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Part3 - Final Report Gadde (d"e torthi, I3 months o11 completion of
project)

Brickgro",, d

I. Outline the background to the project.
This project built on 12 years of environnTenta}Iy focused research o1\ cotton
production by our roup. Researchers at the University of Sydney have been closelyassodated with c^anges to cotton production and risk management issues,
especially with respect of the LISe of esticides. See for example, most recent CRDCproj^. ts (CRDC156C Cm^^t@tion of^rimrd of cotton gin tmsh; U^680 Monag",?lent of
I'isk joy chen!icnls used ill cotton prodi, ctio, I, as well as the Cotton CRC project,
"EMUiron"lentnl benefits of on Inniitortlai, ds").

Changes in pest control for cotton production have been major, with a large
reduction in pesticide use. These changes, induding the introduction of BMP and of
insect and herbicide resistant CM cotton, aimed at improving econoinic viabilitwhile redudng environmental risks aria impacts. The primary aim of suc^
initiatives was to ensure sustainable and adequate pest rotection whilst facilitating
environmental benefits, yet this had not been teste directly. It was therefore
essential to test and docuinent evidence for the success of these changes, to fully
realise their benefits by providing factual data for the public forum.

Objectizies

2. Listthe project objectives and tlIe extentto which these have been achieved.
Objectiz, e A. Document an\d test the evidence for reduction of environmental risk
within the Australian cotton industry associated witl\ reductions in pestidde LISe.

^,^::;::;*;11, ,j!^^;';';;!;:,:{, I:^!"^;,,!,}^;:, of^;:!.*^::^^;;:*,^h:;,, ^:^:I:::^
it::;:;\ah::,;^:lipa::^,^::;^;^: us:11:11;:;;:;0;;^;;:I^!:tW:::;::^! :;SI^^:
pressure and can be used to predict periods of high pesticide use.
The environmental impact of herbicide use did not show a reduction as a result of
the introduction of Roundup Ready cotton.

Objectit, e B. To undertake strategic research designed to Ininjinise environinental
risk in the cotton industry asrequired by CRDC's steering conTinittee.

A comprehensive study of tl\e behaviour of residues in composting gin trash was

::'^';^;;^ ;;,'^:,^"',,'till;'^I:^;,;:^::i',:I^^::;:\!;! I^:^"^^I, ^;"I;;^
regardin contaminantin cotton seed and lint. This objective was also metthrough

^:;I;';;;::^:;:,:'t;;';;:I:i^I;t^:^:it^^r:^:pi;:ji, ^:;:^^^^;^^^^ Of basic water
Objectizie C. To further develop Tactical risk assessment techniques, includingassessing the use of GIS to rein^rce risk assessment and the nTanagement of
environmental data.

Detailed results of the risk analysis and the use of GIS in this project are reported
separately within Centric. It was pleasin to have included students in the
developinent of these techniques, gaining dua benefitfor the industry. The GIS risk
assessment framework has now developed into a PhD progran\(Mr MitchellBurns).
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New risk assessinci\t techniqties \\, ere developed for the gii\ trash project and are in
the publicatioi\ process.

Methods

3. Detailthe methodology and justify the methodology used. Indude any
discoveries in methods that may benefit other related research.

This project adopted the most widely accepted approach to ecological risk assessment,
which involves three phases, problem formulation, exposure and effect characterisation and
I'isk characterisation and managentent (USEPA 1998; ECROFRAM 1999). An "extrente
values" modelling approach was adopted to better characterise the PTObabilistic risks for
exposure of pesticides from gin trash. This was a unique approach witli respect to 111e
methodology for ecolooical risk assessnient and involved the almalysis of rainfall events
using Generalised Extreme Value theory. These nietliods are to be detailed in a peer
reviewed publication, which will be available via Centric.

The diversity of pesticide use and fate within cotton production required different ritethods
depending upon 111e assessment focus. Risk assessment regarding pesticide used in 111e
cotton industry has ranged front planning new developments and risks with application
methods (Us49C; Us51C), retrospective review of pesticide contamination (Us50C), the
impact of pesticides to local ecosystents (Sanchez-Bayo at n1. , 2002), as well as the review of
pesticides in cotton seed and gin wastes (Us66C/68C and Us156C). As shown by the
collection of approaches above, a vast resource exists that contains methodologies to
characterise exposure and effects data as well as risk. There are two approaches currently
being developed within the Cotton CRC. The firstis a collaboration using the EIQ scoring
approach (Kovach at a1. , 1992) and the second incorporates spatial analysis and GIS into the
risk assessment approach (Bums pers. coinm. ). The EIQ approach (Kovach at a1. , 1992) was
used to ii\form the CRC board (Jantiary 2008) of the status of environmental impact with
respectto herbidde use in the industry.

V\'it11 respect to the assessment of gin trash (CT) and pesticide residues the following
methodology was adopted. Three windrows of cotton gin trash were segregated at the study
site (Ivlyall Vale, NSW, Australia). T^. o windrows were formed using trash from
conventional cotton and one windro\\, of traslifrom Boilgard@ cotton. The mass of each
trash pile was calculated using the average mass of each CT load (4347 ^ 186 kg),
determined by weighting three loads on the onsite weigh bridge, and counting the number
of loads to fomi each pile. One windrow (AO), whicli coinprised 17.4 I of trash, was used as a
control. The remaining two windrows, AC (Conventional composted) and BC (Bongard
composted), weighing 30.4 and 26.1 tonnes respectively, were composted by addition of
water and nitrogeiT. The piles were periodically warei'ed and mixed LISing a tractor drawn
implement. Because this experiment was the first of its kind, local composting practices
\\, ere used for the experinient with the view to study coinposting efficiency ii\ following
studies.

The tentperattire of the actively composted trash piles were recorded using tentperature
probes and data loggers at 15 and 50 ciTt in each pile. The probes were removed at each
treatment of the trasl\ pile and replaced inlinediately after treatntent had finished. Because
of the Lineven decay of the control pile it was not possible to record a tilliform temperature
profile during the experimei\I.
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Saniples of cotton CT \-vere collected at days I, 20, 44, 65, 146 and 209 after the gin trash piles
\\, ere ci'eatsd. Eight replicate sailIPIes of 5 L were collected front each trash pile. Each
replicate consisted of 10 separate grab samples front randoi)t locations and depths (all
greater than 10 cni) within each trash pile. Because of concerns of pathogens in cottoi\ CT,
whicl\ prevent redistributioi\ back to cotton fields, CT samples at the beginning and the end
of the experiiiient were analyzed for F1isn7'illiii Sp. , T basicola and VCI'Iicilhui, I Sp. (involving
collaboration with Dr Dave Nehl and group). Samples for chemical residue analysis were
transferred directly for extraction and analysis. The sample transfer time varied between 10
to 24 hours for the 600 knijourney depending upon the connection between sample
collection and the courier aircraft or vehicle. Samples were sealed, covered and kept at
ambienttemperattire during overnight transport and then extracted immediately on arrival.
It was not possible to freeze samples because of the large volume of samples and the reinote
study location.

Each replicate saniple was analyzed for 49 pesticides used in cotton production. Sub-
sailiples were exti'acted for GC/Ms analysis by shaking (I min) and then soaking overnight
in pestidde grade acetonei}Iexane (Mallinckrodt@ 1:1) with 400 F1L DEF (4H-
cyclopenfnld, riphe, miltliren-4-01ie) (10 Fig inL-I in toluene) as an internal standard. Moisture
content of each sample was determined by difference after drying (105' for 24 h). The
mixture was then filtered through 90 min Whatman CF/C glass fibre filters (Whatman #1822
090) using a Btichner apparatus. The filtrate was evaporated to dryness and the residue
redissolved in a hexane/acetone (2:1) solution using ultrasonication. The residue solution
was then eluted under vacuum through a SPE column (Bond Elut IT SAX/PSA, 500 ing,
Vanan AUSt. #12/66052B) preconditioned \\, ith 40 niL of pesticide grade acetone and 10 inL
of coltimn eluent (2:1 pesticide grade hexane/acetone). The columns were washed with 4
volumes of sample eluent and all ajiquots were collected and then evaporated to dryness.
The residue was redissolved in Toluene (2 inL Mallinckrodt pesticide grade) using an
ultrasonic bath to dissolve wall adhering solids. At least I inL of the residue solution \\, as
transferred to a GC vial, capped and analysed by GC/Ms (Hewlett-Packar(I 6890 GLC
equipped with a 5972 MSD and a 30 n\ x 0.25 mm ftised silica column coated withHP-5MS).

Sub-salnples for LC/Ms analysis were extracted after soaking overnioht in a mixture of
pesticide grade acetonitrile (Mallinckrodt@ ACN) and water. After centrifugation, the
extract was filtered ai\d tile organic and aqueous layers are separated by the addition of
NaCl and IVlgS04. An anquot of the ACN (organic)layer was taken and diluted. The
sailiple was then filtered into a LC/Ms vial and analysed by LC/Ms/IvlS (Varian@). '10
correct for loss of dry nlatter from tile CGT mathx during the study, highly persistent DDE
residues were used as an internalstandard.

ritese nTetlTods were justified because they include sufficient replication and quality control
of the data. Interpretation of the results \\, as aided by the DDE I'esidues detected \,\, ithin CT.

Res"Its

4. Detail and discuss the results for each objective including the statistical analysis
of results.

Objective A

Environmentn! Impact Quotie, It (EIQ) mad Insecticides
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The analysis of EIQ/ha within each catchmei\t (Figure I) shows tlTe variation
between catchments and tile use of GIS niapping to aid interpretation of risk and to
inform manaoeiilent. These data show that the differences in pesticide application
(as recorded by CCA) provide different ETQ scores within each catchment.
Stirprisiitgly ETQ values were observed to increase, see 2003/04, even considering the
large proportion of Bollgard cotton used within the industry. \!\Ie expected to
observe EIQ values decreasing ii\ proportion to the percentage of Bollgard cotton
planted.

EIQ glad Herbicides

TITe ETQ and herbicide analysis focused on eight Ilerbicides that are routiiTely
detected in the river water quality nToriitoring (DECC). Although glyphosate has ITot
been included in the water. quality nToriitoring program, it was featured in our
analysis because of the introduction of RR cotton. nTe 14 season EIQ trend with and
withoutthe value for glyphosate is shown in the figure below (Figure 2).

Unlike records for conventional and Bongard cotton varieties, it is not possible to
identify which products are applied to each herbicide tolerant variety. It can be
assumed that nTost glyphosate would have been applied to I^R varieties, except for
channel and pre-plant applications (which accounted for 41.8 9'0 of all glyphosate
applications dtiring the 2006/07 cotton season). Based upon the regression analysis
between the percentage ofRR planted and EIQ scores, no significant correlation was
observed (Figure 3a and b). Clearly, the environmental impact of herbicide use ITas
notreduced with the introduction ofRR cotton.

Other analyses have included a comparison with average precipitation from four
cotton catchmeiIts (Figures 4 a and b). Herbicides were not expected to show climatic
trends within an irrigated crop, because based upon the per hectare analysis, water
is equally available each season. However, a slight negative correlation can be
observed (r'=0.3). This suggests that during dryer years there is either greater focus
on crop protection because of the increase relative value of water, or weed pressure
is greater thereby requiring more control. filese climatic influences were not strong
with respect to herbicide use trends, which is different for insecticide IISe where
stronger climatic trends can be observed
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Excluding glyphosaie
O - Allherbicides
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Objective B

The comparison of the dissipation rates of pesticide residues in CT is presented
below in Figure 5 and Table I. Clearly the rates of dissipation are greater in actively
composted CT (AC) than for the passive control(AO). These results show that
composting cotton gin trash reduces the pesticide residues significantly faster than
when piles of cotton CT are leftto decay passively.

We also sho\\!ed that the use of Bongard cotton can reduce the detection of pesticide
residues in CT, ITo\\, ever, this ultimately depends upon the pesticide application
scenario. In this 51nall study, nTinimal insecticides were applied to the crop.
Consequently, the CT from the crop did not contain pesticide residues that were
observed in the trash from conventional cotton.

Analysis of the use trends of pesticide in Boilgard cotton shows a different story. On
average across the industry, it was fotind that a ITUmber of insecticides are used
more in CM systems than in conventional production (Table 2). This 11\cludes a
ntimber of pesticides detected in CT, such as chiorpyrifos, diinethoate, and
indoxacarb. It follows that residues of these coinpotinds could still be detected in
cotton CT froii\ Bollgard and conventional varieties.
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9 of 16



Time (days) Time (days)

Figure a Dissipation of chioTpyrifos (a), endosulfan (b) piperonyl btitoxide (c), bifenthrin (d),
in doxacarb (e), and thidiazuron (Qin coltiposted gin trash (AC). Error bars show 95% confidence
intervals of eight replicates.

o

Table I: Results of regression analysis and modelfitting ( }; = oe ") for pesticide dissipation it
composting gin trash. Coeffident standard errors (SE) also displayed.

Active Compost(AC) b bsLr- asEa

Chiorpyrifos 0.89 9.6 0,025 0008

Total Endosulfan 0.98 0036 0006^.

Piperonyl Butoxide 0.97 64 0,026 0004

Bifenthrin 087 2.8 0013 0004

lambda Cyhalolhrin 0.93 0.8 0030 0010

Indoxacarb 0.99 1.9 0042 0002

TITidiazuron 0.94 02 0018 0004

Passive Compost(Ao)a
Chlorpyrifos 081 33.2 2.6 00039 0001 0015 6 178

Total Endostiltan 0.52 12.8 00052.4 0.003 01 6 128

"Piperonyl Butoxide (r'=0.31); BileiIt11rin 0'=0.32);lambda Cyhalothrin (r'=0.45);In doxacarb (r'=0.21);
TITidiazuron(r'=0) ' ' ' '
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Table 2: Con, parison of insecticide LISe o11 denetically Inodified and conventional cottoit systeiTIs
(CM:Conventional). Cheniicals in bold typeface indicate high use ratios. (Data from 2007 CCA data)
NIC =no re orted use on conventional cotton; zeros or dashes indicate no si incant uses.

Histon'cal Use R"tio (CM/Commention"I)CHEA. 11CALANDFORA. IULATION

03/04 04/05 05/06 06/07

0.370.43 0.82063

7.251.120.432.40

1.20 1.11. 1.470.88

0.110.05 0.65

0.002.83 0.16

0.02 0.340.10

0.03 0.05 0.22

0.000.00 2.48

0.49008 2.93

0.010.07 0.04

0.55 1.240.53

ABAMECTIN 18SC

ACETAMIFRID

ALDICARB 150G

ALPHA-orPERMETHRIN 100EC

ALPHA-CYPERMETHRIN 16UL

BETACYFLUTHRIN25EC/UL
BIFENTHRIN 100EC

CARBOSULFAN250EC

CHLORFENAPYR360SC

CHLORPYRIFOS300ECAJL
CHLORPYRIFOS500EC

CHLORPYRIFOS750

CHLORPYRIFOS-METHYLEC/UL
orPERMETHRIN40UL

DELTAMETHRIN 27.5EC

DELTAMETHRIN5.5UL

D/AFENTHIURON500SC

I DIMETHOATE400EC

. ENDOSULFAN350EC

FlipRONIL 200SC

IMIDACLOPRID 200SC

LAMBDA-errlALOTHRIN6UL

LAMBDA-CYHALOTHRIN EC/UL
LAMBDA-CYHALOTHRINZEON

METHOMYL225LC

NPV-Gemstar

NPV-Vivus

OMETllOATE800SL

PARATHION-METHYL500EC

pHORATE200G

FIRIMICARB 500WG

PROFENOFOS250UL

PROFENOFOS500EC

PROPARGITE600

PYMETROZINE

THIODICARB375SC+350LV

02/03

0.96

1.35

0.26

0.00

1.90

0.00

0.10

0.14

0.55

0.06

0.21

0.00

0.00

0.43

I. .36

2.25

0.11

0.00

5 yrAve
0.64

2.80

1.20

0.31

0.09

0.00

2.04

1,111

0.12

2.13

028

0.12

0.07

002

0.23

0.04

0.13

0.26

I. 40

0.06

5.20

0.49

0.06

000

000

0.00

0.00

0.04

4.67

0.00

2.04

000

0.00

0.00

0.00

000

0.76

0.26

0.04

0.96

2.51.

0.17

2.34

0.00

I. 50

0.00

0.05

0.87

0.12

0.00

0.09

0.06

I. 33

000

0.68

0.00

0.14

0.00

0.24

1.55

0.06

0.03

0.20

0.23

0.34

003

0.00

0.02

8.33

0.00

2.35

0.95

1.26

0.11

0.21

0.15

3.12

233.00

0,002

10.67

0.08

0.00

0.80

2.46

0.02

0.00

3.05

0.26

4.32

000

0.03

001

0.46

1.55

48.05

0.09

4.07

1.00

0.38

0.00

0.33

0.50

0.03

003

4.35

0.01

NIC

0.42

0.00

0.54

0.05

2.35

0.37

0.02

0.29
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Objective C

New approaches to risk assessment have been initiated by this project. Catchment
GIS is the focus of a new PhD whicl\ wasscale assessment program,using

developed from early findings of this project, More detailed description and results
will be made available in due course.

The risk assessment of Cotton CT was advanced by combining the theories of
probabilistic risk assessment and statistical modelling of extreme values. The model
scenario involved the Ieaching of pesticides (based upon partition theory Eq. I and
2) from CT accordii\g to the volume of rail\fallexpected in the MyallVale region. We
found that there was potential risk of ecological harm, although the upper limit of
rainfall provided a very narrow risk range. In short, assuming that full contact of
rainfall and CT is made (a worst case assumption that should be corrected with
experimental data) approximately 109'0 of species are at risk from chlorpyrifos,
profenofos, bifenthrin and dimethoate. However, the maximum risk (<0.1%) is
capped at between 15% and 409'0 of species (Figure 6).

Improvement of this approach would be aided by a detailed study of the Ieachirig
behaviour of these chemicals from CT. We suggest this would make a good sttident
project and willseek a suitable candidate is due course

Equation I:
[CGI]Kd=^
t, 91

(Kc/ = Kounin)

(Kon = K, ,-.(1.7)b

Equation 2:

ICGTl

1491

Pill - Primq

Mcgt

''ll - PIncgt

Primq
Inclg't. Kd + I'oq

Findq
1/191=--

PCIq

11uq

I, 'aq. Pin
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Figure 6. joint probability curves illustrating the ecological risk of chiorpyrifos,
profenofos, bifenthrin and dimethoate in Ieachate from cotton gin trash after rainfall
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Outcomes

5. Describe how the project's outputs will contribute to the plainTed outcomes
identified in the project application. Describe the plani\ed otitcomes achieved to
date.
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The outputs of this project provide the basis of objective criteria for the
measurement, validation and docuinentatiolt of substantial beneficial changes to
Australian cotton production regarding environmental management. SurprisingIy,
the impact of pesticide LISe was found to be strongly dependent LIPoi\ climatic
conditions, and use patterns within each cotton growing catchnTent. This
information can be used by catchment/industr mintagers to manage the impactand risk of pesticide residues in cotton pro^tiction. Currently, while growing
conditions are poor, low risk is observed, ITo\\, ever, it is likely that pesticide residue
contamination issues will arise when growing conditions improve.
Even with the introdtiction of RR cotton, herbidde use within the industry contintics

::r:;:;^ ;^:;1:1^^R:;'^:;^::;:I^^:;:I^;: I^:11n:';:;":h:';:,^':;^;,::'::::^
realistic, environmental goals.
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This project ITas advanced risk minimisation strategies, by providinj^ information
and data which can be used to plan res onses and reduce pesticide residuecontamination. For exam Ie, in addition to t^c use of EIQ information for industry
planning, we identifie that active composting of cotton CT reduces the
concentration of pesticide residues. Whilst CM cotton varieties cal\ be shown to
lower environmental impact, careful Ianning of ap Iication scenarios should becone, ^amd to conure harem^ of th^ to^^^. fogy am mmK^^d.

6. Please describe ai\y:-
a) technical advances achieved (eg commercially, significant developnTents,

patents applied for or granted licenses, etc. );
b) other information developed from research (eg discoveries in methodology,

equipment design, etc. ); and
c) required cltanges to the Intellectual Property register.

Colicl"stint

7. Provide an assessinent of the likely impact of the results and conclusions of tit
researcl\ projectfor the cotton industry. What are the take home messages?

Whilstsome assurance can be provided to cotton growersthatthe use of CMCotton
varieties can reduce the environmental impact of cotton production, the benefits are
strongly correlated witl\ climatic conditions and specific applicatioi\ scenarios.

n\e active composting of cotton CT SIgi\ificantly reduces the concentration of
pesticide residues compared to passively coinposted trash. The use of CM cotton
does notreduce the potential contaiTjination ofGT because sonte chemical detected
in CTare used Inore in CM crops than on conventional varieties.

Potential environmental impacts (ETQs) have not decreased with the introduction of
RR cotton. This can be explained by the continued LISe of higher impact herbicides in
\\, eed management regimes. Environmental benefits of ITerbicide tolerant crops must
consider the overallapplication program. It would be possible to develop herbicide
programs that do reduce potentialenvironnientalimpact.

Extension OPPorti, ,, ities

8. Detail a plan for the activities or other steps that may be taken:
(a) to further develop or to exploitthe projecttechnology.
(b) for the future presentation and dissemination of the project outcomes.

The results from this study will be incorporated into two peer reviewed
publications, botlt of which are currently in preparation.
With assistance, \\, e would be happy for the information to be presented in a
fomiat suitable for publication in the Australian Cotton Grower.
There is the potential for better planning of application scenarios to reduce
overall environmental impact. This would need to occur as a collaborative
effort involving the identification of lower intpact chemicals to be LISed in
conjunction \\, ith CM (and convention cotton) to ntake full LISe of these
technolooies. This would likely involve environmental extension teams and
catchment n, anTagement personnel.
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(c) for future research.

Re-use options for cotton CT need to be fully explored to ensure the costs of
treatment are viable. Some ftirther Ieaching studies need to be carried out to
determine the extent of ecological exposure. We currently rely on worst case
calculation which are likely to be an over estimation.

PI4blic"tio, Is

9. A. List the publications arising from the research project and/or a ptiblication
plan.

(NB: Where possible, please provide a copy of any publication/s)

Crossan AN and Kennedy IR (2008) Calculation of Pesticide Degradation in
Decaying Cotton Gin Trash. Bulletin of Environmental Containination and
Toxicology (Online first).

Burns M, Crossan AN, Kennedy IR, and Rose MT. (2008) Sorption and desorption of
endosulfan sulfate and diuron to composted cotton gin trasl\. Journal of Agricultural
and Food CheiTiistry 56:5260-5265

Rational Environmental Manageinent of Agrochcmicals: Risk Assessment,

,,,,",:',,:^!:::;^ia:^;::^-^^;;:^I^:;:I^^;;^"^:,^^ '^^^;:;!;^;^,,,
Washington, DC, 2007

Crossan AN and Kennedy IR (2007) Pesticide risk reduction by management
practices- An environmental case study offhe Australian cotton industry In,
Rational Environmental Management of Agrochemicals: Risk Assessment,
Monitoring, and Remedial Action. ACS Syinposium Series No. 966. Kennedy et al.
(Eds). Oxford University Press, Washington, DC.

Schofield, N. , Williams, A. , Holloway , R. and Pyke , B. (2007) Minimising riverine
impacts of endosulfan used in cotton farining - A science into practice environmental
success story. In, Rational Environmental Management of Agrochemicals: Risk
Assessment, Monitoring, and Remedial Action. ACSSymposiuin Series No. 966.
Kennedy etal. (Eds). Oxford University Press, Washington, DC.

Crossan AN and Kennedy IR (In prep. ) The Effect of Composting on Pesticide
Residues in Cotton Gin Trash. Journal to be determined.

Crossan AN and Kennedy IR (In prep. ) Probabilistic Risk Assessment of Pesticide
Residues in Cotton Gin Trash. Journal to be determined.

Crossan AN, Knox OG, Cupta, Vsand CTeggPC (In preT. )11npact of Herbidde Usein Australial. ottonProduction. Journaltobedeteri'ne^.' "
B. Have yotideveloped any online resources and whatisthe website address?

PRrt 4 -Filial Report ExeciJtizie Sin^mary
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This project provided valuable revie\\, of environmental impact and developmei\t of
risk assessment strategies within the Australian Cotton Industry. It was found that
CM technologies can reduce potential environmental jinpact by reducing or
changing pesticide use practice. Although the benefits of Bt cotton varieties and
reduced endosulfan LISe are well documented, a strong correlation between pesticide
use (per ha) and average rainfall was observed. This indicates that climatic
conditions offer a potei\tial predictor of environmental impact. nTese results are
based on the asstimption that insect pressure is greater during wetter periods, thus
requiring more insecticide LISe. We would therefore expect to observe an increase in
pesticide use and environmental inIPact when growing conditions improve,
coinn\ensurate to the use of Bongard cotton within the industry.
Analysis of environmental inIPact of herbicide use did not show a significant
redtiction assodated with the introduction of Rotmdup Ready (RR) cotton. These
results indicate that improvements in herbicide use scenarios could potentially have
been made by reduced LISe of"high inIPact" residual herbicides with introduction of
RR cotton butthis did not occur. However, the use of RR Flex@ and Liberty Link@
cotton may improve the potential environmental impact of herbicide LISe if such
reductions in use of residuals is ad\ieved. We also identified a slighti\egative trend
(r'=0.3) between herbicide application and precipitation. This indicates that if the
climates become drier then an increase in herbicide use (g/ha) will be observed. We
expect tliis was either a response of growers, aiming for a higher level of crop
protection for improved yields or reducing the risk of crop failure, or a Inore virulent
response by weeds during dry periods. The results of the analyses conducted willTin
this project were LISed to direct industry goals with respect to environmental
custodianship.
An experiment conducted within this project showed that pesticide residues
dissipate faster in actively conTPOsted cotton gin trash (CT) than in passively
composted CT. This experiment evolved from a previousstudy concerning potential
environmental exposure and the regtilation of CT wastes. Whilst composting of CT
is reconTincnded to reduce the concentration of pesticide residues, the resources
required may be too large for an effective BMP. Further studies, with respectto re-
use of CT, are niore likely to identify a nTore suitable industry-wide Inariagement
practices
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