
CFAS

Electrostatic Evaluation

Project in0 644.
April2002

Funded byCRDC

Field Evaluation and Droplet Spectrum Analysis
For the Spectrum Electrostatic System for use in Cotton

Final Report

THE UNIVERSITY

OFQUEENSLAND
h C trefor

anc de PPIica ion an

The CentrejbrPesticide Appftcotio" andSqfety, is a nationalscient;/ic research and training group
that provides a wide range of research and consultancy services to indwst, y andgovernmentt"
pesticide OPPficotton technology

ae

Centre Stafflnvolved

BILLGORDONBAppSci, PGDipAppSci(Ag), GDipEd,
GDipRurSysMan(Ext), ADLT(Chem)

JAMIENICHOLLSPhD, BSCAgr

GARYDORRBEng(Agric) PGDip(AppSc)

SunniERGAVAN
MU^YBYRNES

Project Manager: BillGordon

The Centre for Pesticide Application and Safety
University of Queensland Gatton
Queensland4343 Australia

Emuil: b. gordon@Innilbox. uq. edu. au
ianite. Incholls(jamailbox. uo. edu. an

n

Senior Research Officer

Senior Research Officer

Senior Research Assistant

Research Assistant

Research Assistant

Tel:
Fax :

(07) 5460 1293
(07) 5460 1283





o1<^O
^,,(o O

CanC Funded Evaluation of the Spectrum Electrostatic Application System
Fitted to An Agricultural Aircraft-Deposition Study on Mature Cotton.

Objective: To compare the deposition and drift profiles of the Spectrum electrostatic
system at 10 L/ hawith Micronair AU 5000 units at 30 LAia fitted to a fixed wing
aircraft using fluorometric techniques.

Conclusions

Executive Summary

Deposition onto leaves within the cotton canopy

Results obtained in this experiment, under the environmental conditions experienced, indicate that
treatment I (electrostatics on at 10 L/ha) delivered equivalent levels of deposition (significant at 0.05
level) onto leaves within various zones sampled as treatment 3 (micronair at 30 LAia) .

The CV of deposition in each zone of the canopy tends to indicate that treatment I(electrostatics on)
produced less variation of deposit within the canopy (ie. a more even deposit across the two swaths
sampled).

Deposition onto artificial collectors

Results obtained in this experiment indicate that there was no significant difference in the amount of
fluorescent dye was arriving at the top of the canopy between any of the treatments. Treatment one
(electrostatics on at 10 L/ha) was able to deliver the same quantity of dye to the crop as treatment3, the
micronair at 30 LAia.

However significantly less dye was recovered from flat plates at the bottom of the canopy in treatment
one (electrostatics on) than for other treatments. This may indicate that when the electrostatically
charged droplets were applied much of the material was captured by foliage.

Drift.

The results in this experiment, while not conclusive, do show some very interesting trends. The results
obtained indicate that Treatment I(electrostatics on) produced a rapid reduction in the amount of
material leaving the field with distance from the treated area.

Treatment I(electrostatics on) produced lower deposits at 311m downwind than Treatment 3
(micronair).

General Conclusion

Results obtained in this experiment indicate that the electrostatics system does warrant further
investigation, particularly considering that in this experiment the electrostatic system was able to
deliver equivalent levels of deposition, with lower CV's and similar or less drift at application rates of
10 L/ha when compared with the micronair au5000 at 30 L/ha.

The ability of the electrostatic system to demonstrate equivalent deposition at 10 L/ha in this trial
indicates that in using such a system there may be potential cost savings to growers through reduced
costs of application, increased productivity and improved timeliness of application. The ability of the
system to deliver equivalent deposition with similar or lower CV's and levels of drift should be
investigated further.





Part I: Field Evaluation of Electrostatic Nozzles Fitted to an Agricultural
Aircraft.

OBJECTIVES

To conduct a preliminary evaluation of the deposition characteristics onto matere cotton plants and the
associated drift profile of an electrostatic application system fitted to an aircraft, and compare it with an
application system Gunently used in commercial practice.

METHODOLOGY:(Overview):

This single trial was conducted to compare the same aircraft fitted with the 'spectrum' electrostatic
system operating at 10 L/ha with a Tmcronair AUSOOO rotary atonvisers operating at 30 L/ha (as an
example of commercial practice). The evaluation was conducted on a maime cotton field Oust prior to
defoliation).
Deposition of a fluorescent dye was measured on leaves from various zones withinthe crop canopy and
on artificial collectors within the field and on drift arrays located downwind from the field. Amounts of
dye were quantitativeIy measured using fluorometric techniques and analysed using a standard one-way
analysis of variance and calculations of the coefficient of variation CV.

CFAS ProjectNumber: 644

Design: A single, umeplicated, three whole plots (intensive sampling within each).

Treatment Details:

Treatment I:(Electrostatics ON at 10L/ha)

Helios@ 500 SC fluorescent dye was applied at approxin^tely 10 gayha in water using a CESSNA
T188C An^CRAFT supplied and setup byGwydirAir Moree.

The aircraft was fitted with 80 electrostatic nozzles setup to deliver a total volume of 10 L/ha at an
airspeed of approx 54 rinsec producing a VMD of 150-160 rincrons.

The electrostatic charge will be TURNED ON forthis treatment.
Swath width: 15 in. Number of swaths: 10

Treatment 2: (Electrostatics OFF at 10L/ha)

Helios@ 500 SC fluorescent dye was applied at approxinmtely 10 gayha in water using a CESSNA
T188CAU<CRAFT supplied and setupbyGwydirAirMoree.

The aircraft will be fitted with 80 electrostatic nozzles setup to deliver a total volume of 10 Lnla at an
airspeed of approx 54 Thisec producing a VMD of 150-60 nitcrons.

The electrostatic charge will be TURNED OFF for this treaiment.
Swath width 15 in. Number of swaths: 10

Treatment 3: onicronair at 30 L/ha)

Helios@ 500 SC fluorescent dye was applied at 25 gayha in water using a CESSNA T188C
AIRCRAFT supplied and setup by GwydirAir Moree.

The aircraft will be fitted with 8 Tmcronair AUSOOO rotary atonitsers setup to deliver a total volume of
20 L/ha at an airspeed of approx 54 nYsec producing a VMD of 150-160 nitcrons.

Location/Cooperator: Moree, Property CAROALE/ICERN





The Electrostatic On Treaiment in use during the trial.

The aircraft fitted with the 80 spectrum electrostatic nozzles prior to the trial.

VH. Wei





OverallTrialLayout

FIELD K2 70.9ha

Trt I electrostatics on
10 L/ha





SAMPLINGMETHOD

Deposition onto leaves.

For each of the three treatments leaves were collected from ten locations within centre two swaths of

each treatment(two rows offIve sampling positions).

Sin Sin Sin

X X

At each location of the ten locations, leaves were collected from each of the 3 positions on the cotton
plants, those being:

The Upper(leaves from the top 4 nodes),
The Mid (leaves from the outer part of canopy adjacentto first fruitretention) and
The kiner(Inner part of plant adjacent to the nitd).

At each of the ten locations, artificial collectors were also used to sample deposition and assess the CV
both above and within the canopy.

Artificial Targets

Flat plate collectors at each of the ten sampling locations pertreaiment. Plates were placejust above the
top of the canopy and within the canopy at the height offirst fruitretention. Chromatography paper was
placed on each flat plate to collectthe fluorescent dye.

Drift Arrays

Two parallelrows of artificial targets were used for collecting drift samples, coat plates on 1.2 in
fibreglass posts fitted with chromatography paper held by rubber bands). The artificial collectors were
placed downwind (to the no^land west) of the treated area.

The two parallelrows of targets were placed loin apart at following distances from the edge of the field
for each treatment at 0111, 50m, looni, 1501n, and 200m.
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ANALYSIS OFSAMFLESg

Deposition onto Leaves:

Quantitative:

Fluorometric analysis of deposition on leaves was determined by extracting the henos dye from 100
leaves per treaiment from each sampling zone using ariappropriate solvent(ethyldigol). The amount of
dye in each sample was deternitned using a Sequoila-Turner 450 fluorometer, concentrations obtained
were then related to the surface area of each sample.

Deposits on Artificial targets, conducted at CFAS laboratories - Catton.

Fluorometric analysis of deposition on artificial targets (papers) was determined by extracting the
henos dye from leaves using an appropriate solvent(isopropanol). Measurements of the amount of dye
in each sample were be deternitned using a Sequoila-Turner 450 fluorometer, and were related to the
surface area of each sample.

METEOROLOGICALMEASUREMENTS

Stability was measured using a sonic anemometer. The fullC~PAS data logged Environdata
Meteorological Station was used to continuously record wind speed (at 2111, wind direction,
temperature (at 2111, relative hunxidity, solar radiation and rainfall).





RESULTS andDISCIJSSION:

Deposition onto Leaves:

The figure below showsthe deposition onto cotton leaves sampled from 10 locations across thentidale
two swaths of each tieainient in standardised untils for each of the zones sampled (darkbars) andthe
coefficient of variation of that deposition within eachzone qiglitbars).

Treattnent I = electrostatics on, treatment 2 = electrostatics off andtreatment 3 = nitcronair.

Note the LSD (5.0%) for comparing deposition in eachzone is 13.00. The darkbars with the same
letter or combination of letters above 111em are not sigyiificantly different from one another.

Comparison of deposition offIuorescent dye OS on leaves in various zones of the
cotton canopy and the CV9'. for each zone.
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Deposition on leaves

Statismcalarmlysis (one anova) yielded the following results:

No signficant difference between tieatinents initie deposition of fluorescent dye onto leaves in the
upper part of the canopy.

Deposition onto leaves initie upper part ofthe canopy was significantly litglierthan deposition onto
leaves in the rind and itmer parts of the canopy for anti'eatments.

filere were no signficant differences betweentreainients in the deposition onto on the leaves intrie
nitdandirmer parts of the canopy.

Coefficient of Variation (CV) of deposition onto leaves

Treattnent one (electrostatics on) hadthe lowest CVfor deposition onto leaves mintdand tinier zones,
anda sinitlar CV in the upper part ofthe canopy to treatment 3 rule nitcronair).

Treatrnent one (electrostatics on) produced the lowest muge ofCV's for allzones (294-39.8),
tieattnent 2 (electrostatics off) andtreatment 3 (nitcronair) were (326-51.0) and (359-65. I)
respectively.

The results lioniiliis experiment tendto indicate that the electrostatics on tieattnent at 10 LAB was
capable of producing allequivalent deposition onto leaves as the Tincronairat 30 LAia, but with a more
even distribution of deposit onto leaves in the 11nd andirmer parts of the cotton canopy.

Amount deposited on leaves LSD (5%) = I 3.0 DCV% in each sam PIing zone





DEPOSITIONONTOARTmCIALCOLLECT I'S

Flat Plates

The figure below showsthe deposition onto flatplate collectors (6), pressed as a percentage of rate
applied) for each of the 10 zones sampled across the rimddletwo swaths of each treatment qigliter
shaded bars) andthe coefficient of variation of that deposition within eachzone (darker bars).

Treaiment I = electrostatics on, treatment 2 = electrostatics off andti'eatment 3 = nitcronair.

Note the LSD (5%) for coinpafuig deposition in eachzone is 16.55. The Iigliter shaded bars with the
same letter or combination of letters above them are not significantly differentfrom one another.
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Deposition onto Flat Plates.

The above gaph shows no signficant different difference in percentage of the rate applied amwig at
the top plates (artificial collectors placed just above the heiglit of the cotton canopy).

These results reflect those obtained for deposition on leaves, where no significant difference was
detected between the levels of deposition onto leaves sampled in the upper part of the cotton canopy.

Deposition onto plates placed at the bottom of the canopy were significantly lower fortreatmentl
(electrostatics on) suggesting less spray was passing ititouglithe canopy, hence more was being
captured by leaves.
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file CVofdeposition onto flatflatesplacedjustabove the canopy wasreducedby having the
electrostatic system turned on at 10 LAia, andwas stintarto that of the nitcronairtteattnent at 30 LAia
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DR^'T

Tile percentage of the applied rate leaving field was measured on flat plates at distances up to 311m
from the edge of the treated areas. The results of measurements are illustrated intrie figure below,
alongwith agdrift@ predictions for the droplet sizes used.

Drift: % of applied rate landing on flat plate connectors downwildfromthe field.
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Note: file results obtained are from a single trial under a sriialliange ofenviromnental conditions,
using a fluorescent dye techntque (sensitive to parts perlntllion) which has detection litntts. Winds
speeds during spraying for eacliti'eatment were figlit(average 07 Iulsec) but reasonably consistent

Within tits single trial it be seen that tieainient one (electrostatics on) shows Inglier levels of deposition
close to the edge of the treated areawitha rapidreduction in the amount of dye recovered from flat
plate collectors as distance increased The rate of decrease is stintarto hat predicted by Agdrift for tints
tieaiment

Treatoient 2 (electrostatics off) did not follow the agdrift predictions as closely, and did not show the
same rate of decrease tildeposition with distance fromthe field

Treatinent 3 (Tmcronair) produced lower than predicted amounts of deposition close to the treated area,
however the rate of decreasewithdistancefi'omitie edgeofthefieldwaslessthanpredictedby
Agdrift

. me asirred deposition

Ig agdrift prediction

filthis experiment boththe predicted (agdrift) and actual depositions at 311m from the edge of the field
were less for treatment I(electrostatics on) nun those measured fortreainient 3 (nitconmir).





Conclusions

Deposition onto leaves within the cotton canopy

Results obtained intriis experiment, under the environmental conditions e>, pertenced, indicate that
treattnent I (electrostatics o11at 10 LATa) delivered equivalentlevels of deposition (significant at 0.05
level) onto leaves withinvarious zones sampled astreattnent 3 (nitcronair at 30 L/ha).

The CV of deposition in each zone of the canopy tends to indicate thattreattnent I(electrostatics on)
produced lessvariation of deposit withinthe canopy (ie. a more even deposit across the two swaths
sampled).

Deposition onto artificial collectors

Results obtained in tins experiment indicate that there was no significant difference in the amount of
fluorescent dye was arriving arthetop of the canopy between any of the treatments. Treainient one
(electrostatics on at 10 LAia) was able to deliver the same quantity of dye to the crop as tieaiment3, the
micronair at 30 LAia.

However signficantly less dye was recovered from flatplates at the bottom of the canopy in treatment
one (electrostatics on)than for other treatments. fins may indicate that when the electrostatically
charged droplets were applied much of the material was captoredby foliage.

Drift

The results in this e>, pertinent, while not conclusive, do show some very interesting trends. The results
obtained indicate tliatTreamient I(electrostatics on) produced a rapid reduction intrie amount of
material leaving the field with distance from the treated area.

Treatinentl(electrostatics on) produced lower deposits at 311mdownwindthanTreatment3
(nitcronair).

General Conclusion

Results obtained in tills expertment indicate tliat the electrostatics system does warrant filmier
investigation, particularly considentigthat in tints e, ,pertinent the electrostatic system was able to
deliver equivalentlevels of deposition, with lower CV's and stintar or less drift at application rates of
10 LAia when compared with the nitcronairau5000 at 30 LAia.

The abitity of the electrostatic system to demonstrate equivalent deposition at 10 LAia in this trial
indicates hat in using such a system there Tiny be potential cost savings to growersthrouglireduced
costs of application, increased productivity andimprovedtimehiiess of application. The ability of the
system to deliver equivalent deposition with sinitlar orlower CV's andlevels of driftshouldbe
investigated further.





Recommendations.

Further investigations into the potential of the electrostatics system should be undertaken in the
foUowing areas:

. The ability of the system to provide sinitlarreductions intrie amount of spray leaving treated fields
at different growth stages of the crop

. The ability of the systein to provide sinnarreductions in the amount of spray leaving treated fields
under different environmental conditions.

. The downwind movement of spray material travelling over fanow after leaving the treated area (in
this ex^rimentspray hadto travelover canopy before reaching the flat plate collectors).





Part 2: Droplet Spectrum Analysis

Nomenclature

Definitions of techntcaltenns used in this report are listed in Table I.

Tablel Nomenclature

Term

Vlvro or

Dlv, 0.5
D v, 0.91
Dtv, 0.1
SPAN

Description
Volume Median Diameter(VA^in)
50% of the volunie of the s in consists ofdro lets smaller than uns size

90% of the volume of the s in consists ofdro lets smaller thanItlits size
10% of the volume of the s in consists ofdro lets smaller than this size

p1v, 0.91-Dtv, 0.1 )/ Dtv, 0.51, a measure of the width of the distribution

Methodology

Awlndtrumelfacitity located at the University of Queensland, Cattonwas usedfor the experimental
prog'am. The facility comprises an open circuit windtrumel, a transparentworimig section, a Malvem
2600 laser diffi'action arialyser and an exhaust airscrubber extraction system. A 400inm by 4001nm
contraction section was used to accelerate the air up to operational speeds of 72 ads (140 kilots). The
rotary nozzles were mounted on a streamlineboom. Two gantries were used to independently position
the laserchinactioiipyrticle-size arialyser and the nozzle system. nits anowedthe entitled spray plume
to be traversed itITouglithe laser beam. Droplet size was measured froin a traverse of the bottom nattof
tile spray plume emitted by the rotary nozzles. The test facility was fitted with trailsducers to monitor
fan speed, artemperature, hullitdity, airvelocity, spray liquidtemperature, pressure andflow rate. A
plan of the facility is shown in Figure I.

Figure I

WIND IU""

file particle sizing system uses a laser-diffraction device onalveni2600, Malvem instrornents, us)
which is an internationaUy recognised industry standardfor droplet and particle characterisatton. It has
a runge of lenses andaccessories for characterismg sprays, powders andliquidemulsions. The 800 Trim
focal length lens was selected which is able to measure a particle size range from 4 pinto 1504 prn.

muse, the sample is inruniriated by a visible-wavelengtITHe/NG laser. The paincles or droplets scatter
some of the Iiglit at angles which are cliaracteristic of their size, fornullga series of annular diffi'action
tings. The scattered Iiglitis collected by a Fomer optical system andfocused on a radial diode array
detector. The signal from each detectoris amplified and digitised andthe complete figlit energy pattern
is amIysedby a computerto derive the size distribution.

Plan view of the facility
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Wind funnel(fall, setthiigchamber andworking section)

Two spectrum nozzles (black andwhite) were tested with too fonnulations (water and 10%Biopest) at
two airspeeds (54 and 6211Vs) andtwo pressures (340 and480 kPa) to give a total of 16 treatments. All
tieainients were replicated twice.

Results and Discussion

The Volume MedianDiameterfor each tieainient(average of2 replicates)is shown in Figure 2. Figure
3 snowsthe percentage of the total volume of the spray that isless than 14/11m.

VMD : Spectrum Electrostatic Nozzle : NO Charge
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The Volume Median Diameter produced by a spectrum electrostatic nozzle with no
charge
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Volume <. 41 pin : Spectrum Electrostatic Nozzle :
NO Charge
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54m/s :

340kPa

The black nozzle tended to produce a smaller droplet size (Vlvro) than the white nozzle. increasing
airspeed and increasing pressure reduced the droplet size for botlithe black and white nozzles. There
was little difference in dropletsize between water and a 10% Biopestinix.

,

,,

.

I

The volume of spray lessthan 14/11m produced by a spectrum electrostatic nozzle
with no charge
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