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P, Ift3-Final Report G, ,Me (, IIJe cotthi" 3 months o11 completion of
project)

BCCkgro, ,,,, I

I. Outline the background to the project.

This projectfocused on understanding then optirntsing the crop response to water when
using new tedmologies, such aslitgl', retention Bongard nvarieties and changed application
methods such aslow deficitschedufing in pressurised irrigation systems.

The release of Bongard U cotton varieties hasrequired efficientwater management of a plan
that can produceveryhighyields with a mainstem that is rarely tipped by insects and has
veryhigl'Iearly fruitretention. Hence ahigl'Ibollload early inflowering can lead to
premature cut-outand lower yields. The aim of our research wasto tailorirrigation
scheduling that could combine soiland plantbased measurements of plantstressto
optiintse the yield and water use efficiency of these litgl'Iretention varieties.

The growthresponseoflower fruitretentionconventionalcottoniswelldocumented
(Hearr, 1996). Abundantwatercombined withhigl. ,rates of nitrogenfertiliserwillsimiulate
vegetative growth, particularly leaves, at the expense offiruit, which is often shed. Therefore,
at intermediate water andnutrientavallability, vegetative and fruitgrowthisbalanced.
Below this optimumi, nutrient and or moisture stress may reduce fruitproduction. Hence, in
south-eastemAustralia schedufingfurrowirrigation after 40 to 60 % of plantavailable
moisture is removed from the soilhas been shown to be optimal on grey vertisols(Constable
and Hearn 1981, Curieta1. 1981). This variation in optimal plant available moisture ishkely
to be due to the effectofevaporative demand and adaptation to abioticstress(Sadras and
Milroy 1996). It is notkriownto whatextentthehigheryieldpotentialand fruitretention
winchangetheresponseofcotton to softwarer deficitand evaporative demand.

This project also conaborated with the final year of "Delivering sdence to agribusiness;
smart approaches to cotton irrigation"(CSF164) objective I'migation research for emerging
crop management issues', as StephenYeates was the second researcher and led tits
componentoftheproject. Researchunderway on comparing irrigationschedufing of
Bongard U and conventional needed to be continued for at leastonemoreseason. filthose
expeLiu. ents, weexpected that ahigl'IboMload may limittrootdevelopmentofBollgard U
compared with converitionalcotton. initial resultsftom these experiments differed srigl'ItIy
from our expectation becauseyield differences betweenconventionalandBollgard Uwere
notdueto greater rooting depthofconventionalcotronbutwere dueto differoncesinboll
development betweenthevarieties at the time of moisture stress. Further researchcovering
wider seasonal variation wasrequired to con^this response and topeuLLitaccurate
measurement of the water requirementsoftransgenic andconventionalcotton.

This project alsobuilt on a completed study CSF161C 'The physiology of high retention
cottoncrops' whichdeveloped an understanding of them, pactonyield, growth and
partitioning in crops with a rapidly increasing fruitloadusing the sanieirrigation
management asconventionalcrops. 'The projectreportedhere assessed, in detail, the effects
of the rapidly increasing fruitload in response to changed irrigation managemerit. A
conaborative PhD project with Marcelo Paytas(student) and Prof. Shu Fukai(Lintversity of

3 of 47



Queensland)"Growth and yield affected by early waterstress andnitrogenirihigl, retention
cotton" provided the OPPortuntty to measure early water stress reliablyusing a rati-shelter
facility at Catton. Warren Conaty's PhD study (University of Sydney) was also closely linked
to tits projectirithemeasurementofthe growthresponse to crop factorsusing drip
irrigation andinevaluating the value of BIOnC sensors init, e drip and furrow irrigation
experiments conducted by this project.

Objectioes

2. List the project objectives and the extenttowhich these havebeenaddeved.

The final project objectives are listed below:

I. Compare the water use and crop responseofBomgard U and conventional cotton
to water deficits at different growthstages tillin and 30" systems.

2. Measure the crop response to differentirrigationdeficits and evaluate methods
of measuring deficits.

3. Evaluate pressurised (tape)irrigation for management of growthandyield using
inigatiOn softedu^Ig.

4. Validation and enhancement of theOZCOTcottongrowthmodelforBollgard U
response to water availability andnew production scanarios incentral
Queensland andtheBurdekin.

There were several changes from the original proposal due to reduced water availability and
funding cuts. Andianges were negotiated with the Cotton CRC and CRDC. Objectives I, 2
and3havebeenachievedwhileOZCOTvalidationhasbeenachieved for Objective4. The
validation exercise identified theneed for further researchbefore modelenhancementcan

occur. 01.1e objective of improving OZCOT so HydroLOGIC will better predictftie water
balance of Borngard UVadetieswas discontinued whenfurttier development of
HydroLOGIC wasnotsupported in 2007.

Methods

3. Detailthemeftiodology andjustify the methodologyused. Include any
discoveries minetitods that maybenefitotherrelated research.

Objective ^:
A 3" season's replicated experiment, building on two conducted in an earlier project
(CSF161C), was conducted at ACRliri2006/2007 where the response of Bangard U to water
stress at different stages of development was compared with conventional cotton in a SiCot
71 background. A filmy irrigated tr'earnient (defidt commonly used on convantional) was
compared with two watersiresstrea^Ionts, one at cut-outand the other at 14 days after cut-
out. Measurements were: dry weigl'It accumulation, partitioning, leaf area development,
fruit retention, main-stem tipping, hat yield, fibre quality, soil water extraction, irrigation
application efficiericy and water volumes.

Comparisons were also made betweer, Boilgard U and converitionalvadeties in 2007/08 and
2008/09 at Keytah near Moree using 750n (30") systeir, s. 11'1 2007/08 a replicated expetmuont
compared the water requirement and yield of Bongard 11 and conventional. in tits
experiment yield, the water balance, plant growth and retention were measured. Tliis trial
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was in conaboration with lanelle Montgomery (NSW DPI) who led the correction of water
balance data and the staff at Keytah (Andrew Parks and Peter Gall). The plant growth and
retention measurements were made by this project. 11'12008/2009 a sinnlar comparison was
made except thatvarieties were iriseparate, adjacentfields.

New methodologies for disirifecdrig Fusarium wiltftom plant saniples that perlnttted leaf
area to be measured were developed from the trials at Keytah. Tliis involved transporting
leaves in alcoholtoACRlthenair drying and measuring leafareas and dry weigl, ts.

Objective 2:
A replicated expeLtiLient was conducted in each of 3 seasons from 2006 to 2009 at ACRl
using furrow irrigation. Compared were fourirrigation defidts 40, 60, 80 and 120 uruiwhidi
equates to 20, 30, 40 and 60% of PAWC (plant available water content) for a soil with
approximately 2000un of plant available water (See Table I). Measured were: soil water
extraction, ET, dry weigl. It accumulation, partitioning, leaf area development, fruitretention,
main-stem tipping, lint yield, fibre quality, soil water, irrigation application efficiency and
water volumes and harvest box mapping. Lithe firsttwo seasons an additionaltrea^, ent
was included where cotton was irrigated at a 60mm deficit until cut-out with I less
irrigation after cut-out than the standard 60nun deficit trea^lent. 11'1 2008/9 a treatrient
where no irrigation was applied until early flowering foUowed by irrigating at a 60nun
deficit was included. This treatment was part of Marcelo Paytas' PhD studies at the
University of Queensland that were supported by the Cotton Catch, Tient Coinmur, ities CRC.

Table ^: Defidt treatinents and frequency of irrigation. NB deficit calculated as difference
from dramedu erlimit.

Target Deficit
(mm)*

35- 45

55- 65

Expected days Actual rangeofdays
betweenimigations betweenirrigations

75- 85

1/5- 125

A simple method for deterIn^g a site specific crop factor (Kc) at any stage during the
growing season was developed from these experiments. Kc was linearly proportional to
.an. py lightinter. ^ption (Ll) wh^re K. ^ 1,2719*U-0,0779, ^^^). 95 ^^.^ptwh^n L1^0.70 and
irrigation or ram (^ 15n'un) occurred within 48 hours of measurement then Kc = I. The soil
water deficit could be accurately calculated from this and the ETo. ,'Thereby reducing the
frequency of time consuming neutron probe measurements. in conjunction with the
calculation of Kc described above, daily ETo was calculated from the ACRl meteorological
station and added to the climate data on the Cotton Catclunent CouuL. unitties web site via

the query database (http://tools. cotton. orc. org. au/tools/acriweather/wx. aspx).

-noram

7

10

14

21

Objective 3:
Due to a shortage of land and water at ACRl, research into pressurised irrigation systeir, s
was conducted in conaboration with PhD student Wanen Conaty. Five drip (surface)
irrigated treatrnents 25, 50, 75, 100, 125% of crop evapotrar, spitation (ETC) were compared

6 to 14

8t024

11 to 31

19 to 44
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over two seasons in 2007 to 2009. Dally ETC was calculated using a crop factor (Kc) as
ETo*Kc. The crop factor was calculated from the relationship with light interception
developed in Objective 2. Measuremerits taken for flits project were lint yield, dry weigl'It,
partitioning, fruit retention and the position on the plant of pickable bolts was mapped at
maturity.

Objective 4:
Davidjohriston (CS^^. 0)conducted most of the simulation analysis described below. The
response of Boilgard U (SiCot70BRF)to irrigation deficitwassimulated forthe three seasons
of experiments and compared wiftiobserved yields, fruiting dynarr, ics, leaf area index,
water use and time tomatority. Simulations were run in OZCOT (stand-alone version)to
assessits performance minodelling crop growth and water use. Crop growth was assessed
againstLAldevelopment and maximumleafarea, fruiting site production, boricounts over
time, openbollcounts, seed cottonperbolland final^It yields(more detailisprovidedin
Appendix 2).

We also tested the performance of OZCOT in more tropical environments where different
humidity and cloudiness conditions could challenge its reliability as it was not developed
for the environmerits. A sinnlar validation exercise to that described above was conducted

for the time of sowing date x yield study conducted at Emerald by Richard Sequeria (QDPl).
The aim here was to evaluate the OZCOT moders capability to simulate the growth and
yield of November and December sowings. The OZCOT model was also validated for the
warm cloudy wet conditions that occur in the Bardekin using data from Paul Grimdy s
(QDPl) climate adaptionexpe, in. ants conducted at Ayr in 2008 and 2009.

Results

4. Detailand discuss the resultsfor each objective including the statistical analysis
of results.

Objective L: Comparethe water use and cropresponse of Bongard U and converitional
cotton towater deficits at differentgrowthstages in Im and 30"systeins.

i The Final earofre ticatedBOM ard nvsconventionalwateruse and stressres onse

^2:p^t wasconducted in collaboration with Dirk Richards at ACRl, where fun
irrigation (traditionanyused for conventional) wascompared with stress at firstflower, nitd
flower, cut-out andpostcut-out. Asmuchofthisworkiscontained intriefinalreportof
project(CSF164) by DirkRichards in 2007 0nly key results are summarised here.

The irrigation water applied is showniriTable2. Averaged overtl'ree yearsBOMgardU
required 0.5 less MLhaof irrigation water than converttionalcotton. 'The average lintyield
was 10.1 and 9.2b/1'1a for Bongard U and converitionalrespectively. The difference in water
requirement andlintyieldbetweenthe varieties was e, CPIainedby greater insectdarriage in
conventional cotton. Priortoflowering caterpillarpests tipped the main stem on the
conventional variety5to 20 times more frequently than in Bongard U. Fadtretentionwas
also sigi. ,incantly reduced by thesepests in the conventional variety. The effectofthis
daniage wasto delay timetomaturity and increase leafarea of the conventional variety,
which, in turn, increased crop water use. madditionalirrigationwasrequired in 2004/
2005 (Table I).
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Table 2: Total irrigation water applied (ML/11a)to replicated experiments at ACRl.
Season

2004/2005

2005/2006

2006/2007

Bongard U was more sensitive to waterstress than conventional at cut-out. Yield was
reduced by 36% and 17% intrieBOUgard U and conventional varieties respectively after
skipping an irrigation at this stage mother words a yield loss of 2.7% per day of stress for
BCn compared to 1.29'0 per dayforthe conventional. This was an importantfiriding at a
time when growers were stilladapting irrigation strategies for high retention Bongard U
varieties and when droughtofnecessitated stretclting of irrigation intervals. Hence the
message don't stress during flowering or growconventionalvarietiesir, stead waswidely
extended to industry.

Where waterislin. lited, stretdting irrigations after cut-outhad less impactonyield of
Bongard D than conventional because crop water use drops off significantly attliistime. .
From the additionaltreatoientin the deficitexpeLiu. ents(seemethodsObjective 2) we found
by applying I ittigation between thenonna12 inigations, yield was reduced by 10 to 18 % if
there was no rainfalland as little as O to 9 % if good timely ram feU after tits final irrigation
(>4011un). brittlese experiments the irrigation after cut-out was stretched to 21 days;it is
possible that if the irrigation interval was only 14 days, then the yield reductions would
havebeenevenless.

Average

SiCot 71. BR

6.9

5.7

6.3

SiCot 71

6.3

7.8

6.1.

6.5

it Water use

and 2008/09.

6.8

The reportfor the 2007/08 seasonis in Appendix2. Key findingsrelevantto tilts projectare:
. Water balance comparisons are very sensitive to field variabilityhence replication is

essential to gainmearting fun results from on-faru, evaluations.
. The difference in water requirement and yieldbetweenBongardUand conventional

versions of the same variety could be explained by the Hencooerp@ damage on plant
morphology. That is, iftheproportion of plants tipped early ingrowth and the fruit
retention are sinnlarthen theyield and water use will also be sinnlar. Tl, is was the
case in 2007/08.

owth and 'eld of Bon ard v Conventional atKe tall in 30" beds 2007 08

The trial in 2008/9 corrected additional data on ftie relationship between Helicoverpa
damage and water use/yield differences betweeriBOUgard U and conventional. Due to
techntcalissues with the Mace meters a water balance had notbeen calculated and a

reportfor tins trial could not be completed at the time of writing.

in Sunun of Bon ardnvConventionalvarie

and 'eld 2005 to 2009.

Combirtrig the comparisons made in previous projects(CSF164, CSF161C) with tilts
project over the past5 seasons the severity, type and hating of Hencoz, am" damage to the

coin artsonsforwateruse

70f47



conventional variety could be related its effect on plantmorphology whichpermits
prediction ofWUE and yield differences to the Bongard UVadety (Table3).

Table 3:'The impact of the type, severity and tinting of Hencooerp" damage to a conventional
varie on the likel water use, 'eld and VimE differoncesfromaBoll ard UVarie

Performance of conventionalEffectofdamageInsect damage to
coin aredwittiBollgardUon plantconventional

morphology YieldWater

use

Pre squaring tip
darna e

Pre squaring tip
damageand early
squareremoval

Tip damageand frui
removal up to late
flowering

Low pest pressure.

High early tipping
+Hi hretention

Highearly tipping
+ lower early
retention

High late tipping
% + low cut-out

retention

Low tipping '
(40%) + similar
retention to BC

~^

^^

unJE
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Objective 2: Measure the crop response to differentirrigation deficits and evaluate
methods of measuring deficits.

i)Irrigation defidtExperiments

Climatic conditions:

Monthly rainfall, temperatures and potentialevapotrarispiration (ETo)forthe three seasons
are presented in Table4 and Fig. I. The 2006/7seasonwashotLer and drier than average
particularly during flowering and born filling (December to March), which wasreflected in
thehigl'IestETo during this period. 2007/8 was themOStfavourable for cottongrowth
receiving above average TairifaU for November to March and maximum temperature near
the 30. C photosynthetic optimal for the flowering period. The 2008/9 season was hotand
dry in the flowering period of January and early February but wetter up to early flowering.
Seasonal ETowas 955uu, ,, 7991rmn and 860mmfor2006/7, 2007/8 and 2008/9 respectively.

Table 4: Monthl rainfall(nun). * = calculated from sowiri
2008/92007/82006/7Month

310 25Oct*

78 12142Nov

1269612Dec

90 1522Ian
70 8451Feb

6 540Mar

2 61A ril o

341 351Total Novto Mar 162
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Lintyield, total Moniaes and leaderea:
The respor, se of lint yield to irrigation deficitwas seasonal(Fig. 2). Not corprisirigly the
yield decline at the largest deficitwas greatest in 2006/7wherievaporativedeniand was
his1'1estand in-crop rainfalldutingfloweririgwaslowest, whitenntyield wasleastserisitive
to deficitin2007/8 whenevaporativedem8, ridwaslowerandiri-croprainfallhig!, est.
G^r, erallyBangard Up^oducedconeister, by hisI. ,eryields at^"^Ilerdeftdts(35 to 54nun)
during flowering. However wheriirrigated at a 35 min deficitlirit was yield probably
reduced in 2007/08 and 2008/9 by rainfallcoinddingwith irrigation, whichhi^, list, ts ^, isk
with it's stra^y.

The respor, se of lint yield and total biorr, ass to irrigation deficit was similar (Fig. 2)
indicating that partitioning to bolts wasnotaffecledby water availability in these
experimerits. FruitretentionofftieBOUgard UVarietiesused init, esee^erimeritswasvery
higl, at firstflower (89-98%) and early tipping very low (<10'6)errsuring^hisI', halidenund
early inflowering to competewiftivegetativegrowfti, hericerarikgrow^Iwasnotobserved
in the frequently irrigated treatirier, ts.
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Lintyield differences could be explained by the contribution of boltsfromlater polliriated
flowers located toward the 'top' of the plantftiatcaine from fruiting sites grownmostly after
firstflower(Table5). That is PI and P2bollsnearer the top of the plant and vegetative
branchboUs. Only in the extreme stresssitLiationobserved in 2006/7where alargeimigation
deficit(126mm) wascombiried with high temperatures, low in-crop rat, falland large
evaporative demandwas yield from the'bottom' of the plantsigyiificantlyless overtliree
seasons.

Hence for Bongard U plants during flowering, irrigation should be scheduled on the basis of
plantstressto ensurevegetative growthisnotsuppressed tripreference to bon growth as
would occur during waterstress.

Table 5: The impact ofirrigation deficit or PAWC (average of3 seasons) on lintyield
produced in the bottomand top sections of the plant, where Bottomis PIboUs on 1st8
fruidr, branches(FB) +P2boUs on I, *4FB and To =bonsftom restofthe Iant.

2007/8 2008/92006/7

PAWC

0.80

0.68

0.55

0.45

Deficit

32-39

50-68

74-82

119-126

Isduos

Bottom

6.3

6.3

6.3

4.2

138

Leaf area development wasstrongly changed by season and irrigation deficit(Fig. 3). Where
deficits exceeded 75 mm, seasonal differences that affected early LAlpersisted for the life of
the crop and LAlappeared to be inversely proportional to evaporative demand. Where
irrigation was applied at deficits<65nLu. , LAlrecovered in the mitennediate evaporative
demand season2008/9; the greater moisture availability arrowirig leafexpar, sion to continue.
This datasuggests that varying deficitinresponse to evaporative demand can contribute to
optiintsing leafarea development.

To

6.0

4.4

4.2

1.9

1.16

Bottom

5.7

6.4

5.9

6.2

Ns

To

7.3

7.4

6.7

5.8

1.11

Bottom

4.9

5.6

5.5

5.0

To

7.2

6.1

5.4

3.9

0.71us
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Fibre quality.

Fibre length was only sigi'liticantly reduced when irrigating at> 100 uruidefidt or 0.45 of
PAWC and seasons where evaporative demand washigl'Iduring flowering andbollgrowth
(Table 6). Fibre strength was resilient and was only sigr'liftcantly reduced at the 124n:un
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deficitinftiehotdry2006/7season. Micronairewassigriificantly changed by itxigation
deficitwiffiin seasonsbutftiere was also abetweenseasonirifluence. Micronaire increased

withinigation deftdtirittie2006/7 and 2008/9 seasons that werehotterand drier during
flowering andwarmerpostcut-out. Hence alowerboMload combined with higher
temperatures may have increased Interonate initie driertreatinerits. The lack ofa consistent
response to irrigation deficit in 2007/8 reflects mild temperatures and a low frequency of
plantstress due to moisture.

Table 6: The effect of irrigation defidtftom 1st flower to 14 days after cut-out on fibre
quality.

Season

2006/7
SiCot71BR

Deficit

39

68

82

124

Lsd0. o5

35

54

79

126

Lsdo. OS

33

50

74

119

Lsd0. o5

2007/8
SiCot70BRF

Length
(in)
1.17

1.15

1.16

1.11

2008/9
SiCot70BRF

Strength
( bc)
30.6

29.7

29.6

28.6

0,022

1.20

1.21

1.22

1.20

Micronaire

Irrigation application efficiency and WUE.

Measuring the water balance foreach deficitprovedchallenging due to severaltecliritcal
issues. Herice it was notpossible to correct a complete data setfor animgations of allplots.
Measurement of water off the fieldusing in-furow flumeswas frequently confounded by
blockages due to trash and water breaking through the furrows(breakouts). Breakouts were
most couuL, on where deficits were smaller dueto wetrersoiland more ftequent ruruting of
water eroding the bed walls. The methodology of placing2flumes in the furrows of the
centre rotabuck of eachplot, although proving an accurate measurement of the water
applied and tailwaterfor that rotabuck, assumed evenwaterruntimesforthe entireplot.
Tl, is was not always the case intriese fields. The irrigation application efficiency, that is
(water on-water off)/water on, were calculated for plots werehigl. , quality data was
corrected. The objective wasto achieve 100% deficitreplacementateach imigationeventso
that antreatrients were at the sanie soilmoisturecontentfollowing irrigation.

1.45

29.5

29.9

30.3

30.1

us

4.98

5.18

5.38

5.60

0,198

4.00

3.70

3.90

4.10

1.19

1.18

1.17

1.14

0,027

us

30.1

29.3

31.0

30.3

0,199

4.15

4.40

4.50

4.70

0.16us

Figure 4showsforthe paddocksused in these e>cperiments and the supply infrastructure
associated with these paddocks, irrigation application efficiency increased in proportion to
softwarer deficit. This response is consistentwiftifurrow irrigation studies conducted
elsewhere on clay soils with shadar infiltration properties(e. g. Muchow and Wood 1981).
Fordeficits>60nunefficienciesbetween80and90% wereachievedwithgoodmanagement,
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however fordefidts<4011untheefficacyaveraged only53% andexceeded60% orionlyone
occasion. When refilling smalldefidts smallerrors in judging timing the end of water
application orestiiriationof the flow time to the end of the field can contribute a greater
proportion of the total water applied than whenrefilhng alarger defidt.

The efficiency of a furrow irrigation system is a function of the field, the irrigation
distributionsystemassociated with the field and the humancapacity of the farm. Hence,
the importantpracticalconsiderationfromttie response in Figure 4is theneed foreach
grower to be aware of the irrigation application efficiency of each field and whether the farm
has the capacity tomeasure and opim, ise application efficiency across a range of irrigation
deficits. Good kilowledge of tailwaterreturrilossesis assumed here.
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.ê
40.

U

^ 30
<

20

10

o

^

Fig. 4:1rrigationapplication officierIcy ((water on-water off)/water on) was proportional to
deficit. Bars show the higl. Iest and lowest efficiency measured.

The calculation of manyWUE indices from these e>cperiti, ents was marginalised because
application efficiencies were farm I paddock specific. The WUE per mega litre of ETC isleast
affected by irrigation distribution specifics and is presented in Table 7. The smaller deficits
had generally litgl', erVinJE in the 2006/7 and 2008/9 seasons where in-crop rainfallwas
lowest and evaporative demand higl. ,est; yield was the majorcontributorto VimE in flits
situation. Irrigation at larger deficits improved WUE in 2007/8 where in-crop rainfallwas
greater and evaporative demand lower.

<40 40t060

Defilel, range (min)

60t090 >90

Table 7:'The effect of irrigation deficit on WUE (B/^IL ETC).

WUE (bales/ ML ETC)Defidt

2007/08

32-39

50-68

72-82

2006/07

109- 124

1.61

1.57

1.49

1.03

1.65

1.79

2008/09

1.69

1.64

1.58

1.57

1.55

1.37
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Development of methods of deftdt, r, eas, ,retilerit.

As described intr, emethodologya .implemeaiodfor determining a sitesperificcropfactor
(Kc) at any stage during the growing seasoriwasdevelopedftomwaterextractiondata
collected intr, e 2006/7 season. What combined wi^LETo calculated ftom themeteorological
station on site the softwarer deftdtcouldbe accurately calculated from it's and the daily
ETo, redudrigtheftequericyoftirr, econ^,, mingneutron probe measurement. Softwarer
measurements were required aftersigriificaritrairifalleverits. fits method of soilwater
deftdtcalculation accurately predictedchservedirrigation deftdtfor44 irrigation ever, ts in
2007/8 and 2008/9 r2=0.85 slope = 1,006.

Condusions-IrrigationDefidte, ,pPr:", ents

. There isnoone tireshold soilwaterdeficitftiatcanoptimi!^eyield and WUE mall

. Varying the softwarer defidttr. iggeririresporise to plant/cli, 71ate measures of water
stressshouldimprove theeffidericy of irrigation water use and peLu. it more effective
use of in-crop rainfall.

. Dueto thehigl'IboUload during flowering BongardUresponded to deficitslessftian
than previously reported for converttionalcotton with lower fruitretention. Smaller
deficits helped maintain vegetativegrowth inearly flowering and due to the high
bonload, vegetative and reproductive growth wasbalanced in the Borngard U
variety.

ii) The effect of irrigation on early gri, ownL

Attemptstoexcluderainpriortoflowerinigonsmallareaswitl. jin^ledeficitexperimerits
using plasticsheedrigbetweenftierowswasnotsuccessfulduetowindrippirigup the
sheeting (seeplate A). The Gaiton, rainslieltere^erimeritsfound yield reductions of 14 to
35% whereinigationwasnotappliedbetween I'Square and 1st flower and fullirrigation
fomowed the stress period. 'The film details of^IeGattonstiidies will be published in Marcelo
Paytas' PhD andreportto the CottonCRC.

seasons.

Plate As Wind damage to plasticsheetingusedtoexcludeearlyrain at ACE^I. Note this
method of water exclusionhasproverisiiccessfulwheriused after flowering wher, plants are
taller.
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interestingIy intrie deficitexperimerits conducted at ACRl, where no ram fernbetween 1st
square and 1st flower in December 2006, irrigation increased plantbiomass and leafarea
development at firstflowerwhileheightandnodedevelopmentweremoretoleranttowater
stress(Table5). Tl, is data suggests that the traditional method of monitoring early growth
based on plantheight and node number may notprovide sufficientsensitivity to early
seasonwaterstress and alternative plantmeasuremer, ts- possibly based on leafarea orleaf
temperature should be evaluated.

Table 5: The percentagereductioninplantgrowth at firstflowerwherethere wasno rain or
irrigation between 1st square and 1st flower compared withinigation. * = significantl. y
different(p<0.05).

,lant growth
measurement

Nodes

Height

Height: Node

Dryweight

LeafArea

% of irrigated

95

83

88

72*

64*
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Objective 3: Evaluate pressurised (tape)irrigation for management of growth and
yield using irrigation scheduling.

Cotton growth and partitioning in response to the frequent application of differentvolumes
of irrigation water (fractions of ETC) from pres^d drip tape was seasonal(Fig. 4). Total
biomass increased with the volume of water applied in both seasons. Whereas tint yields
were only increased triproportion to water volume in 2008/9 being maximised at 50 to 75%
of ETC in 2007/08. Tms response is different to furrow irrigation for the same seasons at tits
site where the resporiseof biomass and lintyieldwas similarwitltina season (Fig. 2).
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Fig 4: The effect of irrigation at differerit proportions of Etc on total biomass and lint yield
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These results imply in a chinate wl, ere eraporative demand and in-crop rainfall are I^8111y
variable (i. e. 75% of Australian irrigated cotton) within and between seasons the crop factor
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Objective4: Validation and enhancement of the OZCOT cotton growthmodelfor
Bongard 11response to water availability and new production scenarios incentral
Queensland and the Burdekin.

i) Enhancement of OZCOT for compatibility with common modeming protocols and
integration of AFSIM soilwaterand soilN modules.

To date, Davidjolirrston's effortshaveproduced a Cotton component(re-coded in C#, a
modemprogr, ,mining language) that is compatiblewiffibothftieAPSIMand AUSFarm
simulation onviroLLuients. It is runirtingin the CSROPlant^Idustry simulation environment
(namely 'AUSFarm'). It is yettobe validatedin, and integrated into, the AFSllvl
environment. SometestvalidationshavebeendonewiththecomponentusingtheAPSl^I
SoilWat2 and Soill\I components intr, e AusFa. Iu. environment. Validation testing will be
completed whenhehasfir, ished developing 'AussieCot', anew application interface that
will make rim^g cotton specific simulations fairly intuitive (due for beta release in early
2010). Trussimulationenvironmentwillallow thenew Cotton componenttouse the AFSDi^I
Soils database, AFSl^^ISOilWat2, SoilN2 and hagate components withoutcomplicated setup
requirements. These components are more complex that those currently used in OZCOT,
and may allow it to simulate cotton growth and yieldmorereliably across a wider range of
OSiltypes and climates. These developments willallow OZCOT to use the more advanced
AFSllvlcomponents, while alsoerisuririg that advances intr, ecorescienceofthecotton
growthmodel(the coreofOZCOT) are made available initie one and only cotton
componentftiatallmajorAustraliancropmodeting systemsuse. This winensure
consistency trioZCOT andhelp with version control.

it) The pertomiance of the OZCOTmodelforsiniulatingirrigation deficit experiments at
ACRlconductedbetween2006/7and2008/9. ReportbyDavidjohnstonar, d Stephen
Yeates.

Summary (see appendix 2 forthe detailed report):

The fomowing COLLUL. ents are asununaryofobservationsmade of the performance of the
modelusing thesevarioussettings for the model.

Prediction of Yield

Broad generalisation: OZCOTunder predicted mritgh yielding crops and over predicted in
low yielding crops(Fig. 5). There was a poorcorrelationbetween observed and predicted
when andata wascombined.

Crops ingood conditions(nulld- warmcliinate and wellirrigated) hadyield under predicted
whichwas proportional to the under prediction of thenumber of bolts and, sinnlarly, the
under prediction of thenumber offruiting sites produced. Under prediction of sites .>.
under prediction of yield. Reducing the water logging effect and boosting nitrogen
improved the situation SIigl', tly (Fig 5).
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Fig. 5: Observed v OZCOT predicled yields for irrigation deficite, cperimerits. I to lime is
shown.

Fig. 6 shows the deviation from observed foreaditreatrrierit. Cropsinhotdry conditions
hadyieldoverpredicted, someby>50%. This wasproportionaltotheoverpredidionin
bon numbers, while sirenumbers were predicted fairly accurately.
Sites OK, buttoo manybolls .>. toohigl'Iyield: chaddirig too low.
Changes to water logging trigger had an effect, but water logging should nothave
happened at admitie actual experimer, ts, soadjustrr, antshouldnotbenecessary.

Modelresponsiveriesstonitrogerifuiverydryti, ialsalsoraisessomequestionsabout
simulation of nitrogeridynamics in the model.

Bonsize, asrepreser, redby the varietalpara, netsr'Seed Cotton/Bon' wasvariedftomftie
defaultof5.0t05.5 and5.8. Whilesonedifferer, coswerenoted, the errorintotalyield
galerally was sudi ftiat firie adjusting', ts iri ttiis parameter were effecrively meaningless.
Simulations a, Iatdid produce yields doserto the mark indicate that a review of the default
born size from the current5.0 to 5.5 may be warranted.

Whilesjinulation ofyield in wetter beamierits wasimprovedby limidr, g waterloggirig,
yieldsin driest trials (06/07- 126 mm) were adversely affected by reducing water logging
and boosting nitrogeri.
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For larger deftdts, OZCOToverpredicted the LA1. '11'^e worstpredictioriobserved wasfor
the 119-126mmtreatoieritir, 2006.07, the hotdryyear. LAlwasoverpredic, edfordefidts
fortheearlyparrofftie2006-07season, but mostsi^liftcantlyfor the drier treat^, cots. LAl
was goneraUyreasonable, both in developmerit*jiningand maximum LAlpredicted for the
moderate trials into^, 2007-08 and 2008-^. LAlpredictionfor the I^manestdefidtswas
improved by reducing water logging andboostirignitroger, .

Someunusualfluctuationswerepredicted in^teemallerdefidtswitiiLAleridingupbeirig a
littleontt, elowside. Reducing the water logging effect(WatLogC=0.87 ^. 0.95)and adding
someexn. aNitrogeri(921cg .>, 150kg Napphed)sign^candyhelpedtolimitt*Eauctuations
andallowedftiemodeltosiniulate arecoverytoclosetoobserved LAlvalues. effect
wascorisisleritfor^teemaller(wetter)deficitsforb0^, 2 <18and2 .

Y. .r

DSStosenn Sobeer, rin74toa2"rin Melo, 28nn

2.08. "

Site developmer, twas predicted most accurately for the larger deftdts, with smaller defidts
having delayed development(approx20daysbymid2008-09 seam, ), and/ort fansites
(150-200^rinetretoofewin 2007-08 35 mm deficit). Reduced water logging improved tile
predicatioriofftie total number, espedamy in tire smaller deficits, but the delay was still
evider, t. Adding extra Nitroger, and reducing the water logging can resultinan'over 31.00t'
of^, etotalsitenumber. Reduced water logging improved prediction of sitenun, bets ir,
smaller deficit treat, r, cots.
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Prediction of Bonnumbers

BonnumbersfoUowed the pattern observed for site numbers. The largest deficit(119-126
Trim) varied fromtl. lis pattern intriatsitenumberswere reasonable, whileboUnumbers were
over predicted as was yield. This may indicate that tsufficier, tshedding occurs in very dry
conditions. Bonnumberswere over predicted for the driesttreatoients(119-126 mm deficit).

Discussion Points:

Based on the observations and analysis of themodelperfonnar, ce as outlined above, the
foUowing pointsshouldbe discussed andremedialactionsconsidered and appraised:

a) NitrogenUptakeinOZCOT
Nitrogenuptakeneedstobeboostedbeyond the 240kgmarktoaddevetheyields
observed. This is consistent with new varieties performing beyond the pointwhere 240kg of
N is sufficient.

Currently the published paper describing OZCOT (Hearri1994)refersto a routine called
DFTAKN_MAX-this is notiriftieOZCOTmodel-and trusts stated to be set at 240 kgha'
based on workb Basinskiet"I. 1975 . 0ZCOTdoesnotlimitftieirittialU take N o01, but

does use the 240 kgha-limittto apportion out the effective addition that fertilizer
applications make to the pool.
IanRodiesterhasnewfigures that could be used, the equationsre-worked and
documentation amiended. The size of tins pooldoes affect the calculation of the VNSTRS
(Veg N Stressfactor) which in turn can affect the Fruiting Site Production and LAIGEN
(notep262 of Hearn 1994).

This issueneedstobe re-evaluated initghtofthe fact that the new Cotton componentwillb
using AFSl^ISOilN. How the core OZCOTmodelintegrateswithSoilNneedstobe
reviewed to assess whether any part of the currentproblem win remain when simulations
are runiriAussieCot or iriASPllvlwith thenew Cotton component.

b) Water Logging
Water Logging appearsto have too great an effect when left atftie defaultlevel(WatLogC
0.87). Simulated results indicate a better fit at about WatLogC = 0.95.

The 33 to 29 nun deficittreatinenthad the greatest the under-prediction of site production
andbollretention.

Limiting the effectofwaterlogginginone of the small deficittreatoients intr, ewettestyear
(2007/8) sigriificantly improved LAl(total) and, to a lesser extant, yield. It improved, but
faded to correctsite and Bon numbers predictions.

Yield is generally under-predicted, primarily drivenby too fewboUs.
Few sites, but LAlnottoobad:Is LAl

Too fewbolls may lead to higl'ILAl/site? (via excessresources).

Question: How do wetconditionslead to toofewsites?

Testperfomied re Nitrogen X water logging vssitenunibers:

site too lit h?
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Question: Reduced N ^. lesssites?/Excess N .>. more sites? How is this interacting with
orwithoutthe additional effectofwaterlogging.
Results: Reduced N with water logging simulated poorly-too fewsites, lowyield.

Higl'IN withno water logging gavebetterresults.

Analysis: Water logging slightly increased shedding and thereforereducedyield.
However, thebi esteffectofwaterlo in is toreduce site roduction.
increased N compensates by boosting sitenumbers.

c) LAl/site

hivery dry conditions, siteproduction is nottoobad, but LAlissubstantially over-
predicted.

LAlsitetoohi b far-VPD va our ressuredefidt orotherlirnitin factoronLAIGEN
routine not accounted for?

d) Yieldoverpredictedunderdry conditions
1.1igl. Iyield iniglitbe accounted for by LAl/site.
1.1igl. , yield predictions may also be contributed to by:

Bon shedding is low in dry treatoients-this could be a resultofexcess LAl(?) and results in
an excessive yield prediction. (?)

Nitrogen dynamics: Low (dry) SMlshould limittNusage, butsimulationsstiUindicatettiat
N is limitdrig yields, even though yield is already over predicted.

Early over prediction of LAlinwettertreatoients of someyearsmayreflectthe
unaccounted-fortlirips damage intrie crops. (2006-07 especially).

1.1igl'Iyield of the 33 to 39 mm deficitwasbettersimulated with adjusted higherNvalues
with some (but himred) water logging effect. (Simulationsrunfor400. rKg N, with, without
and with reduced water logging). Excess N withno water logging produced 18.1b/11a!
Conclusion: SomewaterloggingeffectisstiUrequired?

e) WatLogN
Also of note is that the routineWatLogN-the levelatwhichwaterlogging affects Nitrogen
use-is NOT compared agairistSMl(soilmoisture index), but rather agairrstSW/t. 11, (soil
water/upper limitt), which can be considerably differentftomSMl. The defaultvalue of
WatLogN is 0.87, justasit is forWatLogC.

SWILL can vary quite significantly fromSMl (eg. SW/or =0,943 vs S^^U=0,827)so 'water
logging' affecting N usage may not match reported SMlpattems.

Note: WatLogC is compared againstSMl, so the defaultvalueof0.87forWatLogC does
mean that water logging affects Carrying Capacity for SMT values above 0.87.
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in) Simulation analysis of newprod, Idiom scenariosin Central Queensland and the
Bundekiri.

a)Central Queensland (in collaboration with Ridiard Sequeria'sproject)
BOUgard U cotton created an opportunity for later sowing (November orDecember)in
ContralQueerisland. Simulation of later sowing combined with historicrairifaM recordscan
assist triproviding a riskprofile fortl'lis of lange of managemer, t. Later sowing exposed
cottonto differentcli, XIaticconditioris during squaring andearlyflowering msomeseaso
Higl'Itemperaturescombined with fluctuating cloudy and humid conditions produced
squaresheddingpriorto anyboU load;theresultbeingexcessivevegetative growth and
reduced yield where these, rim, ,ticconditions occurred.

Figure7shows the erroririsimiulationofyieldwherephysiologicalsheddingorearlyftuit
occurred at aNovembersowinginEmerald.
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Fig 7: Simulated vs. observed yieldsfordifferantsowingdates at Emerald. Circled is the
November 25th sowing where climate induced shedding of early squares occurred and
OZCOTcouldnotsimulatetliiseffect.

alba', 61h

at Wetseasoncotton at the Burdekin (incoUaborationwithPaulGrundy'sproject)

Cloudyhumidweather ise^erred during squaring andearlyflowetingatftieBurdekinand
the aim wasto validateOZCOTinftieseconditions. This workisstillinprogress. Yieldsarid
crop growth parameters are being simulated from a chit^to interaction e>cpe, ,u. ant thatchm!e
to quantity the effectofdoudyIhumidconditions at differentcottongrowthstages. Sowing
dates were varied to increase diediariceofe, cposureto these conditions.

Preliminary simulation analysisisshown in Table6. Maimty date was poorly predicted
and yield was about^2b/haftomobserved forthe 1.10ecemberar, d 8th January sowings.
Early fruitslieddirigwasseverewherisowninDecemberand would havecontributedtoftie
deviatiorrs from observed.
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Table 6: Prelimin

Sowing
Date

1-Dec-08

20-Dec-08

8-Jan-09

Maturity DateLint Yield (b/11a)
observed simulated observed simulated

21-May 20Jun10.58.02

21-May 16Jun8.968.55

30-1un 13-Au10.2612.11

OZCOTvalidation of Burdekirisowirig dateexpetmient.
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014tcomes

5. Describehow the pro^C^s outputswiU contribute to the plantied outcomes
identified in the project application. Describe the PIarmed outcomes achieved to
date.

Asstatedpreviously the projects objectives were changed after commoncement. The new
outcomes are related to the4new objectives.

Objective I:

The outputs were:

I. Measurement of the water use and yield differencebetweenBOUgard nand
conventional whenunstressed.

Comparison of therelativeresponse to moisturestress at differentgrowthstages.

3. Explanation and prediction of water use differences internrs of insectdainage
induced changes to plantmorphology;row spacing hadno impacton flitsresponse.

The outcomes were:

I. improvedscheduhngof BongardUin watershortsituationshasbeenacmevedand
widely extended and adopted, due to the quantification of therelativeyield losses
when stressed at differentgrowth stages. E. g. themessage don't stressBOUgard U
late in flowering.

2. A logical and science based explanation for the often contradictory water
requirement results when Bongard U is compared with conventional cotton varieties.
Tl, is will enabled greater capacity to predict water requirements and make whole
farmjudgements irrigation scheduhng whenbofriteclmologies are on the same farui.

3. Arecommendation that on-farm water balancecomparisonsbereplicated.

Objective 2:

The outputs were:

I. A rigorouscomparison of theresponse of highftuitretentionBOMgard UVarietiesto
a range of irrigation triggers based on softwarer deficits.

2. Data showing to the 1,811bollload during flowering Bongard U responded to
smaller deficits than previously reported for conventional cotton with lower fruit
retention.

3. Datathatdemonstrated that varying the softwarerdeficittriggerinresponse toplan
Ichmatemeasures of waterstressshould improve the efficiency of irrigation water
use and permitmore effective use of in-crop rairifaU.

4. Evidence that irrigation application efficiency was inversely proportional to soil
water deficit.
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5. The yield benefits of reducing early season water stress in Bongard U varieties was
identified and demonstrated.

The outcomes were:

I. Different sdiedu^Ig to conventional? can increase yield and WUE of BongardU
varieties.

2. Further research that can base irrigation schedufing on a combination of plantbased
water stress measurements and softwarer deficit.

3. Extension messages: i) that yield and WUE can be increased in Bongard U by
irrigating at smaller deficits during flowering when temperature and evaporative
demand is high; it) litgl', irrigation applicationefficiencies are harder to achieve when
refilling smaller deficits and irrigation application efficiendes are farm and field
specific.

4. Development/ extension trials of early itxigation strategies to increase pre-flowering
biomass of BongardU varieties and measure WUE tradeoffs in different growing
regions.

Objective 3:

The outputs were:

I. The growth, partitioning and yield response of cotton different water volumes
applied frequently though pressurised tape was differentto the same variety when
furrow irrigated.

UVJ\~, V \. L, . L

The outcomes were:

I. If cotton is irrigated with frequent small water volumes, mitts climate, the crop
factor should be varied in response to plant growth and climate to optimise yield
andWUE.

2. Further researchmayberequired.

~ .....~ .~~... ..~". .., ,~ ... .........-.. .

Objective 4:

The outputs were:

Model validation studies of deficit irrigation e>cperiments, sowing date expetin. ants in CQ
and climate interaction studies initieBurdekin

Progress toward modelriising the progr^, trig language and incorporating new softwarer
and NinodulesfromAPSllvl.

The outcomes were:

Theneed forOZCOTmodelerihancementifitistobeeffectivelyusedinthedevelopmentof
chinate and management risk profiles in new production regions or changed cropping
practices or the simulation of water balances for caterument wide studies or climate change
scenario analysis.
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6. Please describe any:-
a) tectiritcaladvances actiieved (eg COLLUL, ercially significant developments,

patents applied for or granted licenses, etc. );

None

by other itIformation developed from research (eg discoveries in methodology,
equipment design, etc. ); and

I. A simple method for disirifectingleavesftomFusariumwiltwhile pe
trar, sportto a Fusariumftee site to conductleafarea measurement.

2. A method to calculate a local(lower Nanioi) Kcfrom lightiriterception.

Seemethodssectionformore detailonftie above.

c) required changes to the Intellectual Property register.

None

Co, ,of"sio, ,

7. Provide an assessment of the likely impact of the results and conclusions of the
researchprojectforftie cottonindustry. Whatare the takehome messages?

improved scheduling of Bongard U in water short situations has been largely
achieved with the contribution of the research conducted in tilts project. The need to
avoid water stress late in flowering in Bongard U as a first priority when allocating
limited water and this messagehasbeenwidely extended over the past3years.
It was demonstrated that varying irrigation deficits, if linked to measures of plant
stress, will improve crop performance and WUE. These benefits if adopted will
impact on the 75% of Australia's irrigated cotton that is grown in a sub-humid
chinate with significant but variable in-crop rairifaU and evaporative demand. For
exam, PIe, liti3 seasons are wetter and milder than average so it could be possible to
use a larger deficit freshold and capture more in-crop ratrfall and save irrigation
water for use on future cottonorrotationcrops.
This projecthas clearly showed the yieldbenefits of using a smaller triteshold deftdt
for Bongard U varieties when conditions are hot and dry during flowering. The
2006/7 season is a good exam, PIe, based on lower Nanioiconsultant Stove Madden's
grower group, where most scheduled using 70 to 80 mm deficit and produced
stintar yields to the 8thun deficit in used in these experiments. The 40mm deficit,
applied during flowering in the same experimerit, increased yield by 17% under
these conditions.

Key tradeoffs when irrigating with sinaMer soil water thresholds on clay soils were
also measured by this project. The messages are I) litgl. I application effidendes are
harder to achieve when replacing small deficits and 2) application effidendes are
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farm and field specific and lit^Ingl. It the need for continued integration of
knowledge outputs from tits project with irrigationopim, isation projects.
The question of whichhas the litgl'Ier WUE, conventional orBOUgard U varieties, has
been answered by showing that it deper, ds on the impact that Hencoz, erun damage
has crop morphology. This understanding can be applied to predict water use and
yield based on the type, severity and tinting of daniage to a conventional compared
with a Bongard U variety.
The yield benefits of reducing early season water stress in Bongard U varieties was
identified and demonstrated mitts project and the comaborating PhD project of
Marcelo Paytas. However crop monitoring methods for the sthedufing of early
irrigation need reviewing and any water use effidencytradeoffs quantified.
It was demonstrated that the irrigation water requirement of cotton in pressurised
systems (e. g. tape) wassensitive to climatic conditions and could be halved provided
the crop factor is varied in response to plant growth and climate. Cotton grew
differently minis system to furrow irrigation as increased water availability can be
converted to vegetative growthnotyield when irrigated using pressurised tape.
Tl, is project produced data to show that replication is essential for paddock sized
water balance trials and expeLit. lents. With increased interest in measuring smaller
differences in water use at a field scale the consequences of notreplicating are high
as results can reflectfield variabihty instead oftreatoient differonces.
New research methodologies developed here will provide indirect benefits to the
cotton industry. These were (i) a method for treating plants collected in Fusarium
areas that with would permit physiological measurements (leaf area) and (it) a
simple method of calculating a crop factorftom lightinterceptionhassaved valuable
time in softwarer measurement.

E:rte, ,sio, , OPPort, ,,, ittos

8. Detaila plan for the activities or other steps that maybe taken:
(a) to further develop orto exploit the projecttechnology.

Stephen Yeates has moved to the Bundekin project and will have no involvement in the
follow up project. However there is a coinmitoient that publication of findings in the
Cottongrower, Spotlight, sciontific journals and update of WATERpak will be
completed.

(b) for the future presentation and disserrLiriation of the projectoutcomes.

Exterision activities: An outcome of the presentation to CRDC on September 9 2009 was
regional on-farm trials I demonstrations of early irrigation strategies and plant
monitoring for early irrigation management.

Update of scheduling of Bongard U cotton will be included in WATERpak late in 2009.
Cottongrower and Spotlightarticles are planned for late2009 - early 2010.

(c) for future research.
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The new 'Dynamic Deficits' projectevolved outofthe research conducted in this project.
Further research may follow from Wanen Conaty's PhD to continue the application of
BIOnC sensors in measuring plant waterstress.

PI, Wit"tio"s

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

(us: Where possible, please provide a copy of anypublication/s)

Project publications to date:

Yeates S. , Robertsj. , Nielsenj. and Richards D. , 2009. Toward better water management of
Bongard U cotton. The Australian Cottongrower, Iun-July 2009: 22-27.

YeatesS. 'TowardbetterwatermanagementofBOUgard U cotton' published forthe QDPl's
'More Crop PerDrop' in March2009

YeatesS, Robertsj, andRichardsD, 2008. TowardbetterwatermanagementofBOUgardU
cotton. Proceedings14thAustralian Cotton Conference, Gold Coast, Qld, 12-14August2008.

Paytas M. , Yeates S. I. , FukaiS. , Huang L. , 2008. Effectofearly moisture deficit on growth,
development and yield in high retention BT cotton. Proc. 14th AustralianAgronomy Conf.
September 2008, Adelaide, SA.

PaytasM. Yeates S. I, FukaiS. , Huang L. 2007. Early production of biomassinhigl'Iretention
cotton. Proc. World cottonConference-4, September 2007, Lubbock, Texas, USA.

Publication plan next6 months:

. At least one scientific Journal publication reporting the deficit experiments.

. Updateof WATERpak.

. CottongrowerandSpottightarticles.

Publications from Comaborating and past CRC Projects:

YeatesS. I. 2009. Issues for New Crop Researchand Development in NorthernAustralia:
Using BT Cotton as a case study. Farm Policy Journal6 (2): 25-34. Australian farm institute
ISSN 1449-2210.

GumdyP and Yeates S. 2008. Bardekir, cropsprosper despite bigwet. The Australian
Cottongrower October-November 2008: 18-22.

GrimdyPandYeatesS. 2007TheAustralianCottongrower, October-November 2007. Is a
sustainable cotton industry possible in the Bundekin? PI6-20.

YeatesS. Shickland G, Mouldenj, Davies A, 2007. NORpak-Ord River Irrigation Area.
CottonProductionand Management for the OrdRiver Irrigation Area(ORIA) 2007. Cotton
Catcliirient Couuiiunities CRC. WWW. cottoncrc. org. au/publications/northern.
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YeatesS. I, Constable GA, and MCCurr, stie T. (2009). Irrigated cottoninthetropicaldry
season. I: Yield, its components and crop development. (accepted for publication in Field
Crops Research)

Yeates S. I, Constable GA, and MCCumstie T. (2009). Irrigated cottoninfrie tropical dry
season 11: Biomass accumulation, partitioning and RUE. (accepted for publication in Field
Crops Research)

Yeates S. I, Constable GA, and MCCumstie T. (2009). Irrigated cotton intr, e tropical dry
seasonUl: Predicting themripactoftemperature and cultivaronfibre quality. (accepted for
publication in Field Crops Research)

Duggan, B. L. , Yeates, S. I. , Gaff, N. and Constable, G. A. (2008)
Phosphorusfertilizerrequirements andnutrientuptake of irrigated dry-season cotton
grown on virginsoilin tropicalAustraha
Coriumuriications msoilScience and PlantArialysis 39: 282-301

Duggan, BriariL, Yeates, Stephenj. and Constable, Greg A. (2008). Bed preparation
recruitques and herbicidetolerancetedmology fortropicaldry season cottonproduction.

' ' "Iron!T*,,:',, cr!,', I, , I'n, r :~* :":". L, .?r, ', . ! .,, . %,~*4-"
frop. Agric. (Trimdad). 82(3), 233-240.

Field days/workshops other presentations

. Cottongrowerarticlejuly2009

. More cropperdrop March2009

. CottonCollective2009.

. CRCScienceFonun2008, 2009.

. BigDayOut2009

. CottonConference2008

. Most valley field days at least once tillast three years.

. Cotton Consultants Association conferonce2007, 2008

. Spothght

. Several'Cottontails'

. WebonWedr, esday-several

Many fd. ,u, ers, consultants, researchers and international visitors (Brazil, Israel,
South Aftica, USA) impected theresearch.

B. Haveyou developed anyonhneresources and whatis the website address?
The inclusion of ET data in the ACRlweaftiersection in the Cotton Catdiinent Couui. unities

web site via the query data base 01ttp://tools. cotton. orc. org. au/tools/amweather/wx. aspx).
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P, Ift 4 - Fill, 11 Report E;rect, floe SI, mm, ,tv

It was demonstrated that varying irrigation deficits, ithnked to measures of plantstress, will
improve cotton yield and WUE. These benefits if adopted will impact on the 75% of
Australia's irrigated cotton that is grown. in a sub-huntid cliiriate with significant but
variable in-crop rainfall and evaporative demand. When conditions were hot and dry
during flowering, as in the 2006/7 season, frequent irrigation of Borngard U cotton (401nm
deficit) increased yieldby 17% and unEby 8% compared to the commonly used deficit(70-
80nun) in the lower Nanioi that season. in contrast, in 2007/8, where during flowering in-
crop rainfall was greater and evaporative demand lower, stretching irrigation during
flowering (54 to 78mm deficits) maximised yield, \!\IDE and captured more in-crop railffall
than irrigating at a 40nun deficit. However, irrigation application efficier, cy tradeoffs are
farmspecific andneed to be measured before adopting smalldeficits.

improved sthedu^Ig of Bongard U in water limitted situations has been largely achieved
with the contribution of the research conducted in tins project. 'The need to avoid water
stress late in flowering in Bongard U was confirmed as yield losses per day of stress were
double the conventional vadety at the san, e growth stage. This message has been widely
extended over the pastfrireeyears.

The question of whichhas trueritgherWUE, conventional orBOUgard UVarieties, hasbeen
answered by showing that it depends on the impactthatHelicoz, ap" damagehas on crop
morphology. Ina situations where insectdamage wasmoderate Bongard Uusedless water
than the conventional variety because the conventional variety grew for longer to
compensate forthe damage. Where irisect damage is niirimnalthere isno differencebecause
the plants are inorphologicaUyidentical. However the situation where early tipping of the
main-stemwas the only trisectdarriageto the conventional variety, ithad the highest yield
andWUE duetotheimprovedcanopystructure

The irrigation water requirement of cotton in pressurised systems (e. g. tape) wassensitive to
chinatic conditions and could be reduced provided the crop factor is varied in response to
plant growth and climate. Cotton grew differently in it's system compared to furrow
irrigation.

OZCOT model enhancement is need if it is to effectiveIy simulate chinatic risk in new
production regions or changed cropping practices or the simulation of water balances or
climate change scenarios.

This projectproduced data to show: I) replication is essential for paddock size water balance
trials and experiments; 2) a review of plant monitoring methods for early irrigation
scheduhng is required; 3) new research mefriodologies developed here will provide indirect
benefits to the cotton industry.
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Appendix ^:

A Comparison of Conventional and Bollgard 1/@ cotton on (30")
0.75m rowspacing

Janelle Montgornery, NSW DPI, Steve Yeates, CSIRO, Andrew Parkes, 'Keytah' amI Peter

Gall, Keytah.

Alms:

I) Measure the actual water consumed on a field basis by 2 cotton farming systems,

namely Bollgard 1/@ and conventional cotton both planted with 30'(0.75m)rowspacing.

2) Calculate the water use efficiency of each farming system in terms of bales perML

(Gross Produ^ion Water Use Irklex and Irrigation Water Use Index)

3) Measure variety differences between each farming system.

^

Trial Layo"t:

One replicated trailwas established to compare Conventional and Bollgard 1/@^ton on
0.75 in (30")row spacing at Keytah during the 07/08 season. Themallayoutis presented in

Figure I.

Mace Meter
^.

Main Supply

a

PI

Co

SI

Figure ,: Experimental layout of

,, In

SoilV ado":

Water availability was lowduririg the 07/08 season. Keytah only had one field availabl for

this particulartrial; however the IiId had a great deal of variation with a prior stream running

F1

In

I site

ace Meter
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through the field as shown in the EM survey (Figure I). Replication is essential under these
conditions.

Measurements:

Water applied to each plot was measured using a mace meter located in the pipe connecting

the main supply to the head ditch (See Figure I). Runoffwas measured using an Irrimate"
flume and a mace meter was located in the pipe where tailwaters flowed from the field.

Starting and ending soil moisture was measured within each plot. Rainfall was measured at

the Keytah weather station, approx 300m from the trial site. Soil moisture monitoring and

scheduling was conducted by Keytah Management based on normal farm practice.

Results & Discussion:

Yield

The yield for each plotis shown in Table I. Plot 4 had a significantly lower yield. The head

ditch was emptied into this plot which may have resulted in some waterlogging reducing

yields. The difference in yields between plots clearly shows the importance of replication in

on-farm trials. Had there been no replication and the conventional treatment only been

located in plot 4 the trial would have given completely erroneous results.

Table I: Yield of each plotand the average forthe conventional and Bollgard "
varieties

Plot

Variety

Yield

Bales/Ha

Bollgard 11

43 BRF

12.11

2

Conventional

43 RRF

12.28

Water Use

All plots received 4 irrigations. The Bollgard 11 crop received on average 6.1 MUha of

irrigation water and the conventional 7.3 MUha as shown in Table 2. There was little

difference between the two varieties in the amount of water that inntrated the soil(net

applied) and available for plant use (assuming no deep drainage).

3

Bollgard 11

43 BRF

12.08

4

Conventional

43 RRF

10.90

Average

Bollgardll Conventional

43 RRF43 BRF

11.612.1
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Table 2: A comparison of irrigation water use during each irrigation eventfor BCllgard "
and Conventional Cotton

Inflow (MUha)

Runoff (MUha)

NetApplied

(MUha)

Inflow (MUha)

Conventional Runoff(,"Uha)

Net Applied43RRF

(MUha)

Bollgard "

43BRF

Waterup

I. 9

0.2

One capacitance probe (C-Probe) was installed in the majority soiltype within each plot.

The probes were riot calibrated, so cannot provide volumetric water content changes,
however theirreadings can be used to give an indication of differences in water use between
the two varieties. Table 3 shows the summed C-probe reading taken directly before and

after an irrigation eventfor each probe.

Irrigation Event

2

I. 2

0.2

,. 7

2.0

0.3

Table 3: The difference in C-probe readings before and after an irrigation eventfor

each plot.

Plot

Variety

IRRIGATION

410,12008

0.9

0.2

1.0

I. 5

0.4

3*

I. O

0.1

43

BRF RRF

201 236191Before irrigation event

264 292254After irrigation event

5663Differenceinsoilmoisture 63

207 231200Before irrigation event

262 295254After irrigation event

55 64Differenceinsoilmoisture 54

191 197 200 220Before irrigation event

251 251 261 289After irrigation event

696254Differenceinsoilmoisture 60

184 ind 195 223Before irrigation eventIRRIGATION

251 ind 258 288After irrigation event4

656511/03/2008 Differenceinsoilmoisture 68 ind 63

This data suggests no difference in profile water between the Bollgard 11 and conventional
cotton. This is expected given the two varieties were similarlooking plants. That is, the

1.7

0.6

0.9

0.3

4

I. 2

0.4

I. ,

Total

0.8

I. 3

0.2

0.6

6.1

I . I

IRRIGATION

2

1102/2008

0.8

I. 5

0.9

I. ,

5.0

7.3

2.1

IRRIGATION

3

24/02/2008

0.6

BRF

5.2

2

RRF

193

259

66

209

248

39

AVERAGE

BRF RRF

63 61

54 52

61 62

65
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momhologicaldifferences between the plants were minorand therefore you would expect
water use to be similar.

Table 4 provides a summary of thereter use indices foreach plot. Water use indices relate

production to the quantity of water used. The lower yield in plot 4 resulted in lower water

use indices forthis plot.

The average lingation Water Use Index (IWUl) was 2.0 and 1.6 b/MLforthe Bollgard and

the Conventional respectively. The average Gross Production Water Use Index, which

accounts for all water sources (irrigation water, soil water and rainfall) was 1.3 binL for

Boilgard 11 and 1.1 binL for Conventional.
,

43
BRF

Plot

Variety

'rod"3.10n details

Area roan ha
Total roduction bales

Avera e Yield bales/ha, Vha
Waters"

Total irrigation applied on cotton
MUha

Irrigation Water Use Index
Bales"InL

SoilWater

Used Soilreserve MUha

Rainfall

Total in season rain MUha

Seasonal wateru e total MUha

Gross Production Water Use Index
oral Baled"IL

2

43
RRF

15.52

187.90

12.1 I

3

43
BRF

10.82

132.90

12.28

Plant"cultor, "g

The momhologicaldifferences betneen the varieties were much less this season, which was

reflected in similar yields. The tipping percentage in the conventional variety was much lower

than the 80 to 90% observed in previous seasons and therewas only a smalldifference in
fruitretention as shown in Table 4.

6.31

,. 92

4

43
RRF

17.51

211.60
12.08

7.08

-,. 92

Avera e

Bollgardll Conventional

,. 73

16.59

,80.90

10.90

4.59

8.98

,. 35

5.93

.,. 88

Similarto previous trials the conventional variety was about 5 days later maturing due to the

combined effeds of tipping and slightly lower retention. The importance of late season leaf

health shown by 67 and 78% offinnlbollgrowth occurring after cut-outwas again measured

this season. Disease, insufficient N uptake, water stress and insect pests allreduce leaf

photosynthesis at this time.

2.04

4.59

9.79

,. 25

,6.52

,99.75

,2. ,O

7.49

-,. 40

,. 46

4.59

9.12

,. 32

-,., 4

6. ,

,3.7,

,56.90

,,. 59

4.59

10.94

,. 00

2.0

-,. 7

7.3

5

9

,. 34

,. 6

-,. S

6

,O

, ,3
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Table 4: Plant monitoring results

Bollgard -43-BRF

5

87

Tipping %

Retention - all sites % on

8/1/08

Final Boil Number/in

% final boilweight grown

after cut out on 5/2/08

Open Bolls % - April 4

Conclusions:

An important driver of plant water use is the plant structure. Obviously a larger plant, larger
leaves etc will use more water. During this season, the conventional and Bollgard 11 plants

has a similar structure - momhologicaldifferences between the two were much less, they

looked very similar. It was a mild season with few stresses. Although insect damage can
differ between the two varieties, it too wasn't as greatthis season. Therefore whatresulted

was a similarlooking plantin the conventional and Bollgard stands which accounts forthe

similar yield and water use.

144

67

Conventional-43 RRF

37

79

58

A significant outcome from this trial is that it clearly shows the importance of replication.

any variation is expected in a trial, whether it is soil variation or variation in management,

replication is vital.

160

78

35
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Appendix2: Reportontheperformance of theOZCOTmodelforsimulating
Variable Deficittrials conducted at MyallVale research station forthe three

seasons 2006-07,2007-08 and 2008-09.

Report by:

Description of trials:

Variable deficittrialswere conducted by StephenYeates on the MyallVale research
station inchico block forthe three seasons 2006-07, 2007-08 and 2008-09. 'nie trials

wereconducted and data gathered as partofthe project"Optimal Production and
Water Use of High Retention Cotton and other NewTeclmologies".

The trials consisted of varying irrigation schedules, bothin number of irrigation
applications and timing ifirrigations during crop development.
Eachseasonincluded:

. a very frequentirrigation trial (Blue - wettest)

. a frequentirrigation trial (Green - wet)

. a 'typical', slightly reserved irrigation trial(Red - typical)

. a Innited irrigation trial(Grey - dry).
Some yearsincluded extratrialirrigationpatterns that havenotbeenanalysed due
to litnited ability to compare between years and also Innited data collected to assess
modelperformance.
Observations were taken of tittialsoilnitrogen and fertilizer applications, softwarer
readings by neutron probe measurements, and crop observations at various points
itroughoutthe seasonforleafarea, site production, bon retention, bon counts, lint
production and biomass production.

Simulations were then run trioZCOT (stand-alone version) to assessits
perforrnance mmodeUirig crop growth and water use. Crop growth alignment was
assessed on LAldevelopment and marimum leafarea, fruiting site production, bon
counts overtime, openbollcounts, seed cotton per bon and final lint yields.

Davidjohriston (October 2009)

Description of seasons:

The tiree growing seasons over whichthe trialswereconductedrepresentavery
fortuitous variety inclirnatic conditions which is useful tritesting the model
performance by allowing modelbehaviour at growing condition extremes to be
observed.

The 2006-07growingseasonwas ahot, dry yearwithunusuallyhighVPDvalues
throughouttheseason. Early seasonttirips damage was alsomore notable than
normal.

The 2007-08 growing seasonwas a lulld and relatively wetyear. Early season trisect
damage was wellcontroUed. Radiation was probably sub-optimal forthe early part
of the season, but litr, ited disease was reported.
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The 2008-09 growing seasonrepresented afairly 'average yearand possibly
represented the closest approxirriation of the seasons of the early to inid 1980's
during whichmuchoftheOZCOTmodelfunctionalitywasdevelopedand'tuned'
Creates). This season did nothave the extreme heatofthe2006-07season, nor the
cool, wetconditions that dontiriated the 2007-08 season. It did have a significant
rainfallevent in early February, a few days after an irrigation, so a short period of
potential water-logging did occur. Some verb. cmium darnage wasreported in some
of the trials. Pest pressures were generally wellcontroUed and had little or no effect
on trial performance.

OZCOT Simulations:

OZCOT modelsimulations were run using 'defauit' settings with the following
parameterisations:

Weather - MyallVale met data (ACRlmetstation + A3rairifaUwhere
available)

soil - Chicoblocks^, I^^^,!'ar;I^, t^^^^:!^y, Di^^^^;^..!^a^^;^.,^;^,^^t^!^!^,:^^^I^}!^),*,..,.
Variety - SiCot71BRvarie^!me , .- --
Agronomy - Asreco'I'a^ti'rot'itit'tidi'son. 'nitroj;eti, 'f^;fanzet. appficatioriis""""

and irrigation applications

Additional modelruns were alsoconducted with varioussettingadjusttiients. The
most useful of these were:

. varying WatLogC ^ 0.87(default), 0.90, 0.95 and 1.0

. Incre^sing initialN : uptake N = 92 - 100(actuals), 150, 240

. In. reasing appli^d N ^ kg^PPIied 200(actual), 240

(these adjusttnents were applied in various combinations).

Sununary - ModelsimulationFerformance:

IActualtrialdata and simulated modeloutputs, with graphs, are contairied intrie
spreadsheet"DeficitTrials - Outputsuinrriary. XIs". Ttiis spreadsheet holds outputs
from most of the variations of modelpararnetersettingstested. The following
comments are a summary of observationsrriade of the perfonnance of the model
using these various settings for the model. l

~...,,. ,, t. ~, ~,,,, ,"t. q ....~, ,..... ..,..,. ...'..,.. ..

Prediction of LAldevelopm, _ent

For drier trials, OZCOT over predicted the LAl.
The worstpredictionobserved wasfor the 'Grey (dry)'trial in 2006-07, the hot dry
year.
LAlwas over predicted for anti, ialsforthe early part of the 2006-07season, but most
significantly for the 'dry' trials.

." ..~ ... ..,..........
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LAlwas generallyreasonable, bothiridevelopmenttirningandniaximumLAl
predicted for the moderate trials in both2007-08 and 2008.09.

Some unusual fluctuationswerepredicted in^, ewettesttt. iaiswithLAlendingup
being antaeon the lowside. Reducing the water logging effect(WatLogC=0.87^.
0.95) and adding some e, ,tra Nitrogen (921^g .>. 150kg N applied) significanttiy helped
to Innitthefluctiiationsandallowed themodelto simulate a recovery to closeto
observed LAlvalues. Tliiseffectwasconsistentforthewettesttrialsforbotti2007-08
and 2008-09.

3.00

2.00

^

= 0.00

too

.too

.2.00

LAl

...@O

rances for 'Blue' Trials

( 19vsACLual)

3.00

2.00

too

0.00

.,."

.2.00

^

a
.

^

Ob"r, ., 10n
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Ingh"+LowWL"Actual)
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rivettesttrials' LAlpredictionirnprovedbyreducirigwaterloggingandboostirig
nitrogenl
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Prediction of Site numbers

Site development was predicted most accurately forthe drier trials, with wetter
trials having delayed developimnt(approx20daysby nitd 2008-09 season), artd/or
too few sites(150 - 200 per metretoo few iri2007.08 'Bluewet'trial). Reduced water
logging improved the prediction of the total number, especially init, ewettest trials,
but the delay was still evident. Adding extra Nitrogen and reducing the water
logging can resultirian'overshoot' of the totalsitenumber.
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Prediction of Bon numbers

Largely followed the patterns observed for site numbers.
Very dry trials varied from tits pattern mittatsite numbers were reasonable, while
bon numbers were over predicted as was yield. This Inay indicate itIatirisufficient
shedding occursinverydryconditions.

2,000

gooo

00.00

a
.
.

50.00

0.00

Bon ", intor mr, orenees for'Grey Trials
long vs ActualI

.50.00

.". 00

.". 00

.200.00

200.00

Gooo

^

00

50.00

0.00

.50.00

.
.

Bon ,., riber inneronce for'Grey Trials
("gh"+LowWL"Actual)

., 0.00

., 0.00

.2,000

Ob"rv. ,10n

[Bonnumberswere over predicted for very dry trials]
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Prediction of Yield

Broad generalisation: Under predicted mr^ghyieldirigcrops and over predicted in
low yielding crops.

Crops ingoodconditions(wild-warmclimate andwellirrigated) hadyieldunder
predicted whichwas proportional to the under prediction of bons and, stintlarly, the
under prediction of sites. Under prediction of site .^. under prediction of yield.
Reducing water logging effectarid boostingnitrogenimproved tt, e situation.

Cropsinhotdryconditior, shadyieldover predicted, someby > 50%. Thawas
proportional to the over prediction intoU numbers, while site numberswere
predicted fairly accurately.
Sites OK, buttoornanybolls. >. too highyield: shedding too low.
Clungestowaterloggirigtriggerhad an effect, but water logging should nothave
happened at all.
Modelresponsivenesstonitrogeninvery dry trials alsorai^eesomequestionson
nitrogen dynarriics in tire model.

Bon size, asrepresented by the varietalpararneter'Seed Cotton/Bon' was varied
from tilederaultof5.0 to 5.5and 5.8. Whilesome differences werenoted, the error

intotaiyield generally was suchtl. Iatfine adjusttnents intriis parameter were
effectiveIy meaningless. Simulationsttiat did produce yields doser to the rumk
indicate tl'Iata reviewof^Ie defaultbollsize from the current5.0 to 5.5 Inaybe
warranted.

ego

- Coo

I ,"
.200

400

4.00

too. .An You'.

I CAC. ""}

6.00

- 400

j 2.0
0.0

.2.0

400

fold. A"Y. ."

" Actusljn"*

400

V",

Lineld in wetter trials was improved by limiting water logging, yields in driest^als
(06/07-Grey) adversely affected by reducing water logging and boosting nitroganl.

2000. .7

.a

.tic,

.rid

aO. ,

V",

I^I

420f47



Disscussion Points:

Based on the observations and arialysis of the modelperforrnanceas outlined above,
the following pointsshould be discussed and remedial actionsconsidered and
appraised:

I. . NitrogenUptakeinOZCOT

Nitrogenuptake needstobeboostedbeyond the 240kgmark to achieve the yields
observed. This is consistentwithnewvarieties perfoLLLLingbeyond the pointwhere
240kg of N is sufficient.
CurrentlyOZCOTpaperrefersto UpTAKN_MAX -this is notinthe OZCOTmodel
- and this is stated to be setat240 kg herIbased on work by Basinskietn1. (1975).
OZCOT does notlirnitthe it^tialU take N o01, but does use the 240 k I^-11imt

to apportion outthe effective addition that fertilizer applications make to the pool.
Rockyhas newfiguresthatcould be used, the equationsre-worked and
documentation amended. The size of this pooldoes affectthe calculation of the
VNSTRS ryeg N Stressfactor) which in turn can affectthe Fruiting Site Production
and LAIGEN (note p262 ofOZCOTpaper).

(This issue needsto be re-evaluated in light of the fact that the newCotton
componentwillbeusing AFSIMSoilN. HowthecoreOZCOTmodelintegratesun
SoilN needsto be reviewed to assess whether any partofthecurrentproblemwill
remainwhensimulations are runinAussieCot orin ASPIMwithftienewCotton

component).

2. Water Logging

Water Logging appearsto have too great an effectwhenleftatttie defaultlevel
(WatLogC = 0.87). Simulated results indicate a better fit at aboutWatLogC = 0.95.

The wetter the trial the worse the under-prediction of site production and bon
retention.

Lirntting the effect of water logging in the one of the wettest trials intrie wettest year
significantly improves LAl(total) and, to a lesser extent, yield. It improves, but fails
to correctsites and Bon numbers.

Yield is generally under-predicted, primarily driven by too few bons.
Fewsites, but LAlnottoo bad: Is LAl site too lit h?

Toofewbolls may lead to highLAl/site?(via excessresources).

Question: How do wetconditionslead to toofew sites?

tTestperfonned re NitrogenXwaterlogging vssite numbers:
Question: Reduced N .>. lesssites? I Excess N ->. more sites? w/wowater
logging.
Results: Reduced Nwithwaterloggingsimulated poorly - toofew sites, low
yield.
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HighNwiftinowaterlogginggavebestresults.

Analysis: Water logging slightly increased shedding and tiierefore reduced yield.
However, thebi esterfecLofwaterlo is toteducesite roduction.
IncreasedNcomperisatesbyboostirigsitenurnbers.

3. LAVsite

haverydryconditions, site production is nottoobad, but LAlisway over predicted.

LAl sitetoohi b far -VPD oro^letlirnitiri factoronLAIGENnotaccounted
for?̂

4. Yieldoverpredictedunderdryconditions

Highyieldntightbeaccounted for by #3above (LAl/site).
Highyield predictionsrneyalsobecontributed to by:

Boilsheddingis low in dry trials - a', is could be a^esultof excess LAl(?) and results
manexcessive yield prediction. (?)

Nitrogen dynarnics^ Low (dry) SMlshould litnit N usage, hat simulations still
indicate hatN is hinting yields, even though yield is already over predicted.

Early over prediction of LAliriwettertreatrnerits of someyearsrnay reflectftie
,, inccounted-forthrips damgeinthecrops. (2006-07es^cially).

Higl', yieldofirrigatedcrop ^blue') bettersirnulatedwiftiadjustedhigherNvalues
N, with, withoutwith some (but minted) water logging effect. (Sirnsrurifor

andreducedwaterlogging). ExcessNwiftinowaterloggingproduced18. Ib/I^!
Conclusion: Some water logging effectisstillreq. uired?

5. WatLogN

Alsoofnote is hatWatlogN -the levelatwhichwaterloggingaffecLSNitrogenuse
-is NOTcomparedagainstSMl, but rather againstSW/UL, wl, ichcanbe
considerably differantftomSMl. TriedefaultvalueofWatLogN is 0.87, justasitis
forWatlogC.

OZCOTuses:
IF(SW/or. CT. WATLOG_N)T}IEN

us (AVAILN. CT. 30. ) TIEN
AVAILN=AVAILN-0,983

ELSE

AVAILN = AVAILN*o. 99

! Heam & Constable

! waterlogging 2815/%

! Heam Constable

440f47



ENDIF

ENDIF

SW/or can vary quite signiticantiy from Shil (eg. SW/or" = 0,943 vs SI\^U = 0,827)
so water logging affectingN usagernaynotrriatchreportedSMlpattems.

Note: WatLogC is compared againstSMl, so the defaultvalue of 0.87forWatLogC
does meantl'IatwaterloggirigaffectsCarryirigCapacityforSMlvaluesabove0.87.

- 2006-078,2007-08 SeasonTesti, IgR. eport

The two growing seasonsof2006-07and 2007-08 representvery differentseasonal
patternsforthecottoncrop grownatMyallVale. Tmscanbeveryusefulformodel
validation, especially with^Ie inclusionof^IenewdoniiriantvarietyS71BRF.

2006 - 07 wasahot, dryyearwhichhadearlytliripsd, ,mage. VPDwasunusuaUy
highformuchoftheseason.

Blue (wettest)'06 Trials-
Sites: simulated OK

Bons: simulated OK

LAl: Over predicted early. Max LAlwitl'tin~0.5
Yield : SlightUNDER prediction 111.4 vs 12.31 - Why? (FNSTRS will Iintiting at

150 kg N?)
SeedCot/Bonvariation: Bestatbase of 5.0
Notes: WaterLogging riotshowntobemuchofanissue, ifataU.

Green (wet) & Red ('typical')'06 Trial:-
Sites: OK

Bons : Slightoverprediction. Longer season? More LAl? Less bon loss?
LAl: Over predicLionearly. Thaips damage? VPD effect on leafexparision?
Yield : Over prediction. Higher LAleffect?
SeedCot/Bonvariation: Negligible effect. Larger halls slightly better.

Deficit Trial analysis Summ
OfOZCOTSimulations

2006-07 & 2007-08

Grey (dry)'06Trial:-
Sites: Nottoobad.

Bons : Over predicted-significantly. Bon sheddingtoo low?
LAl: Bigerror. ModelOverpredicted. Thaips damage early? MoreVPD stress

notaccounted for?

450f47



Yield : Over predicted t6.1vs 11.11 Modelresponsive to inputchangesfor
WatLog and N, but water logging effectshould
have beenrniniinalforthis dry treatmentso N
effectis more likely. Likely N stress more sever
herewithlowSMldepleting NUptake value. N
is litntting, even with excess yield!

SeedCot/Bon variation: notvalid effects. 5.0 as valid asariy.

^^^^^^^^^^^^^^^^^^^

2007- newasamild, wetter year. Somewaterloggirigwasevidentiriheavily
irrigated Inale. Thaipsdamagewas generally weUcontrolled mitte early partofftie
^ason.

More typical of ayeartliatftieOZCOTmodelwouldhavebeendevelopedunder.
Reducing Water Logging effectandboosting Nitrogen significantlyimproved
performar^e, particularly on wettertr. eattnents.

Blue (wettest)'07Trials-
Sites: simulated toofewsites(150 - 200 permetretoofew) Water Logging

effect? Even whenwaterlogging wassuppressed?
Bolts : simulated toofewbyabout^Ie samerate. Bon shedding due to water

logging? Ortoo few sites produced?
LAl: Close. Significantirnprovemeritwhen*Water Logging wassuppressedarid

Nboosted

Yield : UNDERprediction 111.0vs 13.01 - Why? Too f^w sire^? ->. to. few bons
(Some N Stress mostly from Feb'08 on: water logging?)

S^^dCot/Bonvariation^ Bestat5.5 - marginal gall
Notes: Water Logging having asigriificariteffect?

ToofewsitesbutLAIOK?

^^^^^^^^

Green (wet) & Red ('typical')'07 Trialg-
Sites: Slightdelay. Greenslightlyunderpredicted. RedclosetoOK.
Bolts : Under prediction Modelshows greater drop intoUnumberstlian

observed. Modellosestoo many bons? Water Logging
effectwrong?

LAl: Close. Redwi^Isuppressed water logging ever, over predicted LAl
(Standard ^tangs^tter). Water logging effort on LAl
more accurate than on bon load -errorineffect on bon
load?

Yield , Under prediction Greensigr, ificar, ay (9.5 vs 13.8) Ball^hadding offert?
SeedCot/Bon variation: SUIalleffect. Larger bolts (5.8) better, especially for

Gr^r, treatment.

Notes: Wateringgirlgarid Nboosthad alitnited effect-lessfor drier treatment.
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Grey (dry)'07Trials-
Sites: Slightunderpredictionandslightdelay, but nottoobad.
Bons: OK (sort-of). Bon shedding simulation nottoo bad in drier treatment?
LAl: OK. Slightoverpredictioninlateseason. Modelwelltiined forthis

scenario?

Yield : Close 112.4vs12.01. Some N orwaterloggingeffectas defaultmodel
Under predicted yield 18.5 vs 12.01 - Most probably N stress.
Likely N stress more severe here with lowsMldepleting
NUptake value. N is stilllintitingwith extra N added!

SeedCot/Bonvari, ,tion: Noeffects. VERYflatresponse.

Notes:Water Logging andNboosthada Innitedeffect-mostly moreN
available.
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