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EXECUTIVE SUMMARY

Strung canopies that are sprayed from below using traditional airblast sprayers have shown
significantly lower and more variable spray deposits than the lower pergola canopy at all of the
growth stages tested. In most cases, the spray deposit levetsnsgtenng canopy leavese
expected to be too low to provide reliable protection against Psa at normal (canopy) spray
application rates.

This study wasindertaken tuild on previous work to develop best practice recommendations

for protective sprays for kiwifruit. In particular, it was @ssess available new spray
technol ogiesup® pproraysdet @to®pPrung canopies ar
pergola canogis ando comparethesewith a standard airblast applicatiofhe technologies

selected for the study were:

1 A singlesided spray volute that is typically used in the industry to treat shelter belts and
large avocado trees. This takes the air from thadifside of an axial fan airblast sprayer
and delivers it to the upper and opposite side of the sprayer, so that all of the available air
output can be used to project spray a greater distance and with more control of placement
than is possible with an opeir blast sprayer fan output.

1 A cannon sprayer that is typically used for treating large street trees examplegullies
for passion vine hoppers. This type of sprayer produces a similar output to a volute, but
arguably with more control of sprayggection and placement.

1 An unmanned helicopter (drone) that was capable of treating strung canopies from above,
while operating at levels and with a degree of spray placement precision that is simply not
practical with traditional helicopter applicatiorethods.

Studies were undertakemn a strung Gold3 canopg through late summer- autumn 2016.
Deposits were monitoreidhmediately below and abowke pergola canopy zonandin two
strung canopyzones,at 3.5 and 5 m above ground, uswgter sensitive pas (WSP).
Additionally, deposits on both sides of leavaghe two strung canopy zones were quantified
using spray tracer dyel summary:

1 It is not possible to protect strung vines from Psa with traditional airblast spray
applicationgdelivered from bneath the main pergola canopy.

1 All three of the overhead spray delivery systems tested in these experooalis
deliver higher deposits to the strung canopies) a standard airblast applicatidout
the practical use of spray volutes or cannsttisnited by the relatively narrow band of
canopy that can be reliably treated using this type of technalodythe high deposit
variability inherent in attempting to spray across a wide swath.

1 The use of small, unmanned, aerial application systems likéaimaha RMax appear
to hold great potential for effective, timand costefficient, application of sprays to
kiwifruit canopies from aboveparticularly as advances in technology continue to
reduce their cosfThe ability to treat young, susceptible, exien growth tissue could
be very useful to protect this part of the canopy without the risk of overdosing fruit.

1 Further research into unmanned aerial application systems is well worth considering
potentially in combination with electrostatic sprayebelieve that they wikkventually
have a useful place as a tool in spray applicabdawifruit strung canopies



INTRODUCTION

These studies are part of a project to improve spray coveraggtmise copper use for Psa
protection in kiwifruit orchards. The objective was to build on previous work to develop best
practice recommendations for protective sprays for kiwifruit.

The problems of achieving effective spray deposits in overly demgé&it canopies have
already been identified and documented in previous spray deposit gthdsdsnet al 2011,

2012) In a reasonably opewell managed canopgverage deposits on bulked tissue samples

in the most easikgprayed canopy zones closesthe sprayer will be two to three times higher

than those on more distant and difficult to spray canopy zones (typically the upper canopy and
especially out at the vine leaders). As canopy density and complexity in¢rigsdsposit
variability from Zne to zone increases greatly. We have measured deposits from five to twenty
times lower than the most sprayed part of the canopy in overly dense male vines and in strung
canopiesDeposit differences of this magnitude are unlikely to achieve effectiveicake

dosing in the poorly sprayed areas of the canopyalhdery likely beassociated with control
failures of the protectant chemicals (coppers and antibiotics) usesbimsirol. It is important

to recognise that the high levels of deposit valitgiihat we have reported previougi@askin

et al 2011,2012 2015, 201phave largely been based on deposits measured from bulked leaf

or fruit samples. Variability of deposits from organ to organ, between leaf surfaces and across
tissue surfaces is usually higher than that measured from bulked tissue samples. The appropriate
use of spray adjuvants is expected to help reduce deposit variability across tissue surfaces, but
can do little to reduce depostriability imposed by canopy density and structure.

Thelimited data orspraydepositdanding on leaves i@old3 strung (tepee)canopiesuggests
they cannot be protected by conventional airblast sfagiskinet al 2015 2016§. Deposits
at mid texpee height (~3.5 m) we@0% of those measured in the pergola da summer,
G3 canopyThe work reported here aimedittertify novel spray application technologies to
maximise the efficiency gbrotectantspray delivery tanature and flushing foliage deepee
structures After industry consultation and widespread investigation of potesijahy
applicationtechniques, theethnologies selectddr the studywere

1 A singlesidedsprayvolute that is typically used in the industry to treat shelter belts and
large avocado trees. This takes the air from the lifting side of an axial fan airblast sprayer
and delivers it to the upper and opposite side of the spydhat all of the availablerai
output can be used to project spray a greditgance and with more control of placement
than is possible with an open air blast sprayer fan output.

1 A cannon sprayer that is typically used for treating large street trdes examplegullies
for passion vine hoppers. This type of sprayer produces a similar output to a volute, but
arguably with more control of spray projection and placement.

1 An unmanned helicopter (drontijat was capable of treating strung canopies from above,
while opeating at leels and with a degresf spray placement precision thasimply not
practical with traditional helicopter application methods

In a leadup to the novel application technology tests reported here, other alternative application
technologies were congted and discarded. These included:



The use ofmnultiple, small fixed sprinkle¥nozzle delivery systems to treat the strung
canopiesThis method of spray delivery has been tested extensively in apples in the
USA (Solid Set spray delivery systernip://www.canopydelivery.msu.edu/project
areas/horticulturg¢/and was tested in NZ apples in 2a1k (Manktelow observations
with AgFirst consultants Nelson). The delivery system ggskically impractical and
deposits are highly variable and unreliable.

The delivery of spray through overhead frost protection sprinkler systems. The delivery
of slaked lime as fungicidefor apple wound protection from infection by the European
Canker pathogerhas been successfully achieved usmdnigh volume overhead
sprinkler system. This approach to the delivery of copper fungicides to the upper canopy
and to strung canopies in kiwiit would be expected to work. However, by nature this

is a high volumecrude agrichemical delivery system and would be expected to require
the use of relatively large quantities of copper products. The testing of this type of spray
delivery system wasiscarded asncompatiblewith the aims of minimising copper
loading in the environment.

The delivery of copper by way of emitters that deliver small doses of very fine
(driftable) spray droplets to the upper kiwifruit canopyg(¢he Robocan delivery
sydens for irhome insect control)lhis approach to spray delivery could potentially

be very effective and efficient. However, it was discarded as a potential copper delivery
system as there is no practical way to keep insoluble copper formulations inssospe

for long periods of time for practical and reliable delivery.

Fogging systems are an extension of the very fine droplet delivery system described
above. They have the potential to achieve excellent chemical coverage on upper canopy
targets using lowchemical doses. However, there is no practical way to control and
contain fog dispersiom an outdoor environment and this potential delivery method
was discarded.

The application of copper (or other Psa protectant chemicals) to overhead shelter net to
establish a chemical reservohich canthen redistributechemical oto the upper
canopy baeathduring rain events. The potential efficacy of this type of delivery system
has been proven in the past with fungicidesbtack spot control on appléhe etent

to which overhead netting systems used in kiwifruit could contain and redistribute
different copper formulations is unknown. Likewisesystem for delivering copper to

the nets and any potential negative impacts akiibe chemicals on the nets aadl
unknown. Given that only a relatively small area of NZ kiwifruit is currently neitted

was decided not to test this concept at this stage.


http://www.canopydelivery.msu.edu/project-areas/horticulture/
http://www.canopydelivery.msu.edu/project-areas/horticulture/

METHODS AND MATERIALS

Volute study
The study wasundertakenon 09 February 2016n SimonCook 6 s or char d, at

Rangiuru. TheG3 orchard is planted on 5 x 5 m row spagcialjernate strip maleows, with
female vines strung on 5 mmigh teepees (Fig. 1)Iwo dilute sprays were appliedboth
containing DuWett adjuvant (40 ml/100 lAndC a |l ci um 1 7 5 Bpprox@5 kgthd)e m
as a tracer to quantify deposigpray application treatments were:

(1) a standard airblast sprg¥000 L/ha)applied with acalibratedRanfurly Orchard
Services Fantini Eco 2000 spray@ppendix1 & 2a), driven bySimon Cook. The
sprayer hd an 820 mmfront entry fanandwas fitted with Albuz ATR hollow cone
nozzlesThe sprayer was driven up and down four rows as illustrated in Fig. 2 with
all nozzles operating, except that row #1 was an edge row and had nozitles on
shelter side turned offig. 3). Temperature was2C with no wind.

(2) avolutespray consisting of a singkded avocado volute fitted with three Masotti
gun nozzles in the jetting positi¢Rig. 3. Nozzle pressure was 2000 kPa (45 L/min
output) and travel speed was 3.0 km/h. Effective spray volume was determined as
600 L/ha at théeaf sample positionand 1000 L/ha at the block ed@ée sprayer
was runalong the otside row of the blockKig. 2 #1) in a single pass, to deliver
spray across 15 m (three full rows). Temperature was 23°C with no wind.

Fig. 1: G3 orchard and replacement cane developmermn teepeesFebruary 2016.

Deposits were monitored with water sensitive papers (Vé8R)reeseparate pole@\, B, C;

Fig. 2). Thepaperswere folded in half and held in place with a clip on a pole at set intervals
above ground of 1.8 m (immediately below pergola canopy), 2.2 m (immediately above pergola
canopy), 3.6 m (hallvay up strings) and Bn (at top ofteepeg WSP were positioned
horizontallyandvertically, with the vertical papersmountedparallel to the drive path of the
sprayer.
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Fig. 2: Schematic of treatment blockpole setup anddriving pattern. Line 1 is the block edge

Calcium was usetb quantify deposits on the basis of ion conductivity of sample washings
(Gaskinet al. 2010).Immediately &er spray treatments had dried, leaf sam(fles reps)were
collected fromtwo canopy zonef theteepedan Row 3 12-15 m from sprayerfFig. 2) at
mid-height (3.6 m) and tops (5 m above grourih)ese leaves were washed individually on
each sidewith varying ¢ecorded) volumes of wash solution (containing 0.025% \Wett),
depending on their siz&y determine spray deposits on the adaxial and abaxial leaf surfaces.

Deposits were calculated as dosa/¢n?) and were normalised to an equivalent spray
application rate of 1 kg a.i. per ha in each treatment (to allow meaningful direct comparisons of
deposits between treatments). The deposit data are presented as micrograms of tracer per square
centimetre ofonesided leaf area.Results were statisticallanalysed using ANOVA to
determinehe significance of treatment on spray deposits retained on leaves in different zones.

Fig. 3: Standard airblast (LHS) and volute (RHS) spray applications



Cannon study

The study wasindertakeron 06 April 2016atthe samesitt Si mon Cookds orchar
Rangiury Fig. 4). Threedilute sprays were appliedll containing DuWett adjuvant (40 mi/100
L)andCal ci um 1 7 5;BpproxGli5kg/Ha)eama tracer to quantify depoSifgay
application treatmentsere:

(1) a standard airblast spray (1000 L/ha) applied with a calibrated Ranfurly Orchard
Services Atom 2000 Modena spray@ppendix2b), driven by Simon CookThe
sprayer was fitted with Albuz ATR hollow cone nozzles and had twin rings
operating Temperatte was23.7C with< 0.5 m/seavind.

(2) aute mountectannonsprayer fitted with 5x OrangeAlbuz ATR 80 degreéollow
cone nozzleéFig. 5) Nozzle pressure was AD&Pa, delivering 170 L/ha atravel
speedf 2.3km/h. The sprayer was run along the outside row of the block (#1, Fig.
2) in a single pass, to deliver spray acrassominall5 mswath(three full rows).
Temperature was42C with an average wind speed of 0.70 m/sec blowing across
rows into the block.

(3) Thecannonsprayerasabove but this timewith electrostatic chamgg of the spray
droplets inoperaton. Temperature was 25°C with an average wind speed of 0.38
m/sec blowing down rows into the block.

Fig. 5: Soniccannonsprayer and nozzles



