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Summary:

The paper reports on the development and testing of the "Accusprayer” for vineyards which, using a
pulsating turbulent air flow flutters the leaves of the vine and sprays two rows simultaneously.
Sprays are added to the air flow as the flow emerges from specially designed nozzles that create the
pulsating turbulent air. The efficiency of the sprayer was compared with popular commercial air
blast sprayers using the concept of coverage efficiency at an "effective radial distance” of each spray
droplet which was measured using a vision analysis system with specially developed software.
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DEVELOPMENT OF A PULSATING SPRAYER
FOR VINEYARDS

T.W. Riley, A.W. Burge, ].M. Fielke, G. Manor

1. INTRODUCTION

The efficacy of chemicals sprayed on grape vines to control insects and diseases depends on the
chemical formulation, its concentration and the manner it covers the targeted area (leaves, fruits,
branches, etc). With increasing costs, and a greater number of highly active chemicals, it is essential
to apply chemicals more uniformly with the correct droplet size being used with optimum distances
between the droplets, thus achieving lower rates (Alm et al. 1987; Reichard et al. 1986, 1987; Kirk et
al. 1992; Furness, 1993; Furness et al. 1993). Partly covered areas, with distances between droplets
that are too large to be effective, will not control the insects or diseases (Magarey et al. 1993).
Chemical exposure without killing all of the insects may result in the breeding of new generations of
pests resistant to the chemical (Alm et al. 1987). Currently, a larger than necessary amount of
chemical is being sprayed as the solution to overcome inefficient coverage (Reichard et al. 1987).
This extra chemical is expensive, pollutes the environment (soil, water and air) and may leave
hazardous residues on the grapes themselves. Good coverage is assumed to be between 50 to 200
droplets per square centimetre (Wicks et al. 1993).

Spraying machinery to achieve a suitable uniform coverage is not currently available, as was shown
in Australia during 1993 when an unusually wet spring and early summer caused extensive
outbreaks of mildew in vineyards. Growers were not able to completely contain the outbreak with
equipment available and it was estimated that some 25% of the crop was lost through the mildew.

2, NEED FOR IMPROVED SPRAYING MACHINERY

Furness (1993) overviewed equipment and techniques used to spray vineyards. He came to the
conclusion that all the commercial spray machines did not provide adequate coverage of those vines
with large canopies, regardless of canopy type (Furness et al. 1993). He concluded that poor spray
coverage (and in some cases, very poor coverage) accounted for the lack of disease control in
vineyards in the 1993 season.

With increasing demands for Australian exports to have reduced chemical residues, increasing
environmental control and operator safety issues, it is of paramount importance that an efficient
vineyard sprayer be developed within the next few years.

Associate Professor G. Manor of the Lowdermilk Faculty of Agriculture, Technion, Israel Institute of
Technology has developed and patented a new concept (the "Accusprayer") in spraying equipment
for the cotton industry. Trials with cotton with the new machine have resulted in lower chemical
usage and shown that because of the better coverage, less toxic and even non-toxic chemicals can be
used while remaining effective in insect and disease control (Manor et al. 1991; Zur et al. 1991;
Veierov et al. 1994). The system also lowers the air, soil and water pollution by chemicals as most of
them will be deposited on the plant.

3. DESIGN PARAMETERS FOR "ACCUSPRAYER" VINEYARD SPRAYER

The "Accusprayer" uses a nozzle designed in such a way as to achieve a pulsating turbulent air flow.
This air flow "flutters” the leaves ensuring that leaves are sprayed on both sides and bunches of
grapes have the maximum application of chemicals due to the swirling air around the bunch. This
compares with the conventional air assisted sprayer which uses a high speed jet of air to carry the
chemical which, unfortunately, is largely distributed on only one side of the leaf and bunch.
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Currently, all Australian commercially produced vineyard sprayers are either trailed behind or
mounted on the 3 point hitch of a tractor. This allows one side of each adjacent row to be sprayed as
the tractor moves between the rows. To reduce the total time for a vineyard to be sprayed (this may
be critical with adverse climatic conditions in large vineyards) the concept of "around the canopy”
spraying was investigated which would halve the actual spraying time assuming the same speed of
operation and same time of turning at the end of the rows.

In the first prototype it was decided to construct a sprayer for attaching to the 3 point hitch of a
tractor, thus removing the necessity of wheels etc. and furthermore giving the possibility of easy
height adjustment if that was required. A simple chassis supported the 600 litre tank nearest to the
tractor with the fan located behind it, thus placing the potentially heaviest component nearest to the
tractor. The frame to support the "Accusprayer" was placed between the tank and fan. This frame
was designed to be able to be folded rearwards on either side so reducing the width of the machine
for transport.

To achieve maximum benefit from the "Accusprayer” outlets, conventional spray jets were mounted
alongside the "Accusprayer” outlets so that the chemicals were added to the air stream only after the
air had left the machine. Annular spray jets were selected.

So that different stages of growth of the vine canopy could be sprayed with the maximum efficiency,
the four "Accusprayer" outlets on either side of the vine row were designed so that they could be
easily adjusted relative to each other so allowing the canopy to be effectively encircled by the outlets.

The flexible nature of each side was easily achieved by the use of a flexible reinforced vinyl "air-bag"
designed to give uninhibited flow from the fan to each "Accusprayer" outlet. The fan selected was
an Aerotech Model No. MAVA240 Industrial Blower. It was driven by the high speed power take
off through 1:3 speed increase Vee-Belt pulleys. The fan delivered 60001/s at 2kPa using
approximately 17.5kW. This drive system was selected as most tractors would not have a
sufficiently large inbuilt hydraulic pump to drive the fan by hydraulics. The space limitations and
desired layout required that the drive shaft be continued to the rear of the chassis where the drive to
the fan was located.

The spray pump was a standard Hardie diaphragm pump also driven from the high speed power
take off through a Vee-Belt drive.

Each side of the "Accusprayer" for vineyards was designed in such a way that if an arm came into
contact with an obstacle, both arms on that side would lift so that the obstacle could be cleared. In
addition, an hydraulic cylinder was fitted so that both sides could be lifted simultaneously to clear
gates and fences and assist in turning at the end of the rows.

To date, the vinyl "air-bags" have been shown to be very robust. Damage has only occurred when
the vinyl has been caught between metal components when folding or while transporting the unit.
In these cases the vinyl can be easily repaired with a vinyl patch attached with suitable adhesive.

Figures 1 and 2 show the "Accusprayer" for vineyards.






