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Summary
Development, reproduction, survival
and the degree of infestation of apterous
virginoparae of the woolly aphid, Erio-
soma lanigerum, was studied on four ap-
ple varieties in the laboratory and field.
Developmental time at the constant tem-
peratures of 13, 15, 20 and 25°C was sig-
nificantly shorter on Granny Smith and
Jonathan than on Rome Beauty and De-
licious. No difference in the develop-
mental time was observed between vari-
eties at 10°C. Nymphal mortality was
higher on Delicious and Rome Beauty
than on Granny Smith and Jonathan at
all these temperatures. Under warmer
conditions in the field (average tempera-
ture ≥≥ 14°C), development appeared to
be faster on Granny Smith and Jonathan
than on either Rome Beauty or Deli-
cious. However, there was no difference
in the developmental time on varieties
under the cooler conditions of late au-
tumn, winter and early spring (average
temperature < 13°C). Fecundity was sig-
nificantly higher on Granny Smith and
Jonathan than on Rome Beauty and De-
licious under both laboratory and field
conditions. Also, adults were found to
live longer when reared on Jonathan and
Granny Smith than on either Rome
Beauty or Delicious. Results of weekly
sampling for E. lanigerum on these four
apple varieties indicated that the mean
number of aphids per tree and the pro-
portion of trees infested per month were
considerably higher for Granny Smith
than for the other three varieties. This
study shows that E. lanigerum could bet-
ter survive on Granny Smith and
Jonathan than on either Rome Beauty or
Delicious during the winter.

Introduction
The woolly apple aphid, Eriosoma lani-
gerum (Hausmann) (Hemiptera: Pemphi-
gidae), is one of the economically impor-
tant and widely distributed pests of ap-
ple, Malus domestica (Borkh.) (Eastop
1966). A native of North America (Baker
1915), it now occurs throughout the ap-
ple-growing regions of the world (Eastop
1966). It is believed to have reached Aus-
tralia in 1846 (Nicholls 1919).

Eriosoma lanigerum is a bark feeder and,
like many other aphid species, causes in-
jury by inserting its stylets through the
bark and sucking sap from the host plant.

Both the nymphs and adults infest roots
and stems, particularly the tender places
on the trunk and branches, new lateral
growth, and areas with damage caused
by mechanical injury. Feeding activity of
the aphid leads to the formation of galls
on the roots and shoots (Staniland 1924,
Miles 1990). These galls can be invaded
by fungi when they burst and the wood
is exposed, causing perennial canker
(McLarty 1933). Infestations of the aphid
on apple roots are known to cause signifi-
cant growth reduction under laboratory
conditions (Weber and Brown 1988) as
well as in the field (Brown and Schmitt
1990). Infested lateral growth becomes
cracked and distorted and most of the
buds are destroyed (Hely et al. 1982). Erio-
soma lanigerum can cause direct injury to
the fruit of the apple with honey dew exu-
dation and feeding in the calyx end, ren-
dering it unsaleable (Essig 1942). Moreo-
ver, it has been shown that E. lanigerum
can reduce survivorship of infested nurs-
ery trees and also weaken some mature
apple trees, leading to the loss of tree vi-
tality and poor qualitative and quantita-
tive yields (Klimstra and Rock 1985). As a
result, considerable work has been car-
ried out on the control of E. lanigerum by
the use of several plant protection tech-
nologies including resistance of the host
plant (Staniland 1924, Hatton et al. 1937).
Some authors have reported that North-
ern Spy, Winter Majetin, Malling-Merton
root stocks and Delicious apple possess
some degree of resistance to E. lanigerum
(Underhill and Cox 1938, Adlaka and
Hameed 1972, Ismail et al. 1990).

Both physical and biological environ-
mental factors have been shown to influ-
ence resistance or susceptibility of a plant
to insects (Kogan and Paxton 1983). Isaak
et al. (1965) demonstrated that tempera-
ture could induce changes in the levels of
resistance of alfalfa to the pea aphid,
Acyrthosiphum pisum (Harris) and the
spotted alfalfa aphid, Therioaphis trifolii f.
maculata (Buckton). Jegen (1924) specu-
lated that climate and soil conditions may
influence the degree of resistance of an
apple variety to E. lanigerum.

This paper examines the susceptibility
of apple varieties (viz. Granny Smith,
Jonathan, Rome Beauty and Delicious) to
attack by E. lanigerum at different tem-
peratures in the laboratory and field.

Materials and methods

Laboratory study of biology
Developmental times of immature stages,
per cent nymphal mortality, adult fecun-
dity and longevity of apterous virgin-
oparae of E. lanigerum were determined
on excised twigs taken from mature
Granny Smith, Jonathan, Delicious and
Rome Beauty apple trees at constant tem-
peratures of 10, 13, 15, 20, and 25°C with
16L:8D photoperiod and 70–100% relative
humidity. The method of rearing was
similar to that of Asante and Danthana-
rayana (1990) and Asante et al. (1991).

Seasonal abundance
This study was conducted in an apple or-
chard at the University of New England’s
rural research station, Laureldale, near
Armidale, New South Wales (30° 14’S,
151° 41’E). The experimental plot, estab-
lished in 1950–1951, is approximately 1.76
hectares of mixed varieties of apple. There
is a total of 252 trees, comprising six Rome
Beauty, 29 Jonathan, 96 Delicious and 121
Granny Smith, planted in 23 rows with a
spacing of 7.5 m between rows and 6.5 m
between trees within rows. The type of
root stock on which the apple trees were
grafted is not known. The soil type is gen-
erally sandy. The orchard was divided
into four strata; each stratum comprising
an apple variety. The sampling units in
each stratum were “whole apple trees”
which were numbered 1–6, 1–29, 1–96
and 1–121 for Rome Beauty, Jonathan,
Delicious and Granny Smith, respec-
tively. Eight trees were systematically se-
lected from each of the Granny Smith and
Delicious plots while four and two trees
were selected from the Jonathan and
Rome Beauty plots, respectively, for ex-
amination at weekly intervals from Janu-
ary 1990 to December 1992. All above-
ground parts of the trees were carefully
examined for E. lanigerum. The roots of
infested trees were also examined by dig-
ging the soil around the trunk until some
roots were located and as much soil
around the roots as possible was removed
during the search. The aphid colonies
were removed using secateurs and placed
in plastic vials containing 80% alcohol.
These aphids were counted in the labora-
tory using a binocular microscope.

Field study of biology
Developmental times of immature stages
of apterous virginoparae were deter-
mined under field conditions (at Armi-
dale) at monthly intervals from February
1991 to January 1992 on intact Granny
Smith, Jonathan, Rome Beauty and Deli-
cious apple trees. Aphids were reared by
creating a damage scar (removing the
bark and part of the wood about 5 × 1.5
cm) on the apple twig with the tip of a
pair of forceps, 3–5 days prior to starting

Susceptibility of apple varieties to attack by the
woolly aphid, Eriosoma lanigerum (Hausmann)
(Hemiptera: Pemphigidae)

S.K. Asante, Department of Zoology, University of New England, Armidale,
NSW 2351, Australia.



Plant Protection Quarterly Vol.9(4)  1994   127

the experiment. At the beginning of each
month, adult apterous virginoparae (col-
lected from two infested apple trees) were
individually confined overnight on the
damaged portion in a sleeve cage. After
the first young were produced, the adult
female and all but one nymph were re-
moved. Date was recorded to denote the
birth of each aphid. The single remaining
nymph was observed daily using a hand
lens (power ×10) for exuviae (indicating
ecdysis), until all nymphs had moulted to
the adult stage. Fecundity (mean number
of progeny per adult female) was esti-
mated between January–April (summer–
autumn) and October–November (spring)
by removing and counting newly born
nymphs daily. Time from the final moult
to death of the adult aphids was also re-
corded during this period to estimate
adult longevity.

Statistical analysis
Differences in the developmental times of
E. lanigerum on the four apple varieties at
different temperatures and months were

determined using a one-way analysis of
variance (ANOVA). Differences in adult
longevity and fecundity at each tempera-
ture and within study periods in the field
(January–April and October–November)
were tested using ANOVA. All ANOVAs
were performed after the data were log
(x+1) transformed. Duncan’s (1955) mul-
tiple range test was used to separate
means if ANOVAs indicated a significant
difference.

Results

Laboratory study of biology
The mean developmental time of apter-
ous virginoparae of E. lanigerum was sig-
nificantly different between apple varie-
ties at constant temperatures of 13, 15, 20
and 25°C but not at 10°C (Table 1). Over-
all (across all temperatures), develop-
mental time appeared to be shorter on
Granny Smith and Jonathan than on
Rome Beauty and Delicious apple al-
though differences were not tested statis-
tically (Table 1). Nymphal mortality was

higher on Delicious and Rome Beauty
than on Granny Smith and Jonathan at all
the constant temperatures, with a marked
difference at 20 and 25°C (Figure 1). Fe-
cundity (mean number of progeny per
adult female) was also significantly
higher on Jonathan and Granny Smith
than Delicious at 13°C (F = 4.23, df = 3, 49;
P < 0.05) and 20°C (F = 3.80, df = 3, 43; P <
0.05), respectively. At 15°C, there was no
difference in fecundity between varieties
(F = 1.68, df = 3, 27; P > 0.05) (Table 2).
Across all temperatures, fecundity was
found to be comparatively high on
Jonathan and Granny Smith and lowest
on Delicious. Adult longevity did not dif-
fer between varieties at 13, 15 and 20°C (F
< 1.95, df = 3, 43; P > 0.05) (Table 3). Over-
all, adults appeared to live longer on
Granny Smith and Jonathan than on ei-
ther Rome Beauty or Delicious.

Seasonal abundance
Results of weekly sampling for E. lani-
gerum on these four apple varieties indi-
cated that the mean number of aphids per
tree per month was consistently higher on
Granny Smith than on the other three
apple varieties except in November 1990,
1992 and December 1991 (Figure 2). The
aphid populations appeared to increase
at a faster rate on Jonathan apple in
October–November (spring) than the
other apple varieties (Figure 2). A higher
proportion of Granny Smith than the
other apple varieties was found to be in-
fested each month. Also infestation was
higher on Jonathan than on either Deli-
cious or Rome Beauty. The present study
shows that in the field, E. lanigerum could
better survive during the winter on
Granny Smith and Jonathan than on ei-
ther Delicious or Rome Beauty (Figure 3).

Field study of biology
In the apple orchard, developmental time
differed significantly with apple variety
in January, February, March, April, No-
vember and December (i.e. from summer
to mid-autumn) during which average
temperatures ranged from 14–22°C. Dur-
ing this period, development appeared to
be faster on Granny Smith and Jonathan
than on either Delicious or Rome Beauty.
In October (i.e. mid-spring), with tem-
peratures increasing, there was no differ-
ence in the developmental time between
varieties, although average temperature
was 16°C. Also, there were no differences
in the developmental times between vari-
eties under the cooler conditions (average
temperatures < 13°C) of May, June and
September (Table 4).

The developmental time of the first
instar nymphs (time from larviposition to
the first moult) was found to be signifi-
cantly higher on Granny Smith and
Jonathan particularly in June (winter) (P
< 0.001). But in the spring, summer and

Temp

Table 1. Developmental time (days ± SE) of E. lanigerum reared on
different apple varieties at different constant temperatures.

Apple varietyA

(°C) Jonathan Granny Smith Delicious Rome Beauty F P

10 66.75± 1.84 69.07± 4.13 70.00± 3.57 72.97± 1.79 0.69 >0.05
13 33.55± 0.43a 35.28± 0.84b 39.60± 1.13c 38.88± 0.63d 15.57 <0.001
15 23.17± 0.68a 26.10± 0.52b 26.86± 0.65b 27.46± 0.69b 8.48 <0.001
20 16.14± 0.33ab 15.82± 0.24a 17.23± 0.75bc 17.44± 0.37c 4.20 <0.05
25 13.47± 0.41ab 12.65± 0.42a 14.52± 0.49bc 15.09± 0.41c 6.26 <0.01

Overall* 27.31± 1.21 26.30± 1.25 31.20± 1.66 28.73± 1.53 – –

A Means with different superscripts in the same row are significantly different (P < 0.01)
on analysis by Duncan’s multiple range test.
* Across temperatures (differences not tested statistically).

Table 2. Fecundity of apterous virginoparae of E. lanigerum on different
apple varieties at constant temperatures.

Apple varietyA

(°C) Jonathan Granny Smith Delicious Rome Beauty

13 123.87± 4.54a 108.00± 6.20ab 91.82± 8.04b 113.00± 7.77ab

15 118.23± 8.41 112.44±10.33 109.00± 5.21 85.00± 9.73
20 98.94± 7.27ab 129.54± 9.67a 78.12±16.65b 116.20±13.21ab

Overall* 115.60± 4.07 116.65± 5.02 90.04± 7.11 108.72± 6.81

A Means with different superscripts in the same row are significantly different (P < 0.01)
on analysis by Duncan’s multiple range test.
* Differences not tested statistically.

Table 3. Longevity (days ± SE) of adult apterous virginoparae of
E. lanigerum on different apple varieties at constant temperatures.

Apple variety

(°C) Jonathan Granny Smith Delicious Rome Beauty

13 80.86± 5.42 80.33± 8.84 63.71± 6.60 60.75±10.04
15 47.70± 4.53 46.14± 3.95 40.00±15.00 28.00± 3.01
20 23.46± 3.30 26.44± 2.52 22.20± 4.84 21.00± 2.91

Overall* 47.81± 4.91 51.36± 5.78 45.50± 6.57 33.86± 5.63

* Differences not tested statistically.

Temperature

Temperature
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autumn, the developmental
time of the first instar nymphs
was not consistently higher on
Granny Smith and Jonathan
than the other apple varieties
(Table 5). Fecundity was signifi-
cantly higher on Jonathan or
Granny Smith than on Delicious
during the spring and summer–
autumn (Table 6). Adult lon-
gevity did not differ between
varieties (i.e. Jonathan, Granny
Smith and Delicious) from late
summer to early autumn (Jan–
April) (P > 0.05). In the spring
(October–November), however,
adult longevity was signifi-
cantly higher on Jonathan or
Granny Smith than on Delicious
(P < 0.05) (Table 7).

D

Discussion
The present study has demonstrated that
E. lanigerum exhibits differences in nym-
phal development and survival, adult fe-
cundity and longevity, as well as the de-
gree of infestation, on the four apple vari-
eties. Although aphids in the laboratory
were reared on excised apple twigs under
constant conditions in growth cabinets,
the results were comparable to the field
studies conducted on whole apple trees.
The significantly shorter development
time, lower per cent mortality and higher
fecundity and longevity on Jonathan and
Granny Smith indicate that they are more
suitable host plants than Rome Beauty
and Delicious. The aphid populations
were found to build up at a faster rate on
Jonathan than Granny Smith during the
spring (i.e. October–December) (Figure 2).
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Figure 3. Weekly mean numbers (± SE) of apterous
virginoparae of E. lanigerum per tree for June to
September of 1990–1992.
Granny Smith (G), Jonathan (J), Delicious (D), Rome
Beauty (R).

Figure 1. Per cent mortality of immature stages
of apterous virginaparae of E. lanigerum on
four apple varieties at constant temperatures.
Granny Smith (G), Delicious (D), Jonathan (J),
Rome Beauty (R).
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Figure 2. Mean number of all life stages of
E. lanigerum per tree estimated from samples of 22
trees examined weekly throughout 1990–1992.
Granny Smith (¨̈), Jonathan (¡¡), Delicious (nn), Rome
Beauty (∆∆).
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This observation is supported by the
field experiments which show that in
the spring total development time (time
from larviposition to the final moult)
was shorter on Jonathan than Granny
Smith (Table 4). Also, during October–
November, the mean fecundity of adult
females was 123 and 116 on Jonathan and
Granny Smith, respectively (Table 6).

The higher nymphal mortality, longer
development time, lower fecundity and
shorter life associated with feeding on
Delicious may be results of the poor nu-
tritional quality or antifeedant and antibi-
otic effects of secondary plant substances
(Painter 1951, Kogan 1982). Adlaka and
Hameed (1972) reported in Kulu, India
that Golden Delicious possesses some de-
gree of resistance to E. lanigerum. In
Egypt, Ismail et al. (1990) found the abun-
dance of E. lanigerum on the following
apple cultivars to differ, with the order of
preference being Baladi > Volos > Deli-
cious.

Several attempts have been made to
elucidate the factors that are responsible
for resistance to E. lanigerum in a particu-
lar apple variety but with little success.
Resistance of apple varieties in the form
of antibiosis has been reported (Crane et
al. 1936, Hatton et al. 1937). Staniland
(1924) reported that immunity of North-
ern Spy root stocks to E. lanigerum cannot
be explained in terms of sclerenchyma
structure or physical characteristics. In
above ground parts of the trees, however,
resistance was found to be directly pro-
portional to the percentage of scleren-
chyma around the circumference of the
stem (Staniland 1924). Monzen (1926) re-
ported that susceptible apple varieties
show greater hydrogen ion concentration
values in their juices than the immune va-
rieties. It has also been reported that there
is an inverse correlation between suscep-
tibility of apple variety and the ratio of
phenolic to α-amino nitrogen compounds
in the tissue (Sen Gupta and Miles 1975).
This correlation was suggested to arise
from the influence of the nutritional sta-
tus of the plant on the ingestion of toxic
compounds.

Northern Spy, Winter Majetin and
Malling-Merton root stocks have been
widely reported to be resistant to E.
lanigerum (Underhill and Cox 1938, Rai
and Tripathi 1984). Giliomee et al. (1968),
however, observed that Northern Spy,
Merton and Malling-Merton root stocks
were susceptible to E. lanigerum in South
Africa. Also, biotypes of E. lanigerum that
could infest Northern Spy and some
Malling-Merton series produced from
Northern Spy have been reported in Aus-
tralia (Sen Gupta and Miles 1975) and the
United States (Rock and Zeigler 1974,
Klimstra and Rock 1985). More work is
needed on the physical and chemical
characteristics of apple varieties in order

Table 4. Developmental time (days ± SE) of E. lanigerum reared under field
conditions on different apple varieties.

Apple varietyA

Month Year Jonathan Granny Smith Delicious Rome Beauty F P

Feb 1991 17.88± 1.00a 17.64± 0.56a 20.69± 0.83ab 24.00± 1.96b 7.38 <0.001

March 1991 21.82± 0.75b 19.81± 0.60a 24.47± 1.27c 23.39± 1.31bc 4.73 <0.01

April 1991 36.09± l.77a 40.97± 1.51b 43.27± 2.50b 35.54± 0.95a 4.58 <0.05

May 1991 83.95± 8.92 82.58± 4.49 67.88± 7.22 74.70± 3.17 1.25 >0.05

June 1991 119.71± 2.13 110.14± 2.33 109.40± 2.79 112.00± 3.11 2.70 >0.05

Sept 1991 33.92± 0.81 34.39± 0.47 35.79± 0.39 36.17± 0.91 2.56 >0.05

Oct 1991 16.73± 0.39 17.27± 0.33 17.47± 0.26 17.86± 0.49 1.58 >0.05

Nov 1991 17.56± 0.74a 21.25± 0.60b 17.55± 0.35a 16.57± 0.40a 16.42 <0.001

Dec 1991 21.06± 0.34a 24.15± 0.53b 21.74± 0.48a 22.21± 0.47ab 6.39 <0.01

Jan 1992 17.71± 0.40a 18.50± 0.67ab 19.74± 0.38b – 3.57 <0.01

A Means with different superscripts in the same row are significantly different (P < 0.01) on
analysis by Duncan’s multiple range test.

Table 5. Mean developmental time (days ± SE) of the first instar of
E. lanigerum reared on different apple varieties under field conditions.

Apple varietyA

Month Year Jonathan Granny Smith Delicious Rome Beauty F P

Feb 1991 8.75± 0.60a 8.57± 0.37a 9.28± 0.40a 10.75± 0.70b 3.03 <0.05

March 1991 10.05± 0.59a 7.46± 0.30b 10.47± 0.71a 10.74± 0.79a 8.21 <0.001

April 1991 13.77± 0.81 14.23± 0.65 15.82± 0.76 14.92± 0.32 1.27 ns

May 1991 30.21± 2.24b 34.09± 1.67c 25.88± 1.22a 29.40± 1.34b 3.80 <0.0

June 1991 52.50± 6.43b 67.93± 5.61b 36.80± 5.57a 32.00± 1.67a 8.26 <0.001

Sept 1991 18.42± 0.62a 14.00± 0.63b 19.29± 0.66a – 20.65 <0.001

Oct 1991 5.67± 0.22a 7.08± 0.18b 6.14± 0.20a 6.00± 0.29a 6.55 <0.001

Nov 1991 6.31± 0.42a 9.40± 0.39b 7.50± 0.36a 6.43± 0.27a 15.71 <0.001

Dec 1991 11.56± 0.33b 13.15± 0.50b 11.74± 0.35ab 10.74± 0.38a 5.52 <0.01

Jan 1992 9.19± 0.16 9.12± 0.38 9.00± 0.23 9.33± 0.33 0.10 ns

A Means with different superscripts in the same row are significantly different (P < 0.01) on
analysis by Duncan’s multiple range test.

Table 6. Fecundity (± SE) of adult apterous virginoparae of E. lanigerum
reared on different apple varieties under field conditions.

Apple varietyAB

Period Jonathan Granny Smith Delicious F P

January–April 1991 55.89± 6.80b 61.22± 7.40b 36.11±10.00a 4.48 <0.05
(summer–autumn) (9)  (9) (9)
October–November 1991 123.00± 7.30b 116.44± 8.70b 86.00±29.00a 3.79 <0.05
(spring) (11)  (9) (5)

A Number of samples are in parentheses.
B Means with different superscripts in the same row are significantly different (P < 0.01) on
analysis by Duncan’s multiple range test.

Table 7. Longevity (days ± SE) of adult apterous virginoparae of
E. lanigerum reared on different apple varieties under field conditions.

Apple varietyAB

Period Jonathan Granny Smith Delicious F P

January–April 1991 40.56± 6.30 56.22± 6.20 39.78± 7.80 2.24 >0.05
(summer–autumn) (9) (9) (9)
October–November 1991 40.91± 2.20b 41.67± 3.30b 29.60± 3.l0a 4.63 <0.05
(spring) (11) (9) (5)

A Number of samples are in parentheses.
B Means with different superscripts in the same row are significantly different (P < 0.01) on
analysis by Duncan’s multiple range test.
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to be able to fully understand the mecha-
nisms involved in their resistance or sus-
ceptibility to E. lanigerum attack.

Although it has been reported that tem-
perature could induce changes in levels of
resistance or susceptibility of some host
plants to insect attack (Isaak et al. 1965,
Tingey and Singh 1980), the present study
has shown that Granny Smith and
Jonathan apple appear to be the most pre-
ferred host plants of E. lanigerum through-
out the year. The reason why no differ-
ences in total development time were
observed between varieties from May–
October (late autumn–winter–early spring)
may be due to the longer development
time of the first instar nymphs on Granny
Smith and Jonathan (Table 5). This char-
acteristic, however, appeared to enhance
the ability of the aphid to better survive
the winter on Granny Smith and Jonathan
than on Rome Beauty and Delicious. It
has been observed that young nymphs of
E. lanigerum are more resistant to the cold
than adults (Asante 1994). On Granny
Smith and Jonathan, the overwintering of
E. lanigerum was found to occur mainly
on the trunk and exposed roots. On Deli-
cious, the refugee winter populations
mainly occurred in cracks and crevices on
the large branches. In the case of Rome
Beauty, aphids were found to overwinter
mainly on the twigs and large branches.
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