 9 271 18.00 22.33 27.67 18.00 23.00

WAP : weeks after planting
LGW : local greenish white
IiGr : local green '

NBPGR : National Bureau of Plant Genetic Resources



APPENDIX II

Data relating to Table 6

Mean weight of fruits obtained in. harvest done at

8 WAP 9 WAP 10 WAP .11 WAP 12 WAP ,

LGW 673.33 1460.00 1366.67 766.67 366.67

IG 666.67 1246.67 ; 733.33 933.33 366.67

Priya 1100.00 2780.00 2700.00 1400.00 900.00

NBPGR 6 453.33 1653.33 2200.00 1400.00 600.00

» » 7 1153.33 2846.67 2066.67 866.67 980.00

» * 17B 2160,00 3546.67 2466.67 1133.33 1133.33

* * 19 846.67 2066.67 1966.67 966.67 900.00

. f » 35 706.67 1840.00 2200.00 1366.67 600.00

»f 80 1113.33 2306.67 ,2166.67 1200.00> 933.33

* f 83 1253.33 2086.67 1333.33 1266,67 766.67

r f 239, 840.00 1766.67 1966.67 2033.33 750.00

f t 2.44 180.00 960.00 1300.00 1033.33 383.33

t f 261 593.33 1753.33 2000.00 1033.33 1033.33

t r 271 693.33 1293.33 1433.37 1133.33 633.33

WAP : weeks after planting
LGW : local greenish white

LG ; local green

NBPGR : National Bureau of Plant Genetic Resources
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ABSTRACT

Bittergourd is very popular among the vegetable growers

in Kerala. Fruit flies take a heavy toll of this crop and

intense use of pesticides is a common practice of cultivators

often leading to serious residue hazards in the marketed

fruits. In the present investigation an attempt was. made to

standardise non-insecticidal methods of control for tackling

this pest problem.

Laboratory evaluation of potential attractants of

fruit flies viz, eugenol, eucalyptus' oil, citronella oil,

borax, ammonium phosphate, vanilla essence, jaggery, sugar,

vinegar, honey, toddy and bittergourd fruits were screened

for baiting the adults of D. cucurbitae. Eugenol, eucalyptus

oil, citronella oil, borax, ammonium phosphate and vanilla

essence did not show any attractiveness' to the flies. Three

graded concentrations of honey, sugar, jaggery, toddy and

vinegar were tested for their attractiveness to the flies in

the laboratory. The result showed that (1) honey at the

highest concentration of attracted the maximum number of

flies, (2) toddy was not effective for attracting D. cucurbitae.

(3) immature stages of bittergourd fruits showed poor attrac

tion and (4) ripe bittergourd fruits showed maximum attraction,

to the flies up to 12 h of exposure.



Field evaluation of the attractants showed that

one per cent honey was significantly superior to all other

treatments. Toddy had a better performance in the field

than in the laboratory. Vinegar which failed to show

significant attractiveness to the flies in the laboratory

was found effective as a bait in field evaluation.

Evaluation of different banana varieties (nendran,

poovan, palayankodan and rasakadali) taking honey as standard,

conducted in the field showed that honey one per cent,

palayankodan and poovan varieties of banana fruits came on

par.

Forty seven accessions of bittergourd grown at NBPGR,

Vellanikkara were screened and the result showed that none

,of the accessions was highly resistant to the flies. Fourteen

accessions of bittergourd were screened and the result showed

that accessions 17B and 6, found resistant,in the initial

screening became moderately resistant in the replicated field

experiment. Accession 55 which was in the moderately .

resistant group in the initial screening came in the resistant

group in the replicated trial. The accessions 239 and 244

were found more resistant than accession 35.

Laboratory observation on the infested, fruits collected

froin different varieties revealed that the relatively resistant



]^BPGR accessions 239, 244 and 35 did not show any antibiosis

towards D. cucurbltae when compared with the check variety

Priya. , '

Evaluation of different materials for caging the

developing bittergourd fruits for the control of fruit fly

damage showed that paper hags and cloth bags did not com

pletely protect the firaits from egg laying by the flies.

The fruits covered with polythene bags gave complete protec

tion from egg laying.^

Bagging the. developing fruits with polythene bags for

varying periods from fruit set showed that fruits protected

up to eight days were completely free from the attack by '

the flies.

The effect of bagging the developing fruits, trapping

•the fruit flies and combination of both, in comparison with

the current practices of spraying the crop at weekly intervals

after fruit set, showed that best yield was obtained from

plots in which the fruits were bagged and trapping of adults

were done. '
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