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llAllAGillG COMPACTION IN SODIC GREY CL.ATS 

D.c. McKenzie, Soil Chemist, 

llSW Department of Agriculture, 

Agricultural Research Centre, Trangie 

INTRODUCTIOll 

A large proportion of the cotton produced in Australia is grown in 

grey clay soils. Most of these grey claye have stable self-mulching 

topsoils, but are usually sodic+ in the subsoil. Sodic aoile are prone to 

dispersion, due to an excese of sodi um attached to the clay particles. 

Soila that disperse tend to have poor <1.rainage; excessive swelling 

closes soil pores, which also block up with dispersed cl ay, sand and s i lt. 

Poorly drained aoila remain tt0ist cl ose to the s urface for prolonged 

periods after rain and/or irrigation. When in this condi tion, the soil is 

easily smeared and made more compact by heavy machinery passing over the 

surface. 

Apart from eodicity, factors which encourage the develonment of 

compacted layer• include: 

1, Insuffic ient organic matter, which leads to slaking•, and a reduction 

in eoil str ength When ll0i8t. 

2. Lack of stable and continuous subsoil pores (old root channels and 

crack linee). 

3. Ineuff1c1ent elope to encourage the rapid removal of excess water. 

~. High water tables. 

5. Use of tillage implements (eg disc ploughe) at a constant depth. 

6. Use of landplanee and tillage equipment under wet conditions. 

7. Excessive uae of heavy, narrow wheeled two-wheel - dri ve row crop 

CQuipment under wet conditions (eg cotton pickers). 

+ sodicity refers to the exchangeable sodium ions attached to the clay; 

ealinity refera to free salts i n t he soil solution • 

• It vetted clod.a slump to for• microaggregatee (diameter of approx. 0.1 

mm), slaking ia aaid to have occurred. lf these miccroaggregates break 

down .further, causing milkiness in the water, diaperaion is taking 

place. 
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~: Spray schedules and costs for SIRATAC and commercial fields, 
Theodore 

COMMEilCIAL ~ 
DATE Insecticide Cost Insecticide Cost 

($/ha) ($/ha) 

1.11. 83 ENDOSVLFAfl 3.50 

7. ll.83 ENDOSVLFAN 3.50 

8.11.83 EN DOSULFAN + 
DI METHOATB lS.90 

17.11.83 ENOOSULFAN 10. 50 ENDOSULP'AN + 
CHLOROlMEFORM 16.50 

22.11 .83 ENDOSULE'AN 10.SO 

24. 11.83 ENOOSVLFAN 10.SO 

3. 12 . 83 ENOOSULFAN + ENOOSVLFAN + 
CKLORDIMEPORM 18. SO OiLORDil""PORM 18.SO 

9.12. 83 ENDOSVLFAN 10.SO 

17.12.83 ENOOSULFAN 10.50 

24.12.83 CHLORD IMEFOIIM 7.80 CH.LORDIMEFORM 7.80 

29.12.83 ENDOSULPAN 10 . 50 

12 . 1.84 CHLORDIMEP'ORl'I 7.80 

23.1.84 ENDOSULFAN + 
DIMETHOATE 13.20 

24. 1.84 ENDOSULFAN + 
DlMETHOATE 13.20 

13.2. 84 DIMETHOATE 2. 70 

14.2.84 DBLTAM2Tl!RIN + 
DIHETl:IOATE 19.20 

APPLICATION 10 sprays 60.50 9 sprays 54 .00 
(l 9round, 9 aer ial) (1 9round, 8 aerial) 

TOTAL 158.70 168. 90 
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TABLE 5: Timing of planned and actual phenological events and yield data 
for Si loela l and Biloela 2, 1983/84 

BILOELA l IH LOELA 2 
(30 plant insect cards) (15 plant insect cards) 

Plantin9 date 25.10.83 2S.10.83 

lst square 3.12 .83 5.12.83 

1st f lower 25. 12. 83 27. 12.83 

1st open boll 29.2.84 25 . 2.84 

Planned: 

lst effective 
flower 2 . 1.84 2.l . 84 

last effective 
flower 4. 3.84 4. 3.84 

yield (bales/ha) 6.8 6.8 

(bolls/m) 108. 8 108.8 

Actual: 

lst effective 
flower 30.12.83 30.12.83 

last effective 
f lower 20. 2. 84* 20.2.84' 

yield (bales/ha) 5.2 S.2 

bolls/m on S.3.84 137 153 

*Estimated last effective flower date 

,. 
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was at pennanent wilting point to a depth of over Im. 

The wet treatment was flood irrigated and the water ponded for an 

extended period. Preparatloo began as soon as the surface soil was dry 

enough to be traff icable. 

The moist treatment was achieved a different way each season as 

dictated by condi tions. In the first year, a quick f lush of irrigation water 

down the furrows proved sati•factory. In the second year, a wheat crop 

partial l y dried the soil in a wet winter. In the third year, regrowth of 

sorghum stubble after flood irrigation produced the intermediate soil 

moisture state required. 

Profiles of gravi metric aoU moisture contents in the three treatments 

(1ust prior to land preparation in each of the three seasons) a re presented 

ln Fig. I . 
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Fig 1 . Soil mois ture profiles at time of land preparation in each 
of three years for the dif fe rent treatment&. 

p~pared dry ---- prepared moist ..•••.. : prepared wet -------

On all treatments, aurface soil condition• were dry enough to allow 

good t rafflcability when l and pre paration cocnenced. All t reatnoents received 

the same operations: the difference was in the soil moisture content at the 

time the laod was prepared. Preparation consisted of disc ploughing the 

cereal stubble , deep ripping (to 50 c•) scarifying, land-planing, chisel 

ploughing and furrowing out. During the cotton season, all plots were 
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trut ed alike: being irr igated , fert1H~d. sovn, aprayed and tnter-ro11 

cultivated as one paddock. 

r.otton (T>eltapine 61) was sown on II Novemher 1983 and watered up. 

The results in this paper refer to the t hird cotton crop of this 

experiment, 1q83-84 (i.e. after the same land preparatton t reatments were 

imposed three times on the same areas of land). 

Plant samples were taken on 16 January 1984 and again on 13 March 1984, 

as indica tors of vigour a nd yiel d potential. 

Table I. Plants sampled on 16-1-84. 

Sot l moisture state Ory Moist Wet 

<luring land preparation • 

Height, cm 39 34 26 

Total dry weight, kg/ha 1150 625 454 

Leaf area index J.1 0. 8 0,6 

Plant total nitrogen :t 3. l 2. 7 2. 5 

Nitrogen uptake , kg/ha 26 17 12 

'\'able 2. Plants sampled on 13-3-84. 

Soil moisture atate Dry Moht Wet 

during l and p reparation: 

Height, cm 91 71 71 

Total dry weight, kg/ha 6516 4875 4783 

Leaf area index 2 . 6 1,4 1.8 

Pl a nt total nitrogen % 1.4 1.1 I. 3 

lfl trogen uptake, kg/ha 91 64 61 

Boll dry weight, kg/ha 1659 1208 1231 

All measurementa indicate that the plants growing on l and prepared dry 

ranked highes t in size, vigour and yield potential. 

The plants growing on land prepared moist tended to be intermediate 

between the other two t reatllAl.nt a in January. By March, plants on the moist 
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t rea t 11ent tended to~ very simi l ar to those on land prepared we t. 

l,lnt y ields at the end of the sa11son were assessed by 1118chine ptckinp; 

and machine ginning • 

Table 3. Machine-picked lint yields. 

Soil moisture state Dry Moist Wet 

during land preparation: 

Lint, kg/ba 826 546 51!8 

Lint, hales/acre 1.49 0.98 1.06 

X of best treatment JOO 66 71 

F.xamination of the soi l profile (exposed by dlgging pi t s) at the end of 

the season showed visual di f f erences between treatments. The upper 20 cm 

(the hilled-up portion of the rows) on areas prepared moist or wet contained 

many more dense-lookin~ clods than on areas prepared dry . The latter areas 

had more crumbly clods. The uppe r subsoil showed greater diffe rences, 

particularly between 20 cm a nd 30 cm below the top of the hill. Here those 

areas prepared moist or wet appea red more massive. There was a noticeable 

absence of flat, ghiny faces between ad.1acent clods. Instead, t he clods were 

large, contained few cracks (wi t hi n t hemselves), were irregularly shaped and 

dul l surfaced. Many of the face• were r ounded instead of f lat. 

l>h CUB 8 ion 

The wet winter of 1983 delayed the final stages of land preparation 

(furrowing out) and the crop was sown late (II November). The late sowing 

a nd the cool, cloudy, wet growing season of !9R3-84 were not conducive to 

high yields: hence the rather low yield of the paddock as a whole . It is 

possible that such a wet season may depress yields more where the soil is in 

poor condi tion, through the effects of increased waterlogg1ng. Hence we may 

expect slightly smaller differences between treatments in a hot, rlry season. 

Such an interaction between soil stnict ural degrada.tion and water l ogging has 

not yet been demonstrated. 

Plant measurements made during the season and the final lint yields 

both indicate a decreased yield potential of land which is prepared for 

cotton when t he subsoil is either moist or wet • 

The important point to note i s that the yield depression was very 

eimilar whether the land was prepared moist or wet . The inte t'lllediate moist 
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treatment has caused as much damage as the wet preparation. Therefore the 

only soil ~oisture state that we know to be eaf e for land preparation is 

per~nent wilting point. There 11!8Y be a narrow range of moisture contents 

over which minimum dan.age fa done to the soil, but this is not known. 

To protect eotl structure it is necessary for the aoil to be at or near 

permanent wilting point before land preparation. !n practice this means 

using a crop to dry the soil over the full depth to he cultivated. 

Most growers know that working the soil when wet can damage the aoil 

structure and reduce yield. However the extent of yield loss was not known. 

These results indicate that a very substantial yield loss (about one 

quarter) is possible when soil atructure le damaged. Management of soil 

structure ts, along with the management of water, nitrogen and pests, an 

input that affects profit: it also affects the long-term viability of cotton 

growing, by protecting the soil resource. 

Acknowlegement 

This project was supported by the Australian Cotton Growers Research 

Association (Cotton Research Committee). This support is gratefully 

acknowledged. 

References 

Daniella, I.G. (1982). Measurement of soil structural degradation 

in cracking clay sotls. 

Australian Cotton Growers Research Conference, 

Goondiwindi, November 1982, 184~186. 

McGsrry, D. (1qs2). Soil structure - field experimentation and results. 

Australian Cotton Growers Research Conference, 

Goondtwindi, November 1qs2, 174-183. 



277 

• 

Soils 

BACKGROUIID PAPERS 

) 



278 

THE EXAMINATION OF SOIL STRUCTURAL DETERIORATION IN 

IRRIGATED COTTON FIELDS 

D. McCany 

C.S.l. R.O. Division of Soils, CPO Box 639 

CANBERRA, A.C.T. 2601 

At the 1982 Aus tralian Cotton Crowers' Research Conference the 

effects of land preparation at different soil water contents on soil 

s t:ructure and cotton growt:h was reporcc.d. In a~ry , land preparat i on 

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

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

soil s tructure visible i n the soil profile, and (iii) smaller cotton 

plants wi th up to 50% fewer green bolls. 

On termination of the experiment soil samples were collected to 

study the nature of any differences due to the land preparat ion treatment s . 

This paper presents details and results from two of t he analyses used. 

The first technique used a microscope to examine the micro-features 

and optical properties of very thin aeccions (0.02SDllD) cut from intact 

soil 98111plcs impregnated with hard-setting epoxy resin. Samples fr0111 both 

the 'wet' and 'dry' t r eatments have been examined and compared with 

SB!llples taken from uncultivated sites (stock routes). 11le uncultivat ed 

('virgin') soils of t he Namoi Valley are dominated 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 \rlth predominant l y face t o face contacts (Yig.l, type B) . 

For the same depth the soil prepared 'dry' had a maxilllUlll of 2% of the 

ao·n composed of clay with preferred orientation. In both treatments 

the size range of the oriented clay zones was O.S x 0.3llllll to 400 x 240wn. 

What is che source of these zonea , and what implications do they have 

for crop gr owth? The most probable source is the &11aar ing of wet soil by 

metal.implements, and tractor wheels which lose traction and spin . All 
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increase in the amount of clay with parallel rather than random 

orientation indicatea an increase in the packing dehelty of particles. 

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

available to plants. plant roots experience greater difficulty in 

penetr~ting the soil,nutrients held in the soil are less available, 

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

is reduced. 

In terms of amelioration of structural deterioration, it is important 

that the majority of oriented-clay zones were less than 20rnm across, so 

are unlikely to be affected by ripping implements. It may require 

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

worms) as well as wetting and drying cycles to amelio~ate sucrr zones. 

The second technique used to assess structural deterioration was to 

examine the bulk density and aeration status of natural soil clo~s over a 

wide range of soil water content. The technique involves coating the 

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

pass through (so the clod dries slowly) but is impermeable to liquid water 

(so allowing the clod's volU111e to be measured by i1a111ersion in water). The 

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

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

relations of the soil at any one water content. 

figure 2 presents typical data from a clod from each of the 'wet' and 

'dry' treatments in the 0-~0cm layer. The most obvious difference between 

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

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

that for any one soil water content there was less soil air in clods from 

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

'dry'. Thie trend was true for the 114jority of clods in the 0-10 and 

l0-20cm layers, 

Tbe lower aeration statua of the top 20cm of the 'wet' prepared soil 

may be related to the greater incidence of oriented clay zones as seen 

under the microscope 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 provided some understanding of the nat~re of 

soil structural deterioration in cotton-growing clay soils, and an 

e)tplanation of the differences in co~ton plant growth measured between the 

treacments in the 1981/82 aeason. 
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Usin9 the examination of clay orientation as an 

index of structural de7radation. 

(Al Randor.1 orientation: 

edge to face alignment 

predc..inant 

(8) Preferred orientation: 

faee to faee alignment 

Where, ,t:7 packets of clay particles 

individual clay particles. 

~· Bulk density of two soil clod& plotted against 
their water content. 

10 .. H .. 
Gravi~etrie water content ~ 

'wet' 

'dry' 

.. 
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IRRIGATION MANAGEMENT OF CO'.l"l.'ON FOR 

EFFICIENT '1'A$R USE. 

l_. SOIL AND IRRIGATION FACroRS 

D.F. Yule 
Dept. of Pri111aey Industries, Emerald, Qld. 

Average cotton Ji.elds at Emerald, Queensland have generally been lov 

when compared to other cotton gl'oviDg areas in Australia. ID perticullU", 
average Ji.elds in tbe l98o to 1982 eeasons were only 3.3. bales/hectare. 
Since Ji.elda in e:i::cesa ot 7 bales/b&ctare have been recorded, poor irrigation 

maoagoement appeared to contribute to the low yi&lds. 

The Emerald Irrigation Area is predominantly cracking clay soils 
and a large proportion of these soils are shallov (< l.Om deep) end have 

considerable slope (l-2%) (McDonald, 1975). These soil !actors and the 

tropical environment su~sted that direct application ot irrigation manage­
ment from other cotton areas rtJAY not be appropriate. These two papers 
present a summary of the irrigation menagemeut studies conducted by the 

Department ot Primary Industries at Emerald in 1982/83 and 1983/at.. In 

addition I have included a brief review ot the reported research into soil 
compaction at Emerald. 

SOIL COMPACTION. 

Soil co111paction at Emer"1d b.aJ!I beeq inTeatigated by observing soil 

structun in pits (McGarry ud HcDontid, 1983), by compari.Jlg water use ratea 

and distribution from neutron moisture meter data (Wilcox ud Cull, 1984 ), and 
~ a coaibination o! these methods supported. by bulk density, root length and 

soil st~ngth determinations (H.B. So, pers. comm., 1984). 

KcGart7 and McDonud (1983) round that Yiaible aoil atructure chang.a 
from the 1'1irglll atate to the time of their iUYestigatiCll18 vere lllinor end wero 

confined. to the 8 - 25 c111 depth wne. AJ.ao the izlcidence of atructoral 
degradation {compaction) was rare (2 ot 26 profiles exaJllined) and ill these 

was highly localised. The majority of their aites vere chosen aa being 
suapected compacted sites. There were no apparent cWlllllative etteets, eOJDe 

.. 

... 
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aites had been irrigated for 16 years. The~ observed prolific roots at all 

sites growing cotton. They concl.ude that the majority of soils in. the E.I.A 

have good potential tor plant root exploitation and crop growth and that the 

cause of yield decline ill 198o-1982 was not soil structural degradation. 

~lilcox and Cull (1984) found that lower yield was associated with 

lower water use rates and proportionally greater water extraction at depth. 

They concluded that these water use chan11es were possibly due to soce degree 

o! st:ructui-el degradation associated with land preparation when the soil was 
wet. 

Dr. So co~cluded. that compaction layers in the soil. profile are 

likely to result in reduced growth and yield. Com_paction layers with 

associated reduced plant visour were found at tvo sites. Pl.eDt growth wa.s 

apparently reduced by increased water stress. The presence ot compaction 

layers waa indicated b7 increased computed bulk density, by lower root dea.aity 

and water extraction at depth, ad by visual observatious ot aoil structure and 

the root syste111. 

The contradictions in tbeee reports are obvious. The iarportance of 

soil structural degradatiOD in the ~.I.A. remains unclear. At one ot the 

sites studied by Dr. So, a ;yield reduction of more than l. bal.e/ha vas reported 

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

been the major cause ot tho 10>1 ;yields in l.~O-J.982 • 

IRRIGATIOM HANAGBliENT STUDIES. 

Location ad Method.a. 

The experimeDte wre conducted at the Department of Primary Industries 

Emerald Research Station. The soil t:roe is BUg (McDonald 1975) >1hich is a 

baaal.tic cracking clay with clay cCDtent ?OJ', cation exchange capacity ?5 111. 

equiv %, soil depth 85 CID over decomposing basalt, ud slope J.%. Furrow 
irrigation trentments vere applied to blocks 12 rows (12 m) wide and 200 m 

l.ong. The datum ana consisted of the central !our ro11e. Irrigation treat-

ments were based on soil water deficits predicted by a crop ta.ctor - evaporaticn 

pan. model (Table 1). The treatments imposed are listed iD Tabl.e 2 • 
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The crop ractors 115ed i n t he wat er use ::iodel . 

Crop Growth Stage Crop Factor 

I Emergence for 28 days 0.3 
II Stage I to 1 nower/m o.4 
III Stage II t or next 14 days o.6 
IV Stag I U tor next 14 daya o.8 
v Stage IV to 5 open boUs/ m l.O 

'nl8 predicted soil water cleri cit !or each i rrigation treatment . 

1'be deficit ,..as de.!ligiiated tor three crop dnelop:ment phases 

u follova -

:Piw,e A Emergence to 1 Flover/metre 

Phase B l Fl.over/metre to l Fl.oYe:r:-/metre + 28 da,'6 

Phase C l Floverjmetre + 28 days to 5 Open bolls/metre 

Predicted De1'icit • 
Treatnlent Phase A Phaee B Phase C 

Ver;y Frequent vr 75• 45 45 
F~quent J' 75• 75 75 
InfreqQeD.t D' 120• l.20 120 
Very Inrrequent V1F 150• 150 150 

Railltall 82-8} 29 148 Jfil 

8.H't 141 l5 93 

Approx. Irrig. 
Freq_uency at 
Peak Growth. 

days 

5-6 

8-9 
llt-15 

17- 18 

• Due to rainfall , tba pbue A deficit !.II. 198'~ did not a:ceed 75 -
md no t Aat-t vu il'rigat~ ill pbue .l. 

• 
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~ater application rates ~uring irrigations were measured with 

recta.11gular weirs (1982/83) and V-notch veirs (1983-84), one weir per turrov. 

Irrigation runoff rntes vere measured with HS flumes (1982/33) and Parshall 

• .tlumes (1983/84 ), one tlume per tre~trnent. Total vater addition, total runoft, 

total infiltration and the final infiltration r~tee were ~alculated for each 

irrigation. Soil aeration wa.s measured in the 0-0.3m 2Qlle in 0.1111 depth 

illcrements using 0.1m diainoter cores. In 1983/84, cores were sampled from the 

hills 20m llelow the head-ditch and 20m above the tail drain in the VF an.d IF 

treatments during one irrigation cycle. 

TJpical water application and runoff data are sho'>l!l in Fi:;ure 1. tor 

three treati:ients in 1983/84. The incre~se in application rate at each irrigation 

was due to adding S'11hons to prevent possible uneven wetting. All treatmeAts 
produced ruzi.off curves of similar shape, varying mainly ill total time of 

runoff. In general irrigati0Z1 was stopped when the runoff rate was 

relativel7 stable. Tbe total runoff depended mainly on the period of runoff 

and did not vary greatly across treatments. The wa.ter application rates 

were sii:dlar at all irrigations and differences between treatments 1o1ere in 

period ot irrigation which varied from 7 hours for the VF treatment to 22 

hours for the VIF treatment. Total water application increased with 

increasins deficit prior to irrigation. The total infiltration (water 

application minus runoff) wa.s approximatel.y equal. to the deficit prior to 

irrigation. Irrigation 8?plication efficiency (total illtiltration/total 

water appl.ication) wae high in all treatments. Since the total. runoff 

varied littl.e across treatments 1 application efficiency tended to increase 

with inc:re8$ing total infiltration. Tbe final. infiltration rate ~ 

calculated as the dif'.terence between the application and runoff rates at 

too end of each irrigation. Since runoff rate was inc:easing this cal.culated 

infiltration rate will. depend somevhat on the period of runoff. 

The parameters from alJ. irrigations in l.98}jlllt are summarised in 

'l'abl.e ,;s. Over the whol.e season, total infiltration ap;iroxiina.ted the 

predicted deficit iii the VF and F treatments. This was ecpected since total 

infiltration should estiaiate crop water use, asawaing drainage is zero, and 

the predict~d deficit should estime.te crop vater use, assWlli.ng 61rapotranspiration 

rates were near potential.. In the.IF and 'IIF traatmenta me1111 total. intil.tration 
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for thre• treatment• in 198,3/84. 'l'be "al\lea 
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TAm..:: :5· Kean irrigation parameters for each t reat 1:1ant in 1.983/ai.. 

Treatment Mean Hean Meo.'l Mean 
Irrig. Total. Final A:>plic . 
Deficit Infilt. Int'ilt Etfic. 

Rate _
1 

% 111111 mm llm1 hr 

VF 51 49 2.3 1+ 
F 75 '70 2.6 88 

IP 107 92 2.8 87 
VIF 11fo 126 2.3 89 

was less th.an tli& me1111 predicted defici t , possibly because 01U' predictive model 

makes no 1uij ustme11t tor plant water stress or reduced plant size in thes" tNat­

l!lents, and tbe 111odel did not "ccurately predict the recharge af'ter rainfall.. 

Our model is intended to provide a rea.sollably reproducibl e basis tor irrigation 

management across seaao::is in colllllll!roial applications and these wea.'<nesses are 

'Unlikely to be si91ificant in those .pplications. 

The tin.al i:it'iltratiOll rates are lov and Tar.f l ittle acroas treatments. 

Si.nee these rates are aer:>.~d rRer tbe l ength of the irrigation furrow, t .bey 

are not simplistical.ly re.lated to soil hydraulic properti es. However th":!" aN 

applicable to irrigation management s ince CClltinued irrip.tion at these rates 

will contribute little to t he total infiltration. Table 3 shows that the 

application efficiency can be high except in tbG "./F treatment where the short 

period. of each irrig;>tion ma.de lii:ii. ting runoff difficult. High etficienoy 

csn be achieved by lllinimising r unoff and. this management will have little ertect 

on total int'iltrati on. 

Tbaae results appear to .av,pport the findings of Shaw and Yule (1978) 

that cracks dominated the water entry procees illto tbeM lloile under n ood 

irrigation, and that total infiltration WBS related to the YOl\llDe ot crack 

pnaent at irri~•tion o:o to soil water deficit (aa llbowu in. Tabla 3) . The 

infiltration. proca~ once the crac:b are tilled Iii.th water (aa indicated b7 
int'iltratiOG rate and appllcatioc .etficbnc;:r) waa simil ar iii all treatmen~e • 
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Soil Aer :\tion. 

Soil aeration waa measured near t he bead-ditch and the tail dr ain. t o 

study e!!ecta associated 'olith period o! inundation . Figure 1 shows that in 

VF treat .. nt water was i n t he furrows near tha head ditch for about 7 hours 

compared to about 3 hours near the tail drs.i.o . 

TABLE 4. 

Soil 
Depth (m ) 

0 ~ 0 . 1 

0.1 - 0 . 2 

0 . 2 - o.:; 

TABLE 5. 

DAI 

1 

4 

7 
11 

1 

'l'be soil air content data are suamarie&d iii Tables 4 and 5. 

Soil air cont ent profiles one day after i rrigation. 

Val.uea are in .? m-3. 

VF treatment IF treatment 

Head Tail Head Tail 
ditch drain ditch drain 

0. 26 0 . 30 0.35 0 . 35 

o.o6 o.o8 0 . 11 0 . 10 

0 . 02 0 . 02 0 . 03 0.03 

Soil air coa.tenta cm' m -3, at a depth o! 0 . 2 - 0 . 314 during 

i rrigation oyolea. DAI is days atter irrigation. 

VF treatment IF treatment 

lie ad Tail Bead Tail 
dit ch clraiA ditch drain 

0.02 0 .02 0 . 03 0 . 03 

o,c:J. o,O. 0. 05 O. Cfl 

o.o8 0.11 

0.09 0 . 10 

0.0} o.06 

+ 

~ 
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The soil air cootent profile:: (~able:. are generally similar to 

those repor . , ! tor Narrabri cotton soils (~odgson and Chan, 1982). Table ~ 

shows that the surface 0 .1 to 0.2 m or the hill was well aerated but Tery low air 

contenta occurred at 0 .2 to O.;im depth. There "as s<>Ot in:lication of higher 

air cootcnts near the tail draiII but tbe effect& of period o! inlllldation appear 

to be relatively small. The IF treatment had slightly higher air contents 

than the VF tl'eat111ent anct this vas associ':ted with slightly lower water oontents •. 

Table 5 show that soil air contents do increase with. time but tbt!re 

vere extended periods in both treatments when the air content was less than 

0.1 .? m-3. Since tho sampling o! VF treatment included a complete irrigation 

cycle, Tabl.e 5 su~sts that at this s oil depth the air content voW.d be low 

throughout the season. It is also likely that a similar situation existed at 

other soil depths bel.ow 0.3 m. 'llbil.e t~e IF treatme11t had similar soil 

air cont en ts, recovering to an adequate aeration status would be expected later 

in the irrigation cycle. The ill.crease in iiOil air content ;1as slower than 

reported at Narr~bri (Hodgson and Ctian, 1982). The illr,)lications of these lov 

air contents are unclear since the treatments all. produced high yields. 

The results do raise the se r ious question of interpretation o! such 

core data t or cracking clay soi1s. 'l'ypical.ly cracks are not represent3tively 

sa:npled and consequently the soil air coutent is underestimated. This may 

explain the relati~ely small detrimental e ffect that l.ow sir contents had on 

crup yield. 

Con.cl.uaions. 

These studies ha.Te shewn that furrow irri6e:tian management cau be 

highl.y efficient in these soils. Controlled irrigation manag1lment which is 

appropri~te to the soil and to other fa.rm manacement inputs ia essential. 

Adequ:ite •=f ace drai.D.age ie also neceeeo.ry. 
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IRRIGATION MANAGEMENT OF COTTON FOR 

EFFICI::NT WATER USE. 

B. CROP R&SPONSE A?ID CROP WATER USE EFFICIENCY 

G.D. Keeter 
Dept. of Primary Industries, Einerald, Qld. 

Cell ezpanaion in plants is largely controlled by the ''plant water 

potentiel" or water pressure vi.thin tbe cell. As a result cell expansion 
is tbe first plant process to slow dovn a.a plant water supply decreases. 
Tbie el.ow dol011 in cell expension is refiected in a decrease in the rate of 

stem exteDBion. ID our irrigation ll!lllla~ment worit we foUlld the more 
frequently irrigated plants vere consistently taller with 1110re main stem 
nodes than the less frequently irrigated plants. 

The rate of leaf expansion and the peak. leaf area of each treatment 
vere also closely related to irrigation frequency. 

Figure 1A shows that in 1982-8} the leaf areas ot the VP and 1' 

treatments reached the criticel level of 3 m2/m ot row tor near maximWD 
radiant energ:r interception. 'l'b.e leaf areas of the VD' and Rain Grom 

treatments were vell below this level. 

Similarly in 198}-&. (Figure 18) the leaf areas of the VF and F 

treatments exceeded the critical leaf area vherttas the IF and VIF treatments 

had 11111ch smaller canopies which barely filled in the interrow spaces. 

An ideal leaf canopy is one which intercepts total radiant energy 
before peak tlover but which is open enough to allow penetration of radiation 
to the lo~r l.eaves eupporting earl.y bolls. 

YI£LDS AND CROP WATER USE EFFICIENCY. 

The nuaber of irrigations, lillt ;yields, and water \!Be etticiencies 
tor 5 of the schedlllee 11Sed in the Emeral.d vork are show in 1'able 1. The 

IF and F-IF tr.at111e11.ta were ,not teated in the 82.:83 aeuon. Yielcla vere 

determined from the weight of seed cotton hluTeeted with a commercial picker 

tro~. the 4 centre rows ot eaoh irrigation block. Lint percentasr vaa measured 
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on eam;:iles fed tbroug)l a small experiniental gin. 

In both seasons the VF irrigation schedule reduced yielda by 7-CJI> 
compared with the cmsietently higll yielding F treatment. 

In l.982-8:; the VIF treat111ent bad 4 fewer irrigations than the F 

treatment and yields were reduced t>,- 22%. The results from the VIF treatment 

were still. very satisfactory by district and Australian standards+ 

In 1983-&. 1}2 mm of earl.y rain meant that no treatment received 

irrigation prior to nowering. Under these conditions the yield di!feNnces 

due to irrigation treatment were not as great. For example, in 8}-Sll the 

VU' treatl!lent only reduced yields t>,- 49' compared with the F treatment. 

There are reports that w.u.E. can be improved 'oy vaeying the 

irrigation deficit with crop development. Four additional. variable deficit 

treatments were included in l.98}-&l to test this b3J>othesis. The most 

promising was the F-IF whicb with :; irrigations gave lint yields equsl. to 

those of treatment F. 

The crop and irrigation responses can be summarised in tenu ot 
crop water use efficiency (li.U.E.) expressed as lint produced per 111111 of 

irrigation that infiltruted the crop root zone. 

As might be e:icpected crop w.u.E. illcreased with decreasing irrigation 

(C.F. 8:;/&'+ with 82/83). In both seasons the leas frequently irrigated 

treatments (VD', D') bad the highest w.u.E. 

APPLICATION. 

The absolute yields md w.U.E. will depend on the seasonal rainfall 

pattem but the data. in Ta.ble 1 pr<nide a buis tor choosing irrigation 

managelllellt strategies appropriate to the resource limitations of any particul.ar 

farm. 

U land is the major limitation then maxilDUJll 7ields would be n"ce88al'1 

and an irrigation strateQ equivalent to F would be appropriate. It a larger 

planted area and more efficient use of limited irrigation water are selectiOD. 

criteria then the IF and VJ:F or the variable .strategy F-IF should be cODBidered. 

• 

.. 
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A simple econollli.c analysis c11n highlight the different resu1ts from 

t"o c<111traating irrigation stratei:;ies. Two seasons results frocn the F and 

VrF irrigation strategies have been ua1>d to prepare the analysis in Table 2. 

1 This analysis shows that the net returns per ha planted are higher 

vitb more frequent irrigation aimed at maximum yields (F). Oil the other 

hand the net returns per Ml of '<later supplied are higher with less frequent 

irrigation (VlF). 

Wbile the assumptions uaed in Table 2 "Ould be a1tered to suit 

diff erent farm situations the anal.y8is demOl)strates how the data col1ected in 

experiments can be u.sed in guiding irrigation management decisions. 

The progr- being conducted by Steve Ockerby ailll5 to obtain more 

in.tormation on the nitroge.n. requirement8 of Yarioua irrigation strategies. 

It vil1 also exami.ue other aspects of nitrogen management. Varietal 

performance under di!ferent irrigation management strategies is al.so being 

..,aiuated. 

Thia information will also be useful in applying the results of 

the irrigation management programme. 

CO?ICLUSIONS. 

The prima.r;r justi:fication !or expenditure of publ.ic funds for research 

and deYelopaient is the proYiaiim. of i11proYed technology for uae by ta~rs and 

the groups aerricing those farmers. The improved teclm.ologt fl.oving f'rom 

an irription. management programs viU h!lVe both short term and long term 

bene:fits. 

Short Terai Benefits. 

Concurrently with tho Dlerald irrigation mansge111Gnt programme Dadd. 

lla.alilton bas demonstrated in commercia1 crops:-

• 

• 
• 

tlw prscticalit1 of tlw crop factor/pan evaporation scheduling 

•1•t••· 
the b4oefita of' appropriate irrigation scheduling. 

the costs of poor irrigati<>11 timing • 
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This scheduling system would enable cotton growers in all areas 

to predict when irrigation is needed. 

It can be argued that lllallY i rrigators make a f air j ob of irrigation 

scheduling wit hO\lt the aid of inst~ats , calculators or computers. 

Emerald experience ha8 clearly deinonstro.ted that particularly in new ares.s 

the grover needs a system to guide 1118llagement decisions. Thie system muet 

be sensitive to seasoaal differences. 

Long Term Benefits. 

The pro6?"8Jllll!& prO\'ides data vbi.ch enable decisions to be me.de OD 

the irrigation management best suited to a particular farm situation either 

existing or in course of development. 

The long term benefits are clos ely al.lied with improving tbe 

effieiency of crop production. They will be measurable in terms of: -

• 
• 

increaaed net returns . 

reduced labour inputs and costs 

increased agricultural. production froin our finite and limited 

resources (wa~r and land). 

more robuat evaluation of proposed irrigation developments. 

lie wish to acknowledge the assistance of J .:a. Ladewig and D • .J. 

Nickson in the experiinental vork reported in these papers. Tbe support 

of t he Cotton Growers Research Com:l.ttee is also grateful.l.y acknowledged. 
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TABLE 1. NUMBER OF IRRIGATIONS I LIN'l.' YIELDS AND WA'l'ER USE Ef'FICIENCIES cw.o.E.) FOR A RANGE OF 

IRRIGATION TREA'lMDfl'S IN 1982/83 811d 198318+ . 

Irrigation Number ot Lint Yield w.u.E. 

Treatment Irrigations balos/Wl kg lint/ha/mm 

82/83 8}jSI. 82/83 83/St 82/83 8}/St 

Ver'J' Frdquent VF ll 7 8.4 8.} 3.5 5.5 

Frequent F 7 5 9.0 9.1 4.2 5.9 

Intreqwmt IF - 2 - 8.9 - 10.8 

V&r'7 lldrequent VD' 3 2 7.0 8.7 4.6 7.9 
I\) 
<O 
(}I 

Variable F-IF - 3 - 9.3 - 7.9 
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TABLE z. COMPARISON OF TWO CONTRAS1'00 IltRIOA'rtON Sr.RA1'WIES DI 

ECONOMIC TDll!S ASSUMING A KAXlMtlK liATE!l SUPPLY 01" 8oo !G.. 

IRRIGATION S1'RA'1'EGY 

Anro.!l"' Nn&ber Irrigations 

Irrig. Required by Crop M1/ba 
Irrig. Required at fullP or 

Dethridge Wh•e11Ml/ha 

Muimu Cro.p ArH 2 ha 

Yield bales/ha 

Gross ProductiOJ> biol.ea/farm 

VAlllABLB OOS1'S $ :it 105 per farm 

CUlturlll opnatiOlllS• fertilisera 
cheaioale3 

Labour lrrigatiOA I+ 

Veter Charge 5 

Cartap 6 

'l.'otal VaJ'iable Coats 

GROSS BEmllf Sic105 }Mir fan 

l'IEr RE'l'UBN 7 

Dr BmmtR /ha 

l'1lr RErllRlf/Hl 

A.SSUMP.rIO!IS. 

! 
6 
4.5 

5.6 

140 

9.1 
l2?'t 

112.0 

zJ> 

11.2 

.1.:,L_ 

1)2.7 ---
509.6 --
376.9 

2.692 

o..i.11 

1. !'1eld Applicatioll .Ett1ci•UC7 ~ 
2. Mui- .,..hr ""PJ>l1 tor eeaaon 8oo Ill 

.!!!:. 
2.5 ,.1 
3.9 

200 

7.9 
15&> 

160.0 

l.4 

11.2 

~ 
181..4 -
6J2.0 --
450.6 

2.253 
0.563 

3. S8oo per ba to ccwer operati<111 of 11aellh•l'3' (halt Oil, Repairs lllld ICaiAt.iianc.) 
seed., fertiliser, llerbicide, haecticide, ~foliaat, aerW epplicatioo coete, 

barnet (o<ntract>. tu.ot soolltUg. Source o. Balll.lton and K. Jors-i­

Jlanl.d Irrigator, May 19l't Vi.th 6.$ iAcreaae tor iDflaUon. 

4 • r.l>ov iD Nttiag vp aa4 e11pe"ismg furrow irrigation coet..4l: at 0->\0 'blTon/ 
b/J,rriptioa Vi.th labov charpd at S?.00/bour 

5. Ult per IO. 

6. c.rtap ebarpd u .,.Q~<l/llcdale pl• S2.50/ra hued. cm 11+ bah •dw• ad. 
a c11ai- ot ~ 111 troa p.. 

7. miosa U!VO - total 'fariable eo.t•. 
It i. _, ti.at nx.d. Cost• •• »epr.ciatha wald i.e ti. - • lloth r-. .. 
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WATJ!RLOGGING OF COTTON ANll WAYS OF OVF.RCOM!NG ITS El'l'ECIS 

Introduction 

Arthur s. Hodgson, 

Senior R~eearch ARronomist, 

NSW Depart"ent of ARriculture, 

Agricultural ReBearch StstiOTI, 

Narrabri. 

Furrow irrigation or heavy rain di splaces most of the air from cracki ng 

clays, causing waterlogg1ng. Small pockets of air may be trapped in 

water l ORRed soil , but the oxygen in t hese i s rapi dly used up by roots and 

soil mi croor ganisms. As t he oxygen is r emoved, cot ton root s respond 

dramatically . When t he oxygen content of t he soil air dr ops to 3- 10%, root 

growth is temporarily delayed, at 1-2% r oot growth ceases, and when no 

oxygen i s left, cotton roo t tips die wi thin three hours (Ruck, 1970) . 

Soils recover from wate r logging by removing excess water, which a llows 

fresh air to re-enter the profile a nd provides pathways for continued 

supplies of oxygen. Cracking claya drain by surface runoff, evaporation a~d 

transpiration. Some soil s can drain excess water down through the subsoil , 

but deep cracking clays do not. Therefore, to minimi%e water logRing in 

cracki ng c l ays, i nunda tion periods shoul d be brief , surface run-of f should 

be rapid and transpi rati on by plants should be encouraged. 

I n a project supported originally by t he Austral ian Cotton Crower s 

Resea r ch Association and cont i nued by the Cotton Research Co111111ittee, 

waterl ogging da...,ge to cot ton has been assessed and ways of over cO&ing it 

are being investigated at Narrabri. 

Yield losses 

Fi gure 1 shows that running siphons for 16 hours i nstead of 4 hours per 

crop irrigation reduced lint yield by 159 kg/ha or 8% i n 1979/80. In 

1980/81, 32 hour irri gations r educed lint yield by 300 kg/ha or 18X. The 

per iod for which siphons ran va• not the sole cause of yi eld loss . The 

faster dra i ning field yielded more lint when irrigated a t the sa~e epeed as 

the elover draining f ield . tlius when t he siphons were turned off, other 

factors determined the ra te a t which the soil recovered f r om water logging 

and hence the lint yields. Thia mean• that the same speed o f irrigation 

migh t not cauee the same damage at different locations. However, t he same 

principle would apply; namely, t hat faster furrow irrigation and faster 

drainage increase yield&. 

.. 
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Fester irrigation can be achieved by using more s i phons per furrow, by 

using larger diameter siphons, by us i ng more pressure head and by using 

shorte r runs. The f a rmer should assess thes e options and weigh them aga i ns t 

the possible yield advantages bef or e adoption. 

Fi e l d slope 

Slo~e influences the rate and degree of surface drainage, but we do not 

know by how much or t o what extent t his affects yield. Circumstantial 

evidence suggests that s l ope ts i mportant, but no valid comparisons have 

been made in cracking clays growing cotton. However, the Cotton Research 

Co...,,ittee is supporting an experi ment at Narrabri Agricultural Research 

Station which seeks to quantify t he influence of s l ope on waterloggi ng 

damage to cotton. Land has been graded to 1:500, 1:1000, 1: 1500 and 1:2000 

in a randomized and replica ted e:q>eriment, and Speed of irrigati on 

trea t -ment s can be superi mpo1ed on each of t hese slopes. Grading vaa 

comple t ed i n December, .19g3 a.nd cotton should be sown in Octobn, 1985. 

Foliar fertilizer 

Waterlogged roots a re lees able to absorb water a nd outriente f r0111 the 

soil. Thia often reaulta 1n nut rient deficiency in the lea ves, especially of 

mobile elements needed in large quantities, such as ni trogen (N), 

Wa terlogged plants may loae aome green colour due to N deficiency because N 

i s removed from t he chlor ophyll of older .leaves a nd sent t o you~ger leaves, 

f ruit and growing points. The older leaves wil l photo1yl1tha l11e leH 
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carbohydrate, olant growth slows down and yields may suffer. 

Fortunately, leaves can absorb nutrients throu&h stomates and through 

cracks in their outer skin or cuticle. Thus a strategic spray of N 
fertilizer to the leaves 1ust prior to waterlogging may overcome a shortage 

in supply from the roots and maintain crop growth. 

Figure 2 
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In 1980/81, cotton waterlogged by irrigating for 4, 8, 16, 32 and 64 

hours waa sprayed with 0 or 10 kg N/ha as urea on the day before irrigation. 

All treatments were repeated at each of three crop irrigations. Results in 

Figure 2 show that lint yield wa• significantly increased by the foliar N, 

and that the response tended to be higher in the more waterlogged 

treatments. In 1982/83, cotton irrigated for 4, 8, 16 and 32 hours was 

foliar sprayed with urea at O, 5, 10 snd 20 kg N/ha. Again, sll treatments 

were repeated at each of three crop irrigations. Results in Fi1tt1re 3 showed 

that all foliar N sprays increased lint yield above the unsprayed control. 

The highest rate produced the highest yields, probably because post-

1 rrigation storms extended the period of waterlogging on two occasioPS, and 

therefore increased the foliar N requirement. When no rains fall after 

irrigation, the rate of 10 kg N/ha would probably be adequate. 

II 

.. 
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Figure 3 
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ln 1983/84 there was no response to foliar N. This was probably the 

result of the cool, rainy season in which low temperatures and low solar 

radiation were also limiting yield6. For yields to increase, all factors 

limiting yield need to be overcome. Because this could not be done for 

temperature and solar radiation, yields remained depressed despite the 

application of foliar N. lt seems likely that waterloggtng damage due to 

evening thunderstorms during otherwise hot, sunny weather may be more 

responsive to foliar N, since other factors are less likely to be limiting • 

However, the timing and intensity of such stot'llls are difficult to predict 

beforehand. A period of about 24 hours is required for sufficient foliar N 

to be absorbed before waterlogg!ng occurs. 

Conclusions and recommendetions 

1. Fast irrigations decrease waterlogging and increase yields 

- use more siphons, larger siphons, more pressure head or 

shorter runs. 

2. Past irrigations do .!!2.t cause fast drainage 

- use deep, clean furrows or increase field slope. 

3. Foliar N can help alleviate waterlogging da1118ge, providing 

other plant requirements are not limiting, eg., temperature 

and sunshine • 

- apply about 8-10 kg.N/ha approximately one day before 

irrigating. 

- do not mix with insecticide as pR and droplet size of 

the mix are dramatically increased, probably to the 
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detri.Aent of the i nsecti cide . 

mos t N uptake is completed by the end of January, 

depending on season, &o l ate r f oliar sprays may be 

less effective. 

urea is corrosive to metal and can burn cotton leaves. 

To minimize burning, ~pray at night or evening to 

allow uptake when tempoiratures are cool, humi.dity is 

high and stoin&tes are fully open. 

urea is easilv absorbed hy leave• , but mixes with other 

forms of N such as a..,,onium nltrate and ammonium sulph•te 

may cause less burning at hlsh concentrations. This 

i s bei~ i nvestigated a t l'la rrabr t. 

when N deficiency sympt oms ha ve appeared, it ia to<> la te 

to overcome the damage, hut further damage may be 

arrested by foliar sprays . 

other nutrients such aa z i nc , sulphur, phosphorus and 

boron may possibly become deficient under prolonged 

waterlogging, but this has not been clearly demonstrated. 

there is a limit to the amount of N that can be stored 

in the crop canopy, so foliar sprays should not be 

regarded as a long-ten. application strategy. 

Further reading 

Hodgson, A.S. (1982). The effecta of duration , timing and chemical 

amelioration of short-ten. waterlogging during furrow i rrigation of 

cotton in a cracking grey clay . Australian Journal of Agricultural 

Research. Vol. 33, pp. 109-116. 

Hodgson, A.S. (1982). Furrow i rrigation management to minimize waterlogging 

damage to cotton. Australian Cotton Growers Research As•ociat 1on 

Research r.onference, Cooodiwindi , November 1982 pp. 4-7. 

Hodgson, A.S. ( 1983). The physics of soil waterlogging. Australian 

Cottongrower. Vol. 4 Number l. p. 18. 

Hodgson, A.S. ( 1983). Can fol i a r fertilizers hel p waterl ogged cotton? 

lrrigators Newsletter. Numbe r 1, November 1983 pp . 10-12 ( NSW 

Department of Agricul tu re). 

Huck, M,G, (1970). Variation i n taproot elongation rate as inf luenced by 

composit ion of ~he soil ai r . Agronomy Journal. Vol. 62, PP• 815-818 . 
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THF ~Of' C:OTTON ' TEHPFRATURF . SOLAR J!ADl ATION AND NTTRO{: F.N FERT il.tSRR 

C: .A. Constable 

lleparc .. ent of Agr1cul tu re N. s.w. 
llarrahri 

The lq83/~4 season In 11.s.w. and aouthern QunenAland cotton growing 

area~ was characterised hy long periods of cool, wet and cloudy weather. 

Host areas had below average t emperatures for each month. Th e season was 

especially nntable when conrared to the hot dry aeasona i n the preceding 3-4 

yea rs. 

Tt ta the a1m of this contr1hutton to present the primary relat i onships 

between cotton growth and t el!ll'e rature, solar radiati on or nitrogen 

ferttltser. Temperature and solar radiat ion are not under our dfrect 

control: hut the problems created by had weather can he minimteed. 

Suggestions will be 11111de in this article on ways of cotton me nagemnnt to 

reduce problems associeted with unfavourable weather. 

Temperature 

TWo basic responaea to tempereture need emphasis when descr1hfn~ 

effects on cotton ~rowth. The flret response is that of leaf photosynthesis 

to te~perature as eh01om 1n Ff(ttlre I. 

1. 100 
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TEMPERATURE (OC) 

Photosynthesis 18 the key process of plant growth: 1t is the converalon of 

atmospheric carbon dioxide into plant d\"Y llllltter. Leaf photoaynthesis 

proceeds moat rapidly at a te•perature of about 30°c, but there ia a fairly 
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hroad range of temperature where photosynthesis is satisfactOl'Y· At 

temperatures less than about s0c and above about 45°r., photosynthesis ts 

neglt~tble. lt must he emphasised that Figure I refers to photosynthesis at 

an Instant during the day. 

The second, and practically more important response ta that between 

temperature and rate of develoPlftent of cotton (Figure 2). These data ere 

derived from field exper1centa and relate the days from sowing to squaring 

with average teaperature e-,q>er1enced during that phase. 
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Figure 2, The relationship between mean tempecature and 
rate of cotton development from sowing to squaring. 

As can be seen, above 12°c development proceeds ~ore rapidly at higher 

temperatures up to shout 34°C. The point on this r~lattonship where 

develoPtnent ceases c12°c) ia called the ~ teniperature. This vatue ts used 

in day degree (or heat unit) calculations. Dsy deRrees eaaentially meaaure 

how long and how much ahove the hase each day ls suitable for cotton growth. 

They are calculated as follows: 

DAYDECRKRS 

(Tmax - 12) + (1'191n - 12) 

2 

for example if daily temperature wer~ 30/18. 

(30-12) + (18-12) 18+6 

DAYDEGRY.ES 2 2 12 

No neRative terms are used for example if dally tenperatureB were 20/10: 

(20-12) + (10-12) &o!-0 

DAYDEGREES 2 2 4 
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The tota l rlaydegrees rf'quired in each rlevelopment~l phase for Delt~plne 

cotton are shown In the foll owlng tabl e• 

Phase 1Ja1rdegret's nays at 2R/20 

Sowing to fi na 1 emer gence 110 7 

Sowing to squaring .sos 42 

Sowi ng to flowerl ng 777 ~5 

Interval between branches 42 4 
,,--. 

Plower to open holl 750 ~3 

Note that 1527 (777+75(1) dey degree~ are reou1rerl f rnm Rowing to the fi rst 

open boll, Note also that the last useful flower will appear 7~0 day degrees 

before t he f1.r~t ldlling froR t In antumn. Therefore a •eason v !th 2200 day 

degree• wtll have 673 (2200-1~27) day degrees of u~aful flowerlnA time, or 

a bout ! ! (473/42} flovf'ri ng branchee per plane. 

Solar ndiat1on 

The relationship between solar radiation and l~af photn~yntbe$1& is 

shown Jn Figure 1. ~bout 601 of full sunlight Is required for maxtmum 

phot osynthP.518. In th<' dark, there is a net loss of leaf "etght - due to 

resptratlon. Figure 3 aga i n r t>latea tn ph<ltosynthesh •t orie t i 1M' of th" 

day: not many leaves are PXposed to full ~un\ight In the middle of the day, 

and nonP experience opt11'1Um temperatures all of the day. As a consPquence, 

the pattern o f lPaf phntoaynthest& during the day I A inf \uenced strong!v by 

light and temperature ! at sunrise, thP t emperature ts below optinwm and 

li"ht ls also J imitln~. 1'herefore, photosyn t heala of a typical leaf I~ 

ra~ely near potential rates (Fl~ure 4). 

The 1,.portsnce of the pattern stiown in l"i1111re 4 ts emphasised when it 

ts considered that cotton boll "ro.,th f a mainly supnorted bv the leaves near 

themi and "enerally leaves and bolls are below the top of thP plant canopy. 

Thus the problelllS encountered hy bolls during cloutlv or col.cl ~ather can he 

a pprecia terl . The ra tee of photosynthesis for lover l eavPs on a c I outly day 

are only 5~ of leaves picposed to full light - redncln" the ahllity of the 

crop to fill or hold hottom holls. Racause lower leaves are shaded and can 

be a drain on the plant, 14% of full sunlight ls required to maintain plant 

vPig)>t; 1 .e. 11rowth vi ll not occ\1r on a dav Vith Jen than 14% of full 

s unlight. 

The reaction of the plant to prolonged cloudy conditions depend• on 

•tage of RTOWth. Up to early flowering , tbe genP.raJ reault is that lover 

square• and young boll• 111&y shed: the ~rowth of new leaves and young squares 
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Figure J. The rela t ions hip betwee.1 solar radiation a nd cotton 
l eaf photosyntnes! s, 
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Fi9ucc 4. The p;itt"m of photo~yntheeis for cotton l eaves 
at the top or bot tom of • cotton canopy on a s unny oc cloudy day. 
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at t he top of a ,.1ant may continue . lh1rtng t he holl f tl lln1t s t>1ge, the 

result I • •1 lllv sN1 ler holl s, often reduce(! in 10f crona l re 11s weD : upper 

aquarPs will proha hly Rhed at thi s Rtage . 

Ni t rogen f Prti Jiser 

Nitrogen is one of the most imoortant elements tn all crops an<I cotton 

ts no exception. On average it cotton l eaf contains a'>nut 20 111tll lgra1na of 

nit rotten and " cot ton ho\ I ahout 70 mil llgrams. Furthe rmore, the movement of 

nf trotten from the soil, through the plant and the conver sion nf thi s 

nitrogen i nto plant protein are all ~processes that rely on 

photoaynthes is, 

Another very Important characteristic of nitrogen nutriti on l a t hat 

approx1m8telv half of the nitrotten that ends up in a boll ts derived, not 

directly fro"' the sof l , hut Indirectly fr0111 seneacing leaves. Therefore 

t here la a lontt delay betveen appltcatton of n1tro~an and the ultimate 

deat1netlon of !.!.1. t hls nitro~en Into cotton holls. 

Glven these characterlst lct> and field da te relAt ing nitre>p;en up take to 

vteld, the desired pattern of dal ly nitrogen can he prnoosed (F!~ure 5). 
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Figure s . The desi ted pattern of daily nit rogen uptake 
for a cotton orop to have 120 kg N uptake/ha. 

Th i s pattern (1) allows f or aufficlent early veget•tive growth, (1t) 

ten11nates nitrogen uptake on a realis tic date so that crop 1111turfty occurs 

before unfa vourable weather, and (111) enaurea a total plant uptake of 120 

kp; H/ha. 
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The duired patte.rn ciin be used conatructlvely wh en considering 

si~edrees!n~ (gas, solid or tn irrigation water) or foliar application of 

nltroiten. Given that it ta~es three veeks to tak11 up and fully utilise 

nitrogen, i deally al l 11ppl le11tions of nltro~en fert i liser s houl d cease in 

mid January. Nitrogen applied on later dates could be poorly utlliaed. 

MoRt cotton growtn~ regions In Aus tralia have 11ea•on~ or times vtthln a 

season whe11 coDditiona are uofavourahle for cotton growth . Although it 

Rhould he ohvlouR that temperRture ls not the only criterion for succeasful 

growth, it CAn he used as an indicator of climatic variability. For example 

at NArrahrl thP. day de Rree sum from October to the end of April averages 

2320, the extremes have ranged from 2150 to 2750 - 1.e. the range is 26% of 

the aver•Rt· 

One obvjous althouRh not always practical method of mtn1m1s1ng cool 

weather ls to avoid 1t. For example, Septemher plant1nRS st Narrabrl often 

do no better than early to mtd October plantlnRs. Tn other cooler areas, 

this option ls not necPssarily sensible because later plantinRs run the risk 

of lower yte l d,,, 

The main oolnts to consider for minimising prohle11t1 dur1nR bad weather 

are njtro~en rate, plant arac!ng, and 1n future seasons, variety. 

NI troge n rate· There Is a dPfinlte optlmn1ll nitrop:en rate for any cotton 

fte l d. NttroRen deficiency decreases yield, but a point is reached with 

rates where there ia no yield increase and further additions of nitro~en 

delay maturity . This de lay in 1118turlty can leave defoliation and harvest ln 

cooler, unfavourable condft tons. HiRh nitrogen rates also produce bigger, 

J~afler plants which are more seriously affectP.d by problems ~uring cloudy 

weather (see Figure 4). 

Wethods of soil and plant testinR are bein~ reeearche~ to enahle more 

accur•te ~ectsion~ to be made on nitrogen application rates and datea. 

Plant spaclng: Again there ts a definite optt11111a plant epacing for stable 

cotton yield . The epactng to aim for t s about 10 plants/~etre of row - say 

frOlll 14 kR eeed/hectere. With unifont spacing, ha l f thts nu•ber of plants 

are capable of 111Sxtmua yield . Plant •P•cings in exce•• of 15/metre are to be 

avoided, particularly in wet aeaaone . Uense shading from thick stands 

exag~erate the problems illustrated in Fi11Ure 4. 

'\ 
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Variety ' The new okra leaf line (SJROKRA 401) which has now he.en released, 

has a more open tea• canopy which has shown parttc11lllr ~uperforf cy to 

Deltapine 61 tn wet and short seasons. 

Another point to condder under thls suh.lect is to have a range of 

manaitement Rtrate1tles on each farm. lf so~e fields have lnputs and 

management that ts a little conservative, they will hP the best rtelds In a 

prohlem season. Alternative mnre lntens!ve stratP~ies on other ffeln~ will 

be super.tor tn hetter ReaeonR. '!'his ~pproach helps to spread nut irrtRatlon 

and harvestln~ within each year. 
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