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Determination of Spray Dates for the Control
of the First Generation of Quadraspidiotus perniciosus
in Northern Greece'

D. S. KYPARISSOUDAS

Regional Centre of Plant Protection and Quality Control,
G R-546 26 Thessaloniki, Greece

ABSTRACT

During 1986-1988 the relationship between catches of San José scale (SIS). Quad-
raspidiotus perniciosus (Comstock), adult males in pheromone traps and crawlers
on sticky-tape traps was studied as a basis of SIS crawler control in apple orchards
of Northern Greece. Spring male flight began in mid-to late April and crawler
emergence occurred in mid-to late May. Crawlers were active for a period of 6-7
weeks until early July. Peak crawler emergence occurred approximately 12 days
after the first emergence. or 42 days after the first males were captured on phero-
mone traps. Because in our 3-year study the crawler emergence occurred 29-31 days
or 191-202 day-degrees (base 10.5°C) after the capture of the first male. we con-
clude that a consistent time-relationship exists between the two events. Two insecti-
cide treatments, one three days after the first crawler appearance and another 10
days later (near peak crawler activity), provided the best control against the first

generation of scale.

Introduction

The San Joseé scale (SJS), Quadraspidiotus perni-
ciosus (Comstock) (Homoptera: Diaspididae),
iIs an important pest in most deciduous fruit
orchards in Northern Greece. Control meas-
ures against this pest usually include dormant
sprays to kill the over-wintering stages and fo-
liar sprays against crawlers during the vege-
tative period. Timing of sprays against crawlers
is not always successful. The effectiveness of fo-

liar control treatments depends upon timing of

sprays based on adult male flight and monitor-
ing of crawler activity (Kozar 1977, Mague and
Reissig 1983, Reissig et al. 1985). In Northern
Greece, the time of male flight and crawlers
emergence has been determined by pheromone
trapping and sticky-tape traps. respectively
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(Kyparissoudas 1987). If a fixed relationship
could be demonstrated between the first adult
male catch on pheromone baited traps and the
time of crawler appearance. this technique
could be used to determine the proper timing of
chemical applications against the immature
stages of SJS.

The present work aimed at studying the rela-
tionship between the first SIS male catch on
pheromone traps and the first catch of first
generation crawlers on sticky-tape traps in
apple orchards of Northern Greece. In addi-
tion. the efficacy of chemical control was asse-
ssed using this relationship to time different ap-
plications.

Materials and Methods

SIS male flight and crawler emergence was charted
for three years (1986-1988) in two untreated apple
orchards infested by the scale at Naoussa and
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Macrohori, in the Imathia area of Central
Macedonia (Northern Greece). Adult males were
monitored using the standard SJS pheromone
traps (Zoecon, Palo Alto, California) baited with
dispensers loaded with 300 pg of SJS-2 pheromone
(Gieselmann et al. 1979). In each experimental
orchard, four pheromone traps were placed in early
April, 1.8-2.0 m high, in the north side of the trees
and spaced 50 m apart. Trap observations in both
orchards were made daily until the first appearance
of males. In the Naoussa orchard after the onset of
male flight, the traps were checked three times per
week until mid-June.

Crawler emergence was detected with sticky-
tape traps (Mague and Reissig 1983, Kyparissou-
das et al. 1987). In both orchards, approximately
25 days after the onset of male flight, a crawler trap
was placed on each of four branches in each of four
trees. The traps were checked daily until the first
appearance of the crawlers. In the Naoussa
orchard, after the first crawler appearance the
traps were checked weekly during 1986 and 1987
and three times per week in 1988, until early July,
In all cases. the crawlers on the traps were counted
using a dissecting microscope in the laboratory.
Counts were expressed as number/cm” of tape.

Day-degree (DD) estimates were derived by
averaging the daily maximum and minimum tem-
peratures and subtracting the lower developmental
threshold of 10.5°C for this species (Baskerville
and Emin 1969). Temperature data were collected
from a meteorological station near the orchards.

In 1988, in a third apple orchard. located be-
tween Naoussa and Macrohori, a test was con-
ducted in order to confirm the efficacy of control
sprays based on the relationship between male
catch and crawler emergence. The orchard was di-
vided into four plots and each treatment was
applied to four single-tree replicates in a complete
randomized block design. An unsprayed buffer
tree was left between two spraved trees (Asquith et
al. 1977). Seasonal crawler acuvity was measured
on tape traps in the unsprayed check trees. The
traps were checked two or three times per week
(Fig. 3). Sprays of quinalphos (Ekalux 25 EC,
Sandoz, Switzerland) were applied at three differe-
nt time regimes. The first treatment included two
sprays, which were made on 18 and 28 May: the
second and third treatments included one spray
cach on 18 and 28 May. respectively (Table 2). On
30 June, 100 random fruits were picked from each
tree and percent infested fruit was determined.

Results and Discussion

The flight of the overwintering generation mal-
es began in mid-to late April and continued for
3-4 weeks (Fig. 1A). while the emergence of the
crawlers occurred in mid-to late May and conti-
nued for 6-7 weeks, until early July (Fig. 1B).
The first crawlers emerged 29-31 days (approxi-
mately 196 DDs) after the first male captures
(Table 1), as reported by Kozar (1977), Rice et
at. (1982), and Kyparissoudas (1987). Peak
crawler emergence occurred in the second week
(Fig. 1B), approximately 12 days after their
emergence (Fig. 2), and 41-43 days after the first
males had been captured on pheromone traps
(Table 1, Fig. 2). The time of appearance of the
males and crawlers is in agreement with obser-
vations made using different methods by Pa-
loukis (1983) and Katsoyannos and Argyriou
(1985) under similar conditions. Based on this
information, it is possible to forecast the
appearance of crawlers without having to
observe them in the field.

In the 1988 chemical spray trials, these criter-
ia were used as a basis for the control of first
generation SJS crawlers by comparing the effect
of different spray times on fruit quality (Table
2). It can be seen that single sprays applied
either three days after crawler emergence or
near peak crawler activity did not adequately
protect fruits (14.50% and 8.75% fruit infes-
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FIG. 1. 1A, San José scale adult male flight acuvity.

1986-1988: |1 B. San Jose scale crawler appearance, 1986-
1988; Naoussa, Northern Greece.
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FIG. 2. San José scale crawler captures on sticky-tape
traps: Naoussa, 1988,

tations, respectively) in severely infested trees.
The most effective control (0.50% infestation)
was obtained by applying two sprays, the first 3
days after emergence and another 10 days later.
near peak crawler activity (Fig. 3).
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FIG. 3. San José scale crawler catches on sticky-tape
traps in apple orchard located between Naoussa and
Macrohori, 1988.

Current recommendations for the timing of
sprays against crawlers vary considerably in
different countries. In the USA, Reissig et al.
(1985) suggested one treatment at the beginning
of crawler activity and a second 10-14 days later

TABLE 1. Catch dates, accumulated day-degrees and elapsed time from first male flight to first crawler emergence,

1986-1988.
Period
Catch date from 1st male to 1st crawler
Day-degrees
Area Ist male Ist crawler (base 10.5°C) Days
Naoussa 19 April 86 19 May 86 198 29
26 April 87 27 May 87 194 30
15 April 88 15 May 88 193 29
Macrohori 17 April 86 19 May 86 202 31
27 April 87 29 May 87 199 31
17 April 88 I8 May 88 191 30
Average 196 30

TABLE 2. Effect on fruit damage of different spraying regimes with Ekalux 25 EC (Quinalphos) in 1988.

Dates ol spray

3 days alter Y SIS
first crawler Peak crawler infested
1(f.p.)/ emergence emergence fruit

Treatment 100 litres (18 May) (28 May) (30 June)
Ekalux 25 EC 125 x x 0.50 a
Ekalux 25 EC 125 * - 14.50 ¢
Ekalux 25 EC 125 ~ 875b
Unsprayed 32.00d

In the column, means followed by the same letter are not significantly different (P » 0.05, Duncan’s multiple range test).
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in New York, while in California. Rice et al.
(1982) reported that a spray at the very begin-
ning of crawler appearance probably would not
be optimal, and that it is better to delay it for
several days (40-65 DDs) after the appearance
of the first crawler. In Greece, Paloukis (1986)
suggested that a spray should be applied when
65% of the crawlers have emerged. We believe
that the initial treatment against crawlers of the
first generation should be applied 2-3 days after
the beginning of their emergence. when only
about 5% of the crawlers have emerged (Fig. 2).
During this time, according to our observations
as well as other studies that were made in this
region (Paloukis and Kyparissoudas 1990),
there are only immatures present (crawler and
white cap stages). which are the most sensitive
to insecticides (Rice et al. 1982, Paloukis 1983).
Also, relatively early sprays are justified be-
cause [ruits become infested within the first
week of the crawlers’ emergence (Mague and
Reissig 1983). Then. because crawler emergence
lasts for approximately 45 days (Figs. 1B, 2) a
second treatment would likely cover the entire
period of crawler activity, assuming that resi-
dual activity of the conventional insecticides
continues for 10-14 days.

This protection method offers some advan-
tages. Because spraying to control SJS is nearly
always necessary (insect quarantine plant in
Greece), it is not necessary to know the rela-
tionship between pheromone catches and po-
pulation densities of males. nor between densi-
ties of males or crawlers and damage to fruit, in
order to determine the time of spraying. It is
necessary only to know a) the date flight period
starts, b) the time period of crawler activity
(peaks, gaps. etc) and ¢) the daily temperature
readings between the first male appearance and
the first crawler emergence.

Acknowledgment

Appreciation is expressed to Anestis Sideras for his
assistance in the field. This research was supported
in part by the National Program of Agricultural
Warning System of the Ministry of Agriculture.

References

Asquith, D.G.. E. Carman, A.J. Howitt. R.L. Horsburgh,
S.C. Hoyt and W. Simanton. 1977, Analysis of
specialized pesticide problems. Invertebrate control
agents-efficacy test methods. Vol 1. Foliar treatments
I. Deciduous fruit tree small fruits. citrus and subtro-

pical Iruits, tree mots, Environ. Prot, Ageney (U.S))
Publ. 540/10-77-001.

Baskerville, G.L. and P. Emin. 1969. Rapid estimation of
heat accumulation from maximum  and minimum
lemperatures. Ecology 50: 514-517.

Gigselmann, M.J.. R.E. Rice, R.A. Jones and W.L. Roe-
lofs. 1979. Sex pheromone of the San José scale. J.
Chem. Ecol, 5: 891-900.

Katsoyannos, P.L. and L. Argyriou. 1985. The phenology
of the San José scale, Quadraspidiotus perniciosus
(Hom: Dhaspididae). and its association with 1ts natur-
al enemies on almond trees in Northern Greeee. Ento-
mophaga 30: 3-11.

Kozar, F. 1977, Evaluation of methods of forecasting the
appearance of wanderers and males of Quadraspi-
diotus  perniciosus  Comstock  (Homoptera:  Co-
ceoidea). Rev. Appl. Entomol. 65: 190.

Kyparissoudas. D.S. 1987, Flight of San José scale. Quad-
raspidiotus  perniciosus males and time of crawler
appearance in orchards of Northern Greece, Entomol.
Hellenica 5: 75-80.

Kyparissoudas, D., N. Niklis and D. Rouka. 1987, Flight
of Quadraspidiotus perniciosus males and its time ol
crawler appearance. Agrotica Themata 9: 83-87 (in
Greek with English abstract),

Mague, D.L. and W.H. Reissig. 1983. Phenology of the
San José scale (Homoptera: Diaspididae) in New
York state apple orchards. Can. Entomol, 115 712-
722,

Paloukis, S. 1983, Studies on the bioecology and chemical
control ol scale insect pests of pome and stone [ruit
trees in MNorthern Greece. Proc. X Intern. Symp. on
Entomofaunistics. Central Europe. Budapest. 15-20
Aug: 1983, p. 353-357.

Paloukis. S. 1986, Evaluation of two new insecticides lor
the control of scale insects on fruit trees in Northern
Greece. Proc. V Intern. Symp. of Scale Insect Studies
(ISSIS-V), Portici (Naples). Italy. 24-26 June 1986, p.
179-183.

Paloukis, S. and D.S. Kyparissoudas. 1990, Evaluation of
a new method to determine the timing of foliage
sprays to control Quadraspidions perniciosus (Com-
stock) in orchards of Northern Greece. VI Intern.
Symp. of Scale Insect Studies (1SSIS-V1), Cracow (Po-
land). 6-12 Aug. 1990 (in press).

Reissig, W.H.. RW, Weires, D.W, Onstad, B.H. Stanley
and D.M. Stanley. 1985. Timing and effectiveness of

insecticide treatments against the San José  scale
(Homoptera: Diaspididae). J. Econ. Entomaol. 78:
23R-24R8

Rice. R.E.. D.L. Flakerty and R.A. Jones. 1982, Moni-
toring and modelling San José scale. Calif. Agric. 1t
13-14.

KEY WORDS: Quudraspidiotus perniciosus,
Pheromone traps, Sticky-tape traps. Day-de-
grees (DD)



KYPARISSOUDAS: CONTROL OF SAN JOSE SCALE IN NORTHERN GREECE 9

ITposdropiopog tov Xpovov Yekuopdv yia tnv Katanorépnen g [pdtng
I'evedg tov Quadraspidiotus perniciosus o Onmpodvec Mnhidg e
Boperog ELLadag

A Z. KYTTAPIZEOYAAZ

Heprpeperarnco Kevepo Hpootaaioz @uray kat Hototicot Eiéyyon,
T.0. 145 16. 546 26 Ocaoaiovikyg

IEPIAHYH

e onwphveg pnirag oty nepoyn) HuuBiag peretnBnke kotd tyv nepiodo 1986-1988 n oyéon
UVELESH GTIC CUALNWELS TOV UPGEVIKGV TN duyeipalovoag yeveds tov Quadraspidiotus perni-
ciosus Comstock oe gepopovikEg Toyides KUl TOV KIVNTOY r:povuptpmv g Ing yevedg tou oe
KOAATTIKEG TULViES mwﬁh,, ¢ Pdon yiu ToV TPOGSOPLoNS, YOPIC TEPUTPCELS GTOV OTOPH-
Vi, TOU KUTAAANAOU X pOVOU EQUPLOYIE TOV YNUIKGOY EXeUPECEOV Y100 THY KUTATOAEUNGT TOU
Kokkoetdovg. H évapin e ntriong tov apoevik@y cuvépn katd ) Stdpketa tou B’ dskumey-
tpépou tov Anpriion, eva) o1 TPATES KIVITES TPOVILQES (£prouceg) sppavictnray oto B deku-
nevinpepo tou Matou, pe £va edpog 6-7 efdopadmv (téhog lovviov-upyés loviiov). To puéyioto
1S EHQAVIGTS TOV KIVITOV TPOVULQOV Tapatpninke 12 nuépeg PeTd TIC TpmTES GUAAYELS
TOUS OTIE KON TIKEG ToViEG-TTayISEC 1) KUTd .0, 42 PHEPES HETG T GVAANYN TOV TPHTOMV UPGEVL-
KOV OT1G epOpoVIKES Tayides. H ypovikn didprewe petall ciAlnyng Tov TpoTov ¢poeeviKhy
OTIS PEPOHOV LKES MU YI8Eg KOt TS TUPOVGTUS TOV TPOTOV KIVITHOV GTIC KOAANTIKEC-TUIVIES myi-
oeg Nrav kotd p.o. 30 nuépes 1) 196 nuepoPabpol. Aedopévou 011 01 KivnTég TPOVINEES oTa Tpia
ypuvm auTng g pEAETNG eppuviotnray 30 nepinov pépeg (1 196 nuepofubpoi) petd ™ cii-
AN TOV TpHTmY wn)u\wv GUUTEPUIVETUL OTL LTLAPYEL Witk GUVETNS ¥ POVIKY TyEon pFTucU
TV 600 HUTHY YEYOVOTOV. Ao Wekaopol e to evtopoktovo Ekalux 25 EC, évag tpetg pépsg petd
TNV ELQAVICT TOV KIVITOV TPOVURGOY Kul 0 deltepog 10 uépes apydtepu (oTo péYIoTo Tepinou
NG ELOAVIGTIE TV KIVITAV), £0000y Tu KaADTEPU UTOTELEGUUTH GUYKPLTIKE LE £VE LOVO YeKU-
GUO TOU EYIVE E TO (810 EVIOHOKTOVO TPEIS HEPES UILO TV ELOGVIGT] TOV KIVITOV 1] GTO HETIGTO
NG EHPUVLGTS TOUG.
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