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TIIE EXAMtliATION OP SOIL STRUCTURAL DETERIORATION IN 

lRRlCATED C.OTTON FIELDS 

D. Mccarry 

C.S.I.R.O. Divis ion of Soils, CPO Box 639 

CANBERRA, A.C.T. 2601 

At t he 1982 Aus t ral ian Cotton Grovers' Research Conference the 

eff ect s o f land preparation at different so11 water contents on soil 

structure and cotton growth was repori:ed. In summary, land preparation 

on 'wet' rather than 'dry' soil led to (1) a significant reduction in 

the amount of water available to cotton plants, (ii) strong changes in 

soil structure visible in the aoil profile, and (iii) smaller cotton 

plants with up to 50% fewer green bolls. 

On teriiiination of the experiment soil samples were collected to 

study the nature of any dif ferences due to the land preparation treatments. 

This paper presents details and results from t\IO of the analyaes used. 

l1te first technique used a mi c roscope to examine the micro-features 

and optical properties of very thin sect i ons (0.025llllll) cut froe intact 

soil samples illlpregnated with hard-set t i ng epoxy resin. Samples from both 

the 'wet' and 'dry' treatment e have been examined and compared with 

samples taken from uncultiva ted sites (stock routes). The uncul tivated 

('virgin') soils of the Namoi Valley are dOlllinated by clay material which 

has random orientation with predominantly edge to face contacts (Fig.l, 

type A). In contrast, the soil which had been prepared 'wet' had up to 

25% of the top 20cm of soil composed of clay zones which have preferred 

orientation with predominantly face to face contacts (l'ig. l, type B). 

For the same depth the soi l pcepared 'dry' had a maxim1111:1 of 2% of the 

so'i l composed of clay "'ith preferred orientation. ln both t r eatnients 

the sb;e range of t he oriented clay zones was 0.5 x 0.3DI t o 400 x 240... 

What is the source of these zones, and what i111Plicationa do they have 

for crop growth? The moat probable source is the •mearing of wet soil by 

meta"J.."implements, and tractor wheals which lose traction and spin. An 
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increase in the amount of clay with parallel rather than random 

orientation indicates an increase in the packing dehaity of particles. 

The likely implications of this include: water held in the soil is les s 

avai lable to plants , plant roots experience greater difficulty in 

penetrating the soil. nutrients held i n the soil are l ess available , 

there is less air- space so that both amount and movement of soil air 

is reduced. 

In terms of amelioration of struc tural deteriora t ion, it is important 

that t he majority of oriented-clay zones were less than 20mm across, so 

are unliltely to be affected by ripping implements. I t may require 

expl oration by fine root hairs and by soil-living animals (e.g. earth­

worms) as well as wetting and drying cycles to ameliorate suctr zones. 

The second techni que used to assess structural de terioration was to 

examine the bulk density and aeration status of natural soil clods over a 

wide range of soil water content. The technique involves coat i ng t he 

clods with Saran resin whi ch has the property of allowing water vapour to 

pass through (so the clod dries slowly) but is impermeable to li~uld water 

(so allowing the clod's volume to be measured by imnersion in water). The 

clod bulk density is calculated from its weight and volume and ls plotted 

agains t its water content to give a picture of the solid to air-space 

relations of t he soil at any one water content. 

Figure 2 presents typical data from a clod from each of the 've t ' and 

'dry ' t reatments in t he 0-~0cm layer. The most obvious difference be tween 

treatments is that for all water con tents the land prepared 'dry' has 

lower bulk density values than the l and prepared 'wet'. This indicates 

that for any one soil water content t here was less soil ai r in clods from 

the land prepared 'wet' than there was for clods from the land prepared 

'dry'. This trend was true for the majority of clods in the 0-10 end 

10-20cm layers, 

The lower aerati on status of the top 20cm of the ' wet' prepared soil 

11ay be r elated to the greater incidence of oriented clay zones as seen 

W\der the mic roscope over the same depth. The usual implications apply for 

the poorer aeration of the 'wet' treatment .i.e. poorer root growth, 

reduced water and nutrien~ uptake, and increased incidence of root disease. 

Thus, these data have provi ded some understanding of the nature of 

soil structural deterioration i n cotton-growing clay soils, a11d an 

explanation of the differences in cotton plant growth measured between the 

treatments in the 1981/82 season • 
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usin9 the examination of clay orientation as an 

index o f structural de?radation. 

(A) Random orientation: 

edge to face ali9nroent 

predominant 

(B ) Preferred orientation: 

face to face • li9nment 

predominant. 

44z. .. g 
q_;4J';:BI~ 

~~ ,,, 
Where, p? packets of clay particles 

i nd ividual clay partlel .. s. 

EfA....! . 8ulk deo&lty of two &oil clods plotted against 
their wate r content. 

•• •• .. 
Cravlmttric water content X 

'wet' 

'dey' 

.. 

, 



282 

IRBIGATION M/INAGEH&N'.;: or COTTON FOR 

EFFICn:NT 'JATER USE. 

! • SOIL AND IRRIQ,\TlON FACTORS 

D.F. Yul.e 

Dept. o! Primary Induatriea , Emerald, Qld. 

Average cotton yields at Emerald, Queensland b&Te generally been lov 

vhen compared to otber cotton growing a.nu in Australia. In particular, 

aO'erage yiel.ds in tbe 1980 to 1982 sea.sons were only 3.}. bales/hectare . 

Since yields in excess ot 7 bales/hectare have been recorded, poor irrigatiOD 

management appe&Nd to contribute to the low yields. 

The Emerald Irrigation Area ia predominanUy cracking clay soils 

and a large prcport1o.c. ot these aoila are shallov (< l.Olll deep) a.c.d ban 

consider able slope Cl-~) (KcDcm.ald, 1975). Those aoil factors and the 

tropical eDTirOW11e11t suggested that direct application ot irrigation. manage­

ment from other cotton area.a 'I08.:'J not be appropriate. These two papers 

present a summary or the irrigation 0111.D.ageme11t studies C011ducted by tho 

Department of Prinzar:y llldwstries at Emerald in 1982/83 and l 983;st.. In 

additiOD I bin'e included a brier reYiew or the reported research into aoil 

co121paction at Emerald. 

SOIL COMPACTION. 

Soil complll:tion at Emerald ha.a been ill'lestigated by obseXTillg soil 

structure in pit4 {McGarry imd Mc:Donald, 198:5), b:J comparing vater me rates 

and diatribution from neutron moisture meter data (Vil cox and Cull, 19&'+), and 

by a c:o111bination of these methods supported by bulk deneity, root length and 

aoil strength determinations (B.B, So, pare. comm.., 19~ ), 

KcGarry and McDonald (19S3) round t hat Yiaible aoil structure clumge1' 

f ro11 tlie 'tli.rgin state t o the ti• ot their innatip.tie111a were Iii.nor md were 

ccnrinod to the 8 - 25 c• depth zo1u. Aleo tbe incidence of structural 

degr&dation (compaction) vu rare (2 of 26 profiles exlllllined) end in tun 
vaa highly localised. The aiajorit:r of their sitH wre choaa as beiog 

auspected COllJlacted ai t••· 'l'bere nn 110 9P11arent c\llllllatiTe eftecta , aome 
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sites had been irrigated tor 16 years. The~ observed proli fic roots at all 

sites grovizl.g cott®. ~Y conclude that the majority of soils in the E.I.A 

bave good potential !or pl ant root exploitation and crop growth and that the 

cause of yield decline in l.98c-l982 was not soil structural degradation • 

~filcox alld Cull (1984) !01J11d that lower yield was l\Ssociated with 

l.ower water use rates and pr~ortionally greater water extraction at depth. 

They concluded that these water use changes were possibly due to some degree 

ot structural degradation associated with land preparation when the soil was 

wet. 

Dr. So co~cl.uded that compaction layers ill the soil. protile are 

l ikel,y to result ill reduced growth and :yiel.d. Compaction l ayers with 

ABsoci ated reduced plant vi gour "ere totmd at tllO sites. Pl.ant growth wa.s 

apparently r educed by increABed wat er stress. The presence ot compaction 

l.ayere was indicated by increaaed COl:lputed bulk density,by lower root density 

and water e:io:traction at depth , end by visua.l observations ot soil structure and 

the root system. 

The contradictions in these reports are obviow;. The importance ot 
soil structural degradation in the E.I.A. :-emai.ns unclear. At one o! the 

sites studied by Dr. So, a yiel d redudion ot more than l. bal.ejba. vaa reported 

by the farmer. However soil structural. degradatiOll does not appear to have 

been the -jor cause of th<! low yi"lda iD l.~o-J.982. 

LocatiC11 and Method&. 

The experiments were conducted at tha Department o! Primary Industries 

Emerald Reseerch Shtion. The soil type is BUg (McDonald 1975) which is a 

ba11al.tic craclcing clay with cl.&J' cODtent 7a;,, cation exchange capacity 75 m. 
equiT ~. soil. depth 85 cm over decomposing basalt, !illld slope 1,%. Fvrow 

irrigatiOD treatments were applied t o blocks 12 rows (12 m) wide aa.d 200 m 
long. The datum area cODaiated ot the central four row. Irrigation. treat-

aaente were based oa soil vater deficits predicted I>)' • crop factor - eTaporatioa 

pen modal ( Table 1). The treat111ente impoe4td are listed ill 'l'ebl.a 2 • 
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TABU: 1. ~ crop !actors used in the wat er uee ~odel. 

Crop Growth Stage Crop Factor 

l Emergence tor 28 days o.,; 
II Stage l to l tlower/m o.4 
IU Stage II tor next 14 days a.6 
IV St age III tor next 14 days o.8 
v Stage IV t o 5 open bolls/ 111 l.O 

ni. predicted 110il vater de!ic:it tor each irrigation tnat11e11t. 

The deficit va.s der;ig11at .. d !or three crop development pba.ees 

u :tollows -

Phase A Emergence to l nover/metre 

Phase B l nover/metn to l Flover/uti:e + 28 dqs 

Phase C l nowrfmetre + 28 d.e.)'s to 5 Open bolls/metre 

Predict ed De:ticit 111111 

Treatment Phase A Phase B Phase C 

Very Frequent VJ' 15• 45 1+5 
Frequent F 75• 75 75 
In!req\lellt I1 120• 120 120 

Very Intreqwmt VD 150• 150 1.50 

R&illtall 82-83 29 148 Nil 
8,..W. 141 35 ~ 

Approx. ll'rig. 
Frequenc:r at 
Peak Growth. 

~s 

.5-6 
8-9 

14-15 

1?-18 

• Due to raintall, tbe pbase A deficit ill l.98'~ did not u:c .. d 75 • 
1md no treat.nt vu irrigated 1.a. p~ A. 
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\later application rates :luria;:; irrie;ations were measured 'With 

r ectangular weirs (1982/83) and V-a.otch weirs (1983~ ) , one weir per furrow. 

I rrigation ru:noCt rat es ... ere measured with HS !lW!leS (1982/83) and Parshall 

!lu.mes (1983/84) , one tlume per treo.tlllent . Total "ahr addi t ion , total. runoff, 

total infiltration and the final infiltration rates were calculated t or each 

irrigation. Soil aeration wa.s mc~sured in the 0-0.3m zone in 0. 1m depth 

increments using 0.1m diameter cares . ln l983/81t, cores were sampled trom the 

hills 20m below the head-ditch and 20m above the tail drain in the VF and ll' 

treatments during one irrigii.tion cycle. 

17Pieal vater application anc!. runoff data are shown in Fii;u.re 1 for 

three treatments in 1983/84. The incre"se in application rate at each irrigation 

was due to addiug s yphons to prenat possibl.e uneven wetting. All treatments 

produced runoff curYes of similar shape, varying ma.inly in total time of 

runoff. In general irrigation 11&6 sto;>ped wnen the runoff rate wa.s 

relatively stable. The total runoff depended mainly on the period of runoff 

and did not 'rarf gNatly acroaa treat111ents. The water application rates 

were sii:dlar at all irrigations and differences between treatments -were in 

period of irrigation which varied from 7 hours tor the VF treatment to 22 

hours for the VIF treat1Dent. Total water application increased with 
increasing deficit prior to irrige.tian. The total intiltrat.ion (water 

appl.icatioa minus runoff) 1ta.s -iiprox.ima.uly equal to the deficit prior to 

irrigation . Irription 09plication efficiency (total in.i'iltration/total 

'o'ater application) vas high in Ali treatments. Since the t otal rvnof! 

varied little across treatments, application e~ficieney tended to increase 

with increasing total intil.tration. Th.e !illal infiltration rate vas 

calculated as the difference between the application and runoff rates at 

the end of each irrigation. Since runoff rate WM inc::-easing this cal.cul.ated. 

intil.tratioa rate wil.l. depend somewhat on the period or runoff . 

Table >· 
The parameters from all irrigations in 198>~ are etmlll&l'ised ill 

O'rer the whole eea.son, total infiltration ap:;irax:imated tho 

pr edicted deficit in t he VF and F treatments. Thia vaa expecte d since total 

infiltration ehoul.d estimate crop vater use, as8Ulling drai.'l&glt ie i.ero, and 

the predicted deficit ebould estimta crop 1tatar use, aee~g napotrnn&piration 

rates wre near potential, :rn the · IF 111\d VU' treat...,nta Man total iiltiltration 
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Figure 1. 'l'Jpical wat er app1ication and ruaot! curv'ee 

!or three treatments ill l98~/8ft. Tbe Yaluea 
listed are calcv.l.ated fro• the c~••· 
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TAm.<; }. Mean irrigation paruieters tor each treatcient in 198}/8'+. 

Treatment Mean Mean Mean Mean 
Irrig. Total Final A:;plic . 
Deficit Infilt . Intilt .E:C!ie . 

:late _
1 ,: mm mm 111111 hr 

VF 51 lt9 2.3 ~ 

F 75 70 2.6 88 

IF i<:Yl 92 2.8 8? 
VIF ,i.o 126 .2.3 89 

va.s less tball. the mean predicted deficit , possibly because our predictive model 

m.akes no adjust!llent for plant water stress or reduced plant size in these treat­

Rlents, and the l!IOdel did not <"tccurately predict the rechar&'ll after rainfall . 

Our model is intended to provide a reaaonably reproducible basis for irrigation 

1111111agement across seasons in coa.norcisl applications and thes e weaknesses are 

unlikely to be sigiificant in those applications. 

The final infiltration r ates are low and vary little across treatments. 

Since these rates are averaged over the length of the irrig;ition furrows, they 

are not simplisti cally related to soil hydraulic properties. lfowever they are 

applicable to irrigation management since ce11ti.Jlued irrigation at these rates 

vill contribute little to the total infiltration. Table 3 sho'OS that the 

application efficiency can be high except in tho VF treatment where the sbort 

period of each irrigation ma.de limiting runoff difficult. High efficiency 

can be achieved b,- :nillimising runo!f and this management will have little ettect 
on total in.filtration. 

These results appear to support the tillding& or Shav and Yule (1978) 

that eraclts domillated tha water entq process into these soil• under fiood 

imgation, and that total infiltration was reJ.ated to the Tolume or crack 

present at irri~tion or to aoil vater deficit (as shown in Table 3). '!.'he 

infiltration process enc• the cracks are tilled vi.th -t•r (u illdicated ~ 

infiltration rate and applicat ion •fficiency) vas •illli.lar in all treatments. 
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Soil Aer'ltioza. 

Soil aeration vas measured near the head-ditch md the tail drain to 

study effects assoeiated with period o! iAundation. Figure 1 shows that in 

VF treatment ..,ater ..,a~ in the furro..,s near the bead ditch for about 7 hours 

compared to about ;I hours near the tail drain. 

The soil air content data are summarised in 'l'abl.ee 4 a11d .5. 

'l'.ulLE 4. Soil air content profiles one day atter irrigation. 
Values are in m} m -;I. 

VF t:r:eatment IF treatmant 
Soil &ad Tail Head Tail 
Depth (m.) ditch drain ditch drain 

0 - 0.1 0.26 0.30 0.35 0.35 
0.1 - 0.2 o.06 0.08 0.11 0.10 

0.2 - 0.3 0.02 0.02 0.03 0.03 

'l'ABLE 5. Soil air content& err? m -3) at a depth of 0.2 - o.,;m during 

irrigation cycles. DAI ia daya dter irrigation. 

VF treatment IF treatment 

DAI lead 'l'ail Bead Tail 
ditch drain ditch drai!a 

1 0.02 0.02 o.o, 0.03 

4 o.d+ o.<lt o.os O.<:t/ 
7 o.oa 0.11 

11 0.09 0.10 

1 o.o, o.06 
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11nd dPnP.ndP.nt on l,.,.f iorP.a), Si ncP. thP. Al'lol.lnt <>f nit t<>JUm tllkP.n np by thii: 

ftethod "'"~ vell bPlow that '"""~urP.d, ,. Ret of f'lt1ltipl1er factnrA """ 

nePd" d to lncr .. 11•P nitropPn "Ptttke .,.p .. cially during th" rapid upt11k<' 

phAA<' j11Rt p rior tn f l nwP rinP. ThP. MPd for "'11ltip l111ra 111 p r ob.t.bly d1•P in 

pArt t n an 11ndPrP'lt1.,.atinn of Roi l nitro,1tP.n concP.ntratinn . For thiR t""""" 
11n 11lterMtiyP. wnuld bft to havP. f Prt ilit.P.r rer.over:- nf 100% thuR k flaping 

thP Aoil nitrnpf!n r..oncPntr . ..cinn hi llh Pnnuph to bft AblA Ct> pr<!dict 

prAflowf'rinp. r11p id nitr"p.f'n 11pt11ke . I niti."1 nptakP c <>nld be 11111i tRd to 11 

1uxil'll1m ratP. bA~P.d nn thP. p h nt nitropPn cnnc• ntrAtinn for l\n reatrict4!d 

P. COloith. 

'l'he mftthnd .,,. , 11blf' to tPARoni• bly predict nit rOP,P.n nptRk<! for thll 

thtPP. nitcoit"n trP.Atl'lf':nt,. "t full irr1p.,.t1nn in the R2/83 P.XpP.ri1'1P.nt (RP.P. 

Fh.4). 

MitrnpPn StrP~R And it~ Kfff'ct. 

l'\ln nitrns:en AtrP.R,. indit:PB Rrft c11lc11l11ted: one fnr VP.F,PtRtive p,rnwth 

which ;offPctR fr11 itin1t dtP prndnction "nd lP.af ~rnwth rate. 11nd thf\ othllr 

for f r11it p.rowth which AffectA boll Rrowth r11te. 

Vea<"tRt1VA nitrnpen atrP.AR iR deAcri bed "~ the plant nitro~en r eaervf' 

in r.,ll\tinn to thP 1'1ini,.,.m nnn-Atrnc tnral plAnt nitropP.n req11irP,.ent. ThiB 

!ltrf'RR f,.ct<>r WM• cnftp Ared with rPlAtive fndtinR Aite rroduction for 

corrf'Apondiny nitrn~en treAt,.P.ntA (R P. ft FiR lb). Wh en the reserve fall a 

bel"" the 01ini11111,. r.,1111irPMA'nt, relAtive frniting Aite productinn d"cr-.a~eR 

blll"11 I. The ?nini ,.nm tP'111irf'>ment Wll• bARed nn the 1-e~t plAnt nitro11en 

conclln tr11tion in th~ 82/83 ll'ltl>llriment. 

LeAf 11rowth rAte iA Al~n Affr.cted in a ~imilar wAy, Thi11 Rtre8A 

P.f f P~t iR 11lAn shnvn in Ftp. lb . 

RPAultA of r>rPdi.,tP.d frnit noMhflrR for th" 1982/113 expl'ri1>P.nt 11dnfl 

thiR RpprnRr.h, whf>rA leaf arPA wa R Rl~o prf>dictP.d, iA ~hmm in F1p..5A. 

PrP.dicted lf>Af ~re11 1R Bhmm in Fifl, Sb. 

A fruit nitrop.en RtteRR fac t or l iait• f>OtentiA.l bnll p,rowtb rAte as 

the aven II:" boll n 1trnp.P.n ce>ntent decreR~P.A f rn"' A 1"•x1'""'" of 3. 5% to a 

... 1 nimum <Of I. 2%, Th,. RP. f 111>1r"R tP.pru11ntinfl A tAnjle nf p11blhhP.d 

eAtiMteR, (Rell l'1ir. lr.). 8oll nit r<>itftn content iR in turn rP.dncP.d whom 

veRP. tAtivP. nitror.en RtrP.a A is bein~ '-"l'erif'PCP.d. 
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Th" cmnbiJ>Ad <>ffAr.t of thP 'WRter 11nd nltroi"n str .. ,.,. fllctnra were 

tunPd wieh dRtA frnrn all ninP. tr<>At.,entB in the 1982/83 .. JCJ>erilftP.nt. ThP. 

r•u111lt """' thAt thP b<>!'t llP.rP.P.ment betv .. en prPdict"d ""d act11al \1'18 found 

bv rP.~tr1ct1nP. the prJlcPsl\eR by the "'n~t limltinR factor, whether thiR be 

w"t"r or nitrn~P.n. F11t.6 "h""" l'l·P.dictP.d ""d 11ctual vAl11P11 for P.nd <>f 

~"'AMJln 1 .. ,.f ArP." indP.x, boll n•UllbPrM And lint yiP.ld. 

Ind,.l'P.ndent valid,.tion with dat11 from fn11r exr>,.,r1mf':nt.s done bP.twef!n 

1974/75 And 1977/78 Rh<>wP.d thllt nitrJl~en nptakft, i,.,.f ar"" ind"'x and lint 

yi.,ld werP. All undPrf!sti,,.AtPd by thP prno:raOI, the 111tt<':r by A!'Prnxirn"t"lY 

on"' third. The s1111;P.""t"d ;oltPflla.tlv.,, for Pflti11111Un" nitroitPn uptAke ls 

bP.in~ testP.d as " first atP~ in JlVf'rcomin~ th" urobl""'· 

SllHMARY 

WatP.r ""d nltro~An Rtr""~ arA cnn•idAred tn b" two 11111jor £11ctnr8 

111'11t1nsr th" 11<'.cnrA<'.V of thP 4'x1st1np SIRATAC frn1tinsr 11roiira111, "hich 111 

b"""d 11olRlv on ""ti.,atinv the bAl,.ncP. bP.tw.,P.n carbnhydrAtoP. imnply and 

dP...,,nd. Initl"l wnrk basP.d nn dat11 frn~ 11n lrrip.Ation x n1trosrP.n ratP. 

P.XpP.rim"nt in 1982/83 ha" P.xaminP.d A nnf!lber nf wayA nf "Btim11tin1t etre1111 

f11rtnr" ;ond incnrpnratin1 thAll"- effP.ct11 on rol11nt rrocP.ARP.A, a...1111lt11 

indic"t"' thAt r"""Cln"bly it<>nd 11redictinn11 cl\n bA obt11in<1d for dAtA """d in 

thP. prn9ttAl'I r."libratinn, whtc:h rPpr<'>BP.:ntB I\ £1111 r11n1te of 1rr1p11tion .and 

nitrn~en 11rorolic11tinn11. An indP.pP.ndP.nt validP.tion with data from 1974/75 to 

1977/78 P.xpP.ri,.,P.ntA indicAtAR th11t the prnv.ra1'1 in restrictAd in its 

RP.ner11lity, howP.vP.r thiR 111 not une~pected, RincP. the prnpram WAR 

df'VP.lopP.d on o>nly nne yP.Ara' AP.t C1f datR. furthermore, thP. 19112/83 

P.lC1U!rt01ent wAR AffACtP.d by 1<011 Rtnictnral deJrr11dation. The use of 11 

Aimil11r set of d11t11 collectP.d from thP. 19R3/84 P.XPP.riment, which wA8 not 

110 ~ff P.cted by ao11 de?.r11d11tion, to?.P.thP.r with a variat1nn in thP. rnP.thod 

nf P.Rtilllfttll'l~ nitro~en uptAkP. Ahnnld hel11 ovP.u.ornf': the11e liOlltAtiona And 

ma.ke thP. pro?.r3m mnrP. RP.nP.r11lly Applicable, 
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SIRATl\C DEVELOPMENT TRlALS IN THE CAI.LIDE AND DAWSON VALLEYS 

Introduction 

B. A. Pyke1, M. E. Stone2 ands. Struss2 

1. Entomologist, The Cotton Marketing Board 
2. Independent Consultants , Integrated Crop 

Mal'lage•ent Services, Biloela 

Six SIRATAC trials have been conducted in the callide and Dawson Valleys of 

Central Queensland over the three seasons 1981-82 to 1983-84. The Callide 

Valley (i.e. Biloela area) trials have included l split plot comparison of 

SIRATAC wit h commercial practices, 2 single plot SIRATAC managed fields and 

l split plot SIRATAC managed fi eld to oompare normal insect sampling with 

halved insect sampling. The Dawson Val le y (i.e. Theodore area ) trials have 

included l split plot comparison of SIRATAC and commercial and 1 single plot 

SI RATl\C managed field. 

The general conclusions reached after the 1981-82 and 1982-83 trials were : 

l. SIRATAC was equivalent in performance in yields and costs to c.,_ercially 

managed areas , 2. the las t effective f l ower date bad been set too l ate in 

1962-83 and should be brought f orward by 2-3 weeks i n 1983-84 and 3. a 

requirement for the co11111terci al application of SIRATAC in these areas was 

reduced sampling time because o f the relatively large number o f sJDall manage­

ment uni ts . 

Thi s paper discusses tbe result!! of t he 1983-84 tri,a ls with respect to the 

future application of commercial Sil!ATAC in these areas. 

-~ 

The 40 ha trial site was split and one half (Biloela l) was sampled us ing 

standard SIRl\TAC methods , the other half (Biloel a 2) was sampl ed with equal 

regularity, but insect sampling was halved to two lS plant cards per 

sampling day. 

Agrononiic inputs for each 20 ha plot vere constant and have been sUllllll&rised 

in Table l. 
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Th~ 40 ha trial site was sampled using standard SIRATAC methods at least 

twice per week. The agronomic history for this site is given in Table 2. 

Results and Discussion 

A summary of the types and costs of sprays applied to Biloela l and Biloela 

2 is given in Table 3. The number of sprays applied to many commercial 

fields was 10-11 at costs ranging between $150 and $200/ha. 

Table 4 shows the estimates of Heliothis larval populations in each plot 

differed on a high proportion of occasions. Reduced insect sampling 
' (Biloela 2) tended to estimate larger populations more often than normal 

sampling. This tendency was reflected in the percentage of total decisions, 

which were spray decisions in each field, i.e. 14% in Biloela 1, 23\ in 

Biloela 2. Nevertheless, there were 24 occasions on which both plots were 

sampled on the same day and for lS of these (i.e. 75t) the decisions made were 

the same. Of the remaining 6 "different" decisions, 5 were spray decisions in 

Biloela 2, but no application was necessary in Biloela 1. The converse 

occurred once. These data suggest that reduced insect sampling was tending 

to err on the side of spraying rather than not spraying. 

It was estimated that reduced insect sampling lowered weekly sampling time by 

23t, but this still remained more than. SO\ higher than commercial insect 

sampling for this area (i.e. normal SIRATAC - 139 min/plot/week; commercial 

sampling - 70 min/plot/week). It would be possible to narrow the gap 

between commercial practices and reduced sampling SIRATAC by paying attention 

to reducing time spent on the computer (e.9. more stream-lining of input/ 

output; not running obvious "no spray" decisions) and further reducing the 

time spent in the field by terminating sampling when pest population levels 

are obviously low. Further reductions in time spent collecting and processing 

SIRATAC data are likely to be necessary for the program to be widely accepted 

in the Callida/Dawson Valleys. 



252 

Table 5 provides a s ummary of planned (i.e. target) and actual dates and 

yield dat a fo r Biloela 1 and Biloela 2. The yield performance of both plots 

was poor; 24t below target and 19t below the average for other cot ton fields 

on t hi s farm. Boll counts on S.3 . 84 indicated yields would be close to 

target, however many of the bolls produced in late February were shed or 

did not develop fully. These late bolls were produced in response to insect 

damage which occurred between 16.12.83 and 30.12.83, a period in which no 

sprays were applied, because Heliothis thresholds were set a t t heir maximum 

l evels . It was later concluded that the reason for such high thresholds was 

the poor selection of a las t effective flower date (4.3 . 84) which appears to 

be at l east a fortnig ht later than necessary for a late October planting in 

this environment. The poorer than expected yields in the Biloela tria l plots 

suggest sever al things: 

l. the setting of a last effective flower date needs to be very carefully 

considered in this enviroruoent because of the fast rate of crop development; 

2. plant compensation for early insect damage may not produce effective 

mature bolls in this area; and 3. t olecance of Heliothis larval i nfestations 

of up to 5 per m may need reconsidering as a concept. 

A sununary of the types and costs of s prays applied to the SIRATAC plot and an 

"average• ca1111e rcial field a t Theodore i s g iven i n Table 6. The SIRATAC plot 

yielded S. O bales/ha which repcesents a perfor111at1ce similar to average 

commercial crops for the area. 

Slow growth problems were experienced throughout the Theodora a rea during 

1983/84, but were primarily associated with severe waterlogging during November 

a nd December. This water logging t ended to reduce the yield potential of many 

crops including the SIRATAC pl ot and consequently any major differences in 

yield due to pest management were masked . However, two general comments can 

be made with respect to any f uture commercial application of SIRATAC in the 

Theodore area: 1. the green mirid cause d severe damage t o many crops in 

early November highlighting the need to include this pest in phase I of 

SlAATAC; and 2. the selection of yield devel opment t hreshold c r iter ia, 

particularly the last effective flower date, needs to be made with the same 

constraints and care as indicated above for the Biloela acea. 
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~: Agronomic Histories for Biloela 1 and Bilo.la 2 

Planting date 

Varie ty 

Seed rate (kg/ha) 

Plan t stand (plants/m) 

Weed Control 

- Herbicides 

- Cul tivat ions 

Fertilizer 

- Basal - type 

- rate 

- Split - type 

- rate 

- FOliar - No. 

(kg N/ha) 

(kg N/ha) 

- rate (kg N/ha) 

Total N (Kg/ha) 

Irrigations 

Irrigation - No. 

Pix 

Conditioned 

Biloela 1 

Biloela 2 

- dates 

- rate !mls/ba) 

- date 

25.10.83 

DPL 61 

12.0 

11. 6 

Treflan 2.s l/ha 

Cotoran (30 cm band) 

s.o l/ha 

l on 6.12. 83 

Urea 

50 (at furrowing) 

Urea 

50 

2 

8,5 

117.0 

3 {c rop) 

4 .12. 83 

1 8.l.64 

14.2.84 

300 

23. 12.83 

600 

13.l. 84 

Not ready by 31.3. 84 

Dropp 80 g/ha 27,3.84 
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TABLE 2: Agronomic Hi4to ry for the Theodore SIRATAC Site 

Planting date 

Varie ty 

Seed rate (kg/ha) 

Plant stand (plants/m) 

weed control 

Betbicides 

Cultivations 

Fertilizer 

Basal - t ype 

- rate (kg N/ha) 

Split - t ype 

- rate (kg N/ha) 

Foliar - No. 

- rate (kg N/ha) 

Total N (kg/ha) 

Irriga tions 

Irrigation - No. 

- dates 

- Ml/ha 

10. 10 . 83 

DPL 61 

18 

7.0 

COtoran (at planting) 

1. 7 l/ha 

9.ll . 83, 18.12.83 

2. 1. 84 

Aqua Amroonia 

102 . 5 

Aqua Ammonia 

61.S (on 18.12.83) 

5 (30.11.83 , 22.12.83, 

7.l.84, 25.1. 84, 10.2.84) 

8. 5 

206.S 

4 

15.9.83, 23.12.83, 6. 1 .84, 

12.2.84 

2.74 
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~' Spray Schedule5 and Coats for the Biloel a l and Bt loela 2 Plots 

• 
BILOELA 1 BlLOELA 2 

DATE Insecticide Cost Insecticide Cost 
($/ha) ($/ha) 

22. ll .83 OIMETHOATE 4. 70 OIMETHOATE 4.70 

22 .11.82 EHOOSULFAN 10.50 EHOOSULFAN 10.50 

10.12 .83 CHLOROIMEFORM/B.T. 14.80 BHOOSULFAN-* 

13.12.83 ENOOSULFAN + 
CRLORDIMEFORM 18.50 

31.12. 83 ENOOSULFAN + EllOOSULFAN + 
CHLORDIMEFORM 18.SO CHLORDIMEFORM 18 .50 

11.1.84 CHLORDIMEFORM 7.80 CHLORDIMEFORM 7.80 

31.1. 84 FENVALERATE + FENVALERATE + 
DIMETHOATE 24.30 DlMETHOATE 24.30 

9.2.84 ENDOSULFAN + 
DIMETHOATB 13.20 

5.3. 84 OIMETHOATE 2.70 

APPLICATION All aerial 45.50 All Aer ia l 45.50 

TOTAL 7 sprays 128.80 7 sprays 143.00 

**Application failure (cost not included) 

• 
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~' A COl!lpatison of occasions on which Heliothis lacval population 
estimates differed in the Biloela land Biloela 2 trial plots 

No. of occasions: 
Heliothis Larval Category 

vs s M & L 

Plots sampled on same day 24 24 24 

Biloela l > Biloela 2 s 5 

Biloela 2 > Biloela l ll 7 s 

i of checks which differed 66.7 45.8 41. 7 
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COTTON GROWTH ON LANll PRP.PARtD Wl'.T 

Ian Daniells 

NSW Department of A~riculture 

Narrabri 

The questions which prOll>pted this research were' 

(1) what are the causes of degraded soil structure 

under irrigated cotton cropping? 

(il) how much are cotton growth and lint yield 

affected by poor soil structure? 

The first question may never be fully answered: there may be many 

causes of soil structural degradation. In this project, one likely cause of 

aoil damage was selected for study' land preparation when the subsoil is 

wet. The effect of this on the soil and on irrigated cotton growth and yield 

were examined in field experiments. 

The first experiment was done in 1980 to examine soil and plant 

response to land prepared at a range of soil moisture contents. The first 

year's findings were reported by HcGarry (1982). Where land was prepared 

when the subsoil was wet, the soil changed in appearance from the original 

well-structured state. Where land was prepared when the soil was dry to 

depth, the structure reoiained in good condition. Daniells (1982) diacusaed 

ways of measuring these differences in soil structure and described a method 

of measuring the bulk densities of intact clods. After one season, clods 

fro• the surface 20 cm of land prepared wet were more dense and had less air 

space. 

McGarry found that on the areas prepared dry, irrigated cotton grew 

taller, took up more water and had more green bolls than plants on land 

prepared wet. However, lint yield was not shown to be different. 

The experiment was repeated for a further two seasons to conf il'lft 

differences between treatments and to ascertain whether yield is affected, 

In each of the three seasona, the same areas of land were prepared for 

cotton when the soil moisture content was either low, intennediate or high 

(referred to aa dry, moist or wet) • 

The dry treatment was achieved by growing a cereal crop until the soil 
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designed implement ia likely to be the beet option. 

3. "Wllen developing land, aim f or relatively steep elopes Mh.icb abed 

excess water quickl.y. 

~- Use gypeum (approx. 5 t/ha) t o improve drainage if the topsoil is 

dispersive ; addition t o dispersive subsoils remains unproven. 

5. Dieeolve nitrogen fertil i zer in the irrigation water r a ther than 

injecting it into the subsoil ae anhydrous ammonia, thus reducing 

the amount of soil disturbance. 

6. Uee backhoe pits t o monitor soil conditions. 

In general , prevention of compaction ie preferable to r epair of the 

duage. 
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q_ Control of Pield Traffic 

Pield operations , euch as cotton picking with 2-row equipment , cause 

wheel-tracking over a l arge proport i on of a paddock. The trend towards -­

row pickers, and lighter and wider equipment for other operatione, is 

likely to reduce the problem in most seasons. The use of 4-wheel drive 

machines is aleo likely to reduce damage to soil structure, due to less 

smeari ng of the moist soil by wheel-Blip. 

DISCUSSION 

Soil compaction from fie ld traffic in sodic grey clays ia wi despread, 

particularly when the crop is irrigated cotton. Problems caused by 

coaipaction include poor root growth and slow water penetration and 

dr ainage. 

Land preparation syete•a that cater for the control of compaction in 

these soils have to allow for • a ny factors, some of which are very 

di!ficult to predict, eg weather conditions, eoil properties, water 

availability, equipment on hand , use of rotation crops, and the financial 

aituation. 

The challenge for soil acientiste, therefore, is to carefully evaluate 

the large range of possible soil management options (eg deep t il l age, 

gypsum, minimum tillage, 'vertical' mulching, elrip irrigation, ro tation 

crops ) so that appropriate and f lexible systems can be developed for 

i ndivi dual farDers • 

Hopefully, it will become poesible for managers to input selected eoil 

measurements, prior to lane! preparati on for the next cotton crop, i nto a 

SIROTAC-type computer model and receive a suggested strategy for the 

management of soil structure. 

In the meantime, however, it appears that the 'best bet' strategy for 

controlling and treating compaction in grey clays used for cotton 

proeluction is' 

1. Keep field traffic and tillage operations to an absolute minimlllll, 

particularly when the soil is wet . When on the ground uee the same 

wheeltracks, and consider killing veeds wi th herbicides rather than 

tillage imple111ente. 

2. Uee rotation crops , poasi bly in combination with tillage, t o break up 

any compacted layers. Biologica]ly increasing the nWDber of subeoil 

cracks anel channels improves drainage, aeration and eubeequent root 

penetration. If tillage 1• the only possible alternative (eg after 

landplaning, back to back cotton after a wet harvest), chi eel 
ploughing under dry conditions to about 30 cm depth with a well 
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E:<per.iments to determine the relationship between soil strength, bulk 

density and moisture content have been carried out at Trangie. It should 

become possible to use this information routinely once engineering data 

about force distribution below machinery on these soils becomes available. 

Experimente to be done by Honours Btudente at the University of New England 

will provide information about the degree to which root growth of a range 

of crope ie affected by soil strength in the Macquarie Valley grey clays. 

2. 'Permanent' Beds 

Many of the field operations that can cause compaction when growing 

cotton may be unnecessary. For example, the need to deep rip, disc, list 

and scarify after harvesting cotton has been questioned, particularly since 

the recent introduction of the Israeli "USM" machine. Thia device is able i 

to extract and chop cotton stalks, then incorporate them as a 20 cm deep 

'vertical mulch' in alternate furrows; the beds then are almost ready for 

sowing the next crop, unless serious compaction from traffic used in 

producing tbe previoue crop has necessitated deep tillage. Such a system 

of land preparation has big advantages in wet winters when land preparation 

usually creates serioue soil compaction. It ie likely that 'vertical 

mulches' will prolong the benefits of deep tillage in the furrows. 

Detailed comparison or the deep ripping and minimum tillage strategies 

will be included in a proposed project involving the University of New 

England, Auscott Ltd and the NSW Department of Agriculture at Trangie, 

funded by the Cotton Research Co1D1Dittee. 

3, Alternative Irrigation Systems 

Flood irrigation tends to leave the soil in a saturated, compaction­

prone condition for several days after watering. 

However, alternatives such as drip irrigation provide more ecope for 

concentrating water in soil close to the plants; wheel tracks thus tend to 

remain drier and firmer. Spray irrigation systems with frequent light 

applications of water can be turned off shortly before field operations, 

thus providing control over compaction. Although alternative irrigation 

systems can be very expensive, they do appear to offer benefits in terms or 

compaction control. 

Maintaining a constant moisture supply in ~lay soils by drip and spray 

ayeteme ie also likely to encourage the development of an active earthworm 

population. Worms provide vertical channels in tbe soil which greatly 

improve drainage and aeration- after heavy rain. They also aid the 

incorporation of organic matter into the soil. .. 
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prior to a wet season i a t ar auperior to 

following a wheat crop) or deep ripping 
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a or the warren district, as viewed 

s i nce the replacement of 

- cotton - Wheat • 

Examination of Pigure 1 augges cotton growth i n a 

degraded grey cl*Y (Pield 24) has creased 'relative to tbe r eet or the 

farm followi ng effective 'biologic l deep ripping' with safflower and, to a 

l easer extent, cereal s . Possible oceeeee i nclude aubao11 'pan' 

disrupt i on by cracking and the pro ie1on o! more nwoeroua root channel.a f or 

cotton t o f ollow. 

Experiments to compare safflower, wheat and f allow upon 

the structure or grey claye have been eatabliahed at Warren and 

Narrabri by the NSW Depa.rtment of Agri cul re. 

PREVENTION OF SOIL COMPACTION 

l, Compacti on Porecaatlng 

Irrigation faraer• increasingly are aing neutroh probe• for 

irrigation ach_e4ul1ng. I n t heory, thia i formation, combined with bul k 

denalty data, coul d be used t o predict ao l atrength and, therefore, 
auaceptibil1ty t o coiopactlon. 



265 
although effective re-chiselling prior to a wet season la far superior to 

re-ripping (under dry conditions following a wheat crop) of deep ripping 

plua gypeum plots. 
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2. Rotation Crops 

The physical condition of grey clays of the Warren district, as viewed 

in backhoe pits, appears to have improved aince the replacement of 

continuous cotton with a rotation of cotton - safflower - cotton - wheat. 

Examination of Pigure l suggests that the yield of cotton growth in a 

degraded grey clay (Pield 2~) has increased relative to the rest of the 

farm following effective 'biological deep ripping' with safflower and, to a 

lesser extent, cereals. Possible proceaBes include subsoil 'pan' 

disruption by cracking and the provision of more numerous root channels for 

cotton to follow. 

Bxperimenta to compare the effect of safflower, wheat and fallow upon 

the structure of grey clays have been recently established at Warren and 

Narrabri by the NSW Department of Agriculture. 

PREVENTION OP SOIL COMPACTION 

1. Compaction Forecasting 

Irrigation farmers increasingly are using neutron probes for 

irrigation scheduling. In theory, this information, combined with bulk 

den•ity data, could be used to predict eoil strength and, therefore, 
susceptibility to compaction. 

• 

,. 

• 
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In 1981/82, cotton lint yields were higher in the deep ripped plots 

than in the shallow cultivation (control) plots (P1gure 2). Increases due 

to gypsum application, with and without deep tillage were aleo measured. 

Similar trends occurred in the 1982 wheat crop (Figure 3) , which was eown 

directly into the hills and furrows. Reaulte for chi ael and mouldboard 

ploughing mostly were similar to the control. Chisel ploughing in 1981, 

however, was probably ineffective because it was carried out when the soil 

wae very moiet . 

Measurement of moisture content at sowing time for t he cotton 

indicated t hat there was more water in t he deep ripped plots t han the 

shallow cultivation plot s between 20 and 70 cm. These results were 

supported by measurements of time for water to advance 500 m at the pre­

irrigation; water intake was improved in the deep ripped plots and, to a 

lesser extent, in the gypsum plots. However, these effects were much leee 

apparent at subsequent irrigations; elaking of t he eoi l at the pre­

irrigation appeared to have filled in 11ost of the large vertical channel s 

created by deep ripping. 

Analyeie of soil samples collected in June 1962 revealed that , apart 

from extra water being e•railable for the cotton crop, dee p ripping and , to 

a leaser extent, gypsum improved soil conditions for root growth , 

particularly ~etween 20 and 60 cm depth. Soil bulk density under the hills 

was reduc ed at around 30 to 40 cm due to deep ripping; air-filled porosity 

in the deep ripped plua gypsum plot wee higher than i n the other treatme nts 

between 35 and 85 cm; eoil shear strength was reduced in the deep ripping 

plote, par t icularly at 35 cm depth; organic carbon level e were !Ugher 

throughout the deep ripped soil, due apparently to greater root production 

and penetration; ESP was decreased slightly to a depth of 15 cm by gypeum 

application. 

The 1983/84 cotton eeaeon was cool and wet, and yielde were generally 

poor. Each of the ten Field 24 treattlle.nta yie lded ail>lilar amounts of lint 

(Figure 4) , al.though t here Ya& evidence of a decline due to deep ripping 

and gypsum. Maximum yield was obtained with chisel ploughing. Soil 

eample• taken in August- September 1984 are awaiting anal yeis but it appeare 

that deep ripping may nave disturbed stable subeoil pores, underneath the 

compacted surface, which are importan t ror drainage and aeration under wet 

cond1 tiona. 

An economic evaluation of the Pield 24 treatments ia shown in Table 2. 

Deep ripping remains ae the most profitable treatment aJ'ter three years, 
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conditions. Therefore, a fiel d experiment was established t o examine t he 

effect of four tillage trea}.,ents and gypsum on soil structure, and t he 

growth of cotton, wheat and a under furrow irrigation. I t was set 

up near Warren in 1981 bY the SW Department of Agricul ture, in con junction 

with Auecott Ltd. 

The site (Field r1enced a serious decl ine in cot ton yield, 

relative to the rest of particularly between 1976 and 1976 

(Figure 1). Few cotton 

l ayer or soil at about 

production for fifteen 

preparation. The Pield 2~ grey cl 

to penetrate a dense and dispersed 

the field had been uaed f or cotton 

mainly diac implements for l and 

has ESP (Exchangeable Sodium 

Percentage) values of approximatel 3% at the eurface, increasing to 9% at 

30-~5 cm and 20% be l ow 75 cm . The reatments , each replicated three times 

on 1. 5 hectare plot a, and the cropp ng sequence are al\own in Table 1. 

l Shsllo• cultivation tdhc pl ov1h onh) 

2' S"allov c~lUUUO• • IJl .... d. C1 tilt•> 

l Chllel plo~aM-"I (1, c • 4-ptht JCo1•t c"lUwatton 

ill C•hd plovshtn1 • uo•u. (1.5 i b• ) } ~Jul)' lt81 

"' llo"-ldboardi pl.oqtlln1 (to c:.a 4ttt ) 

' Rovlid.b9&NI plolll).l.n& • l)'P•U ( l 5 •Ill• ) 

7 9Mp t"l.'92..nl <TD ca ffPth• 

I Deep l'ipptac • .,,.,. n. 5 t h • 
' O«:p M ppt.nc ,..p .. t • 4 ••-.rt to 

10 Dttt J"ippil\I rcpe• t•d • •u·1 t 

llOt.•s h••tatni • ~hrc• to nln• 

J>ec•bar 19e2. 

} 0rJ cult..SV• UOft 

.rear a 1A lUHlU'J' 1981 

J'&Pe 

chiacl p1<iupd tft • d.rr coftd ttJon l n 

CNpptn1 eoquuce1 &a.rtlower (I o>. coU.Or\ 0981/82). wheat (1'12). 

coUor. (ltl"S/8·0. &&ttlowu 091 • concm (198~/M), WM•t 0966 1. cotton 

'19BT/H), .artlowir (1918). 

'l'he 1980 aa!flOWe1' crop vae ua 

1 a depth prior to deep ripping (ue 

a long lead). Under 

tborougl\ly dry tile • oil to beyond 

a winged 1Jtple..ent having tynes with 

, deep ripper• tend to daaage tbe 

etructure further by aoil ratber than breaking 1~ up, 

Detailed result• for the first t years of tbe experiment bave been 

presented eleewhere (McKenzie, Abbott nd Higginaon 1983) . T~i• 

information, collected duri ng a period or drought, plua d.ata from the 

1983/84 cotton season, 'llhi ch bad above-average rainfall , are &Wlllllarized ae 

follows. 
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conditions. Therefore, a field exper11Dent was eetabliahed to exa..ine the 

effect of four tillage treatments and gypeWll on soi l atructure, and the 

growth of cot ton, wheat and safflower under furrow irrigation . It was eet 

up near warren in 1961 bY the NSW Department of Agricul ture, in conjunction 

with Auscott Ltd. 

The site (Field 24) had experienced a serious decline in cotton yield, 

relative to the r es t of the rara, particul arly between 1976 and 1978 

(Figure 1) . Few cotton roots were able to penetrate a Oense and dispersed 

l ayer of soil at about 20 cm depth; t he field had been used for cotton 

production for f ifteen years, using mainly disc implements tor land 

preparation. The Pield 24 grey cla_y has ESP (Exchangeable Sodium 

Percentage) values of approximately 3% at the surface, incr easing to 9~ at 

30-45 cm and 20% below 75 cm. The t r eatments , each replicated three times 

on 1.5 hectare pl ot e, and the cropping sequence are shown i.n Table 1. 

a snaUGw cu1t1Yat1on (Oh~ plougb t.ns oal y) 

2 Sbl \10"1 CYltlVUion + ppau , ( 7 .~ 1;'/b&) 

) Cnhcl ~lovahi.n.g l25 ca d~Jltt\1 

It Cl\JHl p.lovg~s, ... g + IY-P•• C7.' t/ba) 

S Jll.ouUbOa:MI plov&Jl,tll'C ( U ca 4.•ptbJ 

' JIOW.JdbOU d plOUC:hiftE: + &J.e-• (T , 5 t./)la) 

7 l)tep t l.H'J.l\I tfO c:• dcipth) 

8 bsop rJ.ppinr • .tYP•• (7 ,5 t/ha) 

9 oup rlpplng repotf:d: ev.ry tou .. y•u• 

lO DHp rtpp&n1 Hpetitf every two 1• U • 

} 
} 

Mo t.•t cu.1 u.uuon 

tn .Ju.11 l SllL 

p.ry C~lUvaUOft 

in Januu-1 1911. 

Hot. 1 'lru.t-eAtt tll.l'H to n1na v•n ch1n l plo\laheil 1n a fr'f cona1tlon ln 

beU•bH 1982, 

Cl'GP•l ,,1 M<!MAC•> S&ttlOH l" ( 19I0) 1 C"eltOf!I ( 1'f81/S2) . -..t ( 1917) . 

coU:on t 19f] /&l) , 1att10 ... ro ( l 'S.111). cottoa ( 1m"6> ~ Wbe-H 0 98') 1 c ouoa 

0,87/88 >. Hrtlowu 09*8). 

The 1960 safflower crop was used to thoroughly dry the soil to beyond 

m depth prior to deep ripping (u~ing /a winged implement having tynea with 

a long lead) . Under moist conditions, deep rippers tend t o a8111age the 

et'ructure further by slicing through a eoil rather than breaki ng it up. 

Det ail ed reeul ta tor the firet two yea.re of the experiment bave been 

presented elsewhere (McKenzie, Abbott and Higgineon 1983). Thie 

information, collected during a period of drought, plus data from the 

1983/84 cotton aeaaon, which had above-average rainfall, are aumma.rized au 

follova. 
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Compacted layers in a soil provide a soil structure which is far from 

ideal for the growth of plant roote. Increased soil density leads to 

problems such as: 

1. Reduced soil aeration. 

2. Increased mechanical resistance to root growth. 

3, Reduced infiltration or water. 

q_ Increased likelihood or root disease. 

5. Increased lose or nitrogen fertilizer by denitrirication. 

The use of press wbeels to encourage seed-soil contact when sowing ie 

one of the few times when a limited degree of compaction is desirable. 

Thie paper diecueeee the identification, treatment and prevention of 

compaction in grey clays, based mainly upon e~erience from the Macquarie 

Valley in New South Wales. 

IDENTIFICATION OF COMPACTION PROBLEMS 

It is almost impossible to eliminate compaction completely when 

growing cotton. However, there have been some relatively dry aeaeone when 

the problem is only minor (limited to the top 15 cm of eome furrows), and 

unlikely to seriously affect plant growth; if this is the caae, expensive 

treatments such as deep ripping may be unnecessary. Therefore, careful 

problem identification is required. 

Factors to consider include: 

1. Are cotton yields falling with no obvious reasons? 

2. Are crops becoming later maturing with no obvious reasons? 

3. Is early fruit development and plant growth slower than expected? 

5, Ia moisture extraction prior to wilting leaa than expected? 

6. Having dug a hole, preferably under dry conditions, does the soil 

appear to be well aggregated, or does it have maeeive, hard blocks? 

However, more definitive methods (eg the use of shear vanes, oxygen 

diffusion meters) are required to actually measure tbe degree of compaction 

in a clay aoil. 

T!ll!ATMENT OF COMPACTION 

1. Deep tillage and gypaWll 

Deep tilllage ie the main method for 'breaking up• compacted layers. 

Gypsum baa also been used, in combination with deep tillage, to, reduce 

subsoil exchangeable sodium levels and increase tbe electrolyte content of 

the soil soluti.o!I, thus improving subsoil drainage. 

Although a great deal has been written in the past about deep tillage, 

it was considered neceaaary to carry out further research under Australian 


