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ABSTRACT

Filajdic, N., Sutton, T. B., Walgenbach, J. ., and Unrath, C. R. 1995. The influence of the ap-
ple aphid/spirea aphid complex on intensity of Alternaria blotch of apple and fruit quality char-

acteristics and yield. Plant Dis. 79:691-694.

Two levels of aphid densities (apple aphid/spirea aphid complex) were established within
treatments of two levels of Alternaria blotch at two locations in 1992 and one in 1993. At the
high disease level, disease severity was greater in treatments in which a high aphid density was
present. Defoliation was increased at one location in 1 year. Fruit quality characteristics such as
soluble solids content, diameter, and weight were often decreased at the high aphid density;
firmness was increased and commercial color decreased in some cases. Yield was not affected

by aphids.

Apple aphid (Aphis pomi DeGeer) and
spirea aphid (Aphis spiraecola Patch) are
common pests in apple (Malus x domes-
tica Borkh.) orchards in the southeastern
United States. The two species are mor-
phologically similar and difficult to distin-
guish in the field (8). Both species are con-
sidered to have minimal effect on growth
and yield of bearing Red Delicious trees
(2); both species, however, negatively af-
fect growth and leaf formation of young
trees (3,4,5). For orchard management pur-
poses, the two species are not distin-
guished and action thresholds for the aphid
complex are used (5).

Both species feed on apple leaves with
their piercing-sucking mouth parts and
remove phloem sap, generally from grow-
ing shoot tips where the nutritive quality is
highest. In North Carolina, apple aphid
populations are most intense during May
through July.

Feeding by European red mite (ERM)
Panonychus ulmi (Koch) increases severity
of Alternaria blotch (Alternaria mali,
Roberts) and defoliation, and reduces yield
and fruit quality when high mite popula-
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tions are present (1). Integrated Pest Man-
agement (IPM)-based strategies for man-
agement of Alternaria blotch must be
designed within the context of established
insect and mite management programs.
Therefore, the objective of this study was
to determine if apple aphid/ spirea aphid
feeding on apple leaves increases the in-
tensity of Alternaria blotch on Delicious
apple, and if fruit quality characteristics
and yield are affected.

MATERIALS AND METHODS

Description of orchards and the ex-
perimental design. Two commercial or-
chards in western North Carolina (McKay
and Staton), planted to Oregon Spur Deli-
cious, 12 and 8 years old, respectively,
were used in this study. The McKay or-
chard has a history of severe Alternaria
blotch from 1989 to 1993 with up to 70%
defoliation, whereas at the Staton orchard
Alternaria blotch was of moderate inten-
sity from 1990 to 1992, and was severe in
1993.

Four treatments (two levels of Alternaria
blotch x two aphid densities) were estab-
lished in three replicate randomized com-
plete blocks at both locations. The low
level of Alternaria blotch was established
by spraying trees with 0.6 g a.i. per liter of
iprodione (Rovral 4F) to the drip point,
using a Swanson DA 500 speed sprayer
(Durand Wayland, LaGrange, Ga.) driven
at 4 km per h and with 1,379 kPa manifold
pressure. The spray program was initiated
on 15 May of each year and continued on
a 2-week schedule until 4 August 1992
and 27 August 1993. Aphid levels were
managed with applications of phosphami-
don (Phosphamidon 8E) at 93.5 g a.i. per
ha. Treatments in which a low aphid
population was desired were sprayed pre-

ventively on 13 May, 2, 10, and 17 June,
and 7 July 1992, and on 21 May, 11 June,
and 2 July 1993. Aphid populations were
monitored weekly beginning on 29 April
1992 and 17 May 1993 and continuing
until 27 July 1992 and 26 July 1993. No
phosphamidon applications were sprayed
in the high aphid density treatment. In
addition, ERM populations were managed
with applications of propargite (Omite
30WP) at 0.72 g a.i. per liter on 10 June, 7
and 21 July 1992, and 2 and 11 July 1993.
Propargite was applied to drip with a
handgun sprayer.

Two methods were used to assess aphid
densities: in 1992, 10 terminals per tree
were arbitrarily selected on each assess-
ment date and the number of terminals
with =1 apterous aphid was recorded.
Aphid populations in each treatment were
expressed as area under curve (AUC),
which was calculated by summing the
product of the percent terminals infested
with aphids for each sampling date by
number of days between two sampling
dates. In 1993, terminals were selected in
the same manner as in 1992, but number
of leaves per terminal infested with aphids
was recorded. Aphid infestation in each
treatment was expressed as AUC, which
was calculated by summing the product of
mean number of leaves per terminal in-
fested with aphids for each sampling date
by number of days between two sampling
dates. Number of ERM was assessed on 10
arbitrarily selected leaves per tree using a
magnifying visor (Optivisor magnifier,
Donegan Optical Company Inc., Lenexa,
Kans.) on the same days that aphid popu-
lations were assessed.

Alternaria blotch severity was assessed
on all leaves from 10 and four arbitrarily
selected terminals per tree in 1992 and
1993, respectively. Terminals were se-
lected and tagged 2 weeks before the first
disease assessment in each year; the same
terminals were evaluated on each assess-
ment date. The lower portion of the Hors-
fall-Barratt scale of 0 to 5 was used, in
which 0 = no lesions, 1 =1 to 3% leaf area
covered with lesions, 2 =4 to 6%, 3 =7 to
12%, 4 = 13 to 25%, and 5 = 26 to 50%.
Disease severity was assessed on 19 May,
3, 15, and 29 June, 14 and 30 July, 18
August, and 4 September 1992, and on 20
May, 10 and 24 June, 8 and 22 July, 12
and 26 August, and 14 September 1993.
Defoliation was assessed using the same
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terminals on the last four sampling dates in
each year. The number of nodes where
leaves had abscised and the total number
of nodes on a terminal were counted and
percent defoliation was calculated.

Fruit drop. Number of fruit beneath
each tree was recorded at harvest of each
year (10 September 1992 and 21 Septem-
ber 1993) and percent fruit drop was calcu-
lated by dividing the number of fallen fruit
by the total number of fruit remaining on
each tree plus the number of drops and
multiplying by 100.

Fruit quality. Twenty fruit were col-
lected arbitrarily from each tree at harvest
in each year and brought to the laboratory.
Measurements of diameter, firmness, com-
mercial color, soluble solids content, and
weight were recorded. Fruit diameter at
the equator was measured using a hand-
held band-sizer (Cranston Machinery Co.,
Oak Grove, Oreg.); firmness was assessed
with a hand-held pressure tester (McCor-
mick Fruit Tech Co., Yakima, Wash.);
soluble solids content was measured with a
refractometer (American Optical, Scien-
tific Instrument Division, Buffalo, N.Y.);
and commercial color was calculated from
a visual assessment of percent total and
red color to the nearest 5%, using the for-
mula CC = RC + ((TC - RC) / 2), where
CC = commercial color, RC = percent red
color, and TC = percent total color.

Yield. Yield for each tree was estimated
by multiplying the number of fruit remain-
ing on each tree at harvest by mean fruit
weight.

Statistical analysis. All data were ana-
lyzed as a 2 x 2 factorial experiment using
the PROC ANOVA procedure of the Sta-
tistical Analysis System (SAS Institute,
Cary, N.C.).

Table 1. Area under curve (AUC) in 1992

AUC
Year and
treatment McKay Staton
1992
LD-LA 163.0 d2 205.2d
LD-HA 386.4b 387.2b
HD-LA 2193 ¢ 253.2¢
HD-HA 425.1a 4347 a
1993
LD-LA 49.6d 60.0 NS
LD-HA 94.8b 83.9
HD-LA 658c 56.8
HD-HA 105.0a 79.0

* AUC was calculated by adding the product of
mean number of terminals (out of selected 10
terminals) infested with aphids for each samp-
ling date by number of days between two
sampling dates.

Y LD = low disease level, LA = low aphid level,
HA = high aphid level, HD = high disease
level.

% Numbers within column followed by different
letters are significantly different (P = 0.05),
according to the Waller-Duncan k-ratio ¢ test.
NS = not significant.

692 Plant Disease/Vol. 79 No. 7

RESULTS

Aphid and ERM populations. In 1992,
the number of terminals infested with
aphids steadily increased from 29 April
until 22 June at both locations. After that
date, aphid populations decreased rapidly.
Number of aphid-infested terminals (ex-
pressed by AUC) in treatments in which a
high density was desired was significantly
greater than the number of aphid-infested
terminals in the low density treatments
(Table 1).

In 1993, at both locations, the number
of leaves per terminal infested with aphids
increased from 17 May until 28 June, after
which populations decreased. At McKay,
the AUC was higher in the high than low
aphid density treatments; however, at Sta-
ton differences were not significant (P =
0.05) (Table 1). Therefore, only data from
McKay in 1992 and 1993 and Staton in
1992 for disease severity, defoliation, fruit
drop, fruit quality, and yield are presented.
Number of ERM per leaf was not different
for any of the treatments used in this study
in either location or year.

Disease severity. At the McKay and
Staton orchards in 1992, disease severity
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Fig. 1. Mean disease severity obtained using a
lower portion of the Horsfall-Barratt scale of 0
to 5, for four treatments on the three last sam-
pling dates. (A) McKay 1992, (B) McKay
1993, (C) Staton 1992.

was greater in treatments with a high aphid
density than in those with a low aphid
density among treatments within the same
disease level on the last three sampling
dates (Fig. 1A and C). In 1993, severity
was greater in treatments with a high aphid
density within the same disease levels
except the difference in the low density
level was not significant on 14 September
(P =0.05) (Fig 1B).

Defoliation. At the McKay orchard in
1992, at both disease levels, defoliation
was greater in treatments with a high aphid
density (Fig. 2A). Defoliation was consid-
erably less in 1993 than in 1992. Gener-
ally, there were no differences detected
among treatments except on the last sam-
pling date, when greater defoliation was
recorded in the treatment with a high dis-
ease level and a high aphid density than in
the treatment with high disease and a low
aphid density (Fig. 2B).

At the Staton orchard, there were no dif-
ferences in defoliation among treatments
within the same disease level, except on 4
September 1992, when greater defoliation
was recorded in the treatment with a low
disease level and a high aphid density than
in the treatment with a low disease level
and a low aphid density (Fig. 2C).
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Fig. 2. Mean percent defoliation for four treat-

ments on three last sampling dates. (A) McKay
1992, (B) McKay 1993, (C) Staton 1992.



Fruit quality characteristics. Diame-
ter. Diameter was reduced in both disease
levels by high aphid densities at McKay in
1993 and in the high disease level at Sta-
ton in 1992. At McKay in 1992, diameter
increased with a high aphid density in
treatments with a low disease level (Table
2).

Firmness. Firmness was reduced in both
disease levels by the high aphid density at
McKay in 1992. It increased with a high
aphid density in treatments with a high
disease level at McKay 1993. Firmness
was not affected in other instances (Table
2).

Commercial color. Commercial color
within disease levels was not affected in
either year or location (Table 2).

Soluble solids content. Soluble solids
content was less at the high aphid density
in treatments with both disease levels at
McKay 1992 and in treatments with high

disease level at McKay 1993. At Staton,
soluble solids content increased at the high
aphid density in treatments with both dis-
ease levels (Table 2).

Weight. Weight decreased in treatments
with a high aphid density at McKay in
1993 within both disease levels and in-
creased at high disease level at Staton in
1992. There were no significant differ-
ences among treatments at McKay in 1992
(Table 2).

Fruit drop. Preharvest fruit drop in-
creased with high aphid density in treat-
ments with low disease at McKay 1992,
and in treatments with both disease levels
at McKay 1993. However, it decreased
with high aphid density in treatments with
high disease at McKay and Staton in 1992
(Table 3).

Yield. Yield within the same disease
levels was not affected by aphid feeding
except for McKay 1993 when it increased

Table 2. Fruit quality and yield characteristics associated with three aphid population levels and two
levels of Alternaria blotch at different locations and years

Treatment’
Fruit characteristic LD-LA LD-HA HD-LA HD-HA
McKay 1992
Diameter (cm) 6.5 b* 6.8a 65b 6.6b
Firmness (N/cm®) 81.1a 76.9b 74.8 ¢ 73.1d
Commercial color 46.4b 46.7b 47.1 ab 48.1a
Soluble solids (%) 13.0a 126b 12.8 ab 123 ¢
Weight (g) 131.2 145.9 130.2 135.5NS
McKay 1993
Diameter (cm) 6.7a 6.5¢ 6.6b 6.4c
Firmness (N/cm’) 72.1a 70.5a 66.9b 709 a
Commercial color 490a 48.6a 46.6 b 46.5b
Soluble solids (%) 126 a 12.4 ab 12.3b 12.0c
Weight (g) 1242a 1099 ¢ 1173b 108.3 ¢
Staton 1992
Diameter (cm) 7.1b 7.0b 74a 7.1b
Firmness (N/cm”) 743 a 72.7 ab 72.3b 74.1 ab
Commercial color 49.8 49.3 50.8 50.0 NS
Soluble solids (%) 12.6b 130a 12.6b 129a
Weight (g) 167.7b 161.0b 1824 a 160.5b

Y The abbreviations in treatment column: LD = low disease level, LA = low aphid level, HA = high

aphid level, and HD = high disease level.

z Numbers within row followed by different letters are significantly different (P = 0.05), according to
the Waller-Duncan k-ratio ¢ test. NS = not significant.

Table 3. Percent preharvest fruit drop associated with two aphid population levels and two levels of

Alternaria blotch at different locations and years

Location Year Treatment* Percent fruit drop
McKay 1992 LD-LA 444
LD-HA 82¢c
HD-LA 19.8a
HD-HA 18.0b
McKay 1993 LD-LA 63d
LD-HA 8.8c
HD-LA 11.2b
HD-HA 11.8a
Staton 1992 LD-LA 11.0b
LD-HA 9.7b
HD-LA 532a
HD-HA 25.4b

X LD = low disease level, LA = low aphid level, HA = high aphid level, and HD = high disease level.

Y Percent fruit drop recorded on 9 September 1992 and 21 September 1993 at the McKay and Staton

orchards.

z Numbers within column followed by different letters are significantly different (P = 0.05), accord-

ing to the Waller-Duncan k-ratio ¢ test.

with aphid density in treatments with high
disease (Fig. 3A, B, and C).

DISCUSSION

In this study, Alternaria blotch severity
increased with high aphid density in most
of the tests conducted. Effects on defolia-
tion were not as great although defoliation
increased in both disease levels at one
location in 1992. Aphids did not nega-
tively affect yield although fruit diameter
and weight were decreased in some treat-
ments. Commercial color was not affected
but soluble solids were reduced in one-half
of the tests.

Aphid feeding did not influence fruit
quality and yield of Red Delicious (2) or
accumulation of dry weight of young trees
in previous reports (10). However, Kaakeh
et al. (3,4,5), found that aphids reduced net
photosynthesis, greenness, accumulation
of fresh and dry weights, lateral shoot
growth, and percentage and amount of
nonstructural carbohydrates in greenhouse
experiments. Varn et al. (10) hypothesized
that the density achieved in their study, 65
aphids per leaf, might have been too low to
affect the trees. We did not attempt to
quantify number of aphids per leaf, but
instead expressed aphid populations as
percent terminals infested in 1992 and
number of infested leaves per terminal in
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Fig. 3. Yield for each tree calculated by multiply-
ing the mean number of fruit remaining on tree at
harvest by mean fruit weight. (A) McKay 1992,
(B) McKay 1993, (C) Staton 1992.

Plant Disease / July 1995 693



1993. Both of these methods are rapid but
at the same time have disadvantages. With
the first method, when 10 terminals per
tree were selected, the number of aphid-
infested terminals approached 10 when
aphid populations were high (mid-June).
At that time, the method was not sensitive
enough to detect differences among treat-
ments, although differences may have been
detected if number of aphids per terminal
had been counted. When the number of
aphid-infested leaves per terminal was
used, variation increased because of differ-
ent numbers of leaves on different termi-
nals. This method is more sensitive but
also more time-consuming. Consistent cri-
teria are needed to quantify aphid popula-
tions for future studies.

Based on results reported by Hamilton
et al. (2) and Varn et al. (10), Pfeiffer (7)
concluded that control of summer popula-
tions of the green apple aphid/spirea aphid
complex on bearing Red Delicious trees is
probably not justified. This conclusion
was made with respect to the currently rec-
ommended threshold of 50% infested
terminals (6,9), which was arbitrarily de-
fined with no consideration of population
effects on shoot growth, fruit quality, and
yield (7). Our data support Pfeiffer’s con-
clusion that control of aphid populations
should not be based on a threshold of 50%
infested terminals. On the other hand, our
findings indicate that aphid populations
cannot be ignored. Although yield was not
negatively affected, aphid infestations low-
ered fruit quality. Furthermore, severity of
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Alternaria blotch and defoliation were
greater when aphid populations were left
uncontrolled. In other studies, we found a
very good correlation between Alternaria
blotch severity and defoliation (N. Filajdic
and T. B. Sutton, unpublished). Based on
our studies, we believe that the action
threshold can be increased from 50 to
100% infested terminals in Red Delicious
orchards where Alternaria blotch is not a
problem. However, aphid populations
should not be allowed to continue to in-
crease once 100% infestation has occurred.

Effects of aphids on intensity of Alter-
naria blotch, defoliation, and fruit quality
were not as great as those caused by Euro-
pean red mites (1), which need to be
maintained at or below current IPM
thresholds until an effective fungicide is
registered for Alternaria blotch control.
However, aphid populations should not be
left uncontrolled if there are no fungicidal
controls for Alternaria blotch, and the
current threshold level of 50% infested
terminals would minimize the effects of
Alternaria blotch on fruit quality parame-
ters and yield.
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