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Laboratory of Applied Zoology and Parasitology,
Faculty of Geotechnical Sciences,
University of Thessaloniki, GR-340 06 Thessaloniki, Greece

ABSTRACT

Grape vine (Vitis vinifera F.) inflorescences were caged in a bag of organdy in the field,
and artificially infested with 15 neonate larvae of Lobesia botrana (Denis and Schiffe-
rmueller) (Lepidoptera: Tortricidae). Olive twigs, each bearing 5 pairs of
inflorescences were caged likewise. In laboratory experiments 15 neonate larvae were
placed in each Petri dish containing one vine inflorescence or an olive twig bearing two
pairs of inflorescences. Three stages of inflorescence development were used, an early,
an intermediate and a late one. Larvae, pupae and adults were maintained at L:D 16:8
and 24°:22°C. In the field, when comparing inflorescences of the earliest develop-
mental stage, the rate of larval development was significantly faster on olive than on
vine inflorescences. In the laboratory. when comparing inflorescences of similar devel-
opmental stages, the rate of larval development on olive inflorescences was signifi-
cantly faster than that on vine inflorescences. Pupae of both sexes were significantly
heavier on olive inflorescences in all the cases in the laboratory, but in only some cases
in the field. In the field the number of eggs per female and the coefficient of multiplica-
tion of the insect’s population from generation to generation were greater on olive
(102.6 and 3.8 respectively) than on vine inflorescences (81.7 and 2.9). In the labora-
tory, the respective values were 118.5 and 12.3 on olive, and 90.2 and 4.9 on vine
mflorescences. In two-choice tests in the laboratory, vine inflorescences were preferred
for oviposition to olive inflorescences and to vine or olive leaves. In no-choice tests,
vine leaves, vine inflorescences, olive leaves and olive inflorescences in the least ad-
vanced stage, were all equally accepted for oviposition.

Introduction gnidium (Thymeleaceae) seems to constitute the

Lobesia botrana is a polyphagous species, with
host plants reported to belong to 27 different
plant families at least. Vitaceae, Thymeleaceae,
Rosaceae, Rhamnaceae, Ranunculaceae, Poly-
gonaceae, Umbelliferae, Compositae, Convo-
Ivulaceae and Oleaceae are among them (Ba-
lachowsky and Mesnil 1935, Isaakidis 1936,
Bovey 1966. Galet 1982, Stoeva 1982). Daphnae

"'Received for publication June 26, 1990.

original host of L. hotrana. Its adaptation to the
grape vine is considered by Balachowsky and
Mesnil (1935) to be relatively recent, because at
the end of the 19th century the insect was rarely
and occasionally found in the vineyards of
France and its presence was never generalized
as in the early 1930’s in that country. Among
the Oleaceae reported as hosts of L. botrana are
the cultivated olive, Olea europaea L., and the
ornamentals Svringa vulgaris L. and Ligustrum
vilgare L. (Balachowsky and Mesnil 1935,
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Isaakidis 1936, Bovey 1966, Stoeva 1982).

Isaakidis (1936) reports that 1. Raftopoulos
and N. Mantzoros of the Patras Plant Protec-
tion Station in southern Greece, found larvae of
L. botrana on olive inflorescences. They reared
them on olive flowers and obtained adults.
Infestations of olive inflorescences by this insect
do not seem to be rare, at least in Greece and
Bulgaria. Our laboratory stock of the insect was
obtained from olive trees near an abandoned
vineyard in Halkidiki (Tzanakakis and Sa-
vopoulou 1973). E. Angelakis (1987, personal
communication) often found larvae on in-
florescences ol olive trees adjacent to vineyards,
on Crete. Stoeva (1982) found in Bulgaria that
up to 45% of olive inflorescences were infested
with larvae of the first generation. She found
pupal length, pupal weight and adult fecundity
of field-collected L. hotrana to be greater on
olive inflorescences than on vine inflorescences
or sweet cherryfruits.

Recent work in our laboratory (Savopoulou-
Soultani and Tzanakakis 1987) showed that on
olive inflorescences of the cultivar ““Megaritiki™
and on vine inflorescences of the cultivar “Ra-
zaki™ larval growth was fastest in the most ad-
vanced stages of inflorescence development.
Larval development on olive inflorescences was

E

approximately 15% faster than on vine in-
Norescences. By contrast. field experiments
showed no significant differences in the speed of
larval development between vine and olive
inflorescences  when we compared in-
florescences of similar stages of development.
Because of the small number of pupae during
that work, pupal weights were not compared
and no fecundity and fertility records were kept.
Therefore, we considered it advisable to obtain
additional data with work on a larger scale,
starting with a larger number of larvae and
observing, in addition to the duration of larval
growth. pupal weight, fecundity, and fertility of
adults and to also test the acceptability of olive
and vine leaves and flowers as oviposition sub-
strates for L. botrana. Such work is reported
below.

Materials and Methods
The larvae were of our laboratory stock which ori-
ginated in northern Greece and had been main-
tained for 16 years on artificial diets we developed
(Tzanakakis and Savopoulou 1973, Savopoulou-
Soultani and Tzanakakis 1979). The grapevine
inflorescences were of the “Razaki”™ white table
cultivar, and the olive inflorescences of the “Me-
garitiki” cultivar. Three stages of development of

H |

FIG. 1. Stages of development of the vine (1) (after Baggiolini 1967) and of the olive inflorescences (2) (after Colbrant

1981) used in the experiments.
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the inflorescences of both plants were compared,
For the vine they were G. H and | (Baggiolini 1967)
and for the olive E, F, and F1 (Colbrant and Fabre
1981) (Fig. 1).

In the field, vine inflorescences were used with-
out being removed from the vines in a vineyard at
Eginio, 44 km southwest of Thessaloniki and on
the University Farm. Fifteen neonate larvae of L.
botrana were placed on each inflorescence and sub-
sequently caged in a bag of organdy. On the olive
trees, the apical part of a twig, bearing 5 pairs of in-
Mlorescences was caged likewise. after the leaves
from each inflorescence-bearing node were remov-
ed and 15 neonate larvae placed on it. There were 7
replicates per treatment. The caged plant parts
were checked twice a week, to observe larval devel-
opment and condition of the inllorescences. Pu-
pation took place in the folds of the organdy bag.
Pupae were removed twice a week. taken to the
laboratory and maintained at L:D 16:8 and
24°:22°C. They were weighed when 7-10 days old.
Of the emerging adults five pairs were maintained
at the same conditions in 5% 7.5 % 9.2 ¢m truncated
conical cups of transparent hard plastic, covered
with tissue paper and provided with a cotton wool
soaked in 5% sucrose solution, to record fecundity
and fertility. The eggs were laid on the walls of the
cups.

In the laboratory, one vine inflorescence was
placed inside a 9 em (diameter) glass Petri dish.
with a moist piece of cotlon at the base of its axis to
avoid withering. Likewise, a piece of olive twig bea-
ring 2 pairs of inflorescences was placed in each
Petri dish, after the leaves were removed. and a
moist picce of cotton was added to its basal end.
There were also 7 replicates (dishes) of 15 larvae
per treatment. The inflorescences were stored in a
refrigerator for up to two weeks, depending on the
needs. The vine inflorescences were collected from
the University ol Thessaloniki Farm, 10 km to the
south of the city of Thessaloniki. Larval develop-
ment and plant part condition were checked daily.
Withered or rotten plant parts were replaced
promptly with fresh ones taken from cold storage.
Rearing took place at L:D 16:8 and 24™:22°C. A
piece of corrugated paper, provided the pupation
site. Pupae and adults were maintained under the
same conditions as those produced in the field.

To determine the population increase [rom one
generation to the next, we calculated the coefficient
ol population multiplication: C=
{R/2) * LI x F x E (Guénnelon et al. 1970) where R
is the percent of adults per neonate larva. Lf the

percent of mated females, F the number of eggs per
female. and E the percent of egg hatchability. R is
divided by 2 because the theoretical sex ratio for L.
hotrana is ca. 1.

The oviposition prelerence experiments  were
conducted in the laboratory at 16:8 L:D and
257:23"C. Substrates were inflorescences or leaves.
The vine leaves were tender ones. having approxi-
mately half their final size. The olive twigs had
mostly leaves of the previous year's growing
season, followed apically by a few young ones of
the current season. All experiments except one
were of the choice type. Four females per
15*15% 15 em cage constituted a replicate, The
moths were held m groups of 5 pairs in plastic cups
until testing. They were provided with 5% sucrose
solution. The females were introduced into the test
cages on the next day of their first ovipositions.

Means were compared at the 0.05 level using
Duncan’s (1955) multiple range test, while per-
centages were compared using the z-criterion (Steel
and Torrie 1960) and oviposition preference using
the test for multiple comparisons (Wilcoxon and
Wilcox 1964).

Results and Discussion
Larval development and survival.

In the field. It is seen in Table | that on vine
inflorescences which were in stages H and 1,
larval development was significantly faster than
in stage G. On olive inflorescences larval devel-
opment was also faster in the more advanced
stages F and F, but not significantly. Develop-
ment on all three stages of olive inflorescences
was slower than on the best two stages ol vine
inflorescences, but not significantly,

Pupal weights were generally greater on olive
inflorescences, than on vine ones, but mostly
not significantly so. Pupal survival was gen-
erally high on both host inflorescences. In con-
trast, larval survival was generally low, result-
g in a low yield of adults per neonate larva.
This low yield in adults could be due to insuffi-
cient food for the larvae in each caged
inflorescence or twig, or to other factors.

In the laboratory. As seen in Table I, larval
development was significantly faster in the
more advanced inflorescences of both plants
and slower in the less advanced ones. A compa-
rison of inflorescences of similar stages of devel-
opment between the two plants, shows that
larval development was significantly and sub-
stantially faster on olive. Pupal weights were
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TABLE 1. Performance of Lobesia hotrana on vine and olive inflorescences in the field and the laboratory (L:D 16:8,

24%:22°C). (7 = 15 neonate larvae per treatment).

Mean weight of

7-10 day-old pu-  Adult as

pae (mg) percentage of
Mean duration
Stage of inflors,  Date inflors. were of larval stage
Larval diet development caged or picked  (days) Males Females L1 Pupae
Field experiment
Vine inflors. G 24.V.87 30.5a 4.3a 5.7a 11.4a 63.2ac
do. H 4.VL.87 25.7b 4.7ab  5.8a 12.4a 86.7b
do. 1 T.VLE7 25.2b 4.0a 6.0a 10.5ae  84.6b
Olive inflors. E 26.V.87 27.7b 4.8ab  6.6ab 27.8¢ 83.3b
do. E 7.V1.87 26.4b 5.5b 6.8ab 4.8be  80.0bc
do. F, 12.V1.87 26.0b 5.0b 7.3b 2.9b 66.7ac
Laboratory experiment
Vine inflors, G 21.V.87 30.0a 4.2a 7.3a 14.0a 60.0a
do. H 4.V1L.87 24.5b 4.5a 7.9a 17.7b 65.8b
do. 1 10.VL.87 19.0d 4.3a 7.0a 21.9be 59.0a
Olive inflors. E 29.V.87 22.3¢c 6.2b 9.7b 219ae  76.7bc
do. F 5.V1.87 17.2d 6.7b 9.3b 33.3d 81.4¢
do. F, 10.VLET [, 38 6.0b 9.8b 32.4d 77.3be

Within each experiment and column. numbers followed by the same letter do not differ significantly at the 0.05 level, by

Duncan’s multiple range test.

also significantly and substantially greater on
olive inflorescences. The yield in adults was also
significantly greater and pupal mortality lower
on olive than on vine inflorescences. Therefore,
in the laboratory, olive inflorescences were
superior to vine ones as food for larvae of L.
botrana,

Fecundity and fertility

As seen in Table 2, the number of eggs per
female and the coefficient of multiplication of
the insect’s population from generation to

generation were greater on olive than on vine
inflorescences, in both field- and laboratory -
reared larvae. Egg hatchability was not signifi-
cantly different between the two plants in either
field- or laboratory- reared insects.

Oviposition preference

As seen in Table 3, in the two-choice tests vine
inflorescences were preferred for oviposition to
olive inflorescences and to vine or olive leaves.
Vine leaves were preferred to olive
inflorescences in stage F but not in stage E.

TABLE 2. Reproduction at L:D 16:8 and 247:22°C of Lobesia botrana reared as larvae on vine and olive inflorescences

in the field and in the laboratory,

CoefTicient of multi-

No. of Adults as per- Mated fe-  Mean no. of  Egg hatchability plication from gener-
Larval diet females centage of L, males (%) eggs/female (%) ation to generation
Reared in the field
Vine inflors. 20 88.9a §1.7a 69.1a 29
Olive inflors. 25 94.3a 102.6b 65.8a 38
Reared in the laboratory (L:D 16:8. 24°:22°C)
Vine inflors. 30 21.2 85.3a 90.2a 72.6a 4.9
Olive inflors. 40 292 90. 1a 118.5b 78.9a 12.3

Within each experiment and column. numbers followed by the same letter do not differ significantly at the 0.05 level, by

Duncan’s multiple range test.
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TABLE 3. Oviposition preference of Lobesia botrana on flowers and leaves of vine and olive in two-choice and no-

choice tests,

Oviposition substrate No. of replicates

Stage of inflors. development

Mean no. eggs/replicate/
day (49 replicate)

Two-choice tests

Vine inflorescences 11 G 15.0a
Olive inflorescences E 0.0b
Vine inflorescences 12 G 32.0a
Vine leaves 0.0b
Vine inflorescences 12 G 9.0a
Olive leaves 3.0b
Vine leaves 4 3.0a
Olive inflorescences E 2.0a
Vine leaves 11 18.0a
Olive inflorescences F 8.0b
Vine leaves 10 10.5a
Olive leaves 5.0b
Olive leaves 5 2.0a
Olive inflorescences E 1.0a
Olive leaves 11 28.0a
Olive inflorescences F 4.0b
No-choice test
Vine inflorescences T G 18.0a
Vine leaves 8 17.5a
Olive inflorescences 5 E 8.0ab
Olive inflorescences 8 F 2.0b
Olive leaves 7 12.0a

Within each test, means followed by the same letter do not differ significantly at the (.03 level, by Wilcoxon and Wilcox

test for multiple comparisons,

They were also preferred to olive leaves. Olive
leaves were preferred to olive inflorescences in
stage F but not in stage E. As seen in the no-
choice test, significantly and substantially fewer
eggs were laid on olive inflorescences when in
stage F, than on vine inflorescences, or on vine
and olive leaves. Therefore. when the moths
had no choice. they accepted vine leaves. olive
leaves and olive inflorescences in stage E equal-
Iy well as vine inflorescences.

The present work substantiates the previous
year’s preliminary results, that larvae developed
on olive inflorescences as fast and in some cases
faster than on vine inflorescences and that the
pupae were heavier. It also proves that, both in
the field and in the laboratory. the adults pro-
duced on olive inflorescences give more eggs

than those produced on vine inflorescences.
Yet, the female moths, in the absence of vine
inflorescences, laid as many eggs on olive leaves
and inflorescences (stage E) as on vine leaves
and inflorescences. In view of the fact that L.
botrana oviposits readily on olive inflorescences
and that an ordinary olive grove adjoining a
vineyard may, in most years, offer an abun-
dance of olive flowers, there is no question that
an olive grove may contribute to the produetion
of large numbers of first-generation adults of
this insect, which may lay more eggs than those
developed on vine. Therefore, olive trees may
constitute an important source of infestation of
nearby vines by moths of the first generation.
Such a source of infestation should be taken in
consideration when planning control measures
against L. horrana.
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Avantuén kar Avanapaymyn tov Lobesia botrana
oc AvBotalisg Apnéhov ko Elag

M. ZABBOITIOYAOY-ZOYATANH, A. I'. ETAYPIAHZ kot M. E. TZANAKAKHZ

Epyaatipio Epapuocuévne Zwoloylas kar Hapaoiroioyiac, Zyoin Ieoteyvicov Eniotyucy,
Haveniatijpio Geaaalovicng

NEPIAHYH

"Eyivay netpdpate 1060 otny iratfpo 660 Kol 6To pYUcTplo, He OKOTO Vi 618 mcpwmrsi 0 po-
hog tng eMdc og Eeviatn tou Lobesia botrana (Dennis kut Schiffermueller) oe oyéon pe v (:pnr—
ho. Xta mtpuuum unaifpou m:pumpn()nw 1 avamTuEn ™me npovipeng o avbotatieg apnéhov
Kol Edldg og 3 Suupopetika otadin avantuing tne avlotuliuc, T(p(s.ll[.l() EVOLAUEGO, UVUTTUYLEVO.
Mo 1o oxond autd eykioPiomkay 7 uv@mut,lsf GUTEROU 08 GUKKOUS (O OpYuvVTIvVU tQov
wponyoupéveg torobetnnkay 15 veoekkohupleioeg npovipgpes oe kabe avBotuiiv. Ztnv ehud
gykhoBiotnray pe tov id10 Tpono kiediokotl mov épepayv 5 Cevyn avlotufiov, apod agaipiin-
KoV ta eUALe oo toug kOpPoue mov Epepav Tig avBotalisg. Ao wopeg v efdopdada yivotuy
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ELEYXOC TNG EEEMENS TOV TPOVURPOY KUl TNG KUTACTUCTS TV aviotadidv. O mpovingss vup-
PAOVOVTAY OTLG TTUYES TOL oakkov. Ot vipges polevovtay 2 popég v efdopdda Kul peTapspo-
VIV GTO EPYUCTIPLO 0oL dtetnpoliviay ot x®po pe potonspiodo L:D 16:8 wpov kai Oep-
pokpucia 24°:22°C. ZuyiLovtav oe nikia 7-10 nuepav. Ta eviiika torobetolviay avd 5 Levyn
08 TAUOTIKG Stupuvn) Kimelha pe Stuotdoelg 5 x 7.5 ¥ 9.2 cm okendopéva Le yupronetodta. Na
Tpoon) toug eiyav PupPiKt EUTOTIONEVO HE DLAAVLK f'dxup‘qg 5%. Zta m,lp(iuum EpyoaTInpiov
torobetnnke péoa oe tpuPfiio Petri pic avUomg,la apmélov N éveg PAactog ehtag pe 2 Cetvyn av-
Botaidv ko 15 ve osnolu(peswsg rpovipges. O avBotaieg avrikubiotovviay OTay pupaivo-
viav. Kat amnv nepintoon avt) ypnoworombnkay 3 otddie aviantuéng tov ovlotebiov. H
EKTPOPT] TOU EVIOHOL £YLVE OTIC TLO TAVE cuvOnKeC.

Tu nmp(ipum TPOTIUNONG MOTOKING EYtvay oTo £pyuctripto ot L:D 16:8 ka1 25°:23°C, a& H-
kpi peteiiikd khouPid, mov ato kubéva torofetinkay 4 Oniukd. Qg UTOGTPOUATE HOTOKI0G
toroBetovvray avﬂomiwg Kol QUAAG eALdg 1 apmélov. ‘Ol Ta TEWPEPATE EKTOS GO £V TV
TOU TUTTOU BITAN G EMLAOYNES.

Ta nepdpoto vrai@pov 8a1fay 011 1 avdmTLEN TOV TPOVULEGOV GT¢ 3 SLUPOPETIKG oTdd1u
eEEMENS Tov avlotatidv otny gAid 1 nrav Bpu&urapr] amo exeivn ota otddiae H ka1 g apréion,
auhha Oy m]pavnm ahha cnpuvtlxu TayUTEPT and tou otadiov G. Ot vuu(pcu_, oy npom\ﬂa\f
and avin &Mug nNtav fopitepes, yopic  dtapopd va givul og dheg TG e PLITOCELS CTUTIGTIK(
anpaviikn. H vupeien Bvnowdtnta fray yeunin o’ 6heg Tig nepirtdoseic, evod avtibeta, 1 mpo-
VORQLET) Bvnoipotnta ftay vynin,

Ta metpdpata epyactnpiov £detfoy OTL 1 OVETTUET TNS TPOVURPNC NTUV OTNHEVTIKGE TaybTEPT
otig uvBotadieg tng erldc an’ 6T NG upmElov o aviioTolye otadia eEEMENS TV avloTul by,
Ouvipgeg and avlorabieg ehidg Nrav onpoaviikd Bupltepeg und exeiveg mouv mponibav und av-
Botagieg apmérou o’ dheg g nepintdoets. H anddoon oe evijhike 1oy HEYEAOTEPT) KAl 1) VUL-
gikn Bvnopotnta pikpotepn otic avlotelisg elids an’ 6,71 oTNE auwélov.

O uptBpoc avydv ava Oniviod kut o cuvteieotns avnoeng tou TAnBuspoy und yeved oe yeved
Nrav peyuiitepol ota Grope tou avantuyinkay oe avlotatisg ehidg an’ 6,11 ¢ ekelve Tou ava-
ntiynkav o avf)omi‘,isg auTELOU, TOGO GTNV UTAIBPO 660 KUl OTO EPYUGTIPLO.

‘Ocov apopd Tnv nponpncn (uotomug. TO TELPAPATO SITANG EMIAOYNS sbml‘:uv o1t 01 uvbota-
Eieg a;mplou TPOTIHOUVIUL ®F UTOGTPOUL woTokidg and ekeiveg g ehidg kol and ta OAAo
ehiag N apnérov. Ta @AY apmélou TPOTILOVVTEL 0d Ta QUALL Kat Ta avin eildg otadiov F
arha 671 and exeiva otadiov E. Ta giila ehidg npotipovviar and ta avin otadiov F alid oyt
und exeiva otadiov E. Zto nelpopa yopic emioyn yevvnOnkay onpaviikd Ayotepa auyd oe av-
Botatieg ehidg oto otddio F an’ 6,11 610 otddio E, 1 o avBotutisg aunéhov 1 o8 @Ulla shidg 1y
UUTELOV.

Zvpunepaivoupe 0Tt ta eUALa Kat o avBotalieg elidc, oe oplopéva otddie ovartubng, arou-
ata avbotabidvy apmélov, yivovtul dektd m¢ VTOoTpOUN wotoking Tov L. botrana. O tpovipQeg
avantooocovtal eEicou ypnyopa Kol umd oplopéves cuvinkes ypnyopotepa ot avin edg kol i-
VOUV EVIIALKE TTOU EXOUV UWMAT WOTAPAYOYLKT IKOVOTNTE. ZUVENKOS, EAULOVES oL Bpiokovtal
KOVT( 0¢ apméila Unopel va anotelécouy soties napaynyng ebidloyov tinbucuoy tov £vio-
HOU GTNV TPpMTN Yeved. Avto mpénet va AupBavetal gofapd vdyn dtay tpoypappatilovian pé-
TPU KUTUTOAEUN G E TOU EVIOUOU (UTOV.
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