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Population Trends of Woolly Apple Aphid, Eriosoma lanigerum and its Parasitoid,
Aphelinus mali on two Apple Cultivars in Jordan
Mazen A. Ateyyat1* and Tawfiq M. Al-Antary2

ABSTRACT
The population trends of Woolly Apple Aphid (WAA), Eriosoma lanigerum Hausmann (Homoptera: Aphididae)
and its parasitoid, Aphelinus mali Haldeman (Hymenoptera: Aphelinidae) were studied on two apple cultivars,
Fuji and Golden Delicious during 2006-2007. Results indicated that even though both Fuji and Golden Delicious
were grafted on the same rootstock, MM.106, but both of them showed variability in the populations of WAA.
The edaphic populations of WAA recorded on Fuji during winter while roots of Golden Delicious did not sustain
any form of WAA. Generally, aerial aphid colonies on both Fuji and Golden Delicious have been seen
throughout the year except in severe winters from January to the end of March. Peak abundance of aerial
populations on Fuji was 240 colonies per tree in November 2006 and 225 colonies per tree in August 2007. Peak
abundance of arboreal populations in Golden Delicious was 43 colonies per tree in November 2006 and 33
colonies per tree in July 2007. Fuji sustained higher numbers of WAA than Golden Delicious throughout the
years of study. The percentages of mummified WAA were very low (less than 10 %) during 2006-2007, but
always higher on Fuji than on Golden Delicious.
Keywords: Population Trends, Eriosoma lanigerum, Fuji, Aphelinus mali, Golden Delicious.

INTRODUCTION

primary host. This pest was spread to other growing
regions throughout the globe beginning as early as the

Woolly Apple Aphid (WAA), Eriosoma lanigerum

mid-1700s, before quarantine measures were conceived,

Hausmann, is an important pest of apple orchards

let alone implemented (Beers et al., 2006). It has become

worldwide. It is native to eastern North America, where

a more severe pest in apple production in Jordan in the

it used American elm (Ulmus americanum L.) as the

past two decades (Ateyyat and Al-Antary, 2009). WAA
infests both the aerial and edaphic (root) parts of the
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apple tree (Gurney, 1926; Lloyd, 1961). Its infestation
reduces shoot growth and hence production capacity
(Brown and Schmitt 1990; Brown et al., 1995). Adult
females over-wintering on the roots, continue to slowly
develop and reproduce (Thwaite and Bower, 1983).
Spring migration of crawlers from the roots into the tree
is the major source of re-infestation each year (Hoyt and
Madsen, 1960).
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Aphelinus mali (Hald) (Hymenoptera: Aphelinidae)

the parasitism of WAA by Aphelinus mali was studied

is considered the most important natural enemy for

on both Fuji and Golden Delicious by choosing 5 trees

WAA. This parasitoid parasitizes the aerial population of

of each cultivar monthly and cutting randomly five 10-

WAA (Mols and Boers, 1998; Mols et al., 1996).

cm secondary scaffold limbs from each tree. The

Studies showed that A. mali parasitised all stages of E.

percentage of mummified WAA on each tree was

lanigerum reared on potted apple plants, but preferred

recorded, then the branch sections were placed in aerated

3rd-instar nymphs and older hosts (Mueller et al., 1992).

8-cm Petri dish that were held in an incubator at 25 ± 2

With attention to the importance of WAA in Jordan

˚C. The numbers of emerged adults of A. mali were
recorded.

apple orchards, the population trends of WAA and its

RESULTS

parasitoid, Aphelinus mali was studied on two apple
cultivars of different characteristics, Fuji and Golden

Populations of WAA on Fuji

Delicious.

Edaphic populations of WAA on Fuji were recorded
from January to mid March of 2006 and from December

MATERIALS AND METHODS

2006 to mid April 2007 when mean soil temperatures

This study was conducted at the Apple Genetic

ranged from 8 to 13˚C (Figs. 1, 2). Upward movement of

of

WAA on the trunk began in April 2006, when mean

Agriculture Research and Extension (about 1300 m

ambient temperature was above 10˚C. WAA populations

above sea level and 220 Km south of Amman). All the

increased on the trunk and reached a plateau (40

trees at the experimental site were planted in 1992 and

colonies per tree) in November 2006 after which

trained under the central-leader system to an average

downward

height of 3 m (range 2.5.–3.5 m), with a mean trunk

disappeared in January 2007 (Fig. 2). In 2007, the

diameter of approximately 30 cm. All trees were planted

populations of WAA reached a plateau (80 colonies per

on Merton-Malling Series (MMS) 106 rootstock.

tree) on the trunk in August after which downward

Planting distances were a 5 by 5 m grid. The experiment

movement began and populations disappeared in

was conducted on two cultivars of apple of different

December (Fig. 2). Aerial populations of WAA on

characteristics; Fuji and Golden Delicious (Table 1).

primary and secondary scaffold limbs were recorded

Aerial colonies of woolly apple aphid were monitored

from April and disappeared in the last week of

every 2 weeks from the beginning of January 2006 to

December in both years of study, 2006 and 2007 (Fig.

December 2007. Five trees were randomly chosen from

2). Populations of WAA reached a plateau on limbs

each cultivar.

The numbers of WAA colonies were

(about 100 colonies on the primary scaffold limbs and

counted on the trunk and 8 randomly chosen terminals of

140 colonies on the secondary scaffold limbs) in

each tree (4 primary and 4 secondary scaffold limbs).

November 2006 and in August 2007 (about 120 colonies

For counting edaphic WAA colonies, five trees of each

on the primary scaffold limbs and 100 colonies on the

cultivar were uprooted once in December 2005, and soil

secondary scaffold limbs) (Fig. 2).

Complex

in

Ash-Shoubak

Regional

Center

movement

began

and

populations

was removed from the roots. As the roots were cleaned,
aphid colonies were counted on the primary and

Populations of WAA on Golden Delicious

secondary roots of the last 20 cm of basal growth. Also,

WAA was not recorded on the roots of Golden
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rootstock.

canopy and root system of Malus spp (Deng et al., 1993).

Populations of WAA were recorded on the trunk

Root damage is usually more severe than stem damage

throughout the year except from January to March 2006

and more difficult to control. Populations of Eriosoma

and from January to April 2007 (Fig. 3). The highest

lanigerum were studied in Ashoubak area on two apple

populations on the trunk of Golden Delicious were

cultivars grafted on MM.106. The first cultivar is Fuji that

recorded in July 2006 (32 colonies) and in August 2007

was recorded as highly susceptible cultivar to WAA, and

(22 colonies) (Fig. 3). In 2006, WAA appeared in April

the second was Golden Delicious that was recorded as

on the primary scaffold limbs and in June on the

resistant cultivar (Ateyyat and Al-Alntary, 2009). Even

secondary scaffold limbs (Fig. 3). But in 2007, WAA

though both Fuji and Golden Delicious are grafted on the

appeared in May on both primary and secondary scaffold

same rootstock, MM106, both of them showed variability

limbs (Fig. 3).

in the populations of WAA particularly the edaphic

Delicious

apple

grafted

on

MM106

Populations of WAA on Fuji vs Golden Delicious

populations of WAA that were recorded on Fuji during

Generally, Fuji sustained a higher number of WAA

winter while roots of resistant Golden Delicious did not
sustain any form of WAA.

colonies throughout the period of study. Complete
absence of WAA colonies was detected on Golden

Generally, aerial aphid colonies on both Fuji and

Delicious from January to March 2006 and from January

Golden Delicious have been seen throughout the year

to April 2007 (Fig. 4) The highest total number of WAA

except in severe winters from January to the end of

populations on both edaphic and aerial parts of Fuji tree

March at 6.5 °C mean temperature (4.0 to 10.0 °C).

was recorded in November 2006 (278 colonies) and

During severe winters, WAA moved to roots of Fuji, at

August 2007 (308 colonies) (Fig. 4). As a total number

which the mean soil temperature was 10.33°C (8.0 to 13

of WAA populations on both edaphic and aerial parts of

°C). In a study conducted in India on Royal Delicious,

Golden Delicious, two distinct peaks were recorded in

Sushma-Bhardwaj et al. (1995) indicated that ambient

2006, one in July (67 colonies) and the other was in

temperature (>10.3°C) and soil temperature (>11.5°C)

November (65 colonies), while in 2007 only one distinct

triggered the aphid movement toward aerial zone.
Variations in the timing of peak abundance of aerial

peak was recorded in August (55 colonies) (Fig. 4).

populations of WAA in Fuji and Golden Delicious
Parasitism of WAA by Aphelinus mali

apples were recorded. Peak abundance of aerial

Parasitism was recorded on Fuji earlier than that

populations on Fuji was 240 colonies per tree in

recorded on Golden Delicious in both years of study, 2006

November 2006 and 225 colonies per tree in August

and 2007 (Fig. 5). Even though the percentages of

2007. Peak abundance of aerial populations in Golden

mummified WAA were very low (less than 10%) during

Delicious was 43 colonies per tree in November 2006

this period, the percentage was always higher on Fuji than

and 33 colonies per tree in July 2007. However, Fuji

on Golden Delicious (Fig. 5). The same was true for the

sustained higher numbers of WAA than Golden

number of emerged A. mali on both cultivars (Fig. 6).

Delicious throughout the study. This agrees with Ateyyat
and Al-Antary (2009) finding who approved that Fuji is
more susceptible to WAA attack than Golden Delicious.

DISCUSSION

The incidence of E. lanigerum on 4 apple varieties

The aphid Eriosoma lanigerum infests both the

-335-

Jordan Journal of Agricultural Sciences, Volume 6, No.3, 2010

was determined in field trials in Meghalaya of India

the parasitoid to build up its population. The highest

during 1977-78 (Sachan and Gangwar, 1989). The

number of emerged A. mali was obtained from samples

mentioned researchers indicated that no significant

colleced from Fuji in November of both years of study.

differences were observed with regard to the percentage

This is an expected result as Fuji sustained higher

infestation of plants or the average number of aerial

numbers of WAA compared with that sustained by

colonies per plant, but highly significant differences

Golden Delicious that provides the parasitoid a better

were recorded between percentage infestation of

chance for parasitism. Also, the high parasitism in

branches. The highest infestation was recorded on Royal

November could be due to the fact that orchardists stop

Delicious and the lowest on Golden Delicious.

pesticide sprays during this period as they deal with
harvesting

Variations were obtained in the percentages of

fruits.

However,

the

parasitism

with

mummified WAA on Fuji and Golden Delicious. Even

Aphelinus mali is very weak and for this reason, more

though the experiments were conducted on trees in

efforts are required to do mass rearing for this parasitoid

which no spraying was allowed, the percentages of

to release it in the fields to suppress this insect.

mummified WAA were very low (less than 10%) during
2006-2007, but always higher on Fuji compared with
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Table 1. Characteristics of Fuji and Golden Delicious
Cultivar
Golden Delicious

Parentage
Grimes

Golden

Color
X

Golden Reinette ?

golden

Season

yellow,

occasional

Late

russet

Description
Large, conic to round; smooth skin;
crisp, clean juicy yellow flesh; sweet

patches

and mild flavor; famous variety from
West Virginia, ca. 1912

Fuji

Ralls

Janet

x

Delicious; Japan 1962

Yellowish
skin

green

with

Late

Tall, rectangular, medium size fruit.

an

Darker blush on sun side. Crisp,

orangish red flush

juicy slightly subacid white flesh

and darker stripes

with outstanding texture.

May

require up to 200 days to mature.
Good keeper
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Fig. 1: Ambient and soil temperatures in Ash-Shoubak area during 2006-2007.

Fig. 2: Number of woolly apple aphid colonies on root, trunk, primary or secondary scaffold
limbs of Fuji apple cultivar during 2006-2007.
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Fig. 3: Number of woolly apple aphid colonies on root, trunk, primary or secondary scaffold
limbs of Golden Delicious apple cultivar during 2006-2007.

Fig. 4: Total number of woolly apple aphid colonies on both edaphic and aerial parts of the tree
for Fuji and Golden Delicious apple cultivar during 2006-2007.
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Fig. 5: Percentages of mummified WAA on Fuji and Golden Delicious apple cultivar during
2006-2007.

Fig. 6: Number of emerged Aphelinus mali from mummified WAA on Fuji and Golden Delicious
apple cultivar during 2006-2007.
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ﺍﻟﺘﻐﻴﺭﺍﺕ ﺍﻟﻌﺩﺩﻴﺔ ﻟﺤﺸﺭﺓ ﻤﻥ ﺍﻟﺘﻔﺎﺡ ﺍﻟﻘﻁﻨﻲ ﻭﻋﺩﻭﻫﺎ ﺍﻟﺤﻴﻭﻱ  Aphelinus maliﻋﻠﻰ
ﺼﻨﻔﻴﻥ ﻤﻥ ﺍﻟﺘﻔﺎﺡ ﻓﻲ ﺍﻷﺭﺩﻥ
ﻤﺎﺯﻥ ﻋﻁﻴﺎﺕ 1ﻭﺘﻭﻓﻴﻕ ﺍﻟﻌﻨﺘﺭﻱ

2

ﻤﻠﺨـﺹ
ﺘﻤﺕ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺩﺭﺍﺴ ﹸﺔ ﺍﻟﺘﻐﻴﺭﺍﺕ ﺍﻟﻌﺩﺩﻴﺔ ﻟﻜل ﻤﻥ ﺤﺸﺭﺓ ﻤﻥ ﺍﻟﺘﻔﺎﺡ ﺍﻟﻘﻁﻨﻲ ﻭﺍﻟﻤﺘﻁﻔل  Aphelinus maliﻋﻠﻰ
ﺼﻨﻔﻴﻥ ﻤﻥ ﺍﻟﺘﻔﺎﺡ ﻟﻬﻤﺎ ﺼﻔﺎﺕ ﻤﺨﺘﻠﻔﺔ ﻓﻲ ﻤﻨﻁﻘﺔ ﺍﻟﺸﻭﺒﻙ ﺨﻼل ﻋﺎﻤﻲ  .2007-2006ﺘﻤﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻋﻠﻰ ﺼﻨﻔﻴﻥ
ﻤﻥ ﺍﻟﺘﻔﺎﺡ ،ﻫﻤﺎ ﺼﻨﻑ ﻓﻭﺠﻲ ﻭﺼﻨﻑ ﺠﻭﻟﺩﻥ ﺩﻟﻴﺸﺱ ،ﻭﻜﻼﻫﻤﺎ ﻤﻁﻌﻤﺎﻥ ﻋﻠﻰ ﺍﻷﺼل  .MM106ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻨﻪ
ﻭﺒﺎﻟﺭﻏﻡ ﻤﻥ ﺃﻥ ﻜﻼ ﺍﻟﺼﻨﻔﻴﻥ ﻤﻁﻌﻤﺎﻥ ﻋﻠﻰ ﻨﻔﺱ ﺍﻷﺼل ﺇﻻ ﺃﻨﻬﻤﺎ ﺃﻅﻬﺭﺍ ﺍﺨﺘﻼﻓﺎ ﻓﻲ ﺇﻋﺩﺍﺩ ﺤﺸﺭﺓ ﻤﻥ ﺍﻟﺘﻔﺎﺡ ﺍﻟﻘﻁﻨﻲ
ﻋﻠﻰ ﺍﻟﺠﺫﻭﺭ؛ ﺤﻴﺙ ﻟﻡ ﻴﺴﺠل ﺃﻱ ﺘﻭﺍﺠﺩ ﻟﻠﺤﺸﺭﺓ ﻋﻠﻰ ﺠﺫﻭﺭ ﺼﻨﻑ ﺠﻭﻟﺩﻥ ﺩﻟﻴﺸﺱ .ﻋﻠﻰ ﻨﺤﻭ ﻋﺎﻡ ،ﺸﻭﻫﺩﺕ
ﻤﺴﺘﻌﻤﺭﺍﺕ ﺍﻟﻤﻥ ﻋﻠﻰ ﻜﻼ ﺍﻟﺼﻨﻔﻴﻥ ﻋﻠﻰ ﺍﻷﺠﺯﺍﺀ ﺍﻟﻌﻠﻭﻴﺔ ﻟﻠﻨﺒﺎﺕ ﻁﻭﺍل ﺍﻟﻌﺎﻡ ﺒﺎﺴﺘﺜﻨﺎﺀ ﻓﺘﺭﺓ ﺍﻟﺸﺘﺎﺀ ﻤﻥ ﻜﺎﻨﻭﻥ ﺜﺎﻨﻲ ﻭﺤﺘﻰ
ﻨﻬﺎﻴﺔ ﺁﺫﺍﺭ .ﻜﺎﻥ ﺃﻜﺒﺭ ﻋﺩﺩ ﻟﻤﺴﺘﻌﻤﺭﺍﺕ ﺍﻟﻤﻥ ﻋﻠﻰ ﺍﻟﺼﻨﻑ ﻓﻭﺠﻲ ) 240ﻤﺴﺘﻌﻤﺭﺓ( ﻟﻠﺸﺠﺭﺓ ﺍﻟﻭﺍﺤﺩﺓ ﻋﻠﻰ ﺍﻷﺠﺯﺍﺀ
ﺍﻟﻌﻠﻭﻴﺔ ﻟﻠﻨﺒﺎﺕ ﺨﻼل ﺸﻬﺭ ﺘﺸﺭﻴﻥ ﺜﺎﻨﻲ ﻟﻌﺎﻡ  2006ﻭ) 225ﻤﺴﺘﻌﻤﺭﺓ( ﻟﻠﺸﺠﺭﺓ ﺍﻟﻭﺍﺤﺩﺓ ﺨﻼل ﺸﻬﺭ ﺁﺏ ﻟﻌﺎﻡ ،2007
ﺒﻴﻨﻤﺎ ﻜﺎﻥ ﺃﻋﻠﻰ ﻋﺩﺩ ﻤﻥ ﺍﻟﻤﺴﺘﻌﻤﺭﺍﺕ ﻋﻠﻰ ﺍﻟﺼﻨﻑ ﺠﻭﻟﺩﻥ ﺩﻴﻠﺸﺱ ﻋﻠﻰ ﺍﻷﺠﺯﺍﺀ ﺍﻟﻌﻠﻭﻴﺔ ﻟﻠﻨﺒﺎﺕ ) 43ﻤﺴﺘﻌﻤﺭﺓ (
ﻟﻠﺸﺠﺭﺓ ﺍﻟﻭﺍﺤﺩﺓ ﺨﻼل ﺸﻬﺭ ﺘﺸﺭﻴﻥ ﺜﺎﻨﻲ ﻟﻌﺎﻡ  2006ﻭ)  33ﻤﺴﺘﻌﻤﺭﺓ( ﺨﻼل ﺘﻤﻭﺯ ﻟﻌﺎﻡ  .2007ﻜﺎﻨﺕ ﺃﻋﺩﺍﺩ
ﺍﻟﻤﺴﺘﻌﻤﺭﺍﺕ ﻋﻠﻰ ﺍﻟﺼﻨﻑ ﻓﻭﺠﻲ ﺨﻼل ﺴﻨﻭﺍﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻜﺜﺭ ﻤﻤﺎ ﺸﻭﻫﺩﺕ ﻋﻠﻰ ﺍﻟﺼﻨﻑ ﺠﻭﻟﺩﻥ ﺩﻟﺸﺱ .ﻭﻜﺎﻨﺕ ﻨﺴﺒﺔ
ﺤﺸﺭﺍﺕ ﺍﻟﻤﻥ ﺍﻟﻘﻁﻨﻲ ﺍﻟﻤﺘﻁﻔل ﻋﻠﻴﻬﺎ ﺃﻗل ﻤﻥ  %10ﺨﻼل ﻓﺘﺭﺓ ﺍﻟﺩﺭﺍﺴﺔ ،ﻭﻫﻲ ﻨﺴﺒﺔ ﻤﻨﺨﻔﻀﺔ ﺠﺩﺍ .ﻭﻋﻠﻰ ﻨﺤﻭ ﻋﺎﻡ
ﻜﺎﻨﺕ ﻨﺴﺒﺔ ﺍﻟﺘﻁﻔل ﻋﻠﻰ ﻤﻥ ﺍﻟﺘﻔﺎﺡ ﺍﻟﻘﻁﻨﻲ ﺍﻟﻤﺘﻭﺍﺠﺩ ﻋﻠﻰ ﺍﻟﺼﻨﻑ ﻓﻭﺠﻲ ﺃﻜﺜﺭ ﻤﻤﺎ ﻫﻭ ﻋﻠﻴﻪ ﻓﻲ ﺍﻟﺼﻨﻑ ﺠﻭﻟﺩﻥ ﺩﻟﺸﺱ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟـﺔ :ﺍﻟﺘﻐﻴـﺭﺍﺕ ﺍﻟﻌﺩﺩﻴـﺔ ،ﻤـﻥ ﺍﻟﺘﻔـﺎﺡ ﺍﻟﻘﻁﻨـﻲ  ،Eriosoma lanigerum,ﻓـﻭﺠﻲ ،ﺠﻭﻟـﺩﻥ ﺩﻟـﺸﺱ،
.Aphelinus mali

____________________________________________

 (1ﻗﺴﻡ ﺇﻨﺘﺎﺝ ﻭﻗﺎﻴﺔ ﺍﻟﻨﺒﺎﺕ ،ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ ﺍﻟﺘﻘﻨﻴﺔ ،ﺠﺎﻤﻌﺔ ﺍﻟﺒﻠﻘﺎﺀ ﺍﻟﺘﻁﺒﻴﻘﻴﺔ ،ﺍﻟﺴﻠﻁ ،19116 ،ﺍﻷﺭﺩﻥ.

 (2ﻗﺴﻡ ﻭﻗﺎﻴﺔ ﺍﻟﻨﺒﺎﺕ ،ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ ،ﺍﻟﺠﺎﻤﻌﺔ ﺍﻷﺭﺩﻨﻴﺔ ،ﻋﻤﺎﻥ ،ﺍﻷﺭﺩﻥ.
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