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metars anc gamma density probes con grey ciays

and hard-setting red soils of the Macguarie Valiey,

(2] To investigate the hydroiocgical effacts. and the infiuence upcn ylieid andg
profitakitity, of deep ripoing. chizel gicushing, mouldboard ploucning.
minimum £iliage, e¢ypsum, and a range ©f rotation ¢rcps on a .=rrow irrigated
grey clay; similar technigues, were 2780 studied on & hard-seiting red s2iid.

{3y To obtain general infocrmation about irrigation efficiency under 2 range of
irrigation systems oh arsy c¢liays and harg-setiing red sails
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In the final vear of the project, objective (3) was not pursued because of
urgent grower demand for a soil management information transfer system. Staff
associated with this project assisted with the creation anc deveiopment of the
Macquarie Valley Scil Management Service.

Growers use the service To chcose ths
tillage, irrigation and Tertiiiser strategies that are required to producs cptimal
soil conditions for irrigated cotton production.
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IMPROVED IRRIGATION TECHNIQUES FOR COTTOH
PRODUCTION IN THE MACQUARIE VALLEY

SUMMARY

Introduction

The overall aim of the soils research program based at Trangie has been to
cevelop management straiegies that maximise the pretitzbiiity of irrigated
cropping by: (i) correcting yield Timiting soil phvsical problems: and {ii) by
prevanting further problems from deveioping., The work nhas been carr1eu out an
cracking clays and hard-setting red soiis with a strong emphasis an extension of
the results to irrigation farmers. This prcject gongenirated on evaiuating ih

nydrolcgical effects of deeo ripping, chisel p‘oaan1ng, mouldogardg olcugr1 g
minimum ©i1lage, gypsum, and several rotaticon crops on a Turrow~irrigateg crackis
ciay. The subsequent effects upcn cotton performance and farm ezonomics ware 2130
measured and exiended o cotion growers, Similar experimenis ware carried gut on
a hard-setting red soil.
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Most of the work has ceen carried oul co—cperativeiy witn coilsaguss from NEW
Agricuiiure & Fisheries, private industry (mainly Auscott Lid}, University of New
England and CSIRO.

Six main topics were consivered:
1. Calibration of a neutron-gamma proje

2. The long-term effects of desp tiliage, 9
and cotton performance on a c¢racking ciay
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%, The effects of saffiower. wheat and Taliow upon scil siructure angd cotion
performance on & cracking clay,

4. Tne Teasipiiity of using ‘permanent’ ridges for irrigated catien produstion
an a cracking ciay.

5. An assessment of technigues for fimproving the phvsical fertility of
hard-setiing red scils.

8. Extensien of soil management and dirrigation research results %o cotton
growers.

Ms Kate Hucker, a very capable Techniczl Officer employsd uncder this dgrant

assisted Mr McKenzie with topics 1, 2 and 6. 8he altso helped with tepics 3 and
4, dealt with respeciiveiy by CRC Tunded prcjects DaM 13L and UME ji, and

contributed to a Wneat Industry funded projsct addressing topic 5,

Surmary of results and benefits to industry
Neutiron—-gamma probe catibration
i. Gray clays and red-brown earths in tne Macouarie Vzilevy reauire different

neuytron prebe cziibrations for relating irnstrument readings to soil water
content.

™

The Macquarie Yaliey equations are substantiaily difTerent from those provided
by the supplier of the instrument, and have been used commnercialiy 1n the area
for several years.
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Poor precision caused by field variapiiity usually is much greater than
caiibration and instrument error in the Trangie-Warren area.

The gamma component of the CPN501 Depthprobe was shown to e toc inaccurate
for assessing the bulk density of Macquarie Vailey cracking clays.

Field 24 deep tillage/gypsum experiment

3.

iC.

Mechanical deep locsening using deep rippers and chisei pioughs under dry
conditions boosted short-term cotton growth and profitabiiity in a degraded
grey clay. Improved yields were ralated to increased water storagas, improved
roci penetration, and better utiiization of applied nitrcgen.

Chiseiling to a denth of 30 cm was the mest profitable and least damaging
tiliage option.

Deen ripping reduced cotteon lint yields diring the cocl, wetl summer ©
1983/84, due apmarentiy to more sericus wateriogging., Ri bel
also caused long-term yielid declines (relative to the
appiving the treatment under dry conditicns),

Addition of gypsum (7.5 t/ha) to carrect subsoil sodicity improved vields hy
anproximateiy 10%. but consistency of tThe response over & 5 vear geriod maant
that it improved profitakiiity when the cotion orice is arcund $508/hale.

Doubling the rate of pre-plant nitregen improved the cotton yield of poord
structured treatments in 1358, but reduced yisld onweli-structured treatments
due to the encouragemsnt of rank agrowih.

In the eighth year of the experiment, c¢ne of tha best yielding treatments was
the untreated contrel., It apcears that cracking of the degraded 0 7
rctation crops allowed deep cotiton root penstraticn, but water couid T
accepted in sufficient cuantities fc create badly watericgged conditions 1
the subsoil,

Field 34 rotation crop experimant

1. Non-irrigated safflower and wheati extracted water tc at Jeast 1.2 m in a grey

clay, causing air-filled porosity and vertical macrocorcsiiy to be increased
in comparisch to a fallow cenirol, This favourable structure persisted fer
several 1irrigaticn cycles, and corrslated with the imoroved growth of a
subseguent crop in the absence cn other jimiting factors.

Figeld 30 minimum tillage experiment

Mo yield penaliy was suffered by planting cotton into ‘direct listed’ ridges
on a well-structured brown cracking ¢lay, compared to other more intensive and
expensive seedbed preparaticn methods. Water absorption and rstsntion were
agreater in the deep tilied than the ‘direci-listed’ nlots. Howevar, undsr the
management and c¢limatic regime of the experiment, cotton plants vere unabie
to utiltise this extra water.

}
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. Block 4 red soil management experiments

13.

Deep (45 cm) mouidboard pioughing to increase the cracking-clay content of a
hard-setting red soil, 1in combination with gypsum application (5 t/ha),
increased the yield of irrigated summer and winter crops by as much as 70% and
30%, respectively. Better water and rcot penetration were the main resasons
for this improvement.

Continuous cropping with summer and winter crops under zero ©illage further
improved soil physical conditions.

Permanent beds and controlied traffic proicnged the benefits of desp tillage,
althoush compacted furrow edges required amelioraticn.

Slow wetting with small siphons, and the covering of Turrows and beds with

careal straw, improved soil bioicgical activity, end zllowed the scil to
accept more rain and trrigation water.

Extension of the research results

17,

18.

An audioc cassette Tape and a video about the diagnesis and management of soil
physical probiems have been produced to supplement written material.

NSW Agriculture & Fisheries has established a so0il management extension
service, based at Warren. Approximateiy 40% of the Macquarie Vailey cotton
growers have utilised this service, which eventually is 1ikeiy to be promoted
State-wide. Procedures developed by the group fTorm the basis of the
COMPUCLOD/SOILPAK initiative.

Difficulties encountered

Scme treatmenis may have been disadvantaged by being watered toc ofien;
irrigation scneduiing was based upon the needs of cotion growing on plots most
prone ta siress caused by water deficiency. However, apart from seriousiy
inconveniencing operators of the irrigation systems, a iot of exira Tabour
would have been reqguired if each plot had bzen watered at the optimal tims.

Most of the experiments were carried out under commercial conditicns. Whilst
growers were able te identify well with this approach, znd resesarchers were
abie to concentrate on experimental measuremenis rather than management, there
were problems with the use of rotation crop equipment cperated mainiy by
contractors. On several occasicns, planting eguipment and/cr headers with
incompatiblie wheel configurations caused serious ridge ceompaction, and
complicated experimental design.

Recommendations for future research

1.

The fertiliser rates and irrigaticn frequencies reguired by rotaticon crons and
cctton toc maximise seoil improvement by cracking are pooriy understcod.
Further research is reguired.

Thera is a2 need to develop rating tables that outiine the ability of different
rotation crops and varieties to nenetrate degraded scii.

Water-use efficiency and cotion response need to be comparsd when desp ricped
and minimum Tilied plots are watered either at the same time, or at the refiil
point for eacn treatment.
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4, The patterns cof waiter extraction by cotton need to be more thorougnty
characterised under flood, spray and drip irrigation systems with various
application freguencies on 2 broad range of cotton soiis,

£. The feasibility of using soil fauna such as earthworms and ants to improve
5071 physical conditions tTor cotton needs to be investigated.

6. Tne problem of Tack of refinement of field technigues for the diagnosis of
scii physical condition by adgvisory staff is being addressed in project DAN
46L (Procedures for the evaiuation of scil physical conditions in the Tield
to assist jand management for cotton production), in cenjunction with preject
DAN 41L (Development of ‘COMPUCLCD', a descision-support system for scil
management}.

Budget Summary

Salary Travel Operating Capital Total
$ $ i $ $

1583/64 9,000 1,000 1,000 3,000 14,0040
1884/85 20,766 &,000 2,000 4,800 25,566
1985/86 22,801 2,000 2,500 - 27,301
1986/87 23,547 2,000 2,500 6,700 34,747
1987/38 26,663 2,000 2,100 2,500 33,263
GRAND TOTAL 138,877
Publications arising from the project
Ressarch papers - submitted to journal
1. Y2 Huime, P.J., McKenzie, D.C., Abbott, T7.S. and Macleoa, G.A., Measursment of

vertisoi structure dynamics following an irrigation of cotton, as infiuenced
py prior rotation crop. Aust. J. Soii Res.

2. McKenzie, D.C., Hucker,K.W., Mortharos, L.J. and Baker, P. Fiel
calibraticn of a neutron and gamma probe in three agriculturaiiv important
soils of the Tower Macguarie Valley. Aust. J. Exp. Agric.

J
r

Research papers - In preparation

3. ° KHaill, D.J.M., McKenzis, D.C., Cass, A. and MaclLeod, D.A. The effect of desp
mouidboard ploughing and double cropping on soil properties and crop growih
in a degraded red brown earth. 1. Soil chemical and physical proparties,
Aust. J. Exp. Agric.

1 Associated with Project UNE tL ‘An evaiuation of sesdbed preparation methods

for growing irrigated cotton on grey ciays’.
¢ Associated with Project DAM 13L ‘Restaration of soil structure 1in cracking
ciays’.

3 Associated with NSW Agriculture & Fisheries/University of New England/CSIRC
Division of Socils red soii management research program, Trangie
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11, *?

12.
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Ha1l, D.J.M., McKenzie, D.C., Cass, A. and MaclLeod, D.A. The efTtect of deep
modidboard ploughing and double cropping on soil properties and crop growth
in a degraded red brown earth. 2. Wheat growth. Aust. J. Exp. Agric.

Huime, P.J., MaclLeod, D.A., McKenzie, D.C. and Anthony, D.T.W. Cotton
response to minimum tillage. Aust. J. Agric. Res,

McKenzie, D.C., Anthony, D.T.W. and Hucker, K.W. Ameiiorazion of a
structuraily degraded vertisol by deep tiliage and gypsum application. 1.
Performance of cotton, wheat and safflowear. Aust. J. Exp. Agric.

McKenzie, ©.C., Hucker, X.W. and Hall, D.J.M. Amelioration of a
structuraily degradad vertiscl by deep tillage and gypsum appiication.
Changes in soii water relations. Aust. J. Exp. Agric.

Mckenzie, D.C., Abbott, 7.8., Hucker, K.¥., Thompson, A. and Higginson, F.R.
tmelioration of a structuraliy degraded vertisol by deep tillaze and gypsum
appiication. 2. Changes in sqil aeration, strength and stabiiity. Aust,
J. Exp. Agric.

McKenzie, 0.C. and Hucker, K.W. Long term efiec
gypsum on soil cenditicn apd cotton growth on a G i
modiftied by different rates of nitrogen. Aust. Jd. Exp, Agric.

McKenzie, D.C., Abbott, T7.S8., bDouglas, T., Anthony, D.T.W. and Macisod,
D.A. Eftfect of wheat, safTlower and failow on the struciure of an irrigatec
vertisol. Aust. J. Exp. Agric. )

McKenzie, D.C., Maclecd, D.A. and Biackweil, P.S. The effe
tiliage, fiood irrigation lavout and cropping seausnce on soil &f
a degraded red-brown earth. 4. 8urface macropecrogity. Aust. J

Wiide, M., Koppi, A.J., McBratney, A.B. and McKenzie, D.C. Anaiysis cf spii
macropore structure after shailow cultivation and deep tiliage in a degraded
vertisol. Soil Till. Res.

Conference papers

13.1,2

14.
15, 3
16. *®
17. 3

Apbott, 7.8., McKenzie, D.C., Hulme, P.J. and Macieod, D.A. {1937}
of deep rooted rotation crops on sodic grey clay, Proc.

a
Society of Soil Science (ASSS81) Conference, Denilicuin.

Abbott, T.S., Mckenzie, 0.C., Higginsen, F.R. and Hall, D.J.M. (188&j.
Effect of deep tillage and gypsum appiication on a structuraiiy degraded
grey clay. Pro¢., ASSSI MNat. Secils Conf., Canberra, o. 180.

Hail, D.J.M. and McKenzie, D.C. (1985). Amelicration of a hardsstiting
red-brown earth in the Macquarie Valiey, NSW. Proceedings *Scils in
relation to changing systems of iand use’ Conferance Horsham, ASSSI. pp
119-25.

Hail, D.J.M., McKenzie, D.C., Maclecd, D.A. and Cass, A. (13936). Tha
effects of deep mouldboard ploughing, gypsum and doubie crcoping cn a
hardsetting red-brown earth in the Maccuarie Valley, NSW. Proc. ABSSI.

Nat. Conf. Canberra.

Hall, D.d.M., McKenzie, D.C., Morthorpe, L.J., Morthorpe, K.d. (1937).
irrigated red brown earth management in the Macguarie Valiey; A review of
current research. Proc. ASSSI Conf., Deniiiquin.
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23.

25,

Thesis supervision {Jointly with Or D,A. Maciecd and Dr A. Cass, Univarsity of Nsw

2 Hail, D.J.M. and McKenzie, D.C. (1988). Profile modification and management

]

*

strategies for hard setting red-brown earths. Proc. Nat. Secils Conf.,
Canberra p.188.

Huime, P.J., MacLeod, D.A., McKenzie, D.C. and Anthony, D.T.W. {19883).
Influence of thres sub~surtface tillage treatments on physical properties and
cotton 1int production on an irrigated grey clay. Proc. ASSSI MNat. Soils
Conf., Canberra p. 190.

Hulme, P.J., MaclLeod, D.A., McKenzie, D.C. and Anthony, D.T.W. (1982).
Cotton production without deep tillage is viablie, in the absence of
structural degradation. Proc. ACGRA Cont., Surfers Paradise.

Mc¥enzie, D.C, (1584). Managing compaction in sodic grey ciays. Proc.
ACGRA Conf. Toowoomba., pp. 250-271.

McKenzie, 0.C., Abbott, T.S8. and Higginson, F.R. {1334. Amelicration of
a structurally degraded vertisol by deep tiilage and gypsum applicaticn.
Proc. ASSSI Nat. Scils Conf., Canberra p. 249.

McKenzie, D.C., Abkbott, T.S5., Anthonv, D.T.%., Hall, D.J.M. and Higginson,
F.R. (1884;. Soil management strategiss for improving the yieids of
irrigated crops in the Tower Macquarie Valley. In 'Rootl ‘o

g Limitations
irhead and E:

n
to Crop Production on Clay Soils’. pp. 149-161. {Ede W.A. Mu
Humphreys) (ASSSI, Riverina Branch).

McKenzie, 0.C., and Hulme, P.J. (1986). Reduced costs: the role of minimum
Tillage. Proc. ACGRA Conf., Surfers Paradise, pp.%5-72.

Z McKenzie, D.C., Hulme, P.J., Abbott, T.S., Macieod, DU.A. and (ass, &,

(1987). Vertisol stirusture dynamics foliowing an irrissastion of cotton, as
influenced by prior rotation crop. In ‘Effecis of Management Practices on
Soil Physical Properties’ {Eds K.J. Coughian and P.N. Truong) pp.33-7 {DPI,
Queansiand)

Engiand)

26. Cousins, Y. {1984). The use of Emerson’s 6, test in asssssing siructura,
stapitity. BScAg (Hons) thesis.

27. Cousins, ¥. {1984), The distribution and effects of surface applied gypsum,
as modified by deep tillage, on a structuralily degraded arey clay. Adv.
5011 Science Project.,

28. Dougias, T. (1985). Effects of crop rotations in cotion producticn on tre
physical properties of a grey clay in the lower Macguarie Valiey, NSW.
BRurSci (Hons) thesis.

29. Douglas, T. (1985). The effect of varying bulk densities on the growth of
five crop species. Adv. Soil Science Prcject.

20. Greenwood, K. (1584). Shrinkage characteristics of patural clods Trom the
lower Macquarie Valley. 3ScAg (Hons) thesis.

31. Hail, D.J.M, (In preparation}. The effect of dezp mouidhecard ploughing,

gypsum and double cropping on soil properties and irrigated wheat growth in
a degraded red brown earth. MScAg thesis,

}
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8., McKenzie, D.C. ang Hulme, P.J. {1938},
structure. The Australian Cottongrower 9(2

Rotation crops improve so

30-34.
Huime, P.J., Anthopv, D.A., Cass, A., McKenzie, 0.C. and MaclLeod., 0.A.
{1588). Is ripping necessary? The Australian Cottongrower. T7T(2) 20-7%

Kay, A. znd McKenzie, D.C. (1888). CGypsum - where tc use it. Macguaris
Irrigator October 1988.

McKenzie, D.C. (1686). Sglutions to soi1l degradaticn. In, ‘Consery
farming - the concepts’. Progeeaings of seminar for Agribusiness, D
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McKenzie, D.C. (1987). Soil management. In, ‘Water Force - Irrigation for
Profit : Main Repart’ (Irrigaticn Association of Australial.

McKenzie, D.C., Svykes, J., Kay, A. and McHugh, 7. {i 8?} Soii ma nagsment
video for farmers in the Macguarie Vailey (NSW Agri ture & Fisheries).
McKenzie, D.Z., Apbott, 7.8. and Higginson, F.R. {19823), Improving the
structure of irrigated grevy clays in tThe Tower Macquarie Vallev. The
Australiarn Cottongrower., 4{3):22-28.

McKenzie, D.C., Abbott, T.8. and Higginson, F.R. (1988). ng term efrects
of deep tillage and gypsum. The Australian Cottongrower. 9{1): 30-34

McKenzie, 0.C., Hail, D.J.M., Oanieils, I.8,, Abbeit, T.5., Kay, A. and
Sykes, J. {in prep.). Soil management for irrigated cotton procuction
Agfact.

Sykes, J., Kav, A., McKenzie, D.C., Hall, D., McKenzie, N. and Abbott, T.E.
(1988). Management of irrigated soils in the lower Macquarie Vailey. NE¥
Dept. Ag. Advisory Bulietin.
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DETAILED REPORY

Froject: Improved irrigation techniques Ter cotton producticn in the Macguarie
Valley.

This 5-year project criginally aimed to characterise ihe hydroliogical
properties of a broad range cof soils used for cotten production, and to
investigate patterns of weater extraction by coticn under different irrigaticn
systems and appiication freguencies. However, the siudy was Tater moditfied
because of +industry pricrities to become an extension of a soiti amelicration
project at Trangie funded between 1379 and 1983 by the Wheat Industry Research
Committes of New Scuth Wales,

L i -
crops grown on cracking ciays and igams were declining, apparentiy in resoonse to
pocor soil physical condition. Pr1vate énouszry showed that soii improvement,
using tachnigues such as rotation crops, deep ripping, dsep mcouidboard picughing
and gypsum, could be carried out successfuliy but there was a jack of inTormaticn
abaut the processes taking place, and jongevity of tha benefits. Minimum Tiiizg:
has become popular in recent years wnere major soil physicai 1imitations have been

overcome, despite an initial lack of data about the gccnomics Huﬁ tabi 11ty of the
techn1qu° for irrigated summer crops 4rown on cracking clays and hard-sstting red
soiis,

Cotton growers observed 1n the late 1870’s that the yislds of irrigateg
"

i £ n)

Calibration of a neutron-gamma proba

A neutron—gamma probe (CPNEC1 Depthprcbe) was fieid calil

ibrated i a grey

ciav, grey-brown clay, and a2 red-brown earth near Trangie. They ars the main

soiis used for irrigated cotton production in this region. Accurate, but simpis,

caiibrations and sampling procedures ware required by commercial irrigators and
researchers.

Each soil nas significantiy different neutren grobe caiibration egquations,
and 211 are substantialiy different from those provided by the suppiier cf the
instrument. Specitic soil type eguations are recommended wherever a relatively
unitorm soil unit is being investigated to gain the least bizsed estimale of soi,
water content. Very little expertise is required to distinguish tha 3 sciis used
in this study. However, it is recommendsd that on highiy varizkle sites in the
Macguarie Valley - for example irrigation fields with several conirasting soil

I

types - an equation combining all data for the 3 soils, 8, = -0,160 + 0.707n,
used. The combinaticn equation is biased in some cases, but has netter precisicn
than most of the derived equations. The combination equation also is recommendad
for NMM users on simiiar soils in other districts which do net have their oun

calibrations.

An analysis of error shawed that one 15 second ccunt 1is adeguate when
monitoring spil water content, since instrument error is cnly a small proporiion
of total error. The analiysis also showed that error intraduced by Tield
variability usualiy is much greater than calibration and instrument errcr in the
Trangie-Warren area. Increasing tube number improves precisicn markedly up tp 10
tuges, but this has Tc be balanced against the cost of monitcring extra tubes.
For example when assessing soil pnysical conditicn, the water cocntent differenze
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at 40 cm depth is determined with a confidence interval of * 0.04 m®> m™® on 2 grey
clay in a low variance situation where 3 tubes are used. With 10 tubes, the
interval is + 0.025 m® m™®. Errors asscciated with vear-to-year water content
camparisons can be greatiy reduced by leaving access tubes in the same piace,
preferably with removable tops to avoid damage by field cperaticns such as
harvesting. The locaticn component of variance is remaoved Tor vear-to-vear
comparisons, although bias due to preferential cracking and trampiing may be
introduced.

The gamma probe calibrations showed poor correlation between gamma count
rate ratio and soil buik density, particuiariy in ciaye where cracking oscurrad
under dry conditions, and is teco inaccurate for assessing the bulk density cf
Macquarie Valley cracking clays and loams.

These resuits have besn submitted for publicaticn (2), but the infermation
has been used routinely Tor ssveral years by extension werkers 1in the lower
Macquarie Valley who advise growers about irrigation scheduling.

The Tong term effects of deep tillage, gypsum and ra-ripping on 3277 structure and
cotton performance (Field 24 grey clay experiment, Auscoti Ltd. ¥arren)

The effect on soil physical conditicn and the yield of furrow irrigated
cotton of 4 tillage treatments - cenirel (15 cm deep disc ploughing: every 2
years), chisel ploughing {30 cm; 2-yearily)}, mouidboarc piougning (4C cm; 1931
only) and deep ripping {79 cm; 1981 only) - and gypsum (7.5 t/ha in 1851} were
monitored for 8 years. Tne effecis of repeated deep ripping every 2 and 4 vears
were also investigated. Plots re-ripped every 2 vears also received a second
7.8 t/ha application of gyasum in 1985, 1In 1987/83, 3 pre-piant nitrogen rates -
§0, 120 and 180 kg/ha - were superimposed on each piot. A ratation of cotion
with non-irrigated wheat and satflower was applied to ail treatments. Wwhan the
treatments were imposed in 1981, the site showed seripus compaction and smearing
at a depth of 0.15-0.40 m.

The soil is a cracking clay with a self-mulching surtacs {(exchangeabie
sodium percentage = 3) and an apedal subsoil (ESP=22 at t m cepih); cliay content
is approximately 50% throughout.

Deep ripping increzsed cotton 1lint and wheat yieids &y 15% and 33%,
respectively, in i981/82. Gypsum improved cotton Tint and whneat yields by 10% and
12%. Chisael pleughing and deep mouidboard ploughing were carried cut in 1981 at
a soil water content above the piastic Timit, and did not improve crop performance
in 1981/1982, Yield increases foliowing deep ripping and gypsum application ware
associated with larger reserves of subsoil moisture, higher near-surface porosity
which reduces the risk of waterlcgging, and Tcwer soil strength which permits more
rapid reot extension. Benefits due to gypsum application were mainly atiributed
to its electrolyte effect.

Reimposition of the chisel ploughing treatment in 1983, 19885 and 1387 et
water contents iess than the piastic 1imit consistently increzsed cotton lint
yield in relation to the disc-cultivated centrol. Improved vieids wera related
to higher near-surface porosity, improved root penetration, and better utiiisation
of applied nitrogen. Chisel ploughing was the most profitabie of tThe treatments
studied, regardiess of cotton iint value {in the range $300-500/bale) or interest
rate (0-15%). Gypsum appliication to treat the sodic subscil only produced profits
when 1int vaiue is above $480/bale (15% interest rate}.
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Re-ripping in 1982 under dry conditions (soil water content less-than the

Tower plastic 1imit) reduced cotton 1int yields during the cool, wet summer of

1882/84, due apparentivy TtTo wateriogging caused by excessive waier intake.

However, later reripping under dry conditions, in combination with extra gypsum,

produced the best cotton yield in 1987/88 (2523 kg/ha). 2 yearly deep ripping,

with a total of 15 t/ha gypsum, was profitabie over the 8 ysar perijod when cotton

price exceeded $420/bale {15% interest rate), but the geins were less than for
chisel ploughing.

The means of lint yields after 8-yearly and 4-vyearly deep ripoing with
gypsum were simiiar in 1582 and 198§ (1428 vs 1574 kg/na), whilst the
disc—-ploughned controi had an increase from 1178 te 2124 kKg/ha lint over the same
period. Preliminary resuits suggest that cracking of the degraded subsoil by
wheat and safflower 1in the contrel allowed coiton roots to bvpass the
high—-strength damaged laver and penetraie as deepnly as in the deap ripped so0id,
but irrigation water did not enter the subscii in sufficient guantities 1o craate
the degree of wateriaogging cbserved in the ripped sub-scil. Desp ripoing reduced
soil surftace stabiiity to wett'nq and c:a‘l:n_ra ed hy rautic conductivity, dus
apparently toc a reducticn in organzc matier. aporatary testing is continuing

4 =

Increasing the rate of pre-plant anhydrous ammonia frem 8C to 180 kKg/ha
improved the cotion vield and profitability of treatments with relatively poor
structure in 1887/88, but reduced yields due to rank growth on well-structurec
treatments having higher MN-use efficiencies. On the deep ripped (1981 oniy}
plots, doubiing the N-rate incresased 1int yield from 1439 to 1784 kg/ha in 158%,
mut reduced it Trom 2823 to 1532 kg/ha on the reripped {2-vea r?y} Treatment with
extra gypsum. Tnese results confirm the imporiance of asssssing pre-seascn soil
physical condition hefore calcuiating the N rate,

Several journal articles {6,7,8,9,12) are in preparation, but much of fhe
infermation has alresady besn made available <o growers and agribusingess
(21,24,33,36,37,38,40,41,43) ana the research community {14,22,23}.

The seffects ofF safflowsr, whsat and fFallow on soii structure and coiton
performance (Field 34 gray clay sxperimsnt, Auscotf Ltd. Warrasn)

The effects of non-irrigated saftlower and wheal on soil physical condition
and subssguent cotion grawth, in the absence of deep ©illage, were measures using
a disc cultivated fallow as a2 <controi. The experiment ziso allowsd ihe
atfectiveness of a broad range of soil structure measurement technigues to be
assessed. The soil used has similar inherent properties to tnose described for
the Field 24 sgil, but was less damaged. The experiment was carried cut in
conjuncticn with Dr T. Abbotit, Or P. Hulme, Dr D. MacLeod and Dr A. Cass. Results
kave been presented by Or Abbott as part of a Cotton Researcn Council Finail
Report, co—authored with Mr I. Danielis, entitied: ‘Restaraticn of soil structure
in cracking ciays’ (DAM13L} pbp.,10-26, and also as an advisory articls {34}, The
major Tindings are as foilows:

Profile dryving by non-irrigated saffiower and wheat improved soil asration
due to deep cracking. Saffiower dried and cracked the soil mcre intensely than
wheat between 0.40 and 1.50 m depth. Improved soiil physical congiticns faliowing
deep cracking persisted over several irrigaticn cycles for = coticn crop. Cotton
seedling growth was better where the rotation c¢rops had been grown, but N
deficiency Tater in the season prevented & pesiltive vield response. There were
also prabiems with repienishment of deep subsoil water, particularly after
safflower. Irrigation freguency had to be increased. The resuiis are being
prepared for journal publicaticen (10).
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In February 1986, an intensive investigation of scil structural conditions
in the top 0.35 m during one irrigation cycle revealed the presence of a picughpan
in the failow pliots, centred at about 0.2 m. Despite waterloggsd conditions in
the soil between cotton plants for up to 12 days foilowing irrigation, and tne
development of sufficient strength to retard root growth after only 8 days
following irrigation, water extraction by reoois was unimpeded in this period. Dys
infiltration studies suggested that macrcpores beside cotton stems may aliow
sufficient diffusion of oxygen for root respiraticn. It appears that established
critical levels of soil strength for the restriction of cotton root develogment
may not apply to these clay socils; it is also possible that sufficient roats had
already penetrated the pioughpan via cracks by the time that strengtn measuramenis
were made. Further research is reguired to define critical Tevels of aeraticn and
strength for unrestricted rococt development by cottan and rotaticn < i
cracking clay soils. A paper has ben submitted Tor pubiication (1)} after
presentaticn of the results at a conference (25).

v "
rops I1n

The indicators of scil structure used i ;
differentiate between the safftlower, wheat and fTallow
techniques used, the penetrometer pest defined changes in siructure sau
management practices monitorad. The major difference in scil physicai
between the rotations studied, a poarly structured layer in the disc cu
fallow treatment, ¢.08 m thick and centred 0.15 m below the soil surtace, and was
clearly defined in the penetraticn resistance profiles. Measurement of AFP, bulk
density and pore continuity showed that soil physical conditions at and below C.15
m were less Tavourabie for vigerous roct activity in the failow than the crcpped
areas. However, because these measurementis were recorded at 0.03 m intarvais, as-
opposed to the 0.015 m intervals used for the penetrometer, they defined tne
extent of structural degradation with less precision than did the pensirometer
measurements. The neutron moisture meter is ingensitive to the pressnce of narrow
jayers with a water content differing from surrounding iayers, s¢ was unasle o
detect the jayer with degraded structure. Any waier hald above fthe degraded layer
would not have been detected because the shallowest neutron moisture mezer reading
was at a depth of 0.20 m. Rhodamine dve {pore continuity) and ciocd shrinkage
measurements were useful, but lazborious, while tensicmeters were bath laboricus
and unabie tec detect treatment differences. These methods are being evaluated
further as part of a CRC funded preject at Trargie entitled: ‘'Procadures for the
evaluation of soil physical conditions in the Tield to assist Tand management for
cotton production’ (DAN 46L). This project will provide recommendations about
routine methods for use by adviscry staff as part of the SOILPAK decisicn support
system,

Ths feasibility of using ‘permanent’ ridges for irrigated cotton production (Field
30 brown clay sxperiment, Auscott Lid. Warren)

Once soil compaction and smearing probiems have been repaired by rotatioen
creps and/or deep tiliage, prevention of further damage using ‘permaneni’ ridges
and controlied traffic is 1ikely to be appropriate. An experiment was estzabiished
in 1884 to compare the effecis of ‘permanent ridses’ (*direct 1isting’}, chisel
ploughing and deep ripping on soil physical copndition and cattan respense. The
soil chesen for the experiment was a well-structured Bbrown cracking clay. The
study was carried out in conjuncticn with Dr P. Huime, who undertock most cof the
work, Dr D. Macleod, Or A. Cass, and Auscott Lid. staff. A finzl repcrt to Cotton
Research Council for the study entitled ‘An evaluation of sesdbed preparation
methods for growing irrigated cotton on grey clays’® {UNE 1L} has peen submitted
by Dr Mactecd, based upon Dr Hulme's PhD thesis., The main results cf reievance
to growers are as foilows.
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Permanent ridges formed by direct Tisting are a viable means of cotton
production. The permanent ridge treatment (DL} consistently outyielded the deen
ripping (Rip} and chisel ploughing (Chisel) treatments over 3 seasons (1984/85,
1986/87, 1987/8&). Average lint yields for DL, Rip and Chisel were, respectivaly,
1647, 1545 and 1548 kg/ha. Costs increased in the order DL, chisel, Rip sc direct
1isting was ciearly the most profitable treatment.

Deep tillage allowed more water to enter the so0il and reduced soil
resistance to root penetration, but waterlogging restricted cotion performance
under the prevaiiing irrigation schedule, High vieids on the [L treatment were
related to iess waterlogging after tirrigation compared with the Rip and chisel
Lreatments.

geveral advisory articles nave been published to
11

experimental results (20,24,35), and a journal paper (11} is being prepared.

An assessment of techniques for improving the structure of degradsd red-brown
garths used for irrigated summer crop production (Black 4 sxperimentis,
Agricultural Research Centre, Trangie).

Most Australian cotton 1is grown on cracking clays, buz in the Hacguarie
vailey approximately 30% cf the crop is grown on hard-setting red dupiszsx soils.

Two co-operative experiments were estabiished in 1984 and 1386 a
Agricuitural Research Centre, Trangie, to develop improved metnods T2
management of these soils. Tne untreated soil develops a hard-set surftace u
drying that restricts water penetration and seecling emergence. Most of
has been carried out by Mr D. Hall, with extra financial suppert from the Wheat
Industry Regearch Committiee of New South Watles. Staff from University of New
England and CSIR0O Division of Soils have aiso been closeiy assacjated with the
program.,

In May 1884 a factorially cdesigned experiment was estabiished in Block 4a
to assess the effects of (i) deep mouldbeard ploughing to 45 c¢m depth, a technigue
introduced by Agriland Pty Ltd. which increases the content of swelling clay in
the surface soil and promotes selif muiching, and disc ploughing; (ii) gyssum
{5 t/ha) Lo reduce dispersion; and (iii) doubie cropping with wheat followed by
a summer Torage or grain legume crop, managsd under zero tillage to promoie ihe
development of root channels.

Initial results from this experiment showed large improvements in water
infiltration and storage; water entry during irrigations was increased by as much
as 300% (from 30 to 107 mm over 1.2 m) by deep mouldboard ploughing in combination
with gypsum. Resistance to penetration was also reduced. Crep yielids fer the
mouldboard ploughing with gypsum treatment were more than 30% and 70% higher tThan
the control during winter and summer cropping phases respectiveiy. Doubie
cropping aiso improved soil water relations and crop vieids. The longer term
results indicate that while the benefits of gypsum persist, the effects of
mouldboard ploughing are transient, lasting no more than 2 years. Investigaiions
showed that & iarge surface density increase had occurred. It was related ta
reduced crganic matter Tevels and lower aggregate stability, and a particle size
distribution which is more compactable. Results firom the experiment have been
presented at several conferences {(i5,16,17,18); 2 journai papers (3,4) are in
preparation.

N
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In February 1986, a seccnd factorialily designed experiment was estabiished
in Block 4b, Three tillags treatmenis (mouldboard pioughing to a depth of 45 cm,
deep ripping to 45 cm, disc picughing to 15 ¢m) two irrigation lavouts (1.5 m beds
with small siphons, fiat sown} and three crop rotations ({bkarley/soybeans,
fallow/soyoeans and Tucerne; 3 vears/soybeans) wers cconsidered. The main aims of
the experiment were to defermine: (i} the relative importance of adding sweliing
clay to the surface soil vs A horizon disruption: and (ii) whether the beneficial
effects of deep tillage can be proionged by increasing the quantity of roots ang
root channels through double cropping and/or pasture phases, and by reducing the
rate of wetting and wheel compaction in a zero tiilage ‘bed’ system, Eariy
resuits indicate that continuous cropping, with ceontrolied traffic and crganis
muich retention, is the most effective, Jong-lasting, and profitabhlie of the
ireatments under consideration. Water infiltraticn, bypassing ¢f hard lavars by
bioicaical channeis, and yield were ali increased by ihis treatment. Beds have
better structure than flat scwn areas, but ccmpaction dameags by wheels gn ths
sides of ithe beds restricts water movement, thus reducing their potentisl for
producing hign yields. Deep ripping and meouidboard ploushing ezch procduced
similar yield increases in reiation to the disc ploughed control, but ripping
more profitablie at that Tocaticn. Journail pager 11 is ons pf & series that s
expected to be produced after compietion of the experiment.

Extensicn of the research rssults

The advisory pubiications 1isted on page 8 have quickly transfered research
resulits from this project to cotion growers. However, non—writien methods of
communication have alsc been utilised. An a2udic casssite {3%} and a video (33}
have been produced tTo make the information more readiivy accessibie te users.

However, because Tace-to-face contact between growers, extensicn workers anc
researchers in the fieid is the most effective form of extension, staff asscciated
with this project aisc helped to estabiish a soil management extension service
(SMS) based at Warren. SMS staff check seil condition using backhoe bpits,
laboratory analysis, farm diaries and neutron probe data befeore making iand
management recommendations. The service is used bv an increasing number of cotton
growers in the Macguarie Valley, and recently was established in the Mamai and
Gwydir Valieys; 1t is iikely to oe expanded to other parts of the State in ths
near Tuture.

Procedures developed by SMS form the basis of the weli-pubiicissd
COMPUCLOD/SCILRPAK initiative., It will provide private consultants and growers
with ready access to ail availabie soil management information that is relevant
to irrigated cotton production.



