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The use of appropriate pesticide rates in tree crops is paramount as it has economic, legal,
environmental and occupational implications and yet the issues regarding label
recommendations in tree crops remains unresolved. Growers can not see the logic in having
chemical recommendations listed per hectare when this suggests the same amount of active
ingredient be applied to both small and large trees. The hectare rate would seem more
appropriate if it was applied to a mature orchard with dimensions specified with a reduced
rate in smaller trees. There are also differences in the legislation regarding pesticide rates
between Australian states. In Queensland, growers may legally apply lower rates than the
hectare amount however must not exceed the hectare rate, whereas in NSW growers can not
go below or above the hectare rate. An alternative method for recommending pesticide rates
appearing on pesticide labels is the dilution rate. As discussed previously the dilution rate
gives growers flexibility to manipulate water volumes applied to increase pesticide doses as
the canopy size increases. This however is not an option for users of low volume sprayers as
that type of equipment are specifically designed to operate at much lower flow rates than
conventional hydraulic nozzle technology. There is also confusion amongst growers as to the
appropriate volumes to be applied for a given tree size. Macadamia growers manipulate water
volumes according to tree size. Figure 15 shows that actual water volumes used by a sample
of growers for trees less than and greater than Sm tall. For trees less than 5m tall most
growers are applying between 2-5 L/tree and in trees taller than 5m there are more applying
between 5-8 L/tree (Battaglia and Harden 1997). Manipulating water volumes to increase
pesticide doses in.larger trees will be inadequate if sprayers are not configured to evenly spray
large trees. All that will result are excessive spray deposits, pesticide residues and increased

run-off losses.
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Figure 15. Water volumes applied by a sample of macadamia growers for tree canopies
less than Sm and taller than Sm.

Growers frequently ask what water volume do they need to apply per tree with their sprayer.
The question should be what pesticide dose is required to achieve the desired biological
response? Different volumes may be required for specific pests, however with many products
providing the application to the tree is even, there is scope to use a range of volumes to
deliver the dose required. This however can not be legally done when labels only specify

dilution rates.

One approach would be to match pesticide rates (dose) to tree size or a measure of tree bulk
or surface area. Two such measures are the tree row volume (TRV) or leaf area index (LAI)
or surface area index (SAI). The LAI is difficult to determine and requires costly equipment.
The TRV is relatively easy to calculate if you assume that the row of tree is a rectangular box.
Figure 16 shows the measurements required and a formula that can be used to calculate tree
row volume in m’/hectare. A procedure that uses canopy volume (m’/ha) to calculate
pesticide rates may also be flawed as many large trees contain large void seétions in their

centres.
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Figure 16. Formulae for calculating tree row volume. The only measurements required
are row distance, tree height and mean canopy width.

When using a fixed rate of product per hectare how much do pesticide deposits vary with tree
size? This is illustrated with some actual data from a range of tree crops. Table 2 shows the
calculated tree row volumes for a range of tree crops in which trials have been conducted
measuring the dye deposit distribution for different application systems. The TRV volumes
range from 13,448 m?/ha for a high density apple orchard to 51,071 m’/ha for some large

macadamia trees.
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Table 2. Calculated tree row volumes (TRV) for a range of tree crops.

Crop T Canopy Tree Height (m) row distance Canopy Volume
mean width (m) (m) (m*/ha)

Apple 2.5 4 5.5 18,205
(open vase)
Apple* 2 2.5 3.5 13,448
(central leader)
Apple* 2.5 4 5.5 15,800
Macadamia* 6 5.5 9.1 36,260
(15 yr) (ex skirt)
Macadamia* 5.5 6.5 7 51,071
Macadamia* 7 6.4 (ex. skirt) 10 44,800
Lychee* 5.7 4 (ex skirt) 9 25,333

* Tree formed a hedge

The water volumes applied to trees in these crops are shown in Table 3. The application

volumes are presented per hectare, per tree and per 1000m? of canopy.

Table 3. Tree row volumes and water volumes applied to various tree crops.

Crop TRV Trees/ha L/ha L/Tree L/1000 m’
(m’/ha) Canopy

Apple 18,205 330 25 0.76 14
(open vase)

Apple* 13,448 1905 22 0.12 17
(central

leader)

Apple* 15,800 606 57 0.95 37
(hedge)

Macadamia* 36,260 240 196 8.2 54
(15 yr)

Macadamia* 51,070 408 81 2 16
Macadamia* 44,800 200 167 8.4 37
Lychee* 25,333 222 76 34 9

For each row shown in Table 3., a comprehensive trial was conducted using fluorescent tracer
to evaluate the spray deposit in 6 positions in the tree canopy. Three heights were samples
and two canopy positions (inner and outer). The average dye deposit on leaves in nanograms
of dye per square centimetre (ng/cm?) for each gram of dye applied per hectare versus
calculated TRV are shown in Figure 17. This figure shows a linear relationship between the
amount of dye recovered and the range of tree row volumes shown. As TRV increases there

is a decline in the average amount of dye recovered per unit area of leaf.
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Figure 17. Average dye deposit (ng/cm?) on leaves versus tree row volume (m*/ha). Data
from apple, lychee and macadamia tree crops.

If the objective is to dose the target area evenly, then a regression model that describes the
relationship between dose and canopy volume for the data in Figure 17 may be used to
determine how much the chemical rate needs to be modified. This assumes the required dose

on the target is known.

The regression model describing the scatter of points in Figure 17 is:

Normalised dye deposit in (ng/cm?) = 1.76 — 0.000027 x TRV (R-sq =89.1% p = 0.001)
Where TRV = tree row volume in m*/ha

This model can be used to predict normalised dye deposit based on tree row volume. In this
case for every increase in 10,000 m® of canopy there is a reduction in the average deposit by

0.27ng/cm?. If the average dose on the largest tree size was adequate then the dose that

should be applied to smaller trees may be reduced by manipulating spray volume or pesticide
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concentration so that the same dose is deposited on the target as in the larger trees. Further
work needs to be done to determine whether this relationship holds true when using data from
one crop only. Research is being undertaken in pomefruit to evaluate procedures that match

pesticide dose to tree canopy size.

Procedures have been published in the scientific literature describing methods to calculate
application volumes for different size tree canopies but none have been universally adopted in
Australia. These formulae are based on calculating a tree-row-volume and specify defined
water volume per unit canopy volume (m®). Sutton et al (1984) evaluated a tree-row-model
for full season pesticide application in apples with adjustments made for canopy density. The
model they used specified that 1 L of dilute chemical suspension was sufficient to wet 7.48m’
of foliage to the point of run-off. The trials conducted by Sutton et al (1984) showed
consistent deposits were maintained on the same size trees within an orchard and over three
pruning methods. Similar deposits of tracer were recovered per square centimetre of foliage
even though the amount of material applied per hectare was reduced by 30-50% in well

pruned trees.

Furness et al (1998) proposed a sprayer calibration method for fruit trees and vines based on
height, width of canopy and row length. They used the concept of canopy retention volumes
for a unit canopy row (UCR), which is defined as (100m?® of foliage), 1m high x 1m wide by
100m of row length. They specify 8L of water per UCR could be considered a standard
volume for crops such as citrus and avocadoes but further research is required to determine

actual canopy retention volumes on a wide range of crops.

Byers et al (1984) investigated copper deposits on apple foliage using an airblast sprayer on
apple trees of increasing size. They found higher deposits as tree size decreased. Copper
deposit was related to tree-row-volume with a quadratic regression equation y = 552 - 9.8 x +
0.05 X2 (y = copper deposit and X = tree-row-volume). They calculated tree row volume
assuming trees were a rectangular box (tree height x tree width x area of orchard/row width)

and classified a mature orchard to have a TRV of 40,600 m>/ha.
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The canopies of mature macadamia and avocado trees are large with tree row volumes
approaching 30,000m’/ha or greater. If the water volumes proposed by Sutton et al (1984) or
Furness et al (1998) are calculated for a canopy of this size, then application volumes of 2,400
to 4,000L/ha or approximately 12 to 20 L/tree would be required. Such volumes are well
above current industry practice. It may be that these volumes in a dilute spray contain the
correct amount of active ingredient for the size of the tree but if this is the case then most
growers are grossly under-dosing their trees. Further work is required to resolve chemical
rates for different canopy sizes and the efficiency of different sprayers in delivering that dose

in either a dilute or concentrate form.
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3. RECOMMENDATIONS

Many of the issues discussed in this report are common to numerous tree crop industries.
Although specific research has been undertaken in pomefruit (Dullahide 1997) and Citrus
(Cunningham and Harden 1997), spray application research is required for the avocado and
macadamia industries to address their own specific problems. The principals of operation for
spraying equipment used in orchards are the same irrespective of the crop however each crop
and often production areas have their own specific problems that require addressing. There
are distinct differences in management practices from farm to farm, making blanket

recommendations on equipment set-up and strategies for spraying impossible.

In order to resolve some of the issues relating to pesticide application highlighted in this
report and promote sustainable and efficient orchard production systems, the avocado and

macadamia industries should consider:

e Undertaking research that provides more specific information to growers on the coverage
performance of different types of sprayers used by the avocado and macadamia industry
and the equipment configurations that will give these crops the best pest and disease
control. This will require investigating the interactions between canopy size and structure,
droplet size, air volume and water volume. Improving target coverage does not
necessarily guarantee better control therefore coverage will need to be linked with
biological efficacy, yield and quality improvements.

e Evaluating and promoting best practice strategies so that growers can reduce the risk of
off-target losses (airborne and run-off losses).

e Providing specific data where required to support the Avcare working party submission to
NRA on the issue of concentrate spraying for products that only specify a dilute spray
rate. This may require collating existing data or generating additional efficacy,
occupational exposure and crop residue data.

e Encouraging the use of lower pesticide rates by evaluating methods that can be used to
match pesticide dose to tree size. This will complement existing and future IPM

programs.
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