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Effectiveness of Bacillus thuringiensis Berliner var. Kurstaki
on the Grape Berry Moth Lobesia botrana Den. and Shiff.

(Lepidoptera, Tortricidae) under Field and Laboratory Conditions

in Crete'

N. E. RODITAKIS

Plant Protection Institute, 711 10 Heraklion, Crete, Greece

ABSTRACT

The effectiveness of Bacillus thuringiensis Berliner var. Kurstaki (Dipel Abbot Lab.)
against the grape berry moth (Lobesia botrana Den. & Shiff.) was evaluated under
laboratory and field conditions. Under laboratory conditions (24=%0.5°C, 55%£5%
r.h., 2,000 Lux, and 16 hours light daily) B. thuringiensis was compared to tri-
flumuron and methomyl on egg hatching and shallow entries per grape berry. B.
thuringiensis had no effect on egg hatching while methomyl and triflumuron had ovi-
cidal action. Shallow entries per grape berry were 0.9-1, 0,0 and 4.55 for B. thurin-
giensis, triflumuron, methomyl and control, respectively. Under field conditions,
using as criteria for the timing of sprays: a. pheromone and food trap catches and b.
visual counting of egg laying and a threshold of 20-30 eggs/100 grapes, two applica-
tions of B. thuringiensis at Kastelli Pediados in 1981 and four at Peza in 1982 were
made both at the 2nd and 3rd flights. Its effectiveness was 96-100% and 92% at Ka-

stelli Pediados and 73-75% at Peza.

Introduction

The microbial insecticide Bacillus thuringiensis
Berliner (Bt) possesses a number of important
attributes that favor its use in a pest manage-
ment programme. Among these are its gene-
rally nontoxic nature to both plants and verte-
brates and its relatively specific action on cer-
tain insect species (Burges and Hussey 1971,
Yamvrias 1962, 1964, Oatman and Legner
1964). It has shown considerable promise in
the control of several important lepidopterous
pests while having no adverse effect on benefi-
cial species (Frischknecht and Muller 1976).
So. an effective biological control agent as part
of an integrated control programme could con-
tribute to grape berry moth (GBM) control, li-
miting the use of toxic chemicals hazardous to

'Received for publication September 29. 1986,

the environment and human health. It must be
noticed that growers of table grapes are among
the heavier users of pesticides.

Many authors have described the susceptibi-
lity of GBM to a variety of strains of Bt (Roeh-
rich 1970, Stoeva 1978, Akhmedov 1974, Buess
and Bassand 1976, Boller and Remund 1981,
Baillod et al. 1985). Bt has been also used ef-
fectively in the field mainly against lepidopte-
rous pests e.g. the Mediterranean flour moth
Anagasta kuehniella Zeller (Yamvrias 1962),
the olive moth Prays oleaec Bern (Yamvrias
1964, 1972), and the eye spotted bud moth Spi-
lonota ocellana Denis et Shiff. (Oatman and
Legner 1964). Because neonate larvae of L.
botrana feed on berry tissue for only a short
period before entering the berry. dosage and
timing of applications of the control agent are
quite critical and may be the main cause of the
variable cffectiveness observed in field tests
(Buess and Bassand 1967, Boller and Remund
1981, Valli 1978, Schmid and Antonin 1977,
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Rochrich 1970, Fillip and Alexandri 1975, Col-
bric 1980). Several feeding stimulants increase
the effectiveness of Bt such as 1% sugar (Bol-
ler and Remund 1981, Baillod and Schmid
1978). 5% sucrose (Abdul-Sattar et al. 1982).
It is also known that UV affects the viable spo-
res of Bt (Falcon 1971, Burges and Hussey
1971, Roehrich 1970) but the crystalline toxin
remains unaffected. The special type of instal-
lation (crevatina) of table grape cv Razaki per-
mits good coverage of the berries since most
grapes are suspended beneath the horizontal
wire frame used to support the vine shoots whi-
le UV is greatly impeded by leaves arranged
over the grapes. For the above reasons we
thought that it would be very interesting to test
the effectiveness of a certain Bt formulation in
the field under the conditions of Crete island.
Good control on the grape berry moth could
reduce the use of broad spectrum insecticides
hazardous to the beneficial fauna and human
health.

Materials and Methods

The experiments were carried out at Kastelli Pedia-
dos in 1981 and at Peza in 1982 which are the main a-
reas of Crete growing table grapes cv Razaki. The ti-
ming of applications was determined by the following
criteria: a. pheromone (Pherocon 1C Zéecon) and
food traps (water: vinegar 6%.: sugar, 0.940 It
40em®: 20gr) checked and serviced three times a
week, b. visual counting of egg laying on grape ber-
ries at intervals of three to four days (period shorter
than the development time of eggs from oviposition
to hatch in the field, Table 1), starting point of egg

counts was the first burst of flights, c. the threshold

for application was 20-30 eggs/100 grapes cumulative-
ly. The application was repeated if the egg laying pe-
riod was over 10 days. Counts of egg laying were on
16 grapes per plot (four grapes per plant sampled).
The experiments were arranged in a randomized
block design with four replications of 16 vine plants
per plot (4X4) of which only the four internal ones
were sampled. Spraying was applied by a Knapsack
sprayer, and a volume of 10 1t of insecticide solution/
block was used. In April and May sprays could not
be timed properly during the Irst flight because of in-
clement weather. thus we treated the 2nd and 3rd fli-
ghts. There were used: a. the commercial formula-
tion Dipel (B. thuringiensis var. Kurstaki from Ab-
bot Laboratories) 1.U. 16,000 in dose 20 gr WP/10 It
water, b. the feeding stimulant CoAX (cottonseel
flour. disaccharide, vegetable lipil oil, ethoxylated e-
ster Zoecon) in dose 10 gr/10 1t water in combination
with a half dose of Dipel (10 gr/100 It water).

Laboratory studies were designed to determine the
efficacy of B. thuringiensis sprayed on grape berry
moth eggs in the field in comparison with methomyl
and triflumuron (chitin synthesis inhibitor). Tri-
flumuron has ovicidal properties, although the em-
bryo develops the larva is unable to hatch, and exhi-
bits reduced harmful effect on the beneficial fauna
(Hammann and Sirrenberg 1980, Schmidt and Dor-
ntlein 1980). This compound has not been registered
in Greece as yet. Methomyl, a conventional insectici-
de with ovicidal properties on grape berry moth eggs
(Marcelin 1983) has a restricted use in Crete because
of absence of experimental data under local field
conditions, while it has been widely used against
greenhouse pests.

All eggs were obtained from a six month old labo-
ratory culture (24+0.5°C, 55£5% r.h., 2,000 Lux 16
hours daily). Strips of parafilm paper on which the
eggs had been laid were immersed in the solution of
B. thuringiensis in the dosages mentioned above with
gentle agitation for 20 seconds. Methomyl (Lannate
Du Pont) and triflumuron (Sir Bayer) concentrations

TABLE 1. Fluctuation of egg density (eges/100 grapes) of grape berry moth (GBM) on table grape cv Razaki at Kastelli Pe-

diados and Peza in 1981 and 1982, respectively,

Kastelli Pediados 1981

Peza 1982
IT gen. 111 gen. 1T gen. I11 gen.
2006/81 2 18/8/81 0 22/6/82 6 18/8/82 14
#23/6/81 8 20/8/81 2 26/6/82 15 20/8/82 26
26/6/81 1 23/8/82 10 *3(/6/82 29 *23/8/82 39
30/6/81 0 F26/8/81 7 51782 10 "UATIRIRL 52
10/7/82 12 119182 10

30/8/81 0

* Dates of application of GBM.

** Repetition of application because of a 25 mm precipitation on 24/8/82,
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TABLE 2. Effectiveness of Bt and Bt (half dose)+feeding stimulant according to mean number of injuried grape berries under
field conditions in Crete. In each column, means followed by the same letter are not significantly different by Duncans multiple
range test (P=0,05). Volume of spray/application was 10kg/4 vines plot. Applications were at Kastelli: 1981 June 23, Aug. 26

and Peza: 1982 June 30, Aug. 23 and 27, Sept. 1.

Kastelli Ped. 1981 Peza 1952
Treatment IT gen. 11T gen. I gen. 111 gen.
Bt 0.00a 0.3a 28a 6.4a
Bt (1/2 dose )+ CoAX 0.06a 0.3a 2.5a 3.7a
Control 1.43b 34b 1.2 b 17.0b

were 0.03% and 0.013% a.i., respectively. Unripe
grape berries of cv Razaki were also immersed in the
same manner and the treated eggs and berries were
transferred to glass Petri dishes in a temperature ca-
binet (24+0.5°C, 50£5% r.h., 2,000 Lux for 16 ho-
urs daily). One hundred eggs from each treatment
were examined to determine percent egg hatch. Al-
s0, 25 newly hatched larvae were transferred individ-
ually to the treated berries. Seven days later mortali-
ty and shallow entries were measured. There were
four replicates.

Results and Discussion

The effectiveness of B. thuringiensis was noti-
ceable, 96-100 and 92% in the 2nd and 3rd ge-
neration respectively, at Kastelli Pediados in
1981 but at Peza it was moderate, 73-75% and
63-79% in the 2nd and 3rd generation respec-
tively, in 1982 (Table 2). The difference was
possibly due to the higher egg density (Table 1)
and the longer egg laying period in 1982. There
was no significant difference between the effec-

tiveness of the normal dose of Bt (20 gr/10 It
water) and half dose combined with a feeding
stimulant. In laboratory tests, Bt had no effect
on egg hatching but a significant mortality on
newly hatched larvae (75-85%) was measured
four to five days later (Table 3). The infested
larvae stopped feeding from the 2nd day but
caused shallow entries on grape berries. These
shallow entries were significantly fewer (0.9-
1.5) than those of the control (4.55) but under
favourable conditions (high humidity and low
temperature) the Botrytis cinerea infestations
throve. These conditions usually occur in mid-
autumn and coincide with grape picking. Me-
thomyl and triflumuron had en excellent ovici-
dal action (100%). The embrya developed nor-
mally in treated eggs but were unable to
hatch.

Triflumuron was tested in the field against
the grape berry moth at Peza the same period
(1982) and gave good control (Roditakis
unpublished). Many insect growth regulator

TABLE 3. Effectiveness of Bt and Bt+feeding stimulant on egg hatching (48h-old eggs) and survival of larvae under laborato-
ry conditions (24£0.5° C. 55%5% r.h.. 2,000 Lux 16h daily). In each column, means followed by the same letter are not signi-

ficantly different by Duncan’s multiple range test (P=0.03).

Eggs Shallow

unhatched/ Dead entries/
Treatment 100 eggs larvae grape berry
Bt 11a 75a 1.5 a
Bt+CoAX 11a 85a 0.9 a
Control 15a 6b 4.55b
Triflumuron 100 b - 0.0 ¢
Methomyl 100 b = 0.0 ¢
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substances have been widely used in the field
against GBM in an integrated pest manage-
ment programme in the last ten years. The ab-
sence of harmful effects on many beneficial ar-
thropods (honey bees. syrphids, chrysopids,
coccinelids, predacious mites, and parasitic hy-
menoptera) has been observed repeatedly
(Frischknecht and Muller 1976, Tranfaglia and
Viggiani 1976, Voight et al. 1979). On the o-
ther hand mixtures of Bt with insecticides at
sublethal doses such as phosmet, phosalone
etc. have been used successfully (Fillip and A-
lexandri 1975). The use of ovicides could be
part of an integrated pest control program on
table grapes. Certainly we need a series of tests
on mixtures of Bt with ovicides at sublethal do-
ses, especially those having the least harmful
effects on beneficial fauna and human health.
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Anoteheopatikotnta tov Bacillus thuringiensis Berliner var. Kurstaki otnyv
Evogpioa tov Apneiod Lobesia botrana Den. and Shiff. (Lepidoptera,
Tortricidae) g ZovOnkeg Aypov ko Epyactnpiov

N. E. POAITAKHZ

Ivatitovto INpootacias uteyv Hpaxieiov, 711 10 Hpdxicio Kprjtne

IHEPIAHYH

AZiokoynnke n aroteiecpatikotnte tov Bacillus thuringiensis (Dipel) otny eudspidu touv apne-
aot Lobesia botrana Den. xut Shiff. otnv emitpunélie rtoikiiia Paloki otov aypo kol ce cuv-
nkec Epyaotnpiov. Ot wekaopol dievepyritnkay Bdoel 1oV TEpuKdTo KPLTnplov: d. GUALTYWELS
ulqml'mv ot ﬂuyiﬁv {I}&.popévng KUl 6 rpocboﬂuyiéu,, 8. onTikn exTipnon tov evenobicemy TV
aUyOy oE OpLopéVa xpovnxu OLUCTNNUTA, Y. KPLTNPLO Snapﬁacawv Ld) 00OV 1 TUKVOTN T EVUTO-
Déoemv r]mv 20-30 auya 100 (Imd)uklu abporoTikd Kot emavainyn otav 1 nepiodog evanobicemy
Hrav peyarvtepn tov 10 nuepov arnd v enépBoon. Atevepynnkav 2 yekaopol cuvorlikd to
1981 oto Kaotéht (Hpukieliov Kpitng) yie v 2n kot 3n yeved kat 4 ywexaopol ota Mela (Hpu-
kietov Kpring) to 1982 ot 2n kat 3n yeved. Xpnowonotidnkav to Dipel TU 16.000/mg otn
doom 20gr/10 1t vepd kut o cuvduaopoc Dipel 10 gr/10 1t vepd pe éva ehkuetikd tpodric CoAX
otn doon 10g/Kg vepd. H unorskacuutmdmw tov B. thuringiensis o Bynoipdtnta tpovupdoy
frav 96-100%, ko 929, otn 21 Kot 3n ﬂ(avcu uvttc‘rmxu o10 Kaotéht to 1981 kot 73-75", ko 63-
79%, ota Ha_u T0 I9SI ot 2n KU1 3N yeved aviicTory, Ympic oNUUvTIKES S1udopis HETUlD ToV
enepBaoewv.

Zto gpyuctipro (24+0.5°C, 55+5% r.h., 2.000 Lux xa1 16 kpeg dog nuepnoing) afioroynbn-
KE 1) umoTeAECHUTIKOTNTA Tov B. thuringiensis 6ta auyd Kol ot Tpovipdes mou eEEpYOVIUL 68
oUykplon ue to methomyl 0.03%, 6.0. ket to triflumuron 0.013%, 6.0. (tepepnodiotig ovvleong
yitivneg). O B. thuringiensis dev enn pealet Tnv aKKéhuwn TV uwa’w EVOD OTIC alspxdpsv&. Tpo-
wu(bag rpad)o;.lavsb HE payes mou Exouy wekaotel wpy 48h npomnm Ovnowotnta 75-857%, votepa
and 4-5 nuépeg. Ta methomyl kot triflumuron £youvv avyoktdovo dpdan (100%). O cuvdvucuodg
tou B. thuringiensis pe £€vu GuyOKTOVO TOUL EIvUL OGO TO SLVETOV FUUTANS TOEIKOTNTUG Kl dKIV-
SUVO Y10 T0 OPELLO EVIONU KL TOV c’wﬂpmno glvat ToAd mbavo vo anoteréoel Kulﬂ pebodo ku-
Tanoksunsnt, tou L. botrana ctnv npu n £¢” 6oov 10 B. rhurmg.rens.rs povo tou dev p:r:opax va
TPOCTATEWEL TIC PAYES UTO TIG HIKPEG TANYES TOU TPOZEVOUV Ol VEGPES TPOVURDES TOU EVIOHOU
uey pt va Buvatobovv and ) dpdon tou Bakiiov. O pIKPES HUTES TANYEC UTOPET ApYOTEPE VUL O-
MOTEALEGOUV £GTIES HOAUVETIS umd TO piKNTa Botrytis cinerea.
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