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ABSTRACT

Travis, J. W., Skroch, W. A., and Sutton, T. B. 1987. Effect of canopy density on pesticide
deposition and distribution in apple trees. Plant Disease 71:613-615.

Medium and small Golden Delicious apple trees were pruned to high, moderate, and light canopy
densities. Four metal chelates (Sequestrene Zinc, Sequestrene Copper, Sequestrene Manganese,
and Sequestrene 330 Fe) were applied to each of the trees with an airblast orchard sprayer. The leaf
deposits were analyzed by foliar mineral analysis. The highest mean deposition and lowest
variation in deposit were observed on the trees with light canopy density. Deposits on trees with
high and moderate canopy densities were not different, but deposit variance was greater on trees

with high canopy densities.

Commercial apple trees are usually
pruned once a year to alter limb structure
and reduce foliage density, which
improves fruit size and quality and allows
maximum pesticide penetration (1,3,4).
The importance of limb structure and
foliage density to pesticide deposition
and distribution in apple trees was
recognized by Byass (2), who attempted
to construct a geometrical model of apple
tree growth to define the tree more
adequately as a target and thus improve
spray efficiency. Ferree and Hall (3)
found that permethrin deposits varied
greatly depending on the pruning
management system. Travis (7) observed
differences in pesticide deposition and
distribution on trees of uniform size and
shape that had only small differences in
foliage density.

All pest management strategies for
fruit are based on the assumption that
pesticides are uniformly distributed
throughout the tree; however, the
optimal limb and foliage density for
maximum pesticide deposition and
uniformity of deposit throughout apple
trees has not been determined. The
objective of this study was to determine
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the effect of apple tree foliage density on
pesticide deposition and distribution.

MATERIALS AND METHODS

Golden Delicious apple trees were
pruned during the winter to produce
three levels of canopy density: high,
moderate, and low, corresponding to
densities commonly observed in commer-
cial orchards. The trees previously had
been trained to the modified central
leader canopy structure. One group of
trees (moderate density) was pruned to
produce “optimal” canopy density.
Another group was pruned lightly (high
density) to be more dense than the
moderate-density trees, and a third group
was pruned heavily (light density) to be
less dense than the moderate-density
trees. All density levels were within
acceptable levels of canopy density for
commercial apple trees. Two tree sizes
were used: medium (about 3.6 m [depth]
X 4.1 m [height] X 4.1 m [width]) and
small (about 3.1 m [depth] X 3.1 m
[height] X 3.1 m [width]). Each canopy
density was replicated three times with
each tree size.

In early June, 1 wk before the metal
chelate applications, the canopy density
was determined for 244-cm’ (1-ft%)
sample volumes, which were defined
within the tree by a Cartesian coordinate
frame. Nylon cord was drawn throughout
each tree to mark the center point of each
244-cm’ sample volume in the tree. For
each sample volume, the leaf number was
estimated on a scale of 1-5 (1=0-5,2=
6-10,3=11-20,4=21-40, and 5= 41 or
more leaves), and the number of
branches was recorded in five branch
diameter ranges (Bl = 0~13 mm, B2 =
14-25 mm, B3 = 26-50 mm, B4 = 50-100
mm, and B5= 101-254 mm). The number
of apples in each sample volume was also
recorded. This information was compiled
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and weighted [(leaf rating X 2)+ B1/5+
B2/3+ B3+ (B4 X 3)+ (B5X 5)+ apple
number/4] to give a canopy density
estimate for each sample volume of the
apple tree being tested. The weighting
system was based on the assumed
importance of each factor (leaf, limb, and
apple) as a canopy density component of
the tree. Tree limbs and apples are
relatively immovable by the airstream
and are probably very effective in
reducing airstream velocity and droplet
penetration in proportion to the total
canopy volume occupied. Individually,
leaves are less likely to impede airstream
penetration, but in total, they are
assumed to be the most important factor
in reducing airstream velocity.

Chelate foliar micronutrients Seques-
trene Copper (13%), Sequestrene 330 Fe
(10%), Sequestrene Manganese (12%),
and Sequestrene Zinc (14.2%) (Ciba-
Geigy, Greensboro, NC) were used to
determine deposition and distribution
within the trees. These materials can be
used as a measure of the deposits
achieved with pesticides (9). Samples
were collected from every 244 cm® (1 ft°)
of each tree. Each sample was labeled
with three dimensional coordinates:
depth (divisions perpendicular to the
sprayer), height (height of the tree), and
width (divisions parallel to the sprayer)
(Fig. 1). Samples were analyzed, and
micrograms of deposit per square centi-
meter of leaf surface were determined as
described by Travis (9). Mean deposits
are reported in terms of an initial
concentration of 1,920 ug/ml micro-
nutrient in the sprayer tank.

HEIGHT

Fig. 1. Diagramatic illustration of the three
dimensional coordinates showing direction of
sprayer travel and droplet discharge (units in
30.5-cm [1-ft] increments).
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The metal chelates were applied to one
side of each tree withan FMC John Bean
(model E200 TR) speed sprayer. The
travel speed of the sprayer was 54 m/min,
and the sprayer delivered 617 L/ha.
Manifold pressure was 1,378.9 kPa.
Two-thirds of the total spray volume was
directed to the top one-third of the tree,
and the remaining one-third of the spray
volume was directed toward the bottom
two-thirds of the tree. During the metal
chelate applications, the temperature was
22-25 C, the relative humidity was
greater than 70%, and the wind speed was
less than 1 m/sec.

RESULTS AND DISCUSSION

Tree density. The mean canopy density
of each pruning level was different within
small and medium trees (Table 1).
Canopy density was least near the ground
(height 2) on both tree sizes (Fig. 2).
Canopy density increased in the mid-
canopy region, then decreased in the top
of the medium trees (heights 10 to 14) of

high and moderate canopy density. On
small trees, canopy density increased
with increased height on light canopy
density trees and fluctuated in moderate
and high canopy density trees. Because of
the consistent differences in the three
canopy densities, differences in deposit
were considered a function of canopy
density.

Deposition. The greatest deposit
occurred on small and medium trees of
light canopy density (Table 1). These
trees also had the lowest variation in
deposit (expressed as logio of the ug
a.i./cm? [LV]). This is probably a result
of more uniform penetration and distribu-
tion of the metal chelates. The mean
deposits on high and moderate canopy
density trees were not different, although
the variation in deposit was greater on
high canopy density trees than on
moderate canopy density trees of
medium size. Sutton and Unrath (6)
found that consistent deposit could be
maintained on trees of different densities

Table 1. Mean deposits on Golden Delicious apple trees of three canopy densities

Foliage Sample Deposit LV* Canopy density
Tree size density size* mean’ (ug/cm?) mean’
Medium High 948 9.8b 0.084 142a
Moderate 644 10.5b 0.066 11.0b
Light 632 12.1a 0.057 8.1c
Small High 452 13.8b 0.063 13.0a
Moderate 280 13.7b 0.076 10.3b
Light 260 16.1a 0.032 8.1c

*The number of three-leaf samples collected.

YMeans followed by the same letter are significantly different (P = 0.05) according to Duncan’s

multiple range test.
*Variance of log ug a.i./cm® of leaf surface.
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Fig. 2. Canopy densities of medium and small
Golden Delicious apple trees at heights in the
tree. See text for calculation of density values.
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Fig. 3. Mean deposits of depths in medium and

small Golden Delicious apple trees of three
canopy densities.

by adjusting the rate of water per hectare
to reflect the tree density.

Mean deposition at depths, heights,
and widths of trees. The mean deposit at
each depth into the trees on both tree
sizes was greater on trees of light canopy
density than on those of medium and
high canopy densities (Fig. 3). Deposits
at depth 2 were greater on high canopy
density trees than on moderate canopy
density trees. However, after depth 6, the
mean deposits were greater on moderate
canopy density trees than on high canopy
density trees. Travis (7) observed that
trees of higher canopy density had
greater mean deposition in the front of
the tree than did trees of lower canopy
density. He also observed greater mean
deposits in the back of light canopy
density trees than in the back of high
canopy density trees. Differences in mean
deposition as distance into the tree
increased were consistent on medium and
small trees of the same canopy density.

There was a decrease in mean deposit
with increased height on both medium
and small trees of high canopy density
(Fig. 4). There was no difference in
deposit with increased height in small
trees of light canopy density or in
medium and small trees of moderate
canopy density. The decrease in mean
deposit on high canopy density trees may
have resulted from decreased spray
penetration to the upper portions of the
tree because of the high canopy densities.
Lewis and Hickey (4,5) reported a
decrease in pesticide deposit with
increased tree height and distance from
the sprayer. Brann (1) attributed the
reduced deposit in the top of the trees to
lower droplet velocities at the greater
distances traveled. In general, the effect
of height on mean deposition was not
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Fig. 4. Mean deposits at heights in medium
and small Golden Delicious apple trees of
three canopy densities.



great; this is most likely because of the
disproportionate spray volume directed
to the top one-third of the tree. Travis
et al (8) and Brann (1) found that by
directing two-thirds of the spray volume
to the top one-third of the tree, mean
deposits were generally not different with
increasing height of the tree.

To achieve effective and efficient
management of pests or pathogens, a
uniform distribution of the pesticide at a
proper level of deposition is required
throughout the tree. This study has
shown that pesticide deposition in apple
trees is affected by the foliage density.
Apple trees pruned to a light canopy
density had the greatest deposits and the
most uniform distribution. This reempha-

sizes the importance of pruning not only
as a practice to improve fruit quality but
as an important tactic in disease and
insect management programs.
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