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Flight of San Jose Scale Quadraspidiotus perniciosus Males and Time of
Crawler Appearance in Orchards of Northern Greece'

D.S. KYPARISSOUDAS

Plant Protection Service of Thessaloniki
GR-54626 Thessaloniki, Greece

ABSTRACT

The seasonal flight of San Jose scale (SJS), Quadraspidiotus perniciosus Comstock, males
was studied during 1984-1987 in peach and nectarine orchards, under two different climatic
conditions in Central Macedonia (Northern Greece), using sex pheromone traps. In late-
season regions there were three periods of male flight activity (May, July-August, Septem-
ber-October), while in early-season regions there was also a partial fourth one (mid April-
May, mid June-July, August-mid September and late September-early November). In the
latter regions these flights can be correlated with the appearance of the scale crawlers
during three periods (late May-early July, mid July-August, September-October) and a
partial fourth one (November) in milder years, as determined using the sticky-tape trap te-
chnique. Pheromone traps and sticky-tape traps can be used for the study of phenology of
San Jose scale, under conditions prevailing in Northern Greece.

Introduction

The San Jose scale (SIS), Quadraspidiotus per-
niciosus Comstock (Homoptera: Diaspididae), is
a key pest in most deciduous fruit orchards of
Northern Greece. It was first recorded in Greece
in 1968 (Paloukis 1969), and since then it has been
found in many locations throughout the country
(Paloukis 1979, Kyparissoudas 1987). The phenol-
ogy of the scale was studied in peach and almond
orchards of Central Macedonia, using a sampling
method and yellow sticky traps (Paloukis 1984,
Katsoyannos and Argyriou 1985). The discovery
(Rice 1974) and identification (Gieselmann et al.
1979) of a sex pheromone for SIS has resulted in
the use of pheromone traps to detect and monitor
adult flight activity. Male phenology has been de-
termined by pheromone trapping studies (Rice
and Jones 1977, Rice and Hoyt 1980). In the last
years, sticky electrical-tape traps, a more sensi-
tive, effective and practical technique, were used
for monitoring seasonal activity and relative abun-
dance of crawlers in commercial orchards (Mague
and Reissig 1983). These techniques provide an ef-
fective and yet economic method of sampling this
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scale and were used recently for the study of the
SIS phenology in apple orchards (Mague and
Reissig 1983). A similar study was conducted in
apple orchards in regions of Western Macedonia
(Kyparissoudas et al. 1987). Further, this method
was also utilized in the development of a forecast
model to time sprays against all crawler genera-
tions (Reissig et al. 1985).

The objective of this study was to determine the
seasonal flight activity of SIS males by using sex
pheromone traps, and to monitor seasonal crawler
activity on sticky-tape traps, in peach and nec-
tarine orchards of Central Macedonia (Northern
Greece).

Materials and Methods

Data on the timing of male flights were collated for
three years (1984-1986) from two untreated peach or-
chards infested by the scale: one 15 years old, cover-
ing an area of 0.4ha, and one 10 years old, 0.35ha in
size, at Naoussa and Rabhi, respectively. During 1986
and 1987 male flight activity and the appearance of
crawlers was monitored in a 0.2ha untreated nec-
tarine orchard, at Naoussa.

Male flight activity was monitored from April to
mid-November with standard San Jose scale
pheromone «tent» traps (Zoecon, Palo Alto, Califor-
nia). At each experimental orchard in early April,
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three pheromone traps were placed 1.8-2. Om above
the ground in the north-east side of the trees (Rice et
al. 1982). Each trap contained a pheromone dis-
penser charged with 300 pg of 7-methyl-3-
methylene-7-octen-1-yl propanoate (SJS-2, Giesel-
mann et al. 1979). Trap catches were recorded 3 times
each week and dispensers were replaced every 4
weeks. In 1986, in the peach orchard located in
Naoussa the observations were taken daily. For SIS
male counting the traps were transferred to the labo-
ratory where captured males were counted under a
dissecting microscope.

Seasonal crawler activity was measured on sticky-
tape traps (Mague and Reissig 1983, Kyparissoudas
et al. 1987) in four trees from mid-May (approxi-
mately twenty-five days after the onset of male tlight)
until mid-December. Four such traps were placed on
branches 3-4cm in diameter in each of the four trees;
the traps were checked daily until the first appearance
of the crawlers and then at one week intervals. Craw-
lers on the traps were counted under a dissecting
microscope in the laboratory. Since tape traps were of
varying length due to differences in branch diamet-
ers, counts were expressed as number/cm® of tape

(Mague and Reissig 1983).

Temperature data were collected daily from a re-
cording thermograph and max-min thermometers
from a weather station located near the observation
orchards.

Results and Discussion

The seasonal flight of male San Jose scale during
the study period, in both regions, is shown in Figs.
1, 2 and 4. In the late-season region (Rahi) there
were annualy three periods of male flight activity
(Fig. 1B). The first flight began in May, a second
appeared early in July, while the third occurred
late in August and continued until the second half
of October. In the early-season region (Naoussa),
in both orchards, there were three periods of SIS
male flight activity and a partial fourth one (Figs.
1A, 2, 4). The appearance of overwintering gener-
ation males began in mid to late April and con-
tinued for 3-4 weeks. During spring the males fly
for only a few days (Fig. 2). Similar observations
have been reported by Rice and Hoyt (1980), Rice
et al. (1982) and Kyparissoudas et al. (1987). The
early flights were followed by a period of 5-6 weeks
with no male activity. In mid to late June, first gen-
eration male flights started and following peak
emergence during July, continued at declining
levels into the second generation in early August-
mid September. A partial fourth period of male
flight activity occurred in mid to late September
and continued until late October-early November.
In contrast, Paloukis (1979) and Katsoyannos and
Argyriou (1985), who studied the biology of SIS in
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FIG. 1. Secasonal captures of San Jose scale males on pheromone traps in peach orchards, A: Naoussa, B: Rahi,

northern Greece.
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FIG. 2. Daily flight of male San Jose scale on pheromone traps in peach orchard, in relation to flight threshold temperatures,

Naoussa, northern Greece, 1986, ° C= sunset temp.

similar regions, reported only three periods of
adult male activity for three generations of the
species. The average daily catches in relation to
flight threshold temperatures at Naoussa is shown
in Fig. 2. It is seen that the flights begin when the
temperatures at sunset are above 17° C, but de-
cline rapidly or cease at temperatures below 17° C,
resulting in only low captures for these days. These
data agree with those of Rice and Hoyt (1980).
The seasonal crawler appearance in the region
of Naoussa during 1986 and 1987 is shown in Fig. 3.
It is seen that there were three distinet periods of
crawler appearance, and a partial fourth one.
Emergence of first generation crawlers began in
late May or 30-32 days after the first males had
been captured in pheromone traps, and peaked
within 10-12 days. A second generation started in
mid July or approximately 25 days after the begin-
ning of the second male flight and continued until
the end of August. In early September the third
generation of crawlers appeared, followed by a
partial fourth generation from late October until
the end of November. The first two periods of sea-
sonal crawler activity, and in most part the third
appearance as shown by tape traps (Fig. 3), coin-
cide to a large degree with crawler appearance ob-
served in similar regions by Katsoyannos and Ar-
gyriou (1985). These workers reported that for the
year 1978 there were only three periods where

crawlers were present and that all larvae of the 3rd
generation stopped development at the 1st instar
and hibernated. Only a small number of reproduc-
ing females, as well as a few crawlers generated by
them were observed during the winter period.
Baskerville and Emin (1969) and Anonymous
(1978) reported a lower threshold of scale de-
velopment, 10.5° C and 7.3° C, respectively, while
Vasseur and Schvester (1957) showed that the
threshold of development of SJS crawlers kept at
various temperatures from mid-August to mid-
December was 9.0 to 10° C. This information, in
relation with the data of Table 1, confirms that the
field development of SIS crawlers as well as the
number of generations per year depend mainly on
weather conditions, especially temperature
(November - December). Hence, in cool years,
such as 1978 the insect might complete three gen-
erations (Katsoyannos and Argyriou 1985), while
in milder years (1986-1987) in some regions a par-
tial fourth one might also appear (Table 1).

In the region of Rahi the three major periods of
male flight activity as shown by Fig. 1B (May, July-
August, September-October), coincide quite
closely with male appearance observed during
1983 to 1986 in late-season regions of Western
Macedonia by Kyparissoudas et al. (1987). They
also found that these flights correlated with the
presence of the scale crawlers which were ob-
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FIGS. 3-4. 3, San Jose scale crawler appearance. 1986-1987;4, male San Jose scale flight activity, 1986-1987; Naoussa, north-

ern Greece,

served during June, August and October. This
suggests that in the region of Rahi, there must also
be three similar periods of crawler appearance.
The present study indicates that pheromone
traps can be used to accurately monitor flight ac-

tivity of male SJS, and to identify discrete genera-
tions of scale under field conditions. Further, it
shows that the sticky-tape traps are an effective
and practical technique of monitoring seasonal
crawler activity in commercial orchards. These

TABLE 1. Average temperatures © C in the region of Naoussa during the years 1978-1987 (months divided into 10 day inte-

rvals u. b and ¢).

September October November December
Year a b c a b ¢ a b c a b c
1978 20.0 19.0 16.5 15.0 6.0 1.0 9.0 6.0 6.5 4.0 1.0 8.5
1979 20.2 19.5 210 20,8 21.2 12.0 10,5 12.5 10.0 9.5 4.8 6.5
1980 19:.8 20,8 198 167 172 155 13.5 115 100 1.5 03 5.5
1981 21.0 19.5 21.5 20,0 I7.5 15.3 11.5 3.2 8.0 18 5.0 6.0
1982 bA T, S R 4 T 15.0 6.1 15.0 9.0 9.5 7.7 6.2 B.7 6.3
1983 202 . 20.5 18.2 18.5 14.0 10.7 12.2 0.0 6,2 E, e 5.0 8.5
1984 220 210 19.5 21.0 16.0 16.5 13.0 9.5 1.0 8.0 6.0 5.5
1985 21.0 19.10 20.5 5.1 13.0 1.0 1.5 100 10 8.3 1.0 6.0
1986 2000 235 19.5 18.0) 13.8 14.2 D2 9.0 8.5 6.0 4.0 2.0
1987 22,60 250 215 15.0 16.5 124 9.0 11.0 11.0 1.5 4.5 7.0
Average 20,9 20:9 2000 18.1 16.1 13.2 1.8 9.0 8.5 6.8 0.4 6,2
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techniques can be used as a method to study the
phenology of SIS, and to determine the proper
timing of chemical application against the imma-
ture stages of scale, under conditions prevailing in
Northern Greece.

Acknowledgment

Appreciation is expressed to Prof. Byron Katsoyan-
nos, University of Thessaloniki, who made useful
suggestions on the text, to Anesti Sidera for his assist-
ance in the field, and to Michael Lysandrou for revis-
ing the English text. This research was supported in
part by the National Program of Agricultural Warn-
ing System of the Ministry of Agriculture.

References

Anonymous. 1978. Introduced parasites and predators of ar-
thropod pests and weeds: a world review. Agriculture
Handbook No 480, Washington, 545 pp.

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

Gieselmann, M.J., R.E. Rice, R.A. Jones and W.L.
Roelofs. 1979. Sex pheromone of the San Jose scale. J.
Chem. Ecol. 5: 891-900.

Katsoyannos, P, and L. Argyriou. 1985, The phenology of
the San Jose scale, Quadraspidiotus perniciosus (Hom.:
Diaspididae) and its assocciation with its natural
enemies on almond trees in Northern Greece. En-
tomophaga 30: 3-11.

Kyparissoudas, D.S. 1987. The occurence of Encarsia per-
niciosi in areas of Northern Greece as assessed by sex
pheromone traps of its host Quadraspidiotus per-
niciosus. Entomol. Hellenica 5: 7-12.

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

Mague, D.L. and W.H, Reissig. 1983, Phenology of the San
Jose scale (Homoptera: Diaspididae) in New York state
apple orchards. Can. Entomol. 115: 717-722.

Paloukis, 5. 1969. Situation en Gréce concernant le Pou de
San José. Publ. OEEP. Ser. A.No 48: 31.

Paloukis, S. 1979. The most important scale insects of fruit
trees in Northern Greece. Thessaloniki, 148 pp. (in
Greek).

Paloukis, S. 1984, Studies of the bioecology and chemical
control of scale insect pests of pome and stone fruit trees
in Northern Greece. Proc. X Intern Symp. on En-
tomofaunistics, Central Europe, Budapest, 15-20 Aug.
1983, p. 353-357.

Reissig, W.H., R.W. Weires, D.W, Onstad, B.H. Stanley
and D.M. Stanley. 1985. Timing and effectiveness of in-
secticide treatments against the San Jose scale (Homopt-
era: Diaspididae). J. Econ. Entomol. 78: 238-248.

Rice, R.E. 1974. San Jose scale: Field studies with a sex
pheromone. J, Econ. Entomol. 67: 561-562.

Rice, R.E. and S.C. Hoyt. 1980. Response of San Jose scale
to natural and synthetic sex pheromones. Environ. En-
tomol. 9: 190-194,

Rice, R.E. and R. A, Jones. 1977. Monitoring flight patterns
of male San Jose scale (Homoptera: Diaspididae). Can.
Entomol. 109: 1403-1404.

Rice, R.E., D.L. Flaherty and R.A. Jones. 1982. Monitor-
ing and modeling San Jose scale. Calif. Agricul. 36: 13-
14.

Vasseur, R. and D. Schvester. 1957. Biologie et ¢cologie du
pou de San José (Quadraspidiotus perniciosus Com-
stock) en France. Ann. Epiphyt. Pathol. Veg. Zool.
Agric. Phytopharm. 8: 5-56.

KEY WORDS: Quadraspidiotus perniciosus,
Pheromone traps, Sticky-tape traps

IItiion Tov Apoevikov kot Epdavien tov Kivntav Hpovopdav tov
Quadraspidiotus perniciosus 6g Onopoveg tng Béperag ELLadag

A.Z. KYIIAPIZZOYAAZ

Zrabudc Puroiiyetovourxot EAEyyov Bsooalovinng,
T.©. 14516, 546 26 Ocooalovixn

INEPIAHYH

Mehétec mov éyivay and to 1984 péy pt to 1987 pe nayideg pepopdvng oE OTWPOVES pOdUKIVIAS KUt
vektapvidc s Kevipiknc Makedoviag €de1&av ot otic dyipeg neproyég (Payn) vrdpyouv kdbe
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% povo Tpelg mepiodol (Mdiog, loviiog-Avyovatog, Zentéubprogc-OktmBprog) mtiong tov apoevi-
kv Tov Quadraspidiotus perniciosus Comstock, eve oTig Tpdipeg teproyés (Ndovoow) urdpyovy
tpeig mepiodor (péca Anpiiiov-Mdiog, péoa Touviov-lovitog, Atyovotog-peca Zentepdpiov) kat
nia tétaptn pepikn (téhog TentepBpiov-apyés NoepuBpiov). Ttig npiLpes mEPLOYES OL TPEIS TPOTEG
nTioelg ouoyetilovial pe TRV Uapén Tpudv teptddmy (téhog Maiov-apyég lovkiov, péoa loviiou-
Avyovotog, ZentéuBploc-OKktdBplog) epddviong TV KvRTOV HOPPMY TOL KOKKOELSOUS, OTMG Uy~
TéC TPOGSLOPIGTNKAY HE TN (PNOT KOAANTIKOV-TUy {80V TaIvidV, EVE 1] TETUPTN HEPIKT TTHOT) OU-
oyetiCetar pe pia aviiotolyn nepiodo epdpaviong Kivntdv popddv katd t didpketa Tov Nogy-
Bpiov, LEVO OUME GE % POVIES TOL KOTd TN SidpKela TOL GOIVOTDPOL EMKPUTOVY GUVOTKES ELVOTKES
yia TV avarTuE Toug. Ot moyides GEPOUGVIG KL OL KOAANTIKEG-TOVIES Ty (08G PaivETAL OTL UTTO-
povy va ypnotporonBoiv mg pEBodog yia ) peiétn g Biokoyiag tov Q. perniciosus oTLg HALPCL-
Tuéc ouvOiureg e Bopeiag Ebhddac.
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