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POPULATION ECOLOGY

Thirteen Pear Species and Cultivars Evaluated for Resistance
to Cacopsylla pyri (Homoptera: Psyllidae)

S. BERRADA, T. X. NGUYEN, J. LEMOINE,! J. VANPOUCKE,? AND D, FOURNIER

Laboratoire d’Entomologie, Université Paul Sabatier, 118 route de Narbonne, 31062 Toulouse Cedex, France

Environ. Entomol. 24(6): 1604-1607 (1995)

ABSTRACT Thirteen pear, Pyrus spp., cultivars were evaluated under field and laboratory
conditions for resistance to Cacopsylla pyri (L.). In field studies, population growth was quan-
tified over a 1-mo period of development. In the laboratory, the mode of host resistance was
investigated by estimating oviposition and antibiosis. One cultivar and 3 pear species were
found to be resistant to pear psylla (‘Hosui’, P. betulaefolia, F. pyrifolia, and P. ussuriensis);
the remaining ones may be classified as susceptible (Doyennée du Comice, ‘Williams’, ‘Général
Leclerc’, and ‘Moonglow’). Antibiosis was a main factor determining resistance in the test
pears, and preference for oviposition was involved to a much lesser degree.
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TWO SPECIES ATTACKING pear, Cacopsylla pyri
(L.) in Europe and C. pyricola (Foerster) in North
America, are the most serious insect pests of com-
mercial pear orchards. Because current control of
these pests relies almost exclusively on pesticides,
pear psylla populations have developed resistance
to several classes of pesticides in the major pear-
producing areas of Europe and North America
(Harries and Burts 1965, Riedl et al. 1981, Stiubli
and Antonin 1984, Van De Baan 1988, Berrada et
al. 1994). Furthermore, because biological control
is not sufficient to prevent damage, especially that
caused by lst-generation pear psylla larvae feeding
on spur leaves, the most viable solution for the
management of this pest would be the use of re-
sistant pear genotypes.

Williams et al. (1963) reported moderate injury
by pear psylla to Asian pear species compared with
Pyrus communis (L.). Furthermore, Westigard et
al. (1970) reported C. pyricola resistance in several
pear species under field and laboratory conditions
and noted the tolerance in Asian pears, mainly P,
ussuriensis (Maxim). Subsequent works demon-
strated that preferences for oviposition and anti-
biosis were responsible for resistance in certain
pear genotypes (Harris 1973). In addition to these
2 factors, nutritional qualities were found to be re-
sponsible for larval mortality when feeding on re-
sistant pear genotypes (Butt et al. 1988, 1989).

Thirteen pear species and cultivars were evalu-
ated under field conditions and to determine their
resistance or susceptiblity to C. pyri. In addition,
preferences for oviposition and antibiosis were in-
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vestigated in the laboratory to characterize the
mechanism of host resistance.

Materials and Methods

Pear species and cultivars selected for experi-
ments were P pyrifolia (Burm), P. ussuriensis, P.
betulaefolia (Bge), ‘Williams’, ‘Doyennée du Com-
ice’, ‘Général Leclerc’, ‘Pierre Corneille’, ‘Sirrine’,
‘Moonglow’, ‘Hosui’, ‘Xe Hua Li’, ‘Old Home 117,
and ‘Old Home 33". Note that except P ussurien-
sis, B pyrifolia, Old Home 11, Old Home 33, and
Sirrine, all the plants studied are commercially
grown. Furthermore, among the 13 test pears, the
most commonly cultivated varieties are Williams,
Doyennée du Comice, Général Leclerc, and Pierre
Corneille.

Insects were reared in our laboratory (Dargag-
non and Nguyen 1984), where they have been
maintained on P. communis since 1986.

Field Experiments. Three 6-yr-old pear trees
(Williams) were used as rootstocks. They were
over-grafted as follows: tree 1: Doyennée du Com-
ice, Général Leclerc, Pierre Corneille, Moonglow,
and Sirrine; tree 2: Old Home 11, Old Home 33,
Xe Hua Li, and Hosui; tree 3: P. pyrifolia, P. us-
suriensis, and P. betulaefolia. For each cultivar, 3
grafts per tree were realized. In all bioassays, 3
Williams shoots per tree were kept and used as
reference to assess the vigor of rootstocks (that is,
Williams).

Rootstock trees were over-grafted and covered
with an insect-proof cage. When young pear shoots
developed to an average height of 20-25 cm, 25
pairs of mature adults were deposited on each
stem of tree. Larvae from each graft were counted
3 and 7 wk after adult insects were released.
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Resistance of the test pears was rated by calcu-
lating the percentage of population size variation
over a 1-mo period of development. It was calcu-
lated as:

percentage of population size variation

Tip

m

X 100,

where 1n; and ng are mean numbers of larvae from
each cultivar 3 and 7 wk after tree infestation, re-
spectively.

Laboratory Experiments. Test pears were ei-
ther grafted with a dormant bud and kept under
natural conditions during the winter, or bench
grafted in the spring. Plants were then maintained
in a greenhouse until they measured 40-45 cm in
height. The foliage surface studied was ~300 cm?,
This surface area varied according to the variety
but usually resulted in 10-16 leaves per plant.
Each plant was infested with 15 pairs of sexually
mature adults and covered with a cheesecloth
sleeve cage (50 cm high, 22 cm diameter). Forty
eight hours after infestation, adults were removed
from the plants, and the eggs laid on each plant
were counted with the aid of a magnifying glass
(10X). Survival of eggs and larvae were recorded
each day until they developed into adults. Four
plants per pear were tested at 20 * 2°C and a
photoperiod of 16:8 (L:D) h. The antibiosis mech-
anism was assessed according to Westigard et al.
(1970) and Harris (1973):

percentage of survival

f Tults
_ number of emerged adults s 100

number of eggs

Statistical Analysis. Data were subjected to
analysis of variance, and the Fisher protected least
significant difference test (LSD) was used for
means separation at P < 0.05 (Abacus Concepts
1991).

Results and Discussion

Field Experiments. Results of the resistance
screening in the field are shown in Fig. 1. Varia-
tions in pear psylla population buildup on the test
pears can be distinguished after a 1-mo period of
development (P < 0.05). Variations in population
size ranged {rom 60 to 700%. No population build-
up was observed on Hosui, P. betulaefolia, P. pyr-
ifolia, and P. ussuriensis. Larvae on these varieties
decreased (Hosui) or remained stable over the test
period. On the remaining cultivars, the population
buildup ranged from 500 to 700%. However,
among these cultivars 2 groups demonstrated sig-
nificant differences in pear psylla development (P
< 0.05). Old Home 33 and Xe Hua Li had an
=500% larval increase, and Général Leclerc, Sir-
rine, and Moonglow exhibited the highest popu-
lation growth (700%).
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Hos Pbe Pl Pus

OH33 XHL Wil2 PCo DCo OHI1 Wil Wil3d Will Gle Sir Mgl
Cultivar

Fig. 1. Mean percentage of C. pyri population growth
over a 1-mo period of development on 13 pear species
and cultivars. Data are means of 3 replicates. Means fol-
lowed by the same letter are not significantly different (P
> 0.05, LSD). Hos, Hosui; Pbe, P betulaefolia; Ppf, P.
pyrifolia; Pus, P. ussuriensis; OH33, Old Home 33; XHL,
Xe Hua Li; PCo, Pierre Corneille; DCo, Doyennée du
Comice; OH11, Old Home 11; Wil, Williams; GLe, Gé-
néral Leclerc; Sir, Sirrine; Mgl, Moonglow.

Figure 1 shows that the buildup of various pear
psylla on the reference shoots (Williams 1, Wil-
liams 2, and Williams 3) did not differ significantly
(P > 0.05). This indicates that the different pear
grafts had not been influenced distinctly by the
rootstocks.

Laboratory Experiments. Results of the ovi-
position preference of pear psylla to the test pears
and those of antibiosis are shown in Fig. 2. Pear
psylla ovipositional response showed that, overall,
pears were attractive but differed distinctly on pear
cultivars. Four levels of egg-laying during a 2-d
oviposition could be distinguished (P < 0.05) (Fig.
2A). In the whole, P. pyrifolia and P. betulaefolia
had the smallest egg masses (130 eggs), and Old
Home 33 was the most preferred cultivar for ovi-
position (480 eggs).

In antibiosis trials, large variations among pear
psylla development were observed. On 8 pears,
35% of eggs developed into adults (Fig. 2B). On
P betulaefolia, the percentage of survival was 0.
There were no significant differences (P > 0.05)
in antibiosis between Général Leclerc, Moonglow,
Williams, Doyennée du Comice, and Sirrine. The
highest percentage of survival occurred on Sirrine;
70% of eggs completed development on this cul-
tivar.

Figure 2 shows that pears that demonstrated
higher antibiosis resistance (lower percentage of
survival) were not necessarily those that presented
nonpreference for oviposition. These results indi-
cate these 2 factors did not operate similarly in
resistance of the test pears. Furthermore, Figs. 1
and 2 show that pears on which pear psylla pop-
ulation did not develop (that is, Hosui, P. betulae-
folia, P. pyrifolia, and P. ussuriensis) were those
presenting the highest antibiosis against the pest.

Correlations between pear psylla population
buildup in field experiments and oviposition and
antibiosis valued in laboratory studies were calcu-



Hos Pbe Ppl Pus OH33 XHL PCo
Cultivar

DCo OHlI Wil Gle Sir Mg

Hos Pbe Ppf Pus OH33 XHL PCo DCo OHIl Wil GLe Sir Mgl
Cultivar

Fig. 2. Egg-masses laid by C. pyri during 2 d of ovi-
position on 13 pear species and cultivars (A), and per-
centage of eggs developed into adults (B). Data are
means of 4 replicates. Means followed by the same letter
are not significantly different (P > 0.05, LSD). Hos, Ho-
sui; Pbe, P. betulaefolia; Ppf, P. pyrifolia; Pus, P. ussur-
iensis; OH33, Old Home 33; XHL, Xe Hua Li; PCo,
Pierre Corneille; DCo, Doyennée du Comice; OH11,
Old Home 11; Wil, Williams; GLc, Général Leclere: Sir,
Sirrine; Mgl, Moonglow. Note that the test pears are ar-
ranged according to results obtained in field bioassays.

lated. A significant correlation was found between
antibiosis and the pest population growth (r =
0.86, df = 12, P = 0.05), but preference for ovi-
position did not correlate with the pest population
growth (r = 043, df = 12, P = 0.05). Hence, it is
assumed that antibiosis is a major mechanism de-
termining resistance in the test pears to C. pyri,
and preference for oviposition is involved to a
much lesser degree.

Based on laboratory and field bioassays, Hosui,
P. betulaefolia, P. pyrifolia, and P. ussuriensis may
be classified as resistant to pear psylla infestation.
These pears exhibited the highest antibiosis and
lower preference to oviposition among the test
pears (except P. ussuriensis, on which large num-
bers of eggs were laid). Our findings show that
certain Asian pear species (those classified as re-
sistant) are those among the test pears that offered
more tolerance to the pest infestation. These re-
sults are consistent with those obtained by Wil-
liams et al. (1963) and Westigard et al. (1970), who
found with other varieties that pear species of Eu-
ropean origin were more favorable to pear psylla
than those from Asia.
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The investigation here demonstrated that anti-
biosis was a mode of resistance of pears to C. pyri.

Earlier studies indicated that resistance in cer-
tain pear cultivars to C. pyricola was associated
with larval rejection of the resistant genotypes for
feeding, and this rejection was caused by feeding
inhibitors or the absence of sufficient or necessary
feeding stimulants (Butt et al. 1988, 1989). The
chemical composition of plants had already been
demonstrated to determine their susceptibility to
insect pests (Dabrowski and Bielak 1978, Hardman
and Ellis 1978).

This investigation demonstrated different reac-
tions of some pear species and cultivars to C. pyri.
Pears found to be susceptible are those that are
the most cultivated and the most vigorous (Doy-
ennée du Comice, Général Leclerc, and Williams).
These results quantify the observations made in
French pear orchards (Geoffrion 1984). Because
tree vigor is essential for the feasibility of a culture,
studies focusing on the genes that are tied to vigor
and those responsible for the limitation of pest de-
velopment will be needed. The most tolerant pears
(that is, certain Asian ones) may provide breeders
a source of pest-resistance genes to incorporate
into the most vigorous pears (Williams, Doyennée
du Comice, and Général Leclerc).
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