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ABSTRACT Effect of European red mites (ERM), Panonychus ulmi (Koch), on nonbear-
ing spur-type and standard ‘Delicious’, ‘Golden Delicious’, and ‘Stayman’ apple trees was
compared over a 3-yr period. Mite population levels ranged from ca. 0-2,000 mite-d, with
each tree receiving about the same amount of mite-days each year. Shoot length, leaf
numbers, and trunk girth were little affected by mite damage, but early defoliation occurred
on ‘Golden Delicious’ and standard ‘Delicious’. Flowering was reduced on ‘Golden Delicious’
and ‘Stayman’, but not on either of the ‘Delicious’ types. In general, ‘Delicious’ appeared

to be more tolerant of ERM damage.
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THE EUROPEAN RED MITE (ERM), Panonychus
ulmi (Koch), is a ubiquitous and troublesome pest
of apples worldwide. Moderate to high population
levels are common where sufficient control mea-
sures have not been taken, or where other orchard
practices have disrupted biological control. The
ERM has a history of rapid development of resis-
tance to pesticides (Brader 1977); its predators re-
main susceptible for a much longer period of time.
The coccinellid predator, Stethorus punctum
(LeConte), is being used successfully in Pennsyl-
vania pest management systems (Asquith & Hull
1979, Hull & Greene 1983), and can maintain ERM
populations at acceptable levels with the aid of one
or two acaricide applications to adjust predator/
prey ratios (Hull et al. 1983).

Because the greatest potential for economic im-
pact of ERM damage is on fruit production, the
effect of damage in the early nonbearing stage of
tree development has been largely overlooked. This
stage, however, is critical to the future productiv-
ity of an orchard. As Westwood (1978) stated, *. . .
one primary objective in orchard establishment is
to develop maximum bearing surface per hectare
in a minimum of time” (p. 108). During the first
2-3 yr, the basic architecture of the tree is estab-
lished, upon which future crops will be borne. Thus,
both the quantity and quality of vegetative growth
are important during these years, as is flower bud
initiation, which marks the transition to the bearing
phase.

Vegetative growth of bearing apple trees has
been shown to be insensitive to mite stress (Zwick
et al. 1976, Klopfenstein 1977), but reductions in
shoot extension have been found on nonbearing

! Current address: Washington State Univ., Tree Fruit Res.
Center, 1100 N. Western Ave., Wenatchee, WA 98801,

potted trees (Avery & Briggs 1968). Similarly,
Briggs & Avery (1968) reported a reduction in dry-
weight increment of various parts of potted trees.

Different cultivars are believed to vary in their
ability to sustain mite populations and also in their
sensitivity to damage (Blair 1951, Ghate & Howitt
1965, Hoyt et al. 1979). Very little quantitative
information is available on either aspect. The abil-
ity to predict the loss of potential productivity is
essential in determining and refining economic
thresholds for ERM.

The objective of this study was to determine the
influence of various mite population levels on the
vegetative growth and early flowering of four ma-
jor Pennsylvania apple cultivars in the nonbearing
stage.

Materials and Methods

In March 1982, 40 trees each of the scion cul-
tivars ‘Bisbee Delicious’ (hereafter referred to as
spur ‘Delicious’), ‘“Triple Red Delicious’ (hereafter
referred to as standard ‘Delicious’), ‘Golden Deli-
cious’, and ‘Red Stayman 201" (hereafter referred
to as ‘Stayman’) on Malling 26 rootstock were se-
lected for vigor and uniformity in the nursery row.
They were cut to a height of 50 em above the
graft union and weighed. The trees of each culti-
var were divided into five weight classes, and
treatments and replicates were randomly assigned
to the experimental units (individual trees). The
weight classes were randomly assigned to five geo-
graphical blocks in the orchard, and the treat-
ments and replicates randomly assigned to field
positions within the blocks. Four treatments were
assigned to the four cultivars in a factorial treat-
ment arrangement with two replications per block.
The trees were then planted 1.5 by 8 m in a plot
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Table 3. Regression equations, probability values, slope SEM, and R? values for the dependent variable leaves per

tree and the independent variable MCMD

Year Cultivar Equation® P SEM R2
1982 Spur 'Delicious’ y= 98 + 051(ITL) — 0.002x 0.70 0.005 0.672
Standard ‘Delicious’ y= 103 + 051(ITL) — 0.003x 0.54 0.004
‘Golden Delicious’ y= 81 + 0.51(ITL) — 0.004x 0.43 0.005
‘Stayman’ y= 61 + 0.51(ITL) — 0.008x 0.22 0.006
1983 Spur ‘Delicious’ y= 452 + 2.29(ITL) — 0.012x 0.55 0.021 0.604
Standard ‘Delicious’ y= 407 + 2.29(ITL) — 0.026x 0.18 0.019
‘Golden Delicious” y= 505+ 2.29(ITL) — 0.053x 0.02 0.022
‘Stayman’ y= 360 + 2.20(ITL) — 0.045x 0.11 0.028
1984 Spur ‘Delicious’ y = 2,388 + T.67(ITL) — 4.94{IFW) + 0.027x 0.77 0.002 0.672
Standard ‘Delicious’ y = 2,613 + T.67(ITL) — 4.94(IFW) — 0.038x 0.66 0.087
‘Golden Delicious’ y = 3,128 + T.67(ITL) — 4.94(IFW) — 0.092x 0.35 0.098
‘Stayman’ y = 2,484 + 7.67(ITL) — 4.94(IFW) — 0.223x 0.08 0.125

@ Covariables: ITL (initial terminal length) overall mean = 169.4 cm; IFW (initial fresh weight) overall mean = 203.9 g.

to those of Avery & Briggs (1968) and Briggs &
Avery (1968), who found a significant reduction
in shoot growth on mite-injured potted trees. The
amount of shoot growth was characteristic for each
cultivar and very much related to the initial shoot
length, even in the second season. The combined
effect of cultivar and initial shoot length account-
ed for ca. 80% of the variation in 1982, and ca.
T0% in 1983.

These data point to several important factors
related to studies of vegetative growth of apple
trees. Many of the studies that found growth re-
ductions used potted trees; those using field-grown
trees found no effect. As tree size increases, mea-
surements are subject to more error. Also, field-
grown trees are more subject to environmental
variability, which increases as the trees get older.
Aside from the statistical considerations, field-
grown trees are already conditioned to grow under
some degree of moisture and nutrient stress and
may be predisposed to continue growth when sub-
jected to mite stress.

In 1983, only ‘Stayman’ had a significant reduc-
tion in the number of blossom clusters per tree
(Table 5). The standard and spur ‘Delicious’ pro-
duced few blossom clusters that year; thus, any
effect of mite damage would have been difficult
to detect. All cultivars produced a substantial
number of flowers in 1984, but mite damage did
not affect either of the ‘Delicious’ types. Both

‘Stayman’ and ‘Golden Delicious’, however, showed
a similar reduction in flower production. Using
predicted values from the regression equation, these
two cultivars would be expected to show an 18%
reduction in bloom for every 1,000 MCMD. The
trend toward reduced flowering subsequent to mite
damage has been reported by several authors using
mature, bearing trees (Lienk et al. 1956, Asquith
1961, Lienk & Minns 1980), but the magnitude of
the reduction (40-80%) was considerably greater
than that observed in this study. The amount of
energy required to produce a crop of fruit versus
that needed for vegetative growth may be respon-
sible for the differential response.

The dry weight of abscised leaves of ‘Golden
Delicious’ increased dramatically with increasing
mite injury (Table 6). However, this response may
not have been due entirely to mite injury. The
abscised leaves had large brown necrotic areas not
caused by mite feeding, and, based on visual in-
spection, had not sustained unusually heavy mite
injury. This physiological disorder, due perhaps to
the high 1984 precipitation, apparently amplified
the effect of mite injury. The standard ‘Delicious’
also experienced defoliation related to increasing
mite injury.

Studies involving mechanical removal of leaf
area (e.g., summer pruning) have shown deleteri-
ous effects on return bloom and autumn root
growth (Priestly 1964, Ferree & Stang 1980, Tay-

Table 4. Regression equations, probability values, slope SEM, and RZ val for the dependent variable total shoot
length and the independent variable MCMD

Year Cultivar Equation® i SEM R?

1982 Spur ‘Delicious’ y= 653+ 1.29(ITL) + 0.063x 0.44 0.0081 0.798
Standard ‘Delicious’ y= 985 + 1.29(ITL) + 0.0076x 0.52 0.0076
‘Golden Delicious’ y= 636 + 1.29(ITL) + 0.0012x 0.88 0.0086
‘Stayman’ y = 42.7 + L29(ITL) + 0.0002x 0.99 0.0108

1983 Spur ‘Delicious’ y = 320.3 + 1.44(ITL) — 0.0141x 0.67 0.0331 0.718
Standard “Delicious’ y = 585.8 + 1.44(ITL) + 0.0023x 0.94 0.0311
‘Golden Delicious’ y = 810.1 + 1.44(ITL) — 0.0424x 0.23 0.0352
‘Stayman’ y = 535.9 + 1.44(ITL) — 0.0370x 0.41 0.0444

@ Covariable: ITL (initial terminal length) overall mean = 169.4 cm.






