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Introduction

The cotton industry in Australia continues to be Tenant on insecticide and fertiliser inputs to
malltaliiyields. Over the past decade the off farm movement of these pollutants inn"10ffwater has
created a number of environmental issues of concern for the industry (Edge; 1996). in particular,
pesticide can be transported off farm in solution or attached to suspended sediment, which are a
manor factor in pesticide contamination of rivers particularly as stonn rimoff (Schoefield at o1;
1998)

As part of amajor R&D program undertaken by the cotton industry, the transport mechadsnis and
fate of cotton pesticides and nutrialts were investigated to address the contamination issue. Key
findings from the work identified the higli-risk period as early season and bigliliglited the
importance of stonns and sedrinent in moving pesticides off-site and the importance of ground
cover in reducing movernent(Sinipson era1, ' 1996 and Silbuniei0!; 1996).

At the completion of the program, the cotton industry had a much better understanding of the
process of pollutant movement from f;, rin to river. However, few proven practical techniques were
available to growersto reduce the risk of off-site movement of pollutants in rimoff

in 1997 a CRDC funded project"Best Managernont Practices to minimise Pollutant Transport from
Cotton Production Systems" was undertaken irithe Emerald Irrigation Area (EIA) and extended into
NSW in the second year. The aliti was to develop practical and innovative managernont practices
that would reduce off-site movement of soil, water, nutrient and pesticides. in particular, the goal
was to apply smallscale research thongs on fom at the paddock scale and to assess the practicality
and feasibility of these management practices for glowers.

The following paper outlines 3 managerlient sti. ategies :wheat cotton rotation, polyaerylainide
application and vegetative filter strips which gave encouraging results in reducing sadirrient,
nutrierit and pesticide levels in runoffwater. The paper also discusses the adoption by growers over
a three year period. Section two gives a summary of sinnlar work carried out in BOUTke, NSW in
1999/2000 season.
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Wheatcotton at tiom

The two years of momtofuig had very differentranifall conditions. Ramfall in 1997/98 from July to
June (386mm) was halfthat of 1998/99 (7671mn). This was reflected in the contribution to rimoff
from rainfallmakiiig up 5% and 70% of total runoffin 1997/98 and 1998/99 respectively.
The high ralrifallseason also increased total mmoff by 60% (eg C-C 1/8mm in 1997/98 to 2591nm
in 1998/99) (Table I). Runoff for the W-C was Inglie, than C-C in 1997/98 due to the additional
itfigation applied at pre-plant. in 1998/99 total mmoff was similar for both tieattnents due to the
litntted amount of wheatstubble retained (600 kglha) in comparison to year one (1500 kg'ha)

W-C reduced son loss in both seasons, by a lesser extent in year two due to reduced ground cover
provided by the wheat stubble. Soilloss for the season was approximately three times higher in
1998/99 for C-C (21.1 tiha) in comparison to the previous season (6.6 o'ha). Average sedrinent
concentrations for the season were markedIy increased in the litg}Iranfall year due to higher runoff
rates. The increased rainfall nanoff in year two, resulted in Inglier average concentrations of
sadirnent bound pollutants, phosphorus and endosulfan for the season, suppoiniig thongs'by
(Sinipson at o1, . 1996 and Sitbum at a1, . 1996) who litgliliglited the impohance of stomis and
sadiinent in moving pornutants off-site.

Table I: Seasonal soilloss, rimoff; nutrient and pesticide conceritration for conventional cotton
(C-C andwheat cotton rotation W-C fortyo seasons
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^AM

PAM proved to be effective at reducing erosion and endosulfan concentrations inn"10ff for
ittigadons (Waters era1; 1999). In year one, the addition ofPAM to inigation water reduced soil
loss by 80% over 6 inigations(2.3 tlhav 0.4 b'ba). Average endosulfaii concentrations in runoff
werereduced by 70% from 11.4 ugllt0 2.9 ugllin the same season. Lithe second season thehigli
proportion of rentalI mmofftiniited the number ofPAM applications however, soilloss was
reduced by 50% where FA^I was applied to jingation water.

YETIVER

hitial findings indicate that vetivergi. ass appears to be effective at trapping the sadinient bound
chemicals: endosulfan and chiorpyrifbs, two of the more 00/11ulonly used pesticides

Daring the first year of gowihthevetiverhedgetrapped 86% of total endosulfan in the sediment
from rimoffwater and 67% of chioipyrifos(Figure 2). In the second year 65% of total endosulfan
was trapped by the grass(Figure 3)
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Figure 23 Pesticide concentration in deposited soilup and downstream of vetiverfilter strip
collected March 1998.
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Figure 33 Pesticide concentration in deposited soil up and downstream ofvetiverfilter strip
collected

February 1999.
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Soil grimples were also analysed for in^jor nutrients. Results of Tnnjornutrient analyses for the
secondyearfound a significant amount of nutrientsweretrappedby the Yetiverhedges. During the
secondyear, total nitrogen levels in sadinierit trapped upstream of vetiverstrips were 73% bigl, a'
than dommtream sediment and total phosphorus 52% biglier Oniong at o1; 2000).

Grower Adoption

Growers in the EIA were extranely cooperative and coininttted to adopting the improved
managernont practices of the project (Figure 4). The W-C system generated significant interest in
the EIA after early results found significant balefi. ts with additional returns on a wheat crop,
reduced erosion, nutrient and pesticide and reduced chemical applications. The potential to reduce
chemical applications has generated further interest both in the EIA and msouthern Qld and NSW
cotton glowing areas. Whilst his unexpected benefit was not part of the ittitial Rims of the project, a
reduction in chantcal coptications will reduce the risk of chantcal movement off-site. The rapid
adoption by growers of PAM coincided with the release of a suitable application wit for the
product. Growers are now reporting significantincreases in infiltration and reduced erosion where
PAMhasbeen applied tomigadonwater.
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Figure 48 Number of growers using wheat/cotton and FA^I priorto and for project
duration
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DISCUSSION

Wheat Cotton Rotation

The data presented for the project period is pronitsirig. The W-C tieattnent reduced erosion,
phosphorus and endosulfaii conceritrations over the two year monitoring period. The W-C system
has multiple bonefits, the most significant of which is the ability to reduce erosion, nutrient and
pesticide movement off-site trialitglirainfallyear. The data set also highliglits the impact ofstonns
on runoff, erosion and water quality. Erosion rates in the high rainfallyear were 3-4 times greater
than in a dry year. Pretiininary data from the EIA and BOUTke, NSW have found sirntlar results
from sprayed out wheatwhere high stubble levels combe maintained. Growers who have conducted
W-C trials have identified a number of bonefits with increased infiltration, reduced erosion and
increased cotton yields in some cases. With such a dramatic change in management a number of
problerns have also been identified with nitrogen applicadoii, weed managernont and water logging
of cotton. However, with the increased number of growers trialing W-C, previously ideritified
problerns are being addressed on farm

PATvi
FA^!I jus provided an effective and easy technique for glowers to reduce erosion, improve water
quality and improve infiltration. Due to the ease of application and minimnal cost, glowers have
adopted the tecimiology rapidly. Whilst PANl does reduce erosion under inigation conditions,
growers need to be aware hat at present PAM will have I'LLun, Lal effect on reducing erosion,
nutrient and pesticide movement off paddock during stonns. For early season trigations and newly
formed fields FAM is esseritial.
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Vegetative Filter Strips
The Vetiver pilot study has demonstrated a simple and effective method of filtering sediment and
chenxicals once they have left the cotton field. Vativer glass is only one of a number of vegetative
filter systems being used world wide. Vetiver has the advantage of being easy to establish, is sterile
and is litglilytolerantto most chenxicals and heavymetals

Future Research

The project has highlighted a number of issues that require further investigation. Little is understood
about the wheat stubble heiglit-henotliis interaction. Further work needs to be undertaken to look at
the role of crop rotations with cotton and how they impact on henothis management.

another issue identified by growers has been fertiliser application methods and timing, in particular
nitrogen. Water run nitrogen is one solution used by growers to add additional nitrogerito the
system. Data from year one suggests that nitrogen concentrations in runoff will be significantly
increased by adopting this techntque. Assessment of the various techniques and the impact on
agronomy and water quality needs fullier investigation Weed managernont in cotton is also
proving to be aproblan for growers. Shielded sprayers have been used effectiveIy to control weeds,
however where more conventional management is used further workneedsto be carried out

W-C and Pmvi systerns have been shown to improve infiltration. These changed managernont
systems may alter the total water balance. Little is known of how new improved management
practices such as cereal stubble - cotton rotation will affect total water balance in particular deep
drainage. To address this issue, all components of the water balance need to be monitored not only
surface mmoff.
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Conclusion

The on farm action research approach has proverito be biglily effective to malltain grower
involvonient and adoption of research.

The project has outlined three techntques available to growers which win reduce soil erosion,
nutrient and pesticide movement. Containment of poUutants on f;Inn requires a whole farm
approach. Techntques such as sumps, silttraps, vegetative filters are effective in conecthig sediment
once it hasleft the paddock. However they are treating the effects not the cause.

Crop rotationsi'stiibble retention offers the most effective means of reducing "off-site" movement of
sedimerit bound pollutants for both ittigation and stonns at this point in time. Cereal crops have
been shown to be the most effective in terms of achieving litgli cover levels and having minimal
impact on soil borne diseases. PAM does have a role to play in reducing soil and chemical
movernont from furrows for trigation.

To control chantcals which are more water soluble is a separate issue again. Therefore one
techntque alone will not address all the problems, however an tritegated approach which looks at
the whole farm design and managernont will be highly effective in reducing the associated risks of
off-site movement of pollutants

Growers should be aware that implementation of management practices which reduce the risk of
cotton fanning on the onviromnent are also enhancing their BMP process
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TheNSW Experience

The NSW field site was based at Darting Farms, BOUTke during the 1999/2000 season.
Ag;rononxist Juson Fritsch adopted the technology after observing the success of another BOUTke
grower in the 98/99 season. Darling Farms planted 20% of their cotton into standing wheat stubble
his season. Two adjacentfields, planted with V16 were monitored over the season.

Farm managemaithas bean impressed by theresults, and winGonfuiue to use wheat stubble
in their farm management plan. However, unseasonable ram late in the season has proved a real
setback to the BOUTke region, with picking delayed on antields, and low yields e, ,perted due to bon
rot. This has also minted wheat planting for next season as the whole farm schedule has been put
back

Agronomy

Wheat was planted into the sides of the bed using an air seeder dropping grim over the furrows. A
halfPVC pipe was run over the top of the furrow and sweeps were used to clear the wheat seed
from the bottom of the furow. This system worked remarkably weIL with a good stand of wheat
restricted to the side of the hill only. Irrigations on the stubble field took 16 to 18 hours compared
with 8 to 10 hours for the conventional field. The managernontteam is considering foliar nitrogen
application to combat the effects of waterlogging associated with the longer ittigations.
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insect pressure
Insect pressure early to rind season was much lower than usual in the BOUTke region, particularly H
punctiger@ that nonnally are the mallirisect problem.

intensive bug checking early in the season revealed sriglitly greater egg numbers in the bare fallow
field, but not statisticaly different. Larval numbers however, were 14 times lower in the stubble
field. The discrepancy between eggs and larval numbers was attributed to predation in the stubble
field. Spider populations were 3 times linglier and there were 60% more ladybirds in the stubble.

These results are reflected in the insecticide spray applications as chown in Table I below. In spite
of the low insect pressure expendiced this season, the wheat stubble systern Snowed great benefit,
with half the number of insecticide sprays applied to the adjacent bare fallow field. The wheat
stubble-cotton system received a stintar number of spraysto the Ingard cotton gloom mother fields
on the farm.



TABLE 12 insecticide applications to the two fields at Darling Farms. Planting dates for the fields appear
under the rotation name

Insecticide Spray Number

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17
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Wheat/Cotton

17.10-99

02.12-99

06-12-99

16-12-99

29-12-99

13-01-00

01-02-00

11.02-00

25-02-00

23.02.00

Sadiinentload wasreduced by almost 90 per Gait during the first jingation and about 60 per cent in
the second inigation, in the wheat stubble field, compared to the bare fallow cotton, This reduction
in early season erosion is critical, as it coincides with the period of endosulfan use and when field
cover levels are nonnally low, resulting in higher pesticide load on the soil.
Dimig the following inigations, the amount of soilleaving the two fields was approximately equal

During the first inigatioii, Gridosulfari concentration in water leaving the wheat stubble field was
reduced by 80% relative to the bare fallow field. This reduction is related to the reduction in soil
movement, but also is a reflection of the fact that the bare fallow field had received a recent
endosulfan application. During subsequent itfigations, the endosulfan movernont from the wheat
stubble field was always less than the bare fallow field. On average, the Gridosulfan concentration
in the tail water of the stubble field was approximately tliree and a half times less than the
concentration of the wheat stubble fields.

Results of sediment and endosulfan movement in tailwater are shorniin figurel below

Bare fallow/Cotton

13-10-99

22-11-99

25-11-99

01-12-99

04-12.99

08-12-99

10-12-99

18-12-99

30-12-99

04-01-00

17-01-00

21-01-00

29-01-00

10-02-00

18-02-00

24.02-00

29-02-00

23-03-00

Off-field soil and insecticide movement



01

11 ,

Figure I Sediment concentrations (top two rows) and endosulfari concentrations (bottom two
Tows) in tailwater from the two production systems.
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