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y. INTRODUCTION'

Momordica7charantia»L commonly known as blttergourd

is the most important summer vegetable 1annd1a (Nath 1965)
This gourd .is con51dered to be .an’ old world Spe01es with
1ts natlve home in the Troplcal Afrlca and As1a (Hutchlns
and Sando,’1941; Thompson and Kelly, 1967). The importance
of the vegetahle has‘long peen accepted on account of itsA._*
‘hlgh nutrltlve value, unique_medicinel properties,and
‘consumer preference. Bittergourd renks first emong.the
cucurblts and compare well w1th any other vegetable for.
'1ts nutrltlonal qualltles (Gonalan et al., 1982) , The frult
contains two alka101ds, one of them being momordrcrne which
,is reported to possess coollng, stomachlc,'appet1s1ng, |
'oarminatlve, antlpyretlc, anthelmlntlc,’aphrod1s1ac and B
vermlfuge properties (Blatter et al., 1935, Nadkarnl, 1954)
. ! _

The cultlvatlon of - this crop is hlghly remunerative

]
'partlcularly under 1rr1gated condltions durlng summer and
hence is gaining pOpularlty among the vegetable growers of

the state..

< -

There are many pests attacklng this crop. Among them

“the melon: fly, Dacus oucurbltae Coq .1s the most destruotlve

one on’ cultlvated spe01es of cucurblts.' Narayanan “and Batra

(1Q60) reported that the insect 1nfests about twenty seven



. plants belonging to various families, cucurbitaceae,';
solanaceae 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 eggs in the fruit rind and the larvae
on hatohing burrow and feed ‘well protected within the - fruit
jresulting in rotting of the entire pulp. When the fruit _
drops, full grown maggots pupate at a depth of 2-73 em in
| viable soil emerging only as adults to reinfest the cropt
The absence of -an exposed immature stage in the lifevcycle
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 plarnt protectlon technologist from verv early

days. Several control measires had ‘been recommended against

" this pest. Biweekly prOphylactic Spraving is the common

method of control now in vogue. Since the return from the
cr0p is- quite high, farmers resort to very intens1ve sprays
vduring the harvesting time for produCing infestation ‘free fruii
: They even apply toxic and residual granules like carbofuran,'
even during the harvesting stage of the crop. This 1nvariab1y ’
leads to res1due hazards in fruits harvested from treated crOp

Besides, this high cost technology 1s,bound to become ineffectj

4



‘1n the long Tun due to the p0351ble re81stance mechanism

vhich may: develop in- the 1nsect pOpulation in due. course.

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

,Was a long felt neces31ty. In this- context detailed investi

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 fleld and standardising the

methods of trapping. '

Screening types/varieties of bittergourd for locating
_resistant ones if any for cultivation 1n the field or

»for utilization in breeding programmes.' IR F

~Evaluation of materials which can be used for- bagging

fruits to- ward off the flies from egg lavlng. I

Assessment of the relative efficacy of bagging, use of
ure31stant varieties and trapping in limiting the damage

*caused by D Cucurbitae.
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2. REVIEW OF LITERATURE

Literature avallable on the different aspects related

- to-the control of D, cucurbitae (Cog.) has been briefly 5'

reviewed here

2.1, Mechanicai control

Protection of individual fruits by light muslln bag was

xsuggested by Cleghorn (1914) as a successful remedy for pre—

venting the damage done by the:melon fly Carpomvia pardalina'
(F.). 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: eachvseason.
‘Buntingrand'MilSum'(1930) recommended the covering of
cucurbits with cloth or paper bags for protection from Dacus”

-caudatus (F ) and D. ferrugineus (F ) According +0 Hutson

(1940) gourds covered w1th bags of neWSpaper were completely

protecteu from 1nfestat10n by D. ‘cucurbitae (Coq ) but

- secondary rotting was more prevalent among the bagged fruits.

Miller (1940)’observed.that‘protection from infestation:

_ by:Q. ferrugineus was achieved by covering the fruits_with,
paper, cloth or netting at the stage of deve10pmentbmost

susceptible to attack. _vThe susceptibility varied with the
'type of fruits but it was, generally safe to apply covers

shortly after the fruits were formed.



Misaka et al. (1940) suggested covering the fruits

with paper bags to prevent the females of D. ferrugineus

dorsalis (Hend) from ovipositing on mango fruits.

A

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 to Koidsumi and Snibata (1935) the ?upae in
‘the soii,could be killed by‘submergingvthe field with-ﬁater.
Narayanan (1953) recommended a light ploughing of'the
vegetable field after the crop was lifted in order to expose
the pupae to the.attackvof parasites and predators. Wesley
(1956) recommended sowing 6f early or late varieties of |
cucurbit vegetaﬁles and also raking up soil under the ihfested
plants during winter‘months for deétroying-the hybernating

pupae,

| Aécording'to Narayanan and Batra (1960),\£urning over the
soil not only destroyed the pupae but also aerated the root
system, Syéd §_1; al. (1970) found that prohibiting fhe
cultivatidn.of two or more‘df its major food planté_with
- different phenologies, in a single area was the mos+ promising
method to prevent the year round‘dévelopment of D. zonatus

(Saunders). Puceci et al. (1983) reported that olive harvesting



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
dlapause. Collection of all fruits on or under trees at
harvest also reduced the abundance of the over—w1nter1ng

stages of D. oleae (Gmel).

2.3, Use of resistant varietiés

Fernanao and Udurawana (1941) étudied the felati&e |
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 bottlégourd group was the most resistant and
the spongegourd group the most susceptible, Thé‘degree of
damage varied with the age of the fruit, the témpérature,
relative humidity,' and time of the year, Fruit qﬁality 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 Y

(Nath et al., 1976). Khandelwal and Nath (1979) evaluated



cultivars of water melon for resistance to fruit fly and
found that two cultivarsvwere resistantﬂto 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 %o 48 7 indicating
‘that all the cultivars were ‘'susceptible to the attaek of this
fruit fly but theirAdegree of susoeptibility variedi' Although;»
no variety seemed resistant, some varieties had comparatively

low 1nfestation by fruit flies.'

2.4. Physieal.control

Seo et al. (1974) found that when fruits of papaya

, heavily infested w1th larvae of Dacus dorsalis (Hend ) receivedj
- vapour heat treatment at 44 ,4° ¢} for 8. 75 h no insect survived.
-Armstrong (1982) found that immersion for 15 minutes in hot
- water (50°0C) disinfested the banana fruits that were infested

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

_ without  detriment to either fruit quality or shelf 1ife.

Selecting papaya fruits less than 10 quarter ripe and
: _immer81ng for 20 minutes in water at 42°C followed 1mmediately
by a second immersion for 20 minutes in water at 49 C reduced

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



,52;5;“1Attractants

A plastlc trap that was 11ghter, cheaper and easier to

handle than the standard glass ones Was developed by Steiner

'(1957) He used angellca seed 01l‘on dental-cotton as an

attractart for Ceratltls ca pltata.‘ This trap was also proved

effectlve against D. cucurbltae and D, dorsalls when balted

with apprOprlate ;ures. ‘Lall and\Slngh (1960) reported that

vthe bait containing fermented palm juice one part, saturated

~sugar solutlon one part and malathlon WP 50 per cent 5 g at

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

D. cucurbltae.

Cuelure was most effective in trapping‘D. cucurbitae'

(Alexander et'al., 1962)." Clensel (a llquld soap contalnlng

' ammonla) attracted D, doraslls, D. ‘zonatus,.Q diversus (Coq),

D cucurbltae and D. c111atus (Loew) (Batra, 1964).

Ajgan (1968) compared the plastlc trap developed by

'Stelner and modified Stelner trap w1th the standard glass

bell shaped trap in catching adults of the olive fruit fly

- D. oleae with a 3 .per cent aqueous solutlon of,dlammonlum

phosphate as the attractant According to himdmodified trap

J'Vhad some advantage in sav1ng 1abour, attractablllty and total

expenses.,



Monro and Richardson (1969) noted cuelure ag the best

attractant for Dacus tryoni (Frogg) When mlxed 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 Venbatraman (1970) reported that out of the
traps baited w1th cuelure, trlmedlure and methyl eugenol in-
Sudan, cuelure was found to be attractive to males of

D. ciliatus but not to those of D. vertebratus (Bez.).

Hydrqused‘protein attractant was equal or superior to>Staley-
No. 7, an acid hydrblysatevof maize protein for attracting

D. oleae (Stavrakis et al., 19'70).

Doolittle et al. (1970) compared attractiveness of
mixtures of cuelure and 4-(p-hydroxy phenyl) butanone fof the
control of melon fly. He found that the addition of.

4~ (p-hydroxy phenyl)—Z-butanone, the probable degradation

product o6f cuelure, to cuelure in increasing amounts did not

diminish its attractlveness 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 1% with 0.1% carbaryl and the

‘trap was replenished monthly (Lakshmanan et al., 1973).
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4/Males of D. cacuminatusl(Her) wére attracted“tocoil

extracted from the 1eaves of the native plant Zlera sm1th1‘

jt( ). It was found that methyl eugenol ‘was the main

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

McPhail trap painted day 11ght fluroscent. yellow captured

" more olive flles D. oleae than a tangle foot coated clear

one when both were baited w1th 2% ammonium sulphate and

water (Prokopy and Economopoulos, 1975).

A tudb shaped plastlc trap balted with a mixture of
proteln insectlclde balt and borax contalning dichlorvos
1mpregnated plastlc trap was as_least as{effectlve as the

McPhail invaginated glass trap_baited‘with the same mixture

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

ﬂ‘a_l.,.' 1975).

L ]

/ ~
Shah and Patel (1976) ‘observed that 40% of the essentlal

. 0il content of Oc1mum sanctum (Linn) cons1st1ng of methyl

. eugenol.was a sex attractantnforvthe males of Dacus correctus

(Bezzi) Jacobson et al (1976) ddentified\acetiC-acid and

~acetlc anhydrlde, the contaminants in commercial cuelure,

as‘responsible for its transient attraction of adult females

" of Ceratitis canitata’and D. cucurbitae.

Economopoulos (1977) in hie-Studies on-the-control of

D. oleae by fluroscent yellow traps indicated that males may

" be more attracted to the'yellow trapsrthan>females.
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traps and found that Stelner traps caught s1gn1flcantly more
‘male tephrltlds than the Bateman trap. Hooper (1978) observed
that captures of male tephritids responding to.methylleugenol

and cuelure were - 51gn1flcant when both attractants were

_combined in a s1ngle trap.

bffects of malathlon and carbaryl W1th or w1thout the

attractant gur on the in01dence of D. cucurbltae on long
melon were studled and found that carbaryl was superlor to

: malathlon in redu01ng 1nfestatlon (Kavadia et al., 1978)

Rlccl and Ceccare111 (1979) observed the captures of
D. oleae by means of coloured Prokobol trap and. found that _
'}many factors contrlbuted to the signlficant dlfference between
the Laumber and sex of adults caught in the. traps notably the
ollve varletles,,the trap surface. (1nterlor and exterior),

? the date of capture and the 1nteractlon between them.r

Attractlon of D. oleae to four traps like McPha11 glass

A trap balted with 2% thal 98 odour lure and 1.5% borax water
solutlon (2), fluroscent yellow panels (FY), yellow panel (Y)
'and yellow pherlon traps (YP) were observed All traps were K
covered  with. stlcky materlal The. Z traps were found to
attract mich larger number of D_ 2}2&2 than the colour traps

(Economopoulos 1979)
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Males of D dorsalls (more than 20 days old) were f

strongly attracted to methyl eugenol - when compared to

D. cucurbltae, thelr attractlon to methyl eugenol was found
to be s1gn1flcant1y dlfferent - The percentage of’ D, dorsalls,

D. umbrosus (F) and D. cucurbitae caught was 43.3, 47 5 and -

" 4.2 per cent resPectively (Ibrahlm and Hashlm, 1980) Vita
et al. (1980) contented after laboratorv tests and subse-
quent'field.tests, ‘that ammonlum polyacrylate, ammonium salts
of the alternating ethYlene maleic aCid co-polymer, micro
encapsuiated ammoniumfacetate and micro'encapsulated ammonium
carbonate were allhattractive-to.the olive pest, 2.‘glg§g;
Catches7of“b oleae Wlth bottle traps containlng 4
dlammonlum phosphate hung on parts of the trees fa01ng westv
caught fewer adults than d1d any other traps (Longo and
"Benfatto, 1981) Certaln solutlons of ammonlum blcarbonate

were hlghly effectlve attractant agalnst D trxoni (Bateman.

/
and Morton, 1981)

Zervas (1982) suggested a_new trap with attractant
ammonium: sulphate Whlch remalned effectlve for six months
“and evaporatlng rate was low (6 - 10 ml/day) even in hot-
months. Katsoyannos (1983) compared Rebell yellow stlcky
traPSFW1th McPhail traps both baited with 2% ammonium sulphate
: and found that'Mc?hail traps caught 4.2 = 46,3 and 2.4 - 16.7



times as many adults of‘D' oleae. ‘and Ceratitis capltata

respectlvely 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 compos1tion, ‘each used at 2% in a

”» 1.5% aqueous solution of borax) caught s1gn1ficantly higher'

-number of adults than the Rebell traps.'

Plexiglas panels coated w1th tem001d adhe31ve (Chromo-
tropiec traps) hung at medium and low- levels of the trees
caught more adults of . D oleae than traps at the higher
levels. Bagnoli et al (1983), RlCCl et al, (1983~) investi~
.gated the 1evels of 1nfestation 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 monitorlng
adult population and for forecasting future levels of

1nfestation._

‘Steam distillation extracts ofithe flower buds and

leaves of the labiate Ocimum sanctum caught 31gn1ficantly

more males of D dorsalls than traps baited with 1 - 15%

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

was most attractive substance for adults of D cucurbitae

(Voaden et al., 1984)
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,Yellow sticky rectangleiwith-ammonium acetate'slow‘
release dlspenser is. an efflclent long lastlng trap for

Dacus oleae (Econom0poulos and Sta1ropoulos-Del1voria, 1984).'

A newicylindrical attractant trap balted w1th 0. 5 ml methyl
“eugenol w1th 50/ul permethrln caught more D dorsalls and '
D, umbrosus than those balted with methyl eugenol alone

(Tan,‘1984)

Broumas (1985) concluded that using yellow traps which
'were coated with adhesive. or treated with deltamethrln and

baited with both ammonlum carbonate and the sex pheromone of
the tephrltld as a practical method with good potentlal for

the protectlon of ollves agalnst D. oleae.‘

-

Wen (1~98~’5) ‘evaluated four attrac'tants for their effi-

| c1ency in bait traps agalnst D. cucurbltae and found that

cuelure and 1solan were more. effective and _more pers1stent

_than methyl eugenol and proteln hydrolysate.

Addition of synthetic attractant cuelure to methyl eugenol

,reduced the capture of females of D. tryoni, 2 neohumeralis

T(Hardy), D. cacumlnatus in coloured stlcky traps and proteln

‘baited traps (Hill 1986).

2.6. Repellents '

Olive juice applied-on_fresh foliage repelled D. pleae,

but ‘the repellent effect decreased‘as the'deposit dried
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‘ 4(Vita gt gl,;w1977),:,4}coho;ic.extraot‘ofhneem seedroilﬂ(S%)

4vcompLetelyﬁdeterredioviposition by ‘D. cucurbitaeron‘bitter—

"gourd,(Singh and Srivastava; 1985). .

2.7, Use of hormones

Masaline- (synthetic sex;pheromone) and.2-9-tricosene,

at all dosesbwere markediy attractive to females of D.lg;ggg,'
\Z-9-monodecene at 150/ul attracted males much more than
Pemales (Nlccoli 1975). Fytlzas and Mourlkls (1977) ‘reported
" the susceptlbillty of D. g;ggg to the Juven01d methoprene |
altosid. - He found that the treatment of 1arvae 1nh1b1ted
| development to the extent of 28. 9 43, 7% dependlng on age.
Admlnlstratlon of the hormone 1n the dlet caused death ;
. probably through an antlfeedant effect - -
Methoprene and poss1b1y other synthetlc juvenlle hormone,
;'analogue mlght be used as a means -of control agalnst D. glgag

(Orphanidls, 1978) Cover Sprays contalning methoprene‘
Q‘applled in 011ve groves reduced the surv1val of pupae to the

_extent of 89.7% (Orphanldls and Kapetanlkls, 1979).

Haniotakis (198kb recommended a pheromone trap, at the
Adens1ty of flve trap/tree,'ln the experlmental fleld and one
trap/tree in the perlphery for mass trapplng D. glggg.
Comblnatlon of pheromone traps Wlth odour or colour traps was

more attractlve than any one trap alone (Hanlotakls, 193!@
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| Mazomenos et al, (1983) tested the effects of pheromone

‘ d1Spenser and synthetic pheromone (1,7 dloanper 5.5)

undecane on_cepture.of;males of D. oleae. On the basis of
the number of males caught and the lengthvofiactive'period
polyethylene vials- were the most effective of'the diSpenser o

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

four months._ Higher concentration may have an inhibitory

effect.

Thakur and Asok Rumar (1984) reported that-diflubenzuron ‘

and nenfluron 1nduced complete sterlllty in e1ther sexes of

‘D dorsalls when applled toplcally to newly emerged flies o

at a dose of S/ug/fly.
Mszomenos-and Haniotakis (1985) suggested that out of
the four synthetlc sex pheromone components tested for the

attractlon of males of D. oleae, component I (1 7, dloanplrol

'5 5) undecane was more attractlve than any of remalnlng three

components alone, They found that a combinatlon of 211 four

are more attractive than component I alone.

Plywood rectangles dipped in 0.1% ai aqueous solution

" of deltamethrin for 15 mlnutes baited w1th two dlspenser,.

one ccntalning a mlxture of sex pheromone and the other B

: ammonlum blcarbonate (a food attractant for both sexes) were

used for the control of D. oleae (Haniotakis et al., 1986)
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Stephen et al, (1987) reported that 11fe cyecle of the
oriental fly D. dorsalis in papaya was completely 1nterrupted
by a coating of a standard commer01al fruit wax containlng

the insectgrowth.regulator methoprene,

Thakur,and Asok Knmar (1988) studied the sterilant
effects of ethyl methane sulphonate on D. dorsalis. They
1found that aqueous as well as acetone solution of ethyl
methane sulphonate (EMS) induced significant sterillty 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’
prermitted only six eggs per miliion to hatch and none to
'survive when irradiated males were mated as a quarantine
treatment. Ihis could provide adequate safe gnard.against

~the spread of this\pestAsPecies (Shipp and Osborn, 1968),

Eradicatiqn through annihilation of the male population
of D. dorsalis in Mariani 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 gl} (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% éontﬁol of male population of D. cucurbitae (anningham

and Steiner, 1972), Applicatioh of thickened foliar sprays of
" methyl eugenol and a toxicant (either 5% technical naled or
25% technical malathion) at 5 - 10 lb/mile2 reduced the number

of males taken in traps by over 98% (Cunningham et al., 1972).

Use of male annihilation technigue reduced the infesta-
tion by D. dorsalis from a maximum range of 23 and 14.3% to

final level of 3 to 0.5 per'cent (Balasubramanium et gl;, 1972).

Tzanatakis (1972) repbrted the current status and
prospects of applying the sterile release method égainst
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 intervalsrénd that the release pointé

should not be more than 200 m apart.

An erddication campaign»comprising of 15 weekly applicé-
tions of a bait spray containing a ﬁrotein hydrolySate and
malathion, annihilation of males by means df pieces of thick
string impregnated with cuelure mixed with malathion and
distributed on all standing vegetations indicated that use of
cuelure tréps rapidly reduced the number of D. itryoni in the
island (Bateman et al., 1973).
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‘_K Male 1rrad1ated at a dose of 16 krad Wlthln 24 hours
after emergence gave 98% sterllity but the dose of" 1rrad1ation
required for effect when male pupae were treated three davs
\ before adult emergence was seven krad. They found that_the
‘best proportion of sterile flies in a- population for sexual N
competition ﬁas found to be—eignt sterile males. to one normal

male (Cavallore'gt gl., 1973).

Irradlation at a dose of 25 krad prevented the adult

emergence of D. dorsalls and D. cucurbitae (Thomas and

‘jbRahalkar, 1975). Hopper‘(]975) observed that a dose of eleven
krad caused complete sterility in malesof 2. cucumis (French).
When females were given;six krad they,becamevtotallyﬁsterile.

-

Appllcatlon of sprays of a mixture of 80% cuelure, 5%
.naled and 15% Th1x01ne (a thlckener) from an air craft at. the
rate of 0.8, 2 3 4arﬁ.8 5 1b mlxture/square mile reduced.

' pOpulatlon of adult males of D. cucurbltae by 92, 97 93 and

95% reSpectlvely for 11 - 15 days (Cunnlngham et al,, 1975)

Release of sterile flies\ianume Islands‘reduced the

hatchability of eggs of D. cucurbltae from 91% to 29%.

(Iwashashi et 21., 1976) Iwashashi - (1977) reported that

._eradication of D. cucurbltae from the 1sland had been achleved

'after the release of 264 x 106 treated pupae. Harmful effects
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of 1rrad1atlon of D. cucurbitae as mating competitiveness

was negllgible with a dose of seven krad whlch was used in

the eradication project (Teruya and Zukeyama, 1979).

Sonda and Ichinohe (1984) eradicated D. dorsalis'using

male annihilaticn method with methyl eugenol as an attractant.
Koyama et al. (1984) got successful eradication of D dorsalls
with sufficient dose of lure-toxicant until the number of

J .

males caught in monitor traps was reduced to about 0.01%.

Eta (1986) reported a successful eradication programme
using proteih hydrolysate bait sprays with malathion together

with traps containing cuelure to eliminate males.

2.9. Biological control

Fullaway (1915) successfully introduced and established

Opius fletcheri (Silv) in Hawaii for control of melon

fly D. cucurbitae. An unidentified species of Opius from

North 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 0. fletcheri in the

infested cucurbit fields in India. Clausen (1956) reported
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the parasitism of QOpius fletcheri on D. cucurbitae being

low in summer.

Nishida and Bess (1957) reported that the parasite
0. fletcheri was successful only in the wild areas whereas

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

Momorldca balsamina (Linn.). D. cucurbitae was found

pqra81t1sed by O fletcheri,- Syntomoswhvrum 1nd10um (Silm),

Spalansis sp. and Ipobracon sp. but Opius fletcheri was

found more effective and widespread than other parasites in

‘northern India (Nishida, 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 Q; oleae in Italy. Melis (1957b) applied
’o,b, 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 gt al. (1958) showed the effectivencss of
dimethoate (Rogor) spray at 0.03 to 0.06 rer cent for the

control of D. oleae,



» Nlcotlne sulphate 0.1 per cent m
| and parathlon 0. 025 per cent reduced the blttergourd frult fly
1n01dence effectlvely and the latter two gave h;gher yleld;
They»recommended application of DDT 0.1 per’cent three times
with a fourth round of endrln 0. 02 per cent or parathlon

0. 025 per cent (Sreenlvasan and. Narayanaswamy, 1960)
Malathlon‘ZS% WP when used at dllutlons of. 1 : 800 for young
leaves and l ﬁ 400 for old leaves gave excellent results for

" the control of D, cucurbltae (Chen, 1960). - Theé most effectlve

materials for thelcontrolpof.y oleae were dlmethoate, bopord

0il and parathicn'with copper sulphate~(Russo, 1960).'

Carbaryl wae‘lese.tozic;thanufenthion; trichlorphon and
.parathicn.-,Fenthion was-mcre»persistent than tricnlcrphonfid'
and parethicn against D. ciliatus (Saddik gi gl., 1964);

Azab et gl,,(1964) etudied tne relaflve tdxicity'of some
common insecticideéftojthe adulte of pumpkln flj‘D '0111atus.
He concluded that malathlon 0.23 per cent tox1cant remalned
effective for five days, after which the percentage mortality
-had-decreased from 98 to 12"1Trichlorphon at. 6'2 per. cent
’remalned toxic for only three days after which the percentage

-mortallty had decreased from 84 to 7.

‘Sprinkling or‘a,coarse_snray_with a liQuid»bait contain-'

1ng one per cent yeast proteln and 0.1 per cent malathion is

iR
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'anleffecfi#e.method'to oonfrol the melonifiyrﬁ. cucurbitae¢:m -
Wlthout risk of p01son hazards or phytotox1c1ty (Dale and

" Nair, 1966) Planes and Del Rlvero (1966) recommended

three application of fenthlon, d1a21non or dlmethoate at

. intervals of about a month which prov1ded complete protectlon

‘against D. oleae.

Sprays of dlmethoate, ethoate methyl dlcrotophos

i mecarbam and formothlon at the rate of 0.04 and 0.06 per cent
»applled three tlmes each year caused total mortallty of the
immature stages and marked reductlon in adult population of
D. oleae (Damiano, 1967) -Besf’reeults were obtained with
meanzon (pp 175) applled at 0.1 per~cent for control of

- D. oleae (Fenlll and Zocchl, 1967) L . T

4 Varlous comblnatlons of Bordeaux mlxture, copper _

- sulphate, parathlon, dimethoate, Bopard oil, ethoate;mefhyl

" and carbaryl were tested in. mlxed sPrays and dust formulatlons
for control of 2 oleae and found that spray gave better
oontrol'than'dust contalnlng same compound-or.normal volume
sprays‘were more effective”tnan low-vo;ume‘ones (Russo; 1968),
’?Cover sPraysdof oarbaryl-and4trich10rphon 0.1 per cent and
caroaryl 0.05 per'gent applied four’times beginning from
flowefing time supplenented‘by appiication,of aldrin or
heptachlor to;thensoil”agafnstd1arvae‘and:by prompt
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vfdestructlon of. 1nfested frults gave effectlve control

agalnst melon fly D. oucurbltae;(Das et a;., 1968).

Orphanidis et al. (1969) comparedrearbaﬁate'ineec%icfdesd
with OP 1nsect101des in throleed proteln baits for control~
of ollve fly D Oleae and ‘found that balt sprays contalnlng
flve per cent otaley No.7 hydrolysed protein balt in
Dlmetllan 1 per cent was superior to all other carbamates

and all the oOrganophosphate compounds tested.

Tﬁo formulatlons of dlmethoate, formothlon and endothlon'
gave good residual control of eggs and larvae of ollve frult
fly D. g;ggg and showed the evidence of phytotox101ty
(Awadallah and Nadim, 1970).4 Saddik and Rizkallah (1970)

- compared sprays of O 1 per cent fenthlon, 0.1 per cent para;ﬁ
:thlon or O. 24 per cent trlchlorphon for the control of
»D. 0111atus on cucumber, 1ncreased the percentage of‘
unlnfested frults from 87.6 for mno. treatment to 97 2 94,7

95 6 resPeotlvely and the yleld/plot from 5. 4 kg for no .
‘treatment to 11 6, 8 3 and 8.9 kg resPectlvely.

Merlnphos, dlmethoate diazinOn and methomyl gave hign
'mortallty of adults of D. caudatus (Chang and Peng, 1971)
High volume or low volume Sprays of Itllon (12.5% dimetilan
and 25% dlaZ1non) afforded good control of D. ng@g

(Buglanlvet\al., 1971).  Out of the eight 1nsecticides tested
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for the control of melon fly D. cucurbitae infesting snake-
gourd 0.1 -per cent dimethoate or fenthidn'gaye good results

(Nagappan et al., 19%1)-

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

D. cucurbitae and Ceratitis capitata (Keiser et al., 1973).

Good control of melon fly D. frontalis (Becker)
was obtained by using three application of either 2 per cent
diazinon or 0.2 per cent fenthion beginning at the time of

fruit set (Ba-Angood, 1977).

Ont of seven insecticides tested against D. cucurbitae

fenthion was consistently most toxic ﬂolloﬁed by-malathion,
tétrachlorvinphos,-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 strongiy attracted by baits
of protein hydrolysate éontaining dimetilan with mixturesvdf
organo phosphorus as a good bait spray method for control
ova. oleae, /

Adults of-D. dorsalis were paralised by sublethal doses

of permethrin or cypermethrin at 15°C but most of them
recoved after transfer %0'3005 (Tan, 1982). Fenthion was the

most effective.compound\against D. cucurbitae (Shivarkar and
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o rDumbre, 1985)~'“S#nthetie pyrethroids permethrin, fenvalerate

* and cypermethrln each at 100 g al/ha and deltametnrln at
15 g al/ha gave s1gn1f1cant1y better control of 1nfestatlon

by the melon fly D. cucurbltae (Rav1ndranath and Sas1dharn,

1986). 1In small plots malathlon-proteln hydrolysate bait
sprays applied to border on the treller posts supportlng thev
vines of pass1on fruit were almost as effectlve as cover

R sprays with O- 4 per cent fenthlon in preventlng damage of

D. trxoni (Hargreaves et §;.5‘1986).

AFour sprey applicatiehs of 0.2 per cent carbaryl at 3,

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

the fruit.fly D. cucurbitae (Pareek and Kavadia; 1988).

2.10.2. Fumigants

et i Ao o)
Fumigation with methyl bromide 32 g/m3 for 2.5'h at’
21.19C and post fumlgatlon storage for six days at 7. 2 C 1s

sultable 1ntegrated treatment to control the 1nfestatlon of

frult flles D. dorsalls and D, cucurbltae (Seo et al., 1971).

Ethylene dlbromide 8 g/m at 30~ 320 C was most effectlve
~against D, dorsalis 1nfest1ng mango fruits (Shlmada et al.,

1972).

Heatihg"the mango:fruits in water'et'46 3°C for
20 mlnutes and fumigatlng thém Wlth ethylene dibromide at

8 or 12 g/m in wooden fleld boxes at 21, OC;for 2 h and
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';refrlgeratlng them at 7. 6 C for four days resulted in the

complete control of D dorsalls ‘and Ceratltls capitata

-(Seo et al., 1972). Fumlgat}ng ethylenefdlbrom;deAat avrate
of 24 g/m:'at*ZCOC gave_éXCellént control of D. tryoni
. (Rigney and Wild, 1975).

Fumigaf&op for 2 ﬁ‘ét 20°C with 1;2‘dibromoethane at
20 g/m3'Was found to be gn éffecéive_treétmént for D. tryoni
in mangoes (Swaine et‘ai., 1975). thylene dibromide 20 g/m3.
was sufflclent for fumlgatlon agalnst D. dorsalis (Anand- - -

and Ramachandani 1984)

Arﬁstréng and Garcia (1985) ieported that methyl Bromidé
32 g/m3 for 4 h and 485g/m3\fdr 2 1 at 19°C or above and

normal atmoépherﬁfpressure'were’intended,to replace the

. ethylene dibromide quarantine fumigation schedule for

D. cucurbitae and D. dorsaii§.>7

~2;10;3.\73011finseétiéideS>:»

Aldrin and heptachlor Were hlghly effectlve agalnst

1arvae of D.. cucurbitae and ‘were . much superior to DDT, BHC

and carbaryl‘when applied at 4A1bvper acre. Aldrin and
heptachlor remained effective up to.16 days permitting less
than”SO'pér cent“survivaiﬁgf.the*larvaé;(Dale et al., 1966).
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Gupta and Verma (1978) found that Aldrin 10 per cent

was the most effectlve among the nine 1nsectlcides 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 Q;jcucurbitae.A

Picking and burning of infested fruits was an useful auxillary
measure (Altamirano and Macabasco, 1960). ILall and Slth

(1969) studied that bioiopy and control of melon fly

D. cucurbitae and found that the short green variety of the
bitfergourd showed high resistance to the flies. The sweetened-
spray of endrin 0.02% provided 60% protection. The bait
consisfing of toddy, mango leather,,ferménted palm juice,
citronella 0il and‘diazinon gave the magimum catchés of both
male and female flies, Use of sterile insect technique and
poisoﬁed méthyl eugenol traps in citrus orchard resulted in

the reduction of fruit losses from 6.7 to 0.018 perdcent in

C. poinensis ( ) 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 étages of D. oleae.
Parasites could also be used concurrently with coloured

traps (Economopoulos, 197%8).
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Yellow sticky: traps w1th pheromone attractant and
.'ammonium hydrox1de were used in pest management trial against
D. g;ggg. As a result of this and’ oareful monltorlng of the
-pOpulatlon, only one 1nsect101da1 spray appllcatlon Was‘
necessary as compared w1th three in treatments w1thout

trapping (Broumas et al., 1983)

An 1ntegrated oontrol of D. frontalis revealed that
insectlcldes should be applled only in the late afternoon
._and to fleld edges., Groups of rest plants mlght be used as
trap plants and should be treated with bait sprays: (Steffen,
1983), Gontrol measures against D tryoni include cultural
o control _such as regular .collection and destructlon of all |

~.fallen and infested frults and chemlcal control using poison
balts, sprays of malathlon and proteln hydrolysate, or cover
‘sprays of dlmethoate and fenthlon. The braconld Qp;ug
»7002h111s ( F. ) isw<an egg paras1te of D trzoni but is only
.reported to have a small effect. on the frult fly pOpulatlon.
Methods of eradlcation 1nclude the p01son ‘bait sprays,

male attractants and the release of sterlle male flies

(Maddison, 1983)
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3.‘ MATERIALS AND METHODS;» 3

3.1. Rearing of Dacus cucurbitae

Bittergourd'fruits infested with D.;cucurbitae were'

collected from the college farm. The 1nfested fruits were
.kept vertically in a cylindrical Jar (250m x 15cm) w1th 8 cm

f layer of moist sand below.f In 3 -4 days the full fed maggots
“wriggled out of the fruits and entered the sand for pupation.
When all the maggots dr0pped 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
Athe pupae were collected .Forty apparently healthy pupae each
‘were collected and kept 1n petri dishes and glass chimneys

‘placed over the same, the top of which was closed w1th a piece

of mislin cloth and kept in pos1tion with a rubber band :Thef

o flies emerging from the pupae remained 1n 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 |
ensure 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") prov1ded with a cotton swab:
,soaked in honey diluted w1th water (1 : 100) Tender

'snakegourd fruits were placed at the base of the jar for -

A
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egg laying.j The flles laid eggs by puncturing the surface
tlssues and these fruits were tran:ferred at the end of every;
24 b to jars’ (9" x 6") containing sand at the bottom.‘ The

rearing was continued follow1ng the procedure described above.

*3;2. Laboratorv 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 testfinsects

One day old healthy active adults of D. cucurbitae were

collected from laboratory culture (vide. para 3.1) u51ng
10cm x 3cm glass tubes and were transferred to cylindrlcal
-glass jars. They were kept without any food material for~
12 h prior to the commencement of the experlments.f

3.2.2, Exposing'tﬁe”teSt materials”to;tne.insects'

BN

Insect proof wooden cages (1m x 1m x 1m) having the
sides and top closed w1th plastic wire net (mesh 1 mm ) was

A_used\for the purpose.

f Cotton swab (2 &) soaked in 10 ml of the bait materlal
vdiluted 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
'oage.‘ Fifteen numbers each of precondltjoned flies, collected o

in a clean specimen tube‘were»released,intoAeach cage.

3.2.3. VFixing‘the range of doses of the ‘test materials

40 be tried as attractant'

Twelve materials were screened for their effectivenessi

‘as attractants to the adults of D. cucurbitae in an observa-.

tional trialt The materials were eugenol eucalyptus‘Oil,*
citronella'oil (supplied by M/s,>Dev and Company,vCochin),
borax, ammonium. phosphate (Scientific Supplies, Trivandrum),
vanilla essence, jaggery, sugar, v1negar, honey, toddy and

bittergourd fruits (procured 1ocally)

The prellminarv trial was conducted using w1dely
‘Spaced concentrations of each material 80 ‘as, to fix a probablei
range at which each material attracted the flies Those

materials whioh failed to elicit p081t1ve 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 dosage of the‘selected‘attractants

Graded concentrations of the materials within the
observed effectlve range were prepared by diluting the stock

material w1th dlstilled water.
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The number of flies attracted to ‘the bait was recorded -
- at 1ntervals of 10 minutes up to a period of 90 mlnutes.'
A'Then the observations were made at 6, 12, 24, 48 and 72,h]
after exposure ‘The,data were subjected.£o~statiStioai ‘

'ana1y81s.

3.3, Field evaluation of materials selected as

attractants for D. cucurbitae

vﬁhe fieldjexperiment"ﬁas'condueted atuthe“Aériculpural-
‘CollegevFarm, Vellayani " The land Was prepared by digging,
breaklng clods, levelling'and removing weeds., Plots of

4 x 4 m were taken W1th 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 Wlth soil
' Urea, super phosphate and muriate of potash were added to
give 4 g, 55 g ~and 20 g of NPK/pit respectively. Four to
'kfive seeds were sown in each pit. Waterlng was done once
daily.till flowering and twice daily after flowerlng. After
germination three“healthy seedlings‘alone were»retainedpin
eachvpit; Weeding and earthing'up were done 30, 45 and 60

i days after‘sowing.' Top dreSS1ng with urea 4 g per pit was

.done at the tlme of each earthing up.

" To ensure a uniform population'of fruit flies in the

experimental fields, adult flies reared out in the laboratory

N .



were released @ 20 flies/?lot. 'Theerelease was repeated at

biweekly intervals~commencing from the time of flowering.

3.3.1. Baiting the adults of D. cucurbitae in- £iéld -

with7sé1ected‘attractants

- The attractants 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 u51ng dlstllled
water Ten ml of each solution was dripped on to cotton
swab (2 g) and 15 mg ai of carbofuran was sprinkled on it.
In the case of bittergourd, rlpe fruit was cut lengthw1se .
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 tiap

- was placed at the centre of each plot.

The exneriment was laid out adopting a randomised block
des1gn and each treatment was repllcated thrice, The adults

of D. cucurbltae found in each trap, dead or.moribund, were

counted and recorded at ihtervals of 24lhours for four days
from the time of exposﬁre. Those flles which did not show
any movement were cons1dered dead and those which showed
slight movement as moribund, The data were subjected to

statistical analysis.
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‘,3,3; Evaluation 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. foﬁr"#er'iétii‘és' wér'e :cut‘
lengthwise and crossw1se to study the effect of the surface
farea of the cut portion on the attraction of the flies.
Carbofuran (15 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
v_des1gn with three replications for each treatment rThe
total number of adult flies found dead or morbid in the_
traps\were recorded at 24 hour 1ntervals for four days from
the time of exposure.‘ The data were subjected to statistical

L

-analysis.

3.4, Assessment of the relative . susceptibilitv of

: forty seven bittergourd accessions to D. cucurbitae

Forty seven acceSSions raised by National Bureau of

Plant Genetic Resources (NBPGR) at Vellanikkara were‘



35

. screened for their relative susceptibility to fruit flies
. R A

'(Vide Table 4)
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 \
ffollowing the method of Nath (1966), modified with reference.h
'to the extent of infestation observed in. the present series
of experiments. The groups identified were highly resistant
(ARR) (1 - 5% infestation), resistant (R) (5.1 = 12%), _
moderately resistant (MR) (12 1~- 25%), susceptible (S) .
_(25 1 - 38%) and highly susceptible (HS) (above 38%)

\A.

3.5, Assessment of the relative susceptibilitv of selected

varieties/acceSSions of bittergourd to- D, cucurbitae'

» Seven acceSS1ons selected from the experiment described
in para- 3 4 (two resistant access1ons and five moderately
res1stant ones), four additional accessions obtained from the"
collections of NBPGR two cultivars collected from Vellayani
Viz.slocal greenish white (LGW) and local green (LG) and
: Priya ( an’ 1mproved susceptible variety as check) were

ineluded in the eXperiment
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; The experiment was laid out 1n field at the College
of Agriculture, Vellayani, follow1ng the methods described
in para 3.3 and adequate population of flies was ensured by
periodical release.v Randomised block des1gn wvas ad0ptedh
‘for the lay out with fourteen treatments (vide Table 5) in-

the experiment, each~replioatedvthrice.

The total number of fruits; number. of infested fruits
total weight of fruits, total ‘weight of infested fruits,
in each plot were recorded at the time of each harvest cThe-
mean percentage of the number of 1nfested fruits and per-
centage weight of 1nfested fruits were calculated and data

were subjected to statistical analysis The varieties/

‘ﬂaccess1ons were grouped into different categories as

described in para 3, 4.

The inten51ty oﬂ the fruit damage in the different

'varieties and the effect of different varieties on the

«development of D. cucurbitae ‘were assessed by observ1ng the

maggots, pupae and adults-emerging from 250 g samples of o
“infested fruits collected fromaeach:treatment and maintained
in the.laboratory; ‘The infested fruits»were kept in the
laboratory in glassvtroughs each containing a thin.layer of
sand at the bottom. When the maggotsiattained full growth,

 the decayed fruit parts were removed>and'the number of
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'maggots were cdunted. They were allowed to pupafé and the
number of pupae were counted. Number of adult females and
malesvemerging from eéch lot was also recorded. The experi-
ment was repeated thrice and each experiment was treafed as

one replication in analysing the data étatistically.

3,6. Assessment of the effect of bagging the fruits

with different matérials in protecting them from-

fruit fly incidence

Bittergourd crop was raised in field following‘fhe
methods deséribéé in para 3.3. .; Variety priya was used.
Adequate population of flies.waé ensured by periodical release
(vide para 3.3,  The treatment inéiﬁded’(i) cloth bag
(30cm x 15cm) stitched with fige muslin cloth, (ii) paper‘bag
(30cm x 15cm) made out of ordinary~news paper>with sides
pasted, (iii) polyfhéne bags (BOcm x~15cm) sides heat sealed

and (iv) control without any protection.

A

Tweﬁty‘plants were selected randomly from the field for
each of the above treatments. _i sample'of thirty fruits each,
Just set, were covered randomly with'éach of the different~..
fypes of bag (cloth bag, paper bag and polythene bag). A'set
of 30 fruits kept tagged and uncoveredkwaé observed as

control. The bags were kept intact till harvest.
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~

‘The tercentage of fruitsndamaged by D. cucurbitae g
nd the s1ze and Weight of fruits obtained 1n different

treatments were assessed at harvest.

3.6.1. Effect of varying;periods of protection of

bitterzourd fruits after setting on the extent

of daﬁage“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 eachyon 2, 4, 6, 8, 10 and 12th day
'after bagging;- The fruits thusvexposed at_different periods
after setting were tagged and observed " The number of infested
fruits were recorded Peroentage of 1nfestation was calculated

and the data were subjected to statistical analysis. :‘

.|

3T 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 -
nopulation of the flies were maintained in the field'by]making'
" periodical release (vide para 3.3). The treatments included

in the experiment were =



é0

(i) Trapping of flies
4‘oColiection of. adult flies'with"bait traps-- Ripe

' palayankodan frults cut crosswise and sPrlnkled with carbo-
,furan granules were kept in coconut shell and hung‘among
the blttergourd plants @ one trap per 4 m2 area.' The balt
7material was ohanged once iﬁ'everydweek and the.same wes
kept in the fleld throughout the frultlng season startlng‘

from the time of initial flowerlng.x
(i1) Mechanical protection alone

 This was provided to the fruits just from the time of
fruitAset‘using'polythene bags. . The bags:were removed on.

-t

the 8th day after the setting of each fruif.

o (4id) Traoping‘ahd meehahice;‘protection‘
Combinatiom oﬁltreatmente (i).and (ii).

ﬂiv)'-Chemical"controi g

Malathlon (O 05%) Sprayed at weekly intervals from

the commencement of flowerlng

(v) Control

|
A

.The plots sprayed with water alone.
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The effect of the treatments was assessed by -
f\reccrdlng total welght of" fruits,_number of infested

fruits and weight of infested fruits at the time of each »

harvest The mean percentages of fruits (number and weightt N

bas1s) were calculated from the data and the data were

s

{subjected to statistical analysis.

The number of adult flies caught in the traps
were also recorded daily. ‘These data also were_analysedvrv

statistically.n
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4411;‘hLaboratorv evaluation of dlfferent materialsﬁ‘

i‘as attractants for balting the adults of

‘D cucurbitae

| The results relating to the experiment and the results

",of the statistical analyS1s of- the data are presented 1n o
‘Table 1 ﬁ Among twelve materials screened in the experiment
,eugenol 01tronella 011, eucalyptus 0il, borax, ammonium

. phosphate and vanilla essence did not show any attraction
»Vinegar Which showed slight 1nit1al attraction failed to"

attract any fly from the s1xth hour after exPosure.v Among

the remaining six treatments, as seen from the means of

:fourteen observations spread over a period of 72 hours after

‘exposure,’ripe bittergourd fruit was the best attractant for

‘Atrapping the flies of D cucurbitae, the mean number of flleS'
,attracted per observation being 8 78 The attraotlon of -
: honey, Jaggery and sugar showed a pOSitive association w1th
'the dosage., At the highest dose of 1% honey attracted the
maximum number of flies (7 05 per observatlon) and it was
closely followed by ‘Jaggery (6 67) and sugar (6.01) the .
.differences among the three being statistically ins1gn1flcant
At the middle concentrations also the number of flies,

:attracted by honey, jaggery and sugar were on par the mean
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A:;numbers being 5 90,’5 41 and 4.48 respectively. At&thet:

' plowest concentration 0. 25 per cent honey (4.67) and jaggery
’.(4 46) came on par while sugar w1th a mean number of 3 52
'ilies was significantly 1nferior to honey though it came j
on par with jaggery. The middle concentration of honey came
_on par w1th the higher concentrations of jaggery and sugar o
‘and the results 1ndicated that honey was the best of the
three treatments. e - ‘

-~ Toddy was not found tojbeheffective for trapping

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

most attractive and even in that treatment the mean number
'of flies settled was 2 74 per. observation only. The response
and doses did not show ‘a pos1tive or negative association.‘

The middle concentrations of 50 per cent was least attractive

o w1th the minimum mean number of O 72 flies per observation

»while the highest concentration ‘of 100 per cent attracted

1 16 number .of flies. . - ; . ¥ _r |

. 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 pos1tions in 10, 2, 1 and 1 observations reSpectively-
. _



- Table 2, -Field evaluation of attractants for-
' baiting the adults of D. cucurbitae -

» ' ...~ mean number of flies attracted at
attractants - different intervals after exposure T
used and T e "~ (days) . - _ mean
- concentrations - - — - —— - '

T 1 2 3 4

S 11,49 11,76 11.76 11.76  11.70
Jaggery 1% (3.39) . (3.43)  (3.43)  (3.43) (5.42)
S ~ 8.64 17,56 17.98 ° 18.32 15,29 .
suggr .1% : ) - (2.94’)‘, | (4,.19) (‘4124) (4328“)1_ (3.91) -
o L 15.84 24.60  25.60  26.32 . 22.84 .
homey 1%~ - - (3.98)  (4.96) (5.06) (5.13) (4.78)

Cen | 12,04 17.39 18,49 18.92  16.56
toddy 25% . (3.47)  (407)  (4.30)  (4.35) (4.07)

' inesaw o0d 9,49 10.18 10.18 -~ 10.18  9.99
vinegar 20% (3.08) . (3.19) - (3.19) (3.19) (3.16)
ripe bitter- - 11,90 14.14  15.21 155 14414

- gourd fruits . .. ' (3.45) (3.76) (3.90) (5.94)" (3.76).

-figures in parénthésés are transformed values [/ x
(C.D. for comparing treatments = 0.070

~C.D, for gomparihg meansg' ‘ _=,_Or44‘

\ B
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Honey came in finst second third feurth and eighth
positions in 2, 3,A6 2 and 1 observatlons resPectlvely. f

In the case of jaggery it came in the second third, fourth,
sixth and fourteenth pos1tions_1n 5, 4, 3, 1 and 1 observa-
tions, Sugar came first' second, fourth; fifth, seventh,
nlnth and tenth positions 1n 1, 5, ,'2 2, 1 and 2 observa-
tions respectively. In general ripe bittergourd fruits
ranked higherAthan other treatments upto 12 hours of exposure.
At 24 hours after exposure sugar, honey and Jaggery ranked
hlgher than bitter gourd fruits. Thus the pers1stent 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 relat?ng to the experiment and the resuits of
statistical analysie ef'theFSame;are preeented in Tabie 2.
The results showed that honey 1 per cent was significantlj
superior to all other treatments in attracting the flies in
the field as observed on the fzrst, second, third and fourtn
da&s after exposure’(15.84, 24.60,‘25.60 and 26.32 neSpect;'
ively) and also in. themeanrmnmers computed (22.84). The
mean catch in baits using toddy (16.56), sugar (15.29) and
ripe bittergonrd fruits (14.'14) were on par but significantly

inferior to honey. Among the three treatments sugar and



Fig. 1.

Pig. 2.

Relative efficacy of different -
attractants for trapplng

D. cucurbitae used in different
concentrations as observed 1n
laboratory screening.

Relative efficacy of different
attractants for trapping

D. cucurbitae observed in
replicated field experiment.
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i?fftoddy were on par and s1gn1flcantly superlor to blttergourd

"‘“ﬂfrults 1n the observatlons recorded on the second third and

Afgtfourth days after exposure of the balts.‘ Jaggery and v1negar

"'were found as less effectlve in: all the observatlons though the

eformer came on’ par with blttergourd frults 1n the mean values.

s As shown in Flg. 1 and 2 ripe blttergourd fruits which-

- showed the hlghest attractlveness in the 1aboratory was found 2

.ﬂ'flnferlor to honey 1n fleld evaluatlon.l Toddy had a better

—~

‘“1performance 1n the fleld than in the laboratory. 'Slmllarly '
v1negar whlch falled to show s1gn1flcant attractlveness ‘to the

~flies 1n the laboratory showed s1gn1flcant attractlveness 1n

-lhf;ithe fleld the mean number of flles caught belng in the range.h

’”~;ﬁﬁof 9 49 to 10 18 1n comparison w1th the mean number of 15 B4

Jf:fi;to 26 32 1n the best treatment v1z. honey.f Thus the results

’i;‘obtalned 1n the laboratory and fleld showed s1gn1f1cant

varlatlons. Qu : .
. 5 /

-l

fd;3,} Attctlveness of dlfferent varietles of banana and -

honey to the adults of D. cucurbltae

Data relatlng to the experlment and results of statlstlcal
-’zanaly81s of the same are presented in Table 3. Data showed »p
ithat one per cent honey (mean flles caught 20. 07) and plalyan-

=-'kodan frults cut crosswa_se (23 14) were on. par and’ the Jlatter
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Comparative efficacy of different varieties .
('h~of banana fruits and honey as’ attractants for
E baiting adults of D cucurbitae
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- ame on: par W1th palayankodan fruits cut 1engthw1se (19“45)

' ”also., The above treatments were followed by poovan fruits

”fout lengthwise and chSSW1se (13 91 and 13, 10 respectively)

'fizwhich were on par. Nendran and rasakadali fruits (catoh 7.45

7a;_.to 9 30) were least effective and on par.: :

One day after setting ‘the. trap palayankodan*fruits'cut

’;>CIOSSW1SG came on par W1th honey while in the remaining

":’observations the former was signiflcantly superior to the

’1}latter.- The palayankodan fruits cut 1engthw1se was seen

”ffinferior to the fruits cut crossw1se at the first and second L

fdays after setting the traps while the treatment honey came

. on par w1th palayankodan cut lengthw1se on the third and

';fourth days after the exposure.h In three of’ the four observa-

"”:Qf_;tlons 1engthwise cut was found 51gnificantly better then

'ﬂ'ffcrossw1se cut in the case’ of poovan and rasakadali while in

‘onne they were on par., In the oase of nendran the trend was

:not constant 1n the four observations. g‘-‘

f1¥4 4 Relative suscentibilitv of different varieties/

acce531ons of bittergdurdgrown at NBPGR Vellanikkara,
: Trichur i'ﬁﬁf“;“ ' S .

Results of the experiment and the inferences-of*t

1stat1st1cal analys1s of the data are presented in Tablea4.

AY

Based on the mean percentage of infested fruits observed



Table 4,

Relatiﬁemsnsceptibility of different varieties/accesslons -
of bittergourd to D. cucurbitae 50
mean peréentage of infested fruits (number).
Ziiégg;gié observed at dlffere?geéﬁgiyvals éfter planting enm remarks
. 8 9 10
NBPGR accession No. . o
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) 19.25(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) 8
17 22.99(28.63) 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) IR
21W ©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
224 14.75(22.55) . 33.92(35.61) 72.50(58.34) 40.39(39.44) HS
27A 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) 8
34 4.02(11.53) 34.62(36.02) - 51.45(45.82) 30.03(33.21) - 8
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) HR
42 4.50(12.23)  20,07(26.61)  29.85(33.11)  18.14(25.20) IR
45 7.03(15.34) 29.37(32.81) 24.11(29.40) 20.417(26.65) MR
50 3.45(10.70)  41.89(40.33) ' 41.68(40.20)  29.01(32.55) S
614 . 4.38(12.05) 39.80(39.11) 40.90(39.73) 28.36(32.14) S
616 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
6TA 27.96(31.,92) 49.95(44.94) 50.02(45.01) 42,64(40.74) s
724 28.71(32.39) 24.39(29.60) 44.43(41.80) 32.51(34.74) S
74G - 27.06(31.32) 31.12(33.89)  41.32(40.00)  33.17(35.14) s
T4 20.87(27.15) 50.08(45.03) 59.22(50.30)  43.39(41.20)  HS
764 6.82(15.12) 55.07(47.90) 30.37(33.42)  30.75(33.64) 8
78A S 2.62( 9.31)  38.44(38.31)  52.71(46.53)  31.26(33.95) 3
78C 4.35(12,02)  17.63(24.81) . 33.91(35.61) - 18.63(25.54) IR
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) 21,14(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) s
87 14,62(22.44) 27.69(31.72) 60.04(50.75)  34.12(35.72) 5
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) IR
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(%1.10) 16.15(23.69) MR
128 C17.21(24.50)  13.27(21.33)  34.04(35.65)  21.51(27.62) MR
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) i
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) WS
priya 23,54 (29.01), 26.85(31.21)  23.14(28.73)  24.51(29.65) IR
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: resigtant

HS: highly susceptible

MR: moderate resistant

S: susceptib1e B




,'over three harvests, the acces31ons were grouped 1nto flve

J'iicategorles. The access1ons 6 and 17B came in the re31stant‘i

,”'group (R) and the percentage of infestations were 10. 03 and
.“fG 96 respectively,» L : A

4~{{ti Access1ons 139 (14 42), 83 (14 56)’ 145 (14 91),
35 (15. 1o), 125 (16 15). 7 (17, 88)' 42 (18.14), 616. (18.80),

“1:v"780 (18 63), 19 (18 94), 67 (20 01), 45 (20 17), 80. (20 30),

*5:;128 (21 51), 116 (21, 89),/85 (22 10), 148 (22. 24), 141 (22 45),

736 (25.42), 274 (25.56), 104 (23.60), 21V (25.90), 17 (24.07),
priya (24 51), 108 (24 92) and 21 (25 02) Were found . o be
moderately resistant (MR) ' o

I A008581on8 12 (26 58), 61V (28 36), 15 (28 99),w

'“'50 (29 o1), 34 (30. 03), 764 (30. 75), 784. (31.26), 13 (31.68),
;74G (33 17). 87. (34 12); 86. (35 25) and 28 (36 82) came in- .
'the susceptlble group (S)

| Remalning aoceSS1ons, 103 (39 54), 22A (40 39),
‘:22 (41 79), 67A (42. 64),;74W (43 39) and 175 (48 18) were

5 "found highly susceptlble (HS)k‘ .

Among the re31stant varletles/accessions, 17B showed the
fleast 1nfestation and it was s1gniflcantly 1ower than the :

7 1nfestat10n observed in acce331on 6

B
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Among the moderately res1stant access1ons 139,-83,» .
: »f{1145,\35, 125 and 7 were on par. AcceSS1on 7 was. followed
B {Ltby 42 6iG 780 19, 67, 45,»80,.128 116 and 85 and they
‘i1b:were on par.; Remaining acce331ons came on. par With the .
u’f'susceotible check Priya. Access1ons 108 and 21 were the -
'least res1stant 1n this group.' The two re51stant acces31ons
’17B and 6 three access1ons 83, 35 and 7 from the first group
_gand moderately res1stant access1ons and access1ons 19 and" 80
vgfifrom the second group of moderately resistant ones wére

"ﬁ;*fselected for further evaluation under field condltlons.

71.4.5;f Relative susceptibilitv of selected varieties/

access10ns of bittergourd to D. cucurbitae ~>; -

o The data relating to the experiment and results of

»fistatistical analysis of the same are presented 1n Table f,andn
o i6 and Fig.u3-;ﬂﬁr;il Lo ‘ _ A AR o
The acces51ons NBPGR 6 and 17B Whlch ‘were found toibe'
“‘reS1stant in the 1n1t1al screening came in the MR group in
fthe replicated field experiment the mean percentage of ; .
'finfested fruits being 14. 39 and 17 22 reSpectively. Accession
;35 showed low 1nfestation (10 37%) and came in the resistant |
'Ugroup.. Two of the four new access10ns added 1n this experi-
'ment Viz. 239 and 271 also came 1n the R group, the percentage

infestation being 5 84 and 7 26 resPectively.' o
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Tablé's.‘ Relative susceptivity'of selected varieties
' of bitter gourd to D. cucurbitae

_ mean percentage of infested fruits

- ~ (number observed at different inter-
varieties yield : o

. used vals after planting (weeks mean remarks

'8 9 10 11 12

| locglvgréenish 164;66. 21,17 10.61  8.46 21.43 31.47 18,63 R
vhite 0%+59 (27.39) (19.00) (16.90) (27.55) (34.11) (25.54) .
et green S0 307 R MLE M B 2B -
priys - 2‘2-°°f(§3282)‘(22223)‘(Qgigg)l(lgiég) oy Griey ™
NBPGR 6  156.67 (§;’:§§)‘(13i§§> (1.';:2;) (1?122) (331'17?’) (123:32) R

o T 185467 a2y 338 (5% v BBy eidh ®
.1 2sa.0 41032 (238, (0T 3335 A eaish ®
Loo19 sss GESY (B8 (B (85D 5D ehun ™
Looms o amaes (3022 (334 obith @D @oio) aen F
boowzes0 B8 G40 BT (73 G3eh esn
.ooe o ser (284 (1B (36 ¢l G ezl R
e 29 a3 (3.3 &8 ofoh E3h odlh (i ®
;s 244 210,00 (;Z:gé) a8y 135 0d33h @5its @l B
Lo 261 26933 (30105 (27152) @22y (58 BRady il ™
o 109,00 (2:82) . §: 2 oty &R E8Sn wddn
_;g:g:.ggi gggg:iigg gzzisties at different periods : 'g:ig

_ NBPGR - National Bureau of Plant Genetics Resources
MR - moderate resistant ,

'R« resistant '

Figures in parentheses are transformed values (angles)



Table 6.

Relative susceptibility of selected varieties -

NS

" /NS

2,829

of bitter gourd to D. cucurbitae
' mean percentage of infested fruits S o
varieties (weight) observed at different inter- T
used y;eld ‘wvals after planting (weeks) mean - remsrksh'f
' | '8 9 10 - 12
Tewfen e6.61 30004 (§3£§3)(33’3?5‘(?31%3).(ggiég)3k3322§)gee3i;
100a1 green - 789.33 35:10) 229 Bk BB & FEh 0
priya 1600 (42:4) (1044 (3.3 B33y B0 Gy m
wmar 6126133 Gy (30103) Gacm) Giie) (e Goidy T
b T 1582067 (13233).(1&223) (18:33) (21 ég)i(églgg) (}éig})vffﬁ'f;
o 11s zom.co (048, (T (24 (D8 Binh By m
o190 13933 G500 (8% 0535 ey GrE @3 m
w3 13267 SO0 (339 (18:0%) (13130 Gaon) (528 M
e sanoo 35000, (B2:80) (354D Gotdh) Geish Goidd) °
woom e B TR 128, G5 38 GnE
o239 mss ofvesy 187y (61%) 038y 1z aren B
ooas et (13 47 alen 03B cein (3:5h R
;261 108267 (B3 (17012) (1501) (13:04) (2i15) (oird) R
o271 - 1037.33 (;3;é2)~(3313?5'(13223)j(%§232) (30. gé)'(;122§)~}'”3'
‘¢.D. s 78 | NS ’= |

NS: not: significant‘

MBPGR :

- MR: moderate resistant E ’
~figures 1n parentheses are transformed values (angles)

National Bureau of Plant Genetic Resources
S: susceptible .
R: resistant



Based on the CD values the accessions 239 (5 84) and
271 (7.26) came on par followed by 35 (10.37) Whlch came
under the resistant (R) group. Accession 35 was on par with
- 244 (13.24) and 83 (14.07). Accessions 6 (14.39), 261 (15.16),‘
80 (15.79), 7 (16.57), 19 (17.10) and 17B (17.22) came on par
and they were on paf with accession 83 also. Aecession 17B
along with LGW and LG came on par w1th the susceptible check
Priya whlch showed the thhQSt infestation (21. 47%) .

of the six.accessiens ranked, the best accessions 239
and 271 were on par and ranked top during the 18t harvest
done at 8th week after plantlng and in the 4th harvest
During 2nd harvest 271'ranked first and was significantly
superior to accession 239, In the thlrd harvest 271 ranked
higher than 239 whereas in the 5th harvest 239 ranked higher
than 271 and the dlfferences between them were statlstlcally
significant. These acce551ons were immedlately 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 wifh_
the check and eamebin the 1fthfp1aee.. '

' The accession 244 was significantlyAinferior to 239
and 271 in the mean'valuesvand also in the tst and 4th

harvests ahd'it came on par with susceptible check Priya in
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'the:2nd harvest;f Durlng the Sth harvest it came s1gn1flcantly
 inferior to‘239dand 35 andfdurlng the 3rd harvest it came on

par with 35 and 271.

In general accessions 83 and 6 were coming in an
1ntermed1ate position in the dlfferent harvests. The relative
rank of access1on 83 in the five harvests were 8th, 4th,. 12th,
9th and 5th resPectively. The ranks of access1on 6 in the )
dlfferent harvests were 12th, Sth 4th, 3rd and 7th

,reSPectlvely.~ -

The data relating to the relative susceptibility of the

different acces51ons based on the weightfof fruits harvested
are presented in Table 6. The mean of the five dlfferent
fharvests showed that access1on 244 Was the best in which the
1nfestatlon per cent was 5. 04 only._ It was followed by
,.accession 239 (8. 6) and the £two access1ons werevslgnlflcantly

.superior to all other access1ons/var1et1es. The accession

7 (11, 61), 261 (11. 89), 35 (12.30) and 17B (13 ,43) came on |
par and followed the acceSS1on 239 (Fig. 3)

, Aocess1on 244 malntalned its superlorlty over all the <
other treatments in the 1st, 2nd, 3rd and 4%h harvests.'
Durlng the Sth harvest it ranked’ second and 1nfer10r to

accessron 239 only. But access1on 239 though inferlor only
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to 244, when the means were compared it ranked 4th in the 1st
3rd and 4th harvests and 5th in the 2nd harvest It occupied-
the 1st position in the 5th harvest L | ‘

, Access1on 7 maintained 1ts pos1tion as 2nd in 1st harvest _
'“_7th in 2nd harvest and 5th 1n third harvest d In the 4th harvest '
1t went down to the 10th pos1t10n,'1t came up to the 4th p051- “

- tion in the last harvest

' Acces31on numbers 261 35 and 17B Wthh ranked 4th 5th and
6th while compaang the means joccupied 9th 6th and 3rd pos1tions,
f;resPectively in the 1st harvest o In the 2nd harvest the pOSltlonS'
were altered to 6th 2nd and 3rd,respect1velv.y In the 3rd and 4th
harvest 261 was 2nd in pos1t10n 1nfer10r to 244 only while it came.
in the 3rd pos1t10n 1n the 5th harvest Accession number 35
ranked far below, in the 8th pos1tion, in the 3rd harvest_ wvhile
:it reached the 3rd pos1tion in the 4th harvest and 6th position
“in the 5th harvest In the case of 17B 1t occupied the 6th, 5thi‘e“

'y:land 10th pos1t10ns 1n the 3rd 4th and 5th harvest,respectively. -

The acces51on 271 83 and 6 which ranked high on the basiS“.
of percentage of 1nfested frults by number, came low in rank when
the percentage of weight of fruits lost due to the pest 1nfesta-‘;
ition was taken 1nto con51deration and these accessions came on par ;
-with the check Priya. But on’ weight bas1s, the access1ons 7, 261
and 17B were seen prom1s1ng and s1gn1ficantly Superlor to ‘the
check. ‘ ' | | ;

In general accessions 239 35 and 244 came as the

promising ones ad0pt1ng both the criteria of evaluation



Fig. 3.

Relative susceptibility of -
different accessions/varieties

of bittergourd to D. cucurbitae-

observed in replicated fiel
experiment, .
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(Fig.‘3) The mean number of.fruits‘obtained from these
J:three varieties (Table 5) were 144.33, 172. 66 and 210 0,
’reSPectively Whlle the number obtained from check varlety
Priya was 212. The weight of fruits obtained from the acceS—
sions 239, 35 and 244 were.j471.33, 1342.67, 776 .67 grams per
’_plot, respectivelyeas against a corresponding weight of 1776
gram per plot in the Check ﬁeriety‘Priya. Accesgsion numbers‘
271, 83 and 6 which were showing.good'peiformance while
’con81der1ng the percentage damage on the basis of number of
frults, yielded 109, 145.67 and 156.67 fruits per plot which

weighed 1037.33, 1341.3 and 1261.%3 grans, neSpectively.‘

Accession numbers 7;[261 and 17B ranked top in the
percentage of»good fruits on the basis of~weipht‘and gaﬁe
185.67, 249.33% and'239‘numbers their weights being 1582 67,

1082, 67 and 2088.0 grams, reSpectively.A

4.6, Effect of different accessions/varieties of

bittergourd on the deve10pment and survival of

the growth stages of fruit flies

The data colleeted;and the results of statistical-

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

The intensify bf damage in the infested fruits and‘the‘
effect of varieties on the‘development of. insects were assessed

as describe&~in para 3.5.  The results and the inferences on
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Fig. 4. Antibiosis manifested by different
accessions/varieties of blttergourd
against D. cucurbitae.
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the statistical analys:Ls of the data are presented in
”fTable 7. The 1owest number of.maggots was observed in

iﬂ;access1on 17B (23 07) This was s1gn1f1cantly superior “to

l‘i all other acceSSions followed by the accessions 80, 239,‘35”.

Land the check (Priya) These were on par among themselves
(34 88. to 40 52) A0065810n 6. (54 92) was following Priya
“and 1t was s1gn1f1cantly lower than the remaining accessions.
-4Access1on 19 showed the maximum number of maggots (107 20),

‘~Uthe other acceSS1ons remaining 1n betWeen.»'

_ | Regarding the number of pupae also acess1on 17B (13 46) -
_ came on par w1th 239" (29 31) and the latter came on par with
accessions 80 (29. 57), 35. (31 64) and Priya (34. 43) which

“fowere on par.? Other accessions came 51gn1ficantly 1nferior to;

‘ﬂijfjthe check variety Priya.\

-

Access1on 17B showed the highest 1arval mortality o

| .;35 40 per cent and it was 31gnificantly higher than the

“}gff;mortality in rest of the varieties. All the remaining

~’varieties came on par with reference to this criterion.

The number of adults emerglng from the fruits was

3 found to be least in 17B (2 49) This accession was followed ‘
'dby 80, 35 and 239 which were on par. Accession 239 came on
par w1th Priya and acceSSion 6 The remalnlng access1ons were

pfar 1nferior (26 87 to 38 9 number of adults)



61

» The pupal mortality was S1gn1ficantly higher in accession
'17B (91 5 per cent) This was on’ par w1th access1ons 80 and 35
o (72 35 and 69. 75) ' These were 31gn1ficantly superior to all

fother acces31ons., In the remaining access1ons pupal mortality

::franged from 43_to 60,4o_peracent_and they‘came 09 par. . -

The'female'emergence was leaSt in. T7B (1.63). But it
‘Was on par with the emergence in the check variety Priya.
:Acce531ons 239, LGW 35, 8, 6, 83 and 271 were. on par and also

‘,jon par with Priya. ,13,"

4.7, 'Protecting}thengrowing fruits of bittergourd from:

egg.laying of?Q,'cucurbitae through bagging

An observatipnal trial was carried out for evaluating
the efficacy of different types of bags (paper, cloth and
pothhene) for protectlng bittergourd fruits from the egg

'11ay1ng of D cucurbitae. The results of the experlment are

| presented 1n Table 8. It was observed that paper bag and
cloth . bag used 1mmediately after fruit set dld 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 w1th

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
L -~ of bittergourd on the incidence of
D, cucurbitae and on the growth of .
[ fruits

R <1ength/‘-:girth/ weight/
percentage healthy - healthy  healthy

treatments ‘,v fruit - - fruit at fruit at fruit at
IR S -attacked = harvest = harvest harvest
(number) ©  (cm) (cm) (g)
paper bag - 26.67 23,31 - 11,31 87.50
¢loth bag 40,00 - 19.69 9.93 . 62.50
_ polythene bag . nil  25.44.  11.01  90.00

comtrol 7333 19.25 9.2 | 67.50
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'~i The mean lengths of healthy frults protected in paper,‘

°3,cloth and polythene bags were 23 31 19 69 and 23 44 cm

'<‘respect1vely asg’ agalnst the mean length of 19 25 cm recorded ‘

'~fffor the’ unlnfested frults in control The girth of bagged

*uninfested fruits ranged from 9 93 to 11 .31 cm Whlle in

‘ f{icontrol the girth was 9 12 cm. The mean welghts of“unlnfested

frults malntalned 1n paper bag,'cloth bag and polythene bag
‘ were 87 5, 62 5 and 90 o grams reSpectlvely.

AN —_ A
N

The cost.benefit in adoptlng the mechanlcal protectlon

R of blttergourd frults agalnst D. cucurbltae, us1ng different

types of bags had been worked out 1n detall and presented in -

. Table 9. The net addltlonal 1ncome that would be generated by

fbagglng the frults us1ng polythene bags amounts to Rs, 13697/ha1

i "Whlle ccrrespondlng 1ncome from plots protected with paper

'?~£:fjbags would be ‘Rs. 7235/—;0nly.~ The oloth bag, by v1rtue of

,bﬁlts hlgh cost was not found economlcal There 1s no addltlonal

-qu_income from thls treatment

4.8; Effect of varvlng perlods of protectlng blttergourd

frults from the tlme of frult set on the extent of

'df damage caused by D cucurbitae

The results of the experlment and 1nference from the

»:statlstlcal ana1y31s of the data are presented in Table 10.a

‘The results showed that the frults protected up to 5 days _



Table 9. 'Cost benefit in adopting mechanical protection
, _of bitter gourd fruits against D. cucurbitae

. total o ) |
total yield addi- addi- | - ecost mnet addi
‘ e tional tional : tional
treatments | - yield  income Tate . income
wt/ha no. /ha ovei 1,’(RS') rials labour (Bs. )
- - contro - (Rs.) (Rs.)
paper bag 6795 TT657 4889 14667 1552 ‘5880 7235
cloth bag 3971 63540 1265 3795 4236 4347 . -

polythene bag 9531 105000 7625 22875 2824 6354 13697

control 1906 28244 - — .= = e

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

“per bag.

No., of cloth bags required/ha was estimated on the ba81s :
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.

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

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

- per day.



;i;Tab1e<10; Effect of varylng periods of protection of
- fruits from the time of fruit set on the .
. extent of damage caused by C. ,cucurbitae

tz;xfpeicent- length/ girfh/,  weight/
.- age of . fruit at fruit at fruit at
.- infested harvest . harvest harvest

'>treatments‘
L L:fruits: 1(cm)-3,t‘v(cm) - (g)

-;jfruits protected up to~f’g“;;4’ f:‘i_'jfﬁlei g ,
Sdays . 86,0 - 1375 . 8.43 - 45.33
sdays 950 . 15.10 © 9.27  48.00
PR 2 daysf'"'fj:vf"}*,6.7f T 22017 11,23 100.00
- 9dsys o mil - 21,200 10.57  86.66
5'11 days ﬂ;f}f @ ‘Ai?nii:jjd]21.3j‘ﬁg_11.3o- _ 93,33
| 13 daysl5f~?wﬂ;;je75’nilj:;~‘23}c7';lJi1;37 . 102.00 -

‘ '5chontrol ,?f 7 :[;_f1Gb€O E 17.55 " 7.87 48.00

c.D;3d~;;*;i;,f; ﬁlf-}'_e L 2,76 1.35 - 23;95‘.*'

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

Sup to 7 days damage was reduced to 6 7 per cent. ihen exposed

; 3fon 9th day after fruit set there was no 1nc1dence of damage.

Thus the result 1ndicates that the flies do not lay eggs 1n

| . fruits after 9th day of fruit set The data also reveal the '

_effect of bagging on the s1ze and welght of the fruits.ilThe‘f
_variations caused by this practice were statistically s1gn1f1-

- cant The length girth and weight of the fruits protected

g:‘;for 7, 9, 11 and 13 days after fruit set came on par and

iﬁjSIgniflcantly hlgher than the remaining treatments of protec-

" tion for 3 and 5 days and control e

4.9. Evaluation of different methods for the control of
'~"uﬁ-3t D. cucurbitae 4 | o
The data relating to the experlment and the results of

: statistlcal analyS1s of the same are presented in Table 1.

- >fpffThe results showed that trapping the flies 1ncreased the mean -

“7“;number of fruit yield s1gnificantly over control the numbersi

“i in the two treatments being 19 08 and 11 48 resPectively.

':Yield from plots in Wthh trapping was done regularly came -
ﬂ/on par w1th yield in plot treated With malathion Spray (23, 4).i
“iPlots in which fruits were bagged along with regular trapping ~
of" adults gave the max1mum yield of 42 32 This treatment
-was followed by the practice of bagging the fruits w1thout

lptrapplng of flies (35 32) ‘ Mean number of damaged fruits in -



Table 11. Jvaluation of different methods for the -
' ' control of D. cucurbitae in field

. number of fruits collected at s
different intervals affer mean -

treatments planting. (weeks) / 4 m ‘ mean infested
' ' - fruits
8 9 10 11 12 .
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

maiathion spray 8.80 14.60. 40.20 32.40 21.40 23.40 6.80
control = © 5.60 9.80 16.40 14.20 11.40 11.48  6.40
C.D. for comparing means - = 8.51

C.D, for comparing treatments .

weight of fruits collected at mean

' different intervals after X
ﬁreatments planting (weeks) / 4 me. - mean %ﬁgizged
8 g 10 T 12 ~
trapping flies 616 1280 . 2588 2272 840 1519.20 254.4
bagging fruits 1056 2600 3713 3464 1972 2561.04 0.0

_bageing + trapping 1460 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 = 666.38
C.D. for comparing treatments = 378.55
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-l control in plots where flies were trapped and in plots ‘

hfef7Sprayed With malathion came on par (6 4, 6 8 and 7. 28

' ‘:f;respectively) The relative efficacy of the treatments showed

i‘;fthe same trend in the five weekly harvests commenCing from

the 8th week after planting.

Ceh

The mean yield in weight also showed the same result.
The highest yield (3446 40 g/4 5} ) was obtained from plots
”in which fruits were bagged along w1th trapping of adults.‘

"f’It was followed by the treatment in which bagging alone was’

5Effdone (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
ffive rounds of malathion spray was given came on par (1519. 20

-

idand 1866 40 g/4 m ) Yield from control plot was Slgnlfl— :

~x"'f;,cantly lower and was as low as. ‘858.4 g/4 m2-~ The relative

~4":ranking in the treatments (on weight baSis) in five weekly

'fobservations were broadly in agreement.

The cost benefit of different treatment of the experiment<

t:was worked out in detail and presented in Table 12 The

f'\,practice of bagging the fruits combined w1th trapping of adults

'~;gave the highest return of Rs. 12196/ha and this treatment was
pfollowed by bagging of fruits alone from which an additional
net return of Rs 11033/— would be obtained The net additional
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..fTaﬁlenf2 Cost-beneflt in adOpting different methods

of control against D. cucurbitae B

hota] wiald ae - total o L. - .
. total yield of . .v,total L -net
S oo . good fruits V:idi;l addi- .. °ost - addi
-treatments. . _ . .- . tion e tlomal __ = .- tior
W . no./ha :(Bs.).: cost labour - (Rs.
-kg/hawcf_ ;,“:;_control (Rs.) (Rs.)
‘trapping - - . 4750 - 62500“”:2069 6zq7 312 - 360 552

mechanicai

protection “e95f8‘ 109375,*.5837-’7 20511 2916 6562 1107

mechanical‘ o T v:»;' e o
_ _protection + 10762 ° 131250 8081 - 24243 3812 - 8235 1219
* trapping o S e - .

chemical . oo .o

‘control. - 2822 . -T18T5 AL AN 9423 800° 1400 722
o combtrol . - 268t - 34375 - . __

1: ‘No. of;polythehe bags required/ha was calculated on the basis

- that 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 expenditﬁre

Labour required/ha was worked out at the rate of one woman .
1abourer for bagglng 500 frults and the wages @ Rs,.30/- per day

Cost of malathlon required/ha was Rs.: 00/- per 1itre.,

Labour required/ha for each Spraylng was 8 men labourers.

T g
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income from plots treated with malathion and those protected
by trapping came very close with each other (Rs 7223/- and -
. Bs. 5535/- respectively).

4.10. .EValuation of number of flies trapped in different

’treatments

| The data relatlng to the observation and the results of
~the same are presented in Table 13.. The mean number of fllesg
trapped 1n the plots in which frults were bagged along with
‘trapplng of flles and in plots in whlch trapping of adults

\ alone wasg done did not show signlficant varlatlon.' The mean
total number of flies trapped during_the f;rst, second, third,
fourth, fifth'and‘Sixth days'after setting of the traps at

weekly 1ntervals commen01ng from flowering was 38. 7,,53 59,

- 7542, 74 03, 60.89 and 24 respectlvely.
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Table 13. . D. cucurbitae flies trapped in dlfferent
treatments of field experiment

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

'treatmentsj trap. (days) nean
— 1 2 3 Fr % 4
o : (8 weeks after planting) | )
mechanical ‘ : - | S ' , e
protection +- 4.43 5.86 - 9.30 8.49 8.06 2.31 .6.,18
trapping ST Lo L - o
Irapping of  7.01 "7.64 8.30 6.29 8.30 1.28  6.18
o | (9 weeks after planting) -
mechanical ‘ V o B .
protection + 3.88 4,20 6.56 10,83 8.92 2.53 5,86
trapping ' R : o o -
D e 5.20 4,76  8.12 9-50: - 8,12 8.28  6.08
, L (10 weeks after planting)
mechanical - o ’ ‘
protection + -2.88 7.30 9.69 10.70 9.24 1.76 6.13
trapping : ) .
o ppIng o 3.88 6.56 9.11 7.53 5.76. 3.04  5.81
| (11 weeks after planting)
mechanical - ‘ : ~ - S
~ protection + = 3.62 4.76 5,60 3.80 2.57 0.9%3  3.41
trapping . S . : ' .
trapping of 1,927 4,56 2,50 3.37  1.92  0.72 2,39

adults alone

: (12 weeks after planting)
. . mechanical o o e
- protection + S 3.12 5,45 8,55 7.07 3.71 1.19 4.57

trapping o . ’ | e |

trapping,of ; | ' P : o
adults alone 2776p_ 2.597 T.47 6.45 4.29 1,96 . 4.96g

~

Note: The data were transformed using / x + 1 and subjected
to statistical analysis. Significant variations were
lacking in the data. E . :






5. DISCUSSION

Fruif flies are group of pests hard to control since
the déstructive 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 periodlthe application of inseéticides for ffuit fly
.control is bound to cause serious_résidﬁe hazards especially
when,éystemics like carbofuran, capable of killing the 1arvée'
inéidélthe fruits, are used. Obviously non-insecticidal
-methods have tbvbe resorted to for minimising the potential
'damage fpbm the pest. Large scale ' trapping of adults
- prior to‘thé égg laying in fruits or the mechanical exclusion
of fﬁe insects from the fruits by bagging are'potential
lmethods 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

Q.,Cucﬁrbitaé adopting a simple method in the laboratory.

The results presented in péra 4.1 showed that eugenol,

eucalyptus oil, citronella oil, borax and ammonium phosphate

were'totall& inefféctivefagainstky. cucurbitae. Eugenol had

been reported to be effective for trapping D.’ dorsalis
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(Lakshmanan et al.; 1973, LShah and Patel,_1976-~'Fletcherf.f

r.ifet al., 1975, Tan, 1984) ~ Ibrahlm and Hashim (1980) had

‘<7p;vobserved that methyl eugenol was 1ess attractive to

,2. cucurbitae than to D dorsalis. Citronella 011 was

‘dreported to attract D dorsalis ‘and D ZOnatus (Narayanan

and Batra, 1960) t for D. cucurbitae 1t was reported to;

”,be less attractive (Lall and Slngh, 1969)

Nakagawa (1975) observed that borax could attract " o

'D cucurbitae and D dorsalis., Economopoulos and

fVPapadopoulos (1983) found that aqueous solutions of borax B

fshowed attractiveness o D. oleae."

T

Ammonia and ammonium salts showed attractiveness to’
’;D trxoni (Bateman and Morton, 1981) Narayanan and Batra _‘
‘»(1960) reported pos1t1ve results w1th liquld ammonla for. -
Atrapping D dorsalis. '2;191259 also showed pos1tive reSponse“
to ammonium salts (Longo and Benfatto,:1981) Eucalyptus
~-o0il, jaggery,vhoney, toddy and bittergourd fruits have not-
been evaluated as attractants of fruit flies 80 far. Thus '
_the results obtained from the screening had an overall ,,VI

:Jagreement with the earlier reports. -

- Among the remaining s1x materials tested the ripe
\bittergourd fruit was most effective in attracting the flies}

Aup to 12 hours after exposure. It Was closely followed by



hoﬁey,.jaggery and éugarin a descending order of efficacy.
But from 24%h hour'after.exposure ripe bittergourd fruits
became less éffective than sugar, honey and jaggery. Toddy
had iimited attféction and the effect of vinegar lasted only
for a very short period. In an overéll assessménf honey

could be ranked as the best material for attracting the

adults of D. cucurbitae followed by jaggery and sugar.

Sincé thé\éssociation,betWeen‘the doses and fhe
attractiveness of honey, éugar'andrjaggery Wés positiﬁe and
linear,4the optimum'doses of the materials required for
trapping the insect could not bevfixéd from the e;periment.
But the highest cbncentration of one pér cent gave signifi-
cantly higﬁer'catch and the effecf remained unabated for

four days from the time of exposure.

Immature bittergourd fruits did not attract the flies
signifienntly. The results sﬁqwed that the fliés were
prédominéntly attracted by the feeding stimalus ahd for this
.purposé the immature fruits were not useful. 'The-bittergourdv
fruits were écreened for theif attractivenéss with‘a view to
exploring‘the possibiliﬁies of maintaining the first series
VOfvfrﬁits setting on crop, coated_witﬁ some insecticides so
as to attract and kill fhe flies available in the field. The
poorvattractidn of fiiés byvimméture fruits and the inferiority

of mature fruits to honey, jaggery and sugar during the later
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.period of observatidn_indicated the inferiority of the

technique for the control of D, . cucurbitae,.

Thé:regults of the field experiment described iﬁ para
4.2 aisd sho%ed that one per cent solution of honey was. the
‘bést éﬁong ;he‘materials screened 1in the laboratory for
\attracﬁingfthe flies and it was significantly superior to all
bthér'materials. Honéy was followéd»by sugar and ripe bitter-
gourd fruits. qudy-and vinegar which performed poorly in
the 1aboratory screeningishowed'better attractiveness under
field conditions and the former came second to honey and oﬁ
par with sugar,» Probably‘the»pungency of toddy and vinegar
would have rgndered‘theﬁmaterials attractive under the open
sifuation of the field while'in the confined space~of the
1aboratdrylit would have had some repellency. From the
1aboratéry and fieid expériments one pef cent honey could
thus be chosen as the bést.attractant for trapping the édults

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 henée'évaluéfed in field taking honey as the
'sténdard.\ 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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7.These were on par w1th the standard used v1z honey. 'Nendran'

f;_fand rasakadall' varletles were less preferred by the flles.<f

The pulp of the former two varletles/ls comparatlvely softer

;than that of the latter varletles and that may be attrlbuted

‘3, ;as the factor for the greater attractlveness of the material. -

The results further showed that the cuttlng of the frults
crosswise or. 1engthw1se d1d not s1gnif1cantly and con81stently

ilnfluence the efflcacy of the balt Evaluatlon of the plantaln

’3ffruits as a bait materlal for trapping\D.'cucurbltae was done

a”affor the flrst tlme Palayankodan is a cheap varlety of frult

j'?easily available throughout the State and throughout the year E
» and hence may be chosen as the best ba1t material for trapplng

'“the adults of D cueurbltae., The attractlveness of the ‘

f,materlal pers1sted effectlvely for a. week and hence was. found -

'iifisultable for the mass trapplng of the flles.‘s

The utlllsatlon of plant resistance is the best pOSSlble

method for solv1ng the problem of frult borers w1thout the

:‘*.f,rlsk of 1nsectlcide res1due hazards.7 Wlth thls end 1n v1ew o

’rthe access1ons of blttergourd malntalned by the Natlonal :

\iBureau of Plant Genetlc Resources, Trlchur, were screened for

fnres1stance to frult flles and the acce331ons ‘were. grouped 1nto
'dlfferent categorles based on. the level of re51stance. The'
bresults presented 1n para 4 4 revealed that none of the‘

avallable access1ons was 1mmune to the pest - The access1ons
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432'17B and 6 w1th 6 96 and 10 03 oer cent of frult 1nfestatlon '

}?were 1dent1f1ed as res1stant ones. These were followed by

j*wigﬁwthe moderately res1stant access1ons 139, 83, 145, 35, 125 and

",d19 and they were 51gn1flcantly superlor to check Priya.i/

As seen from the results presented 1n para 4 5 the
comparatlve performance of the above res1stant acces51ons and
-flve of the moderately re31stant access1ons, When evaluated

- along with four other hybrlds and two 1ocal cultlvars, 1n the

’“:fflfleld was not cons1stent The acces51ons 17B and 6 found

*ﬁjres1stant 1n the in1t1al screenlng became moderately res1stant

'”-t'ln the repllcated fleld experlment Access1on 35 Wthh was

in the moderately resistant group 1n the 1n1t1al screenlng

".Lcame in. re51stant group 1n the repllcated tr1a1 VThe

T“fkfaccess10ns 239 and 244 1ncluded 1n the repllcated tr1a1 Were

*lffound more res1stant than access1on 35.. In general accessions

' 244, 239 and 35 ranked hlgher than other access1ons in thelr

®

,'relatlve res1stance among the varletles 1ncluded in the

'*i‘;evaluatlon. This relatlve superlorlty 1s generally manlfested

$1n all the harvests commen01ng from the elghth week after

i;plantlng. In splte of the hlgher resistance the yield of

"V_good frults obtained from access1on 244 was much ‘lower than

”inthat of the check varlety 'Prlya' though in number of frults

'7§ﬁthe two access1ons were on par. The yleld of good frults



"7:'obta1ned from access1ons 239 and 35 (1471 and 1349 g/plot

--reSpectlvely) was close to the yleld obtalned from Prlya

J'(1776 g). Thus in terms of the yleld of good fruits the

‘Vf‘res1stant varietles dld not excel the susceptlble check

'iPrlya.i On thls crlterlon the acce531on 17B which gave an
7€y1eld of 2088,g/plot was the best ' Slnce the ultimate |

R objectlve is the net yleld of undamaged frults from the crop
p'the access1ons found more re51stant in terms of the percentage
‘ number of 1nfested frults or in terms of the percentage '
nhweight of the infested frults could not be recommended for

| repla01ng the recommended varlety Priya., However, these
acces31ons can. be advantageously exp101ted 1n breedlng

‘programme for evolv1ng res1stant and hlgh yleldlng varletles.

. -

As observed from the data (Table 7) the relatlvely
-,fres1stant access1ons 239, 244 and 35 d1d not show any antl-“

-1bIOSiS towards D. cucurbltae when compared w1th the check B

‘varlety Priya 1n terms of number of 1arvae, pupae and adults-

"”?femerglng or 1n terms of the larval and pupal mortallty.' On -

. these cr1ter1a access1on 17B alone was s1gnif1cantly superlor

=t

‘%o the susceptlble check Though access1on 17B came on par

, ;'Wlth Prlya 1n terms of the percentage of fruits 1nfested on

o number bas1s,.on welght bas1s 1t was 51gn1flcantly superlor -
%o check. ObV1ously the varlety can be explolted advantage-.

' ously-through furthercbreedlng,,

=



Darshan Slngh et al (1976) screened fourteen access1onsn,
'::of blttergourd and observed that BG 12 was less suscept1ble~,'
‘to D cucurbltae. But thls acces31on had 29, 4 -per cent frulti_

«damage whlle the damage 1n the remalnlng access1ons ranged

L"if;f;from 32 83 per cent to. 41 93 per cent. : Lall and Singh (1969)

'ihad observed that the short green varleties of blttergourd

‘were more res1stant to D cucurbltae.; ThlS was not in agree-

-ment w1th the present observatlons. Padmanabhan (1989)

. *screened 66 access1ons of bittergourd 1n two fleld trlals and

a'i?figrouped them 1nto moderately res1stant moderately susceptlble

'fpand hlghly susceptlble ones.; Only elght acces51ons were
dldentlfled as moderately res1stant ones and in those access1ons

7,»the percentage of frults damaged ranged from 10 to 20

7fi;0bv1ously the 1evels of resistance so far observed in bltter-

a,i-gourd acces51ons/var1eties appear to be inadequate for

‘recommendlng any one of them for cultlvatlon w1thout the r1sk

ot s1gn1f1cant levels of damage 1f left w1thout 1nsect101dal

r‘protectlon.; In the present 1nvest1gat10n also none’ of the
1Taocess1ons screened showed cons1stently low 1evels of 1nfesta—
:tlon for facilltatlng the recommendatlon for replac1ng the

fhlgh yieldlng susceptlble varletles now belng extensively

7§;“cult1vated (Prlya) It may be necessary to 1ntens1fy further'

‘»breedlng programme to 1ncorporate the res1stant genes in. hlgh
yleldlng access1ons to exp101t res1stance as an effectlve

'method for m1n1m1s1ng the frult fly damage.‘
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Cloth bags were found to glve effectlve protectlon Yo

'<;b1utergourd frults from the attack of D ‘cucurbitae (Cleghorn,

fh1914) Paper bag was reported to glve adequate protectlon

from the flies (Hutson, 1940 M:Lller,;1940 Misake et al.,

. 51940) Batra (1960) used paper and cloth bags agalnst

| D dorsalls and observed that the former warded off the attack
better and the latter was effectlve when the bags covered the g

: fruits loosely._ However they observed that the us1ng of. the

"fbags 1n large plantatlons was not economlcal The paper bags’

S fgot torn in heavy ralns and when wet the cloth bags stlck to -

wthe surface of the frults, thus facllltatlng the egg laylng B
- of the 1nsect through the cloth _ The results of the experi-:,p

.':~ment detalled in para 4 7 also showed that paper and cloth .

iprbags gave protectlon redu01ng the damage to the level of’

"f;~26 67 . and 40 per cent reSpectively as agalnst 13. 33 per cent

A'pdamage 1n control But the polythene bag 1ncluded in the

',experlment gave 100 per cent protectlon to the fruits, =

Though secondary rottlng of bagged frults was reported

-*earller due to bagglng (Misaka:et al., 1940) the data obtalned'

'from the present experlment revealed that the frults enclosed
~b1n paper and polythene bags had better s1ze and welght than o
‘_1n the case of the frults kept closed with cloth bag or those~9

‘ left uncovered Even when the entry of light was prevented

\
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 to- the fruits enclosed in. paper and cloth bags the growth of

2'"1:;the fruit was not adversely affected Favourable 1nfluence f

’-.[of paper and polythene bags on the 51ze of the fruits was .

'“oiidentlcal and 1t showed that sunlight was not exerting any

T7f”1nfluence on the growth and maturation of the fruits in spite

T.of the chlorophyll content of the rind : The 1ncrease in thei
jyleld of unattacked bittergourd fruits obtalned by the use of
"the three types of bags revealed that the polythene bagS.ot.

~fr;would give the highest returns.- The results of the experlment

A?Thas conclus1vely shown that protecting fruits from the tlme

x,u,of settlng till harvest W1th polythene bag was a safe, fool-pi'

proof and economical technology for preventing fruit fly

N damage in. bittergourd

It has been observed that the older fru1ts are not

Af?generally preferred by the flies for egg laying. With a. V1ew

o to ascertaining the stages at. which the fruits remained

”‘susceptible to the egg laying of D cucurbitae a field exPeri-

*fvment was conducted . The results of the experiment (para 4 8)~'

- showed that the fruits protected for nine days after setting

.\A

‘Jwere completely free from 1nsectp1n3ury while those protected

”.'for seven days had a low damage of. 6 7 per cent » ThlS

,jrevealed that irults need protection for a period of 7 to 9

<days only from the time of fruit set A pre01se assessment



. ?of the susceptlble stage of the frults to the attack of

| »Q}:cucurbltae was belng attempted for the flrst tlme.g

In the last fleld experlment the dlfferent methods for
4Lthe control of frult flles were compared and the results

A}(para 4 9) showed that the contlnuous trapplng of the flles

'"; commen01ng from the tlme of flrst flowerlng 31gn1flcantly

Vreduced the damage caused by D. cucurbltae and the treatment

7fcame on par w1th the treatment glven flve rounds of 1nsect1- 1

‘WV;L,c1de Spraylng. Though the enclos1ng of fruits w1th polythene.

»;bags gave 100 per cent protectlon in an earller experlment
tthe plots in’ Wthh the bagglng and trapplng of frult flies
Were done gave 81gnif10antly hlgher yleld than 1n plots in. |
,_whlch the bagglng alone was done.‘ The flles avallable in thef

dfplots mlght have damaged some female flowers even prlor to

'~~?fertlllzat10n and bagglng and that mlght have affected the'

total yleld from the plot. The cost beneflt data’ (para 4, 9),

- showed that the practlce of bagging the frults along w1th the

‘ _trapplng of the flles was most advantageous and it was closely

- vfollowed by the bagglng of ‘the frults alone. The results

V‘lconclus1vely showed that the bagglng of the frults was not

"‘euneconomlcal as observed by Batra (1960) even when practiced

'5?commer01ally engaglng 1abourers as detalled in Table 12

The trapplng of flles us1ng plantaln frults as an attractant-



and carboluran granule as a- p01son was also shown to be a

technology as effectlve as spraylng the crop flve times from .

the commencement of flowerlng.g The former technlque is

t

i, ecologlcally sound and least hazardous to man s1nce the

used up balts could be collected and safely dlSpOSed off

LAY

av01d1ng env1ronmental pollutlon.‘

The results presented in para 4 10 showed that the

populatlon of flles, as indlcated by the catch 1n traps, did

ﬂ'; not vary s1gn1flcantly 1n dlfferent treatments or among the

dlfferent observatlons durlng the perlod of the experiment
In splte of that damage of frults in plots where the trapplng
of the flles was done came 31gn1flcantly lower than the
damage 1n plots without trapplng of flles. Lack of signlfi-
i‘cant varlations among the populatlon 1n dlfferent treatments
"% mlght be due to the fact that the plots were small (4 o ) and
the flles Wthh are sw1ft fllers mlght have moved from plot
| %o plot in. the eXperlmental area. The flles on reachlng the
j:; plots would have got attracted to the balts and got killed o
| prlor to the egg laylng in frults whereas all the flles
reachlng the plots 1n whlch baltlng was not done la1d eggs
and caused damage.' The results indlcated that the efflcacy'l
of baltlng mlght be hlgh when the technlque is ad0pted over -

- extens1ve«areas.;nlthe f;eld CIf the practlce is- followed
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in'all,nrops éuséeptible'to the.pést prevélgnt in a location
bver a loné;period'of:timé théépOPuiainn of the insect can
be brought ‘below the economlc threshold level and malntalned
at the level without the dlrect use of any pestlclde. Without
1nsect101de use it is 1mpos31ble to produce marketable fruits
from blttergourd and being a 1ucrat1ve vegetable farmers often‘
‘use hlghlv toxic pestlcldes like carbofuran, even during the
flowerlng and . frultlng stages of the crop. The yield obtalned
from the crop-often contaln,pestlclde residues above tolerance
limit, This ménaée dan be minimised or e#enheliminared if
the practices of‘bagging the frnité-atlf10wer set and the

| baltlng of flles from the tlme of flowerlng tlll the last

harvest of frults, are popularlsed among the farmers.
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Blttergourd is verv p0pu1ar among the vegetable growers

’eln Kerala.’ Frult flles take a heavy toll of this crop and

f?*.1ntense use of pestlcldes 1s a oommon practlce of cultlvators

-often leadlng to serlous res1due hazards in the marketed
-) frults.ﬁ In the present 1nvest1gatlons an attempt was made
to standardlse non-insectlcldal methods of control for

"tackllng thls pest problem.‘f';

gf1 Laboratorv evaluatlon of dlfferent materlals as

attractants for baltlng the adults of D cucurbltae_

Potentlal attractants of frult flles v1z. eugenol
’eucalyptus 011 c1tronella Oll borax, ammonlum phosphate,

’“:vanllla essence, 1aggery,_sugar, v1negar, honey, toddy and

':7;3~b1ttergourd frults were screened agalnst the adults of

: Ls:32. cucurbltae. Cotton swabs dlpped in solutlons of the

attractants (at W1dely spaced concentratlons) were taken 1nt
lwatch glasses and exposed to precondltloned flles in 1nsect o
;proof wooden cages. Eugenol eucalyptus oil, c1tronella |
: 011 borax, ammonlum phosphate and vanllla essence dld not

show any attractlveness to the flies.‘

“t

Based on the,prellmlnary screenlng SlX materlals whlch-~»

'ishowed attractlveness to the flles were chosen for further
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'experlments Three graded concentratlons of" honey, sugar;‘
_Jaggerv,,toddy and v1negar were tested for thelr attractlveness
':to the flles 1n the laboratory at 1ntervals of 10 ‘minutes
:up to 90 minutes and then at 6 12 24, 48 and 72 h. after ™
‘exposure. The results showed that U) honey at the hlghest
concentrat10n~1% attracted the max1mum number of flles ’

3 (2) honev at a mlddle concentratlon of 0. 25% also came on,

i

= »par w1th the hlgher concentratlon of jaggery and sugar

N _1nd1cat1ng that honey was the best of the three treatments,

heg,(3) toddy was not effectlve for attractlng D cucurbltae ,

(4) 1mmature stages of blttergourd (2 4 and 6 days old) had .l
,poor attractlon show1ng that egg 1ay1ng stlmulus had no'_.

h 1nfluence in the behav1our of flies’ and (5) rlpe blttergourd

o ﬁifrults showed max1mum attractlon to the flleS up to 12 hours -

i<f‘of exposure and 1n subsequent observatlons sugar, honey and

Jaggery ranked hlgher than blttergourd frults, thus show1ng"

that pers1stence was more for- sugar, honey and Jaggery.

2, Field evaiﬁation. 'of“the att'rac'tants;" Lo

A fleld experlment 1n randomlsed block des1gn conductedf

‘7>fat the Instructlonal Farm,.College of Agrlculture, Vellayani

"a'also showed that one per cent honey was S1gniflcantly superlor ,

,:,to all other treatments It was followed by sugar and rlpe

",bltte_rgou»rd frui-ts.: Rlpe blttergourd frults whlch showed the
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‘jj;hlghest attractlveness 1n the laboratory Was found 1nfer10r =

";f—jln fleld evaluatlon.‘ Toddy had a better performance in- the

7jfleld than in the laboratory.. Vlnegar Whlch falled to show '

"s1gn1flcant attractlveness to the flles in. the laboratory was

“ 'ff,ilfound effectlve as a: balt in fleld evaluatlon.‘.;-

ae

’_3. Evaluatlon of dlfferent banana varletles as attractants '

. for baltlng D cucurbitae

o The evaluatlon was: done in’ fleld u81ng four varietles S
of banana (nendran, poovan, palayankodan and rasakadall), '
'taklng honey as standardz‘ Honey one per cent, palayankodan5 |
'?dand poovan varletles of banana frults came on par. Length-

,Vw1se ‘and. crossw1se cuttlng of frults d1d not show cons1stent

:~1nfluence on. the attractlveness of the materlals. The effect

Ja'of the materlals per51sted effectlvely for a- week thus

‘shOW1ng that a weekly changlng of the balt would be’ sufflclent

'under fleld s1tuat10n.e"

14;f Relatlve susceptlbllltv of dlfferent varletles/accesslons

LN

fi;i of blttergourd bi

Forty seven access1ons of blttergourd grown at NBPGR
w}Vellanlkkara were’ screened and the result showed that none -
fof the | acoeSS1ons was hlghly re51stant to the flles. TWO»

'-accessz_ons 6 and 1'7B came in - 'the res:.stant group, 26 access:l.ons
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L \ A
,ﬂzlncludlng the check Prlva came under the moderately res1stant

group, twelve came under the susceptlble group and the i

'remalnlng six acceSS1ons were found hlghlv susceptlble.

Seven access1ons/varlet1es selected in the prellmlnary

.screenlng, four new acces31ons Supplled by NBPGR “two local
'varletles along w1th a susceptlble check - Prlya were evaluated )
"for thelr res1stance to frult flles 1n a field experlment
- at the Instructlonal Farm, Vellayanl.« AcceSS1ons 17B and 6 o
:'found res1stant in the 1n1t1al screenlng became moderately |
res1stant in the repllcated fleld experlment | Access1on 35
Whlch was 1n the moderately re31stant group 1n the 1n1t1al
‘screenlng came. 1n res1stant group 1n the repllcated trlal
The access1ons 239 and 244 Wthh were not 1ncluded in the%
1n1t1al screenlng were found more res1stant than access1on 35..
l Based on 1n1t1al screenlng and ranklng based on number and '

| Welght of 1nfested frults, acce351ons 244, 239 and 35 were

' found superlor to other acces31ons in the relatlve re51stance

among the varletles 1ncluded 1n the/evaluatlon. In terms of
‘fyleld of good. frults the res1stant varletles 244, 239 and

35 were: 1nferior to the. susceptlble check Prlya. Hence the
lvarletles are not sultable for repla01ng the ~popular varlety
Prlya in the fleld though they can be advantageously exP101ted ’

,:Ln breedlng programmes for evolv:.ng res1stant and high -

yleldlng_. var;.etles .
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Taboratory observation on the infested fruits collected
frbm»different vaiieties (250 g samples) revenled that the
relatively resistant NBPGR accessions 239, 244 and 35 did nét

show any antibiosis towards D. cucurbitae, when comvared with

the check variety Priya. Accession 17B had significantiy
lower number of maggots pupae and adults and the;lar?al and
pupal mortalities were significantly higher in that accession.
But the resistance shown by the variety wns not oonswstent.
This variety élso'can hence be uséd'in fhe bréeding;desirable

accessions,

5. Lvaluatlon of - dlfferent materldlu for caplnp'developlng

blttergourd fruits for the controlof fruit fly damage.,

Paper bags1and cloth bags did not comﬁletely protect the
fruits from the egg layinp by the flies though there was
significant reduction when compared to control. The frults
covered with pplythene bags gave complete protection of the
'fruits.from.egg laying and subsequent damage by the emerging

- maggots.

The cost benefit of +he mechanlcal protection uélng

dlfferent types of bags revea]ed that polv+hene bags gave
the highest return (Rs. 13697/ha) while net addltlonal income
-obtaiqed‘by suing paper bag‘was Rs. 7235/ha only. Cloth bags

by virtue of their high cost, were not found economical,
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3 settlng.i

An observatlonal trlal revealed that the bagglng of

deve10p1ng frults had ‘a favourable 1nfluence on size and

‘ welght of the frults when full grown and the cuttlng of
lsunllght by us1ng paper bags had no adverse effect on. the _
;frults. . The effect of coverlng the frults w1th the polythene
'bags for vary;ng perlods from frult set was studled in a

3f1eld exoerlment and it was found that fruits protected up to'

eight days were completely free from the attack by the flles.'
The fly did not lay eggs.on fruits beyond eighth day after

s

6. Comparative evaluatlon of non-1nsect1c1dal methods for

the control of Q. cucurbltae on’ blttergourd

The effect of bagglng the developlng fru1ts, trapplng-'

~ the’ fruit flles?and oomblnatlon of both in comparlson W1th

‘~athe current practlce of Spraylng the crop at weekly 1ntervalSnx

after frult set. was’ studled through a fleld experlment at the-’

Instructlonal Farm, Vellayanl.‘ The best yield was obtalned

from plots in- Wthh the frults were bagged and trapplng of

‘adults Were done It was followed by bagglng alone. - The‘

trapplng of flles came on. par W1th insecticidal spraylng and

s1gn1flcantlv superior to control
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APPENDIX I

Data relating to Table 5

- Mean number of fruits obtained in harvest done at

T}eétments -
u . 8th WAP  Oth WAP . 10th WAP 11th WAP 12th VAP
Lew 21,33 23,33 24,00  17.00 19.00
e 23.67  27.33  15.00 11.33. 17,33
Priya 41.33 5533 47.67 30,00  37.67
NBPGR 6 20.62 38.00  4.00  2.00 6.33
;o T AT 48,33 42,00 © 26.35  34.33
s 17B 53.00 * - 58.00 5.00 5.33 . 12.67
b» 19 34,00 47.67 - 47.00  31.66  36.67
.y 35 | 25,67 . 36.00 54.00 28.33 28,67
,» 80 . 42,00 56.00  54.00  35.66  38.67
.o 85 32,67 40.00  27.335  19.00 . 26.67
.o 239 30,00 37.33  27.00 20.00 ' 29.00
v 244 27.67 45.53 65.33  38.67 33.00
oo 261 4T.00 SB.6T 6467 44.67  34.33
,y 271 '~18.oo 322.33 27,67 18,00 23,00 -

WAP : weeks after planting
LGW : local greenish white
LG : local green ‘ ,
NBPGR : National Bureau of Plant Genetic Resources
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APPENDIX  II

| Daté'relating'tb_Table 6

-—

~ Mean weight of fruits obtained in harvest done at

: Treafmehts

LGW .

LG : local'greeh o o .
NBPGR : National Bureau of Plant @Genetic Resources o

local greenish. white

8 WAP 9 WAP' 10 WAP 11 WAP 12,WABﬁ;
LGV 673E33 'i460300:, 1365,671 766,67 366.67
W 666.67 124667 . 73333 933,33 566,67
Priya 110000 2780.00 2700.00  1400.00 900,00
CNBPGR 6. 453.33 1653,33 2200.00 140000  600.00
‘ ;;'f”  7 iissan 284é;g1u,_2ogg;g7 f'.§6éQ67 980.00
yyo  17B 2160,00 3546561' 2466.67 < 1133.33  1133.33
e 19 846,67 2066.67 1966.67  966.67 . 900.00
e B 706467 11840.00  2200.00  1366.67 600,00
., 80 113,33 2306.67 2166.67  1200.00°  933.33
., 83 1253133- ,2086.67' 1353.33 f1266,67‘ .'766.67
,,-_239,:“ 846;06 ' 1766.67  1966.67 2033.33  T50.00
L. 244 180.00  960.00 1300.00 1033.33 383,33
o 261 ‘593.33' 175%.33 12000.00°  1033.33  1033.33
,,_‘:271' | -693,33,',1293;33, ,1433.37  _1133.33' - 633433
'WAP‘: weeké affet-pléﬂfing
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ABSTRACT - -

_Bittergourd isjvery p0pular among the yegetable growers
in Kerala. Frdit flies take'a-heavy toll of‘this crop. and
L intense use of pesticides is a common practice of . cultivators
:often leading to serious res1due hazards in the marketed
fruits.' In the present 1nvest1gation an attempt was, made to
standardise non-insecticidal methods of control for tackling

this pest problem.

Laboratory evaluation of potential‘attractants of
fruit. fliesdviz eﬁgenol eucalyptus oil, citronella oil
borax, ammonium phOSphate vanilla essence, Jaggery, sugar,
v1negar, honey, toddy and bittergourd fruits were screened B

for baitlng 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 concentratlons of honey, sugar, Jaggery, toddy and j'
v1negar were tested for their attractiveness to the flies 1n
the laboratory. The result showed that (1) honey at the'

highest concentration of 1% attracted the maximum number of

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

(3) 1mmature stages of bittergourd fruits showed poor attrac-
tion and (4) ripe bittergourd fruits showed ma xi mum attraction~

to the flies up to 12 h of exposure,

i



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

wasvfoundveffective as a bait in field evaluation.

Evaluatlon of different banana varieties (nendran,
~poovan, palayankodan and rasakadali) taking honey as standard
conducted in the field showed- that honey one per oent

palayankodan and poovan varieties of banana fruits came on

par.

Forty seven‘acce881ons of bittergourd grown at’ NBPGR
Vellanlkkara 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 acces51ons 17B and 6, found re51stant in the initial’
screening. became moderately re81stant in the replioated field
-experiment Accession 35 Whlch was 1n the moderately f |
‘resistant group in the initial screening came in the res1stant
~group in the ‘replicated trial The accessions 239 and 244

were found more ‘resistant than accession 35.

Laboratory: observation on the infested fruits collected

:from different varieties revealed that the relatively reS1stant



" NBPGR accessions»239yv244 and 35 did not show any antibiosis

" towards D. cucurbitae 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 bags and cloth bags did not com-\
pletely protect the frults from egg laying by the flies.

‘The fruits covered w1th polythene bags gave complete protec-"

vtion from egg 1ay1ng.v“

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 flles and combination of both in comparison w1th

o

the current practices of Spraying the crop at weekly 1ntervals
‘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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