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1. Outline the background to the project. 

Cotton production in Australia is vitally dependent upon the safe and efficient application of 
pesticides. Timely and strategic use of insecticides, often only possible using aircraft, is required 
to maintain adequate control of pest species such as heliothis spp. However if pesticide droplets 
are transported downwind away from a sprayed area, significant contamination of susceptible 
areas can occur. For example, contamination of pastures due in part, to endosulfan spray drift, 
led to significant disruption of the Australian beef cattle industry during 1998. 

Previous research (Woods et a1 2001), quantified typical downwind insecticide deposition 
profiles for ultra low volume (ULV) and low volume (LV) application of insecticides and 
showed that a combination of application parameters could reduce spray drift values. Subsequent 
to this work, the Australian Pesticide and Veterinary Medicines Authority (APVMA) introduced 
a regime for the 199912000 cotton season that stipulated that the insecticide endosulfan should be 
applied by aircraft using Large Droplet Placen~ent (LDP) techniques. Fundamentally, this 
application technique specified the application of sprays from agricultural aircraft using droplets 
with a Volume Median Diameter (VMD) greater than 250 pm, water volumes greater than 30 
Llha and the use of spray booms where the distance between the two outermost nozzles did not 
exceed 65% of the wingspan. Used in conjunction with appropriate management strategies, it 
was postulated that a droplet spectra with a VMD greater than 250 pm could reduce downwind 
drift levels as a result of the inherent higher droplet sedimentation velocities. 

LDP technology requires the use of relatively large water volumes (30 Llha and above) 
compared to ULV (3-5 Llha). However aqueous droplets can evaporate rapidly, particularly 
when conditions are hot and dry (eg. >30•‹C and RH < 40%). As droplets evaporate they become 
smaller and may travel longer downwind distances thus increasing the potential for spray drift. 
One solution is to add an anti-evaporant adjuvant (AEA) to the formulation. Many materials are 
available which are capable of modifying pesticide behaviour eg. wetters (surfactants which 
increase droplet spreading and penetration), thickeners (which increase initial droplet size) and 
stickers (which help droplets adhere to leaf surfaces). Most AEAs are thought to work by adding 
a skin to the water droplet thereby slowing down the rate of evaporation. There are many claims 
made regarding the ability of such adjuvants to modify the spray drift behaviour of pesticides. 
Some claims are unsubstantiated and rigorous evaluation is required. With increased reliance on 
water based application from aircraft there is thus a need to investigate the evaporative process 
and optimise LDP technology for the aerial application of insecticides in cotton. 

This project was therefore undertaken to quantify the performance of aircraft nozzle systems, 
establish if any, the reductions in spray drift resulting fiom the adoption of LDP technology, 
quantify the influence of certain adjuvants and investigate the impact of atmospheric stability on 
the downwind dispersal of droplets. 



2. List the project objectives and the extent to which these have been achieved. 

The 12 project milestones and the extent of  achievement i s  shown in Table 1. 

Table 1 - UQ 27C project milestones and extent of achievement 

Milestone 

Relocate and complete world class state 
of the art wind tunnel test facility at the 
University of Queensland Gatton 
Campus. 

Select adjuvants capable of modifying 
initial droplet diameter, ie products that 
increase VMD and reduce the 
proportion of droplets less than 100 pm 
by laboratory testing of a wide range of 
formulation adjuvants. The droplet size 
characteristics of optimum LDP nozzle5 
to be determined. 

........................................................ .- ......................... 

Compile a series of fact sheets based on 
cun.ent information, setting out LDP 
procedures for the aerial application of 
insecticides in cotton. The construction 
of a web page detailing relevant 
application technology 

............................................................................................................. 
Construct a workshop module for 
linkage to workshops and "fly in" 
extension programs. A module will be 
developed as part of this project, 
incorporating research results and 
guidelines for optimum LDP 
application. A practical aircraft 
assessment component will also be 
developed using state of the art testing 
technologies. This n~odule will be 
available to and linked to the proposed 
CRDC funded extension program 
"Improved pesticide application 
performance" to be conducted by Mr 
Peter Hughes, QDPI. .- 

Initial assessment of LDP drift profiles. 
The start of a field trial program (using 
a modified ground sprayer) to 
investigate the effect of adjuvants on 
downwind drift profiles and post 
application droplet evaporation. 

Milestone 
:ompletio~ 

date 
Performance indicators 

Construction of wind tunnel 
completed July 2000 
Commissioning high speed 
section December 2000 
Commissioning low speed sectior 
June 2003 -.p-..-..--.-.- -- 
List of adjuvant products and 
substances that modify droplet 
size established. 
Single flight line studies: 
adjuvants and fixedlrotary wing 
aircraft 
Droplet spectra of LDP nozzles 

.. characterised 
Web page initiated May 1999 
www.arhort.ua.edu.aulc~as1 
Progressive number of fact sheets 
available ( l  l in September 2002) 
Additional material made 
available to Industry via 
SPMYpak, meteorological 
stability and AT charts 
Numerous Industry conferences, 
workshops, meetings, research 
papers, magazine articles ..... 

See DPI project managed by Peter 
Hughes, DAQ 98C. 

p,-....--- 

Downwind drift profiles from 
helicopter 
Ground sprayer modification 
discontinued in favour of other 
avenues of research 
Establish downward drift 



Determine LDP downwind drift 
profiles. The isolation o f  effective 
adjuvants and nozzle configurations th; 
modify the aerial hansport o f  spray 
droplets and reduce inflight evaporatio~ 
(using ground & aerial tsials) 

Determine optimum operating 
parameters for LDP application. (The 
aerial trials to focus upon nozzle and 
adjuvant interaction, aircraft nozzle 
configurations and airspeed 

Determine the effect o f  atmospheric 
stability (stable & highly unstable 
atmospheres) upon LDP drift profiles 

Finalise and confirm settings, 
techniques and adjuvants for the LDP 
aerial application o f  insecticides. 

Produce updated and modified fact 
sheets for indushy and presentation o f  
the workshoplfly in module in the mair 
cotton growing regions 

Present indushy with description 
(technology manual) for LDP 
application o f  insecticides in the 
Australian cotton industry 

Determine the influence o f  LDP 
technology, (eg adjuvants and nozzle 
selection, from CRDC project UQ27C) 
upon drift reduction, leaf coverage and 
biological efficacy). 

protocols for field measurement 
o f  LDP spray application 
Optimise equipment settings to 
increase deposition and reduce 
spray drift for aerial and ground 
rig operations 
List o f  adjuvants in Milestone 2 
refined and commercially 
available anti evaporant adjuvant 
identified 
Assess aerial (helicopter and 
fixed wing) drift profiles using tk 
adjuvants 
Wind tunnel DSA study o f  range 
o f  nozzles and adjuvants 
evaluated 
Drift and deposition hails for 
electl.ostatic nozzles ..- ..... 

LDP operating parameters 
defined 
Nine complex field trials over 2 
seasons: drift and bioefficacy 
assessments made 

Affect o f  stability on downwind 
drift assessed 

LDP operating parameters 
improved with nozzle selection 
rather than adjuvant choice 

LDP techniques further extended 
at the range o f  Industry meetings 
and publications 
Website updated. PDF files being 
processed 
One manual would not suit 
Industry 
Cotton ID0 LDP and spray 
application training course, 
September 2002 
Multiple information sources 
have been extended .- ---- 

In conjunction with project UQ 
31C biological efficacy and drift 
reduction have been defined. 



3. Detail the methodology and justify the methodology used. 

3.1. Laboratory Studies 

3.1.1. Wind tunnel 
The main capital component of UQ 27C was the purchase, relocation of plant and construction 
of a new pesticide wind tunnel research laboratory at the Gatton Campus of the University of 
Queensland. The new test facility was designed and constructed at Gatton based upon a 
decommisioned wind tunnel purchased &om Food Science Australia, Victoria. Designed to 
explore pesticide application issues facing the cotton industry, the new wind tunnel research 
laboratory was designed to be capable of carrying out research in spray nozzle design and 
pesticide adjuvant technology at airspeeds up to 140 knots. UQ27C provided $205,000 in capital 
funding to which was added over $100,000 of funds from a variety of University of Queensland 
sources. 

The main building, comprising of the tunnel plant room, pesticide preparation room and control 
room, and the external pesticide filtration tunnel was completed in July 2000 (Plates 1-4) and 
formally commissioned in December 2000. The wind tunnel laboratory has been judged by peers 
overseas as representing the best technology of its type in the world. Capable of safely handing 
active pesticide products, the facility is a valuable asset to the Australian cotton industry and has 
enabled quality and independent research to be undertaken that has already been incorporated 
into the management programs adopted by growers 

Plate 1 - Wind tunnel facility (building Plate 2 - The high speed working section 
containing wind tunnel) and filters (extending 
outside) 

The research facility is built around an open circuit wind tunnel that comprises a diffusing 
section, a settling chamber, three contraction sections, a control room (Plate 5) and two working 
sections. The tunnel can be configured with either a low speed (6 d s )  1.7 X 1.7 m square 
working section (Plate 6 )  or a high speed transparent working section (Plate 4) capable of 
delivering air velocities up to 75 d s .  Uniquely, the tunnel is permanently connected to an 
exhaust air scrubber extraction system to enable a wide range of liquids (including pesticides) to 
be introduced and sprayed inside the facility and recovered for later disposal. 

The tunnel is powered by a centrihgal fan driven by a 75 kW electric motor and is equipped 
with a digital frequency controller to accurately control motor speed. All processes within the 
tunnel can be monitored from a separate air-conditioned soundproof control room. 



Plate 3 - Nozzle in high speed working Plate 4 - Working section with Malvern 2600 
section with nozzle in the airstream 

To measure the atomisation of sprays at high speeds, a Malvern 2600 laser diffraction analyser is 
used in conjunction with a traversing nozzle gant~y (Plate 4). The gantry allows emitted spray 
plumes from nozzles to be traversed through the laser beam The Malvern 2600 is an 
internationally recognised instrument for determining droplet and particle size according to 
international industry standards. It has a range of lenses and accessories for characterising 
sprays, powders and liquid emulsions. Depending upon its configuration the Malvern is capable 
of measuring particle sizes in the range 0.5-1880 pm. 

Plate 5 - Control room Plate 6 - Low speed working section 

An additional low speed working section (built with subsequent ARC lnfrastucture fbnding) 
(Plate 6) was fitted in the wind tunnel during 2003. Fitted with a remotely controlled traversing 
boom section, nozzle systems can be traversed through the working section at a pre determined 
speed (<5.6 rnls). The low speed working section is designed to replicate the spray process in the 
field and enable canopy deposition and short range spray drift to be measured and quantified 
under controlled environmental conditions. An Oxford Lasers imaging system was installed 
during June 2003 to measure droplet sizes from 10 to 6000 pm as well as quantify droplet 
trajectory, measure droplet movement around leaves and quantify droplet evaporation The 
imaging system consists of a high-speed digital camera synchronised with a powerful copper- 
neon laser that can record images up to 30,000 frames per second. Images from the camera are 
automatically processed using specialised ~isizer@ software 



Spray drift potential can be directly calculated for any aircraft nozzle system and pesticide 
mixture using the wind tunnel and computer models A full droplet spectrum as measured in the 
wind tunnel, (Figure l), can be used in conjunction with spray drift simulation models such as 
the United States Spray Drift Task Force (SDTF) drift model A~DRIFT@ (Figure 2) to predict 
spray drift values downwind of treatment area. The A@RIFT@ spray drift model was designed 
to assist in the registration of agrochemicals and assess off target risks based on realistic input 
parameters. 

For droplet size atomisation @SA) studies, an aircraft spray nozzle is usually placed in the wind 
tunnel with the nozzle body positioned straight back (parallel to the airstream, Plate 3) and the 
tunnel set to the required airspeed. For example, in the adjuvant study completed as part of this 
project, the droplet size was measured for a number of ground and aerial nozzle types at ground 
and aerial application speeds. A number of spray solutions with and without adjuvant, including 
an emulsifiable concentrate @C) blank (pesticide solution with active ingredient removed) was 
used to simulate a typical spray mix. 

0 2W 4W 800 800 

Downwind distancefmmReld edge (m) 

Figure 1 - Droplet sizing analysis output Figure 2 - AgDIUFTB modelling output 

3.1.2. Spray Adjuvant Droplet Size Analysis 
Meetings took place with Mr Harry Combellack (international consultant in adjuvant technology 
and specialist application technologist) during September 2000 to establish a list of potential 
candidate anti-evaporant adjuvant products for inclusion into the test program (Table 2). As it 
was not practical to hlly evaluate all the products and substances available, this list was hrther 
refined with the support of industry personnel to produce a list of adjuvant products currently 
registered in Australia that claimed to reduce droplet drift by modifying droplet size (Table 3). 

The droplet size spectra were measured for a number of ground and aerial nozzle types (80015, 
DG110015, TT1 10015,6515, CP 30' and CP 0') at ground and aerial application speeds (6,26, 
51 and 69 m i') with spray solutions consisting of water only and water plus an EC blank with 
or without one of ten adjuvants (Table 3). The EC blank was used to mimic the effect of a 
pesticide mixture as long-chain polymer molecules can be affected by organic solvents 
differently than water alone. 

The laser beam of the Malvern 2600 was located approximately 250 mm from the end of the 
nozzle. The test mixtures were placed in a 14 litre tank and the mixtures recirculated 10 times 
through a lobe pump driven by a variable speed electric motor. The mixtures were then poured 
into pressure containers and the air pressure set to achieve the desired operating pressure at the 
nozzle. Each test was replicated twice. 



- List of a('.illvant p,rdacts and substa~~ces for eval,tation as allti-evnpurallrs 

- Product Active Supplier 1 
Non-Ionic 

L1 700 Nufarrn 

Orgunosilicones 
Silwett L77 

F r e e w ~  / 
-- 

,, Nufarm - 
.- Petroleum Oils 

Ulvapron petroleum oil 7 - BP 
D-C-Tron petroleum oil ~ a l t e x  (Ian Johnson)- 

.. D-C-Trate petroleum oil Caltex (Ian Johnson) - 

Codacide 

l Vegetobk 0iI.s 
-- 

-. 

Hasten .- eterified, ethyl&ed 
.- 

Quicken eterified, ethylated 

Anionic l 
Longhfe ~ i u r ~ l  ether sulfate 

- Sulfonate Clarion 
Polyucrylamirle 

41-A Polyacrylamide polysaccharide 7.- 1 
p. polymer 

38-F Polyacrylarnide polysaccharide 

-. polymer 
Zerodrift .- Anionic aczlimide copolyii~er 

Other f~oss1h111t1e.s - 
Cationic (eg.. 1 Am~iioni~i :  sulfate Cornflower 

Meteor) 
Alcohols (ClO-C 13 Guar gum Starches (potato, 

Stearic acid Gelatin Alburnen (egg 

Molasses -. 
P o l e i d e s  -- 



Table 3. Names, rates, description and s~~ppliers  of com~nerciaIIy available anti-evapora~lt 
adjuvants used in this study 

.p--.-p. 
Description 1 Comments 

90% anionic acrylimide copolymer BioCentral 

Laboratories 

Valid Loveland 

- 
Amine salts of organic acids, aromatic acid, 
aromatic & aliphatic petroleum distilate forming 
mvcrt suspension 

p--. 

2 1x11 f Non ionic & amphoteric surfactants ISpray~mart 

A scheme to classify nozzles accordinl: to spray quality was introduced by the British Crop 
Protection Council during the 1980's based on the performance of a hydraulic nozzle cornpal-ed 
to a set of standard reference nozzles (Doble et a/ 1985). This system defines droplet size 
categories as very fine, fine, mediurn, coarse and very coarse. This was modified and adopted in 
1999 by the American Society of Agricultural Engineers (ASAE standard S572). The droplet 
size from a set of BCPC reference nozzles was also measured in the wind tunnel and the data 
used to classify the droplet spectra according to spray quality. 

A one way analysis of variance was performed on the data to determine the influence of adjuvant 
type, presence of the EC blank, nozzle type and airspeed on droplet spectra. The volume median 
diameter (VMD), the 10% cumulative volume values (D[v,O. I]), the 90% cumulative volume 
values (D[v,O.9]), the volume less than 141pm and relative span ((D[v,0.9] - D[v,O. l ] )  1 
(D[v,0.5]) are I-epo~ted, (Tables 16-1 9). 

3.1.3. Evaporation tower facility 
To investigate and measure droplet evaporation, a 6 m (latel- 4 m) vertical tube was constr-ucted 
using 0.85 m wide collapsible air conditioning ducting (Plate 7) at the Gatton Campus of UQ. 
The tube was suspended from the ceiling and an elevated walkway on one side provided access. 
The initial droplet generator installed was a Micron Herh fkx  spinning disc atomiser. This was 
modified (electric motor I-eplaced) so that it was capable of delivering droplets between 5 0 p  
and 300pm in diameter. DI-oplets were released at the top of the tower and droplets were sized at 
the top and the bottom of the tower using water sensitive paper and their difference recorded. As 
production of droplets using this system was inconsistent (range of droplet sizes were produced) 



and not repeatable with the range of adjuvant solutions used, replacement droplet delivery 
systems were considered. 

The modifications to the droplet delivery system were made in with collaboration with Dr C. S. 
Parkin, Silose Research Institute, UK, during October/November 2001. Multiple droplets of 
known diameter were produced at the top of the tower by a monosize droplet generator (BioDot, 
Ltd. Huntingdon Cambridgeshire, UK, (Plate 8)). The nozzle was operated at a frequency of 32 
kHz, a voltage of 120 V and at a range of liquid pressures, air pressures and flow rates. Liquid 
flow rate was measured by collecting the spray solution at the orifice (75 pm orifice in a piezo- 
electric crystal) into a beaker containing vegetable oil (to reduce evaporation) over a period of 4 
minutes. A 5 mm diameter stream of compressed air at 45" to the droplet stream was introduced 
50 mm below the orifice, to disperse the stream of droplets into a narrow plume of droplets. The 
plume of droplets was collected at the bottom of the tower into a 0.5 m diameter tray containing 
vegetable oil over a 4 minute period. From the flow rate, droplet diameter was calculated by 
dividing the flow rate (mL/min) by the frequency of piezo-electric crystal vibration in the orifice 
(32 000 individual mono-sized droplets per minute). The affect of adjuvant on drop size could 
now be directly compared using a model developed by Dr Parkin. This data was entered into the 
model in order to relate to other published droplet evaporation models (Teske, M.E., Kaufman, 
A.E., Thistle, H.W., Hewitt, A.J. and Valcore, D.L. (2002). Droplet evaporation corrections for 
aerial spray drift modeling I: Theoretical considerations. Atomization and Sprays. The program 
uses psychometric hnctions to predict the changes in diameter of droplets. 

The diameter of fifty drops suspended in a liquified droplet sizing media were individually 
measured at the top and bottom of the tower using a digital micrometer attached to a compound 
microscope with a 1000110 pm graticule (1000 pm, 10 pm divisions). 

Plate 8 - Mono-sized droplet generator 

A number of adjuvant products, including crop (SSE 370) and petroleum oils @ ~ ~ r o n @ ) ,  
standard non-ionic adjuvants ( ~ ~ r a l @ )  and a number of insecticideladjuvant combinations 
(placementm and placementa + DCT~O~@)  were evaluated. Tap water was used (19-21•‹C). Wet 
and dry bulb temperature (AT, dry - wet bulb temperature) were recorded for each treatment. 
Spray solutions containing water and water + adjuvant were tested over a range of AT'S. Droplet 
diameters from a range of solutions were compared to water, according to their influence on in- 
flight droplet evaporation 



3.2. Field Studies 

A range of field work was conducted with growers and aerial and ground application systems 

Work on a modified ground rig spl-ayer to acco~nrnodate dual booms operating up to an 
zpplication height of 3 tn did not progress beyond the initial project planniny stayes in 1999. 
Following discussions with officers from the DPIIDNR at the Leslie Research Centre in 
Toowoomba and a number of Industl-y pel-sonnel, including the CRDC, wor-k on the modified 
ground sprayer was suspended. It became apparent during these discussions that Industry would 
benefit rnore if research effort was channelled into wind tunnel (droplet size) and field adjuvant 
studies (drift and retention) and that this would give a greater opporttmity to investiyate a larger 
range of LDP nozzle systems, eg. including electrostatic nozzles. 

3.2.1. Single flight line tests 
In mid November 1999, a series of single flight line trials were conducted with Gwydir Air 
(Boggabilla) to obtain comparative assessments of the dl-ift pi-ofiles obtained for a range of 
different options available under LDP aerial application technology. Aircraft types included a 
Bell 206 Jet Ranger helicopter, a Garrett SR2 Thrush turbine aircraft and a CA200 Fatman 
piston engined aircraft. Nozzle types included CP 30•‹, Cl-' SS (straight stream) and Flat Fan 
65 10. The effect of the spray adjuvant 4 l-A was also assessed. A11 treatments were compared to 
a standard treatment using a Fatman piston powered aircraft equipped with CP nozzles set at 30' 
spraying water. 

Airborne drift profiles were assessed at 100 m downwind of the single flight line (5 passes) ~isilig 
string suspended vertically fiom 20 m high trailer mounted masts, according to a standard 
procedures developed under CRDC project UQ23C. A fl~rorescent dye, Helios 500 0~"as 
added to the spray solutioli and samples analysed by fluorometry (see section (d)). 

3.2.2. Robinson R22 helicopter 
The experiment took place on 20 hectare block of cotton at St George, Queensland in December 
1999. A block (700m in the ~rpwind direction) was treated with endosulfan EC applied using a 
Jones Air Robinson R22 helicopter, flying with a heiglit of approximately 0.5 in above the 
gl-ound. The nozzles used were 65" 08s and 04s at approx 45" to the airstream. Spray drift 
measurements were made using chromatography covered flat plates and vertically orientated 
pipe cleaners as targets, according to a standard procedures developed under CRDC project 
UQ23C. Weather conditions were fine with a SSW wind of I to 3 mls, temperature 27OC and a 
relative humidity 45%. 

Analysis of the targets was via an established HPGC method carried out at the Leslie Research 
Institute analytical laboratories, Department of Natural Resources, Toowoomba. Samples were 
provided to the laboratory in sealed glass containers packed in ice. Endosulfan residues were 
dissolved in a suitable solvent (usually acetone) and the final volutne recorded. Extract solutions 
( ImL) were quantitatively transferred to sampler vials and a known quantity of internal standard 
mixture is added (namely, 50 LIL of 10ugimL mixture of Acenaphthene-dl0 and Phenanthrene- 
d 10). Determination of Endosulfan (alpha-endosulfan, beta-endosulfan and endosulfan sulphate) 
is by GC-MS (SIM Mode). A 30111 HP-35 MS capillary column is ~rsed for chromatoqraphic 
separation. An internal standard method of calibration is tlsed for quantitative determination of 
each isomer and nietabolite of entlosulfitn. Qualitative contirniation of each compou~id was 
confirmed using the ratio of three selected ions. 

3.2.3. Dow~~wind drift trials 
A series of downwind drift trials were designed and implemented 



3.2.3.1. Time plan 
Detailed field protocols we!-e written for all trials outlining aims, objectives, scientific processes 
and the methods specific for each task. The cornrnercial aspect, magnit~~de and seasonal 
variability of the trial pi-ogram limited spray application to periods when insect pressure was 
above the economic threshold, (as determined by grower or agronomist). For each tt.ial, 5-7 staff 
were required fbr in-field sampling and conducting laboratory bioassays. A stylised method for 
field trials is presented below (Figure 3).  It is interesting to note that during the 2000101 and 
2001102 seasons, relatively low insect pressures were recorded in the treatment areas. In 
conjunction with the bioefficacy project UQ 3 lC: comprehensive downwind di-it? trials were 
conducted at the same time as bioefficacy trials. 

The trial plans were modified to accommodate a decision by the APVMA to revise the 
registration status of endosulfan to LDP-only for the beginning of the 2000101 season, although 
an off-label use perniit was issued for that seasoli to enable ULV vs LDP comparison trials to be 
undertaken 

3.2.3.2. Treatments 
In conjunction with the bioefficacy project lJQ 3 IC, comprehensive field trials were conducted 
in this downwind drift project UQ 27C (Table 4). Dates and treatment details of these trials are 
shown. For these projects a total of 12,600 saniples were collected and analysed (Table 5). 
Collaborators to this project are listed in Table G. 

GI-ound Rig bogged 
Yanco Farms, Cecil Plains 

r .DP 

Table 4 - Treatments for iJQ 27C where dowriwi~id drift, deposition and bioefficacy 
samples were collected 

Insecticide 

endosulfan 
.- 

endosulfan 

endos~~lfan 
- 

endosulfan 

.. 

Location 

Auscott Narrabri 

Auscott Narrabri 

Auscott Midkin, Moree 

- 
Auscott Midkin, Moree 

Ground Rig broken windscreen 

ID 
A 
B 
- 

L D 
E 

--U 

F 

t 

Complete 
J 
J 

J 
J 

J . 

J 

J 

X l 

-. 

Date - 

10112100 

27101"' 

0611210 1 

19112102 

--.-p- 

Treatineuts 
Aerial ULV 

-- Aerial LDP - -  

Aerial ULV 
Aerial LDP 
Aerial LDP 
Gro~ind rig 

- LDP 
Aerial LDP 
Ground rig 

l .DP 



Table 5 - Number of samples collected for the UQ 27C and UQ 31C CRDC trials. 

-pies collected at each subplot 

(for the treatrner~ts identified) 

----__ 
top leaves for GC analysis (A-D) 
mid leaves for GC analysis (A-D) 
top leaves for GC analysis (E-N) 
mid leaves for GC analysis (E-N) 

above canopy papers for GC analysis (A-N) 
pipe cleaners for GC analysis (A-N) 

ground papers from hill for GC analysis (E-N) 
ground papel-s fiom furrow for GC alialysis (E-N) 

ground papers across furrow and hill for GC 
analysis (A-D) 

leaves for bioassay @ 2 11 (A-N) 
leaves for bioassay @ 24,4S HAS (E-N) 

TOTAL (A-D) 
TOTAL (E-N) 

GRAND TOTAL 

# samples 

per 
subplot 
-- 

10 
10 
25 
25 
5 
5 
5 
5 
5 

25 
50 

115 
145 

-- 

L.. 

# sample 
per 

treatment 

90 
90 

225 
225 
45 
45 
45 
45 
45 
225 
450 

810 
1,305 

-- 
# 

samples 

in total 

360- 
360 

1,800 
1,800 

540 
540 
360 
360 
180 

1,800 
3600 

2160 
10,440 
12,600 

NB. Tre:~tm~~ets  A-D did not hiwe 24 and 48 b b i o ~ r s s : ~ ~  1e:lves coliected 
NB. Trei~tn~mts A-D 11i1d gnn11111 stiulis ;rcross the llill ilnd furrow. T r e i ~ t i ~ ~ c ~ ~ t s  &N hacl grottnd sticla in the R~rrow 

tlad on the plnating hill. 
NB. Due to two c:~scelled groued treatments, the # treatments is rcdocecl from 10 to 8 in treatments E-N. 

Table 6 - Cooperators to the UQ 27C and UQ 31C projects 



3.2.3.3. Application 
The relatively low insect pressures in the Gwydir and Namoi Valleys during the two seasons 
limited the number of trials that were able to completed during the endosulfan window of 
application. Consequently, to maintain an adequate number of trial sites, two of the seven trials 
were conducted during late Stage I1 to Stage m, using chlorpyrifos as an alternate insecticide. 

The insecticide (or spray solution) was applied using commercial aircraft andfor ground rig 
boom sprayers techniques using LDP (VMD 250pm) at 30Llha by aircraft or lOOL sprayedlha 
by ground rig andlor ULV (VMD 67pm) at 3Lha by aircraft as shown in Table 4Table . Where 
different, the application parameters have been specified. 

3.2.3.4. Treatments 
Three types of artificial targets were used to quantify downwind drift and in-crop deposition: 

(a) Horizontal flat plates (Plate 9) were used to determine the amount of product reaching 
the canopy within the treatment subplots. Consists of an aluminium plate mounted on a 
fibreglass rod above the canopy, on top of which is attached chromatography paper (76 X 

52 mm) and a vertical pipe cleaner. 
(b) Horizontal flat plates (as above, this time as downwind arrays, set at 40 cm above the 

ground) to measure the fallout of droplets and the vertical flux at a range of points 
downwind of the field being sprayed (0, 50, 100, 200, 300, 400 and 500 m) or at 
distances downwind from the centre line of the aircraft (0, 10,20,40,60, 80 and 100 m) 
for adjuvant studies. 

(c) Vertical cotton strings (Plate 10) suspended from 20 m telescopic mast trailers for 
determining the vertical flux 100 m downwind of the aircraft centre line for adjuvant 
studies. Clean cotton string was released from a reel covered by a stainless steel canister. 
Following each treatment application, exposed string was wound onto the reel and 
covered with aluminium foil to prevent contamination and fluorochrome degradation. 

Plate 9 - Horizontal flat plate fitted Plate 10 - Telescopic mast and 
with chromatography paper and meteorological equipment positioned 
vertical ~ i v e  cleaners to measure the 100 m downwind of the flight line to 
fallout and vertical flux of material measure the airborne spray drift up 
above the ground to 20 m above the ground 



3.2.3.5. Field layout 
TI-eatment sites were selected dependent  pot^ field size (at least 600 X l000 m)  a~td the 
availability o f  a sufficient downwind buffer area (usually 800 m-I-). As shown in Table 4 for the 
trials done in conjunction with U Q  3 IC, two treatments per trial were applied, (eg. treatment A 
vs. B ,  treatment C vs D, etc.). The majority o f  treatment applications were undertaken to 
compare ael-ial application techniques. Considerable effor-t was also put into three ground vs  
aerial trials, however breakdown o f  contractors spray equipment unfortunately prevented the 
collection of'field data from two of the  three treatments ( H  PL J ) .  

3.2.3.6. Plot prepamtiorr 
T w o  treatment plots were marked out with flags (eg. A and B )  so that appr-oxinlately 30 ha 
(representing 16-20 swaths of the aircrafl) was sprayed for each treatment. This provided 
sufficient sprayed area for downwind drift assessment and allowed adequate space to centrally 
locate the sampling zones within the sprayed treatment areas. 

3.2.3.7. Subplot preparation 
Nine subplots per tl-eatment were set out no less than 60 m (at least 3 swath widths) from the 
edge of the field (Figure 4).  A subplot measured 20 x 20 m, separated fiom the next subplot by 
5 m. Depending on the prevailing wind and orientation o f  the field, subplots were set out in a 
'V' pattern, or two parallel line pattern (separated by S0 m). 

The number o f  samples used in each trial is summarised in (Table S )  For in-crop deposition 
determination, aluminium flat plate targets mounted on fibreglass rods were positioned above the 
canopy The flat plates were placed in five locations per subplot (separated by 4 m) mounted on 
fibreglass rods above the crop canopy (height varied with crop growth) This was repeated five 
times in each o f  C) s~~bplots in a diagonal pattern. 

i 

Figure 3 - Stylised layout for the field trials 



Figure 4 - Subplot layout showing the 9 subplots and the 5 sarnpling 
areas w i t l h  each subplot (total of 45 siln~pling areas per treatment) 

3.2.3.8. Deposition mensnrernent 
After application a two hour delay prior to sampling gave sufficient time for the product to dry 
and reduce exposure to field staff when collecting samples. From each subplot, the 5 horizontal 
papers were placed into a sample bottle and the 5 vertical pipe cleaners were placed into a 
second sample bottle. Bottles were sealed and placed into a cold, light-free insulated container. 
Acetone was added to the chromatography paper and pipe cleaner samples and placed back in 
the cold, light-free insulated container until they could be frozen (-20•‹C) and sent off for gas 
chromatogl-aphy determination of the insecticide. Samples were analysed by QDP1, Leslie 
Research Centre (LRC), Toowoomba. Endos~~lfan samples had a 3-ion standard added to them 
and shaken for 1 hour. A 1 mL aliquot was removed and another internal endosulfan standard 
added. This was injected into a gas cliromatography mass spectrometer (GCIMS - selected ion 
mode) and the quantity of active constituent isomers determined. 

Where fluorescent dyes were used, analysis of samples by fluorometiy was carried out in the 
CPAS laboratories. Droplet deposition on I~orizontal flat plate samples and vertical string 
samples was determined by extracting the fluorescent dye (usually pyranine) from 
chromatography paper, pipe cleaners and cotton stl-ing  sing deionised water. For Helios 500 
OSY dye samples used (eg, in the electrostatic tsial), the extraction solvent was diethylglycol 
monoethylether Strings from the drift towers were cut into 2 m lengths and each length analysed 
separately. Measurements of the amount of dye in each sample were deter-mined using a 
Sequoia-Turner Model 450 Fluorometer. For pyranine, the excitation wavelength was set to 585 
nm. Dye concentration readings were related to the calibration curve and to the surface area of 
each sample (ie. initially yg dye/cm2, then converted into p1 spray solution/cm2 by using the tank 
sample). 



3.2.3.9. Measurement of meteorological parameters 
For each tl-ial, relative humidity, temperature and wind speed was recorded at the titlie of 
application using a handheld Kestral 3000 Pocket Weather Meter. Fol- some trials, additional 
wind direction measurement @ 2 m was recorded at the same time using a portable datalogger 
(fitted with "Young" sensors). This was located upwind of the trial site. In addition, continuous 
(1 minute) recordings were taken using an Enviroudata datalogger connected to wind speed (2 m 
and 5 m), wind direction (2 m), temperature (2 ni and 10 m) and relative humidity (2 m) sensors 
placed on one of the 20 m telescopic masts (or at 2 ni for some studies). To estimate the stability 
of the air above the crop the stability ratio for each run was calculated using the Environdata 
sensor readings (T•‹C IOm - T•‹C2nil(Wind speed @ 5 m)". 

To record atmospheric stability, a R.M. Young 3-D sonic anemometer was purchased from 
Campbell Scientific, Townsville. After three unsuccessful trips back to Townsville for 
maintenance and one trip to R.M. Young in the IJS, disappointingly no useful stability data was 
collected during the trial programs. The sonic anemometer has since been ret~~rned in working 
order, after a fo~nth and more persuasive visit by the CPAS Director to personally deliver and 
ptlsh for service quality during August 2003 

To improve the knowledge base on the effects of atmospheric stability of aerial spraying, 
collaborative stability assessments with Dr Harold Thistle, (an expert on atmospheric stability) 
from the USDA Forest Service were arranged and undertaken Mr Galy Dorr visited Georgia, 
USA during July 2003 to participate in a large spray trial investigating the effect of stability on 
aer-ial spraying of forestry Although arranged outside the scope of this CRDC funded study, this 
opportunity provided support and synergy to the research 

3.2.3.10. Statistical analysis 
Statistical analysis was carried out, most often using analysis of variance (general linear model) 
and the statistical program Minitab (ver 13). 

For drift modelling of the combined drift samples for 1994-2003, model fitting (rather than the 
more simple covariance model) ~lsing separate lines for each application method was carried out, 
including a trial effect 

3.2.4. Adjnvant Field Trial 
An adjuvant trial using fixed wing aircraft was undertaken on Livingston Farm, Moree in July 
2002 to compare the downwind drift from six of the commercially available adjuvants tested in 
the wind tunnel ~mder field conditions (Table 7). Two turbine thrush aircraft were fitted with a 
standard LDP setup for endosulfan, so that both aircraft were as close as possible to an identical 
setup (Figure 5). Helios 500 OS"' fluorescent dye was added to spray solutions for quantitative 
assessment of deposits. One aircraft was loaded with water + eniulsifiable concentrate ( K )  
blank. The second aircraft was loaded with water -t EC blank + one of six test adjuvants The 
two towers were separated by 800 ni and planes flown at the same time to reduce the influence 
of meteorological conditions on results. Aircraft were supplied and flown by Gwydir Ail-, 
Moree. 

The droplet spectra was measured using the Malvern 2600 laser diffraction analyser in 
conjunction with the wind tunnel research facility to measure droplet spectra for a number of 
ground and aerial nozzle types (80015, DG110015, TT1 10015, 6515, CP 30' and CP 0") at 
ground and aerial application speeds (60, 85, 110 and 130 knots) at a number of pressures (200 
or 300 kPa) with spray solutions consisting of water only, water plus an EC and water plus EC 
blank plus one of ten adjuvants. All treatments were replicated twice. 



Table 7 - Adjuvants tested as part of the adinvant field trial 
" ~ ~~ 

Name 1 RateIL Description I Comments 
I Emulsion concentrate fot-mulation without active / t C  blalik 70mL ingredient Nu farm 

Formulated to behave like endosulfan EC 
30% active polyacrylamide polysacchaside 

90% anionic acrylimide copolymer BioCentral 

G L ~  based polymeric 
"Drift reduction3entn - 

Lecithin, emulsifiers, glycols Pc defoamer Loveland 
"Deposition aid & drift control a~en t "  

retardent" 

- 

Iiigure 5 - Schematic illnstration of field layont, Livi~~gston Farm 
adjtrvant trial, Moree 

3.2 S. Spectrum" electrostatic nozzle deposition trial 
Two reports have been written and made available to lndust~y on the Spectruni" electrostatic 
system (ES) supported with aircraft and nozzles by Gwydir Air, Mol-ee. The reports are, The 
,field evnh~criiott crrrd droplet .spectr/rt,l rrttdysis,for the .\i,ec/rl/nt'" electroslcrtic .systein ,fbr use i i ,  
cotton (April 2002) and the Pield einlrinliotr oj 'chwrtvit~u't i t?f i , f iont the ,~[~ectrottr": el~.ctro.ricr/ic 
sy.c.ten7 itr .rtrib6/e ntrd air early .sensotr cereal crop (July 2002). 








