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Treaztments twere imposed using & spilit plot design with ircigatian
treatments as main plois  and nitrogen rates &z sub-piocts (Tahle 20
irricaitonr  treatmenis were based on soil walter deficite predicies {rom

Clazs A pan evaporation and a2 crop factor multipiier (Keefer et z1., 19822,

Nitrogen (as urea) was banded in the hill pricr to sowing at a2 depth of
approzimately 20 cm {just below furrow depihl. dgdditional nitrogen
treatments included spiit applications befween sowing and early sSguare;
fotiar M applications before; during and after irrigations and periods of
waterlaogging.

Experiment & in B3/84 was specifically designed +to assess waterlogging
effects and inciuded 2 additicnal irrigation treatmentsz.

- 70 mm deficit with irrigation run for 3 days at +irst irrigaticn
) {zquaringl.

- 70 mm deficit with irrigation run for 10 daws at first dirrigation
{cquaring?.

-~ 70 mm deficit with irrigation run for 2 dars at pea¥ ficwer,
Petiole nitrate zamples were collected inm experiment &,

The cultivar Deltapine &1 was used in a1l experiments, The tatest
commercial cultivars Deltapine 90 and SicKra were alsc included in
experiment 7 to assesc cultivar interaction with irrigation and nitrogen
management, In experiment ¥ there were three repiicates of the irrigaticn
treatment main plots and nitrogen rate and variety subplots were . arranged
tactorially.

Crop Rotation Experiment

A major factor influencing nitrogen management is the contribution to scil
ynitrogen levels of previous crop rotations. The cobjectives of this
experiment were:
To determine the effect of previous crop on soil nitrate
levels and the response of cotton to applied nitrogen.

Ta ascecc other effects of prior crops on cotton production.

A BUg site cropped with cotton in 1983-84 was subdived into four adjacent
areas, two left fallow and two fertilised and planted with wheat. 1In
November 1984 each of the faltow and wheat plots wac subdivided for dFive
gqnpping treatmente, fallow, dryland sorbean with nit and with 180 Kg N"qa

) irrigated cotton f(Deltapine &61) with 40 and 1B0O Kg N ha ~.
Subsequently, in November 1985 each plot was =sown with irrigated cottan
(Deltapine ?0) receiving 25 and 175 Kg N ha ., Soil profiles were sampied
at strategic times for analysis. A Key to the crop rotztion and fertiliser
treatments ic presented in Table 3.



THELE 3. Key io crop rotations and fertiliser treatmentsz (kg N hal

{9nE-84 178¢ 1784-85 1985-84

Mav to October Nouvember to Apri] Mewember to March
"""""""""""""""""""""""""" Faltew

Fallow ) Sovbean (OMND Cotton#x (Z3M3
Cotton = i Sovbean {(180W) *

Wheat {12000 Cotton® (A0M: Cotion#s (173M)

Cottonx (130N

# Irrigated Dettapine &1, #% Irrigated Deltapine %0.

RESULTS

Nitrogen and Irrigation Response

Cotton 1lint yield responses to applied nitrogen rates for the four seasons
are showre in figures 1-4.

Lint yields over &all seasons were generally higher on the Tb Ug =soils  than
the BUg scils and Jowest on the Alg soils. Theze differential respanses
should be independent of nitrogen rate and irrigation frequency &as
comparable treatments were imposed on each soil.

Tahle 1 shows that presowing soil NO_-N was low for Blg scils (4-1% Kg MO
N ha-1) intermediate to high for AUG soils €18~32 Kg NO_ N ha-1} and higﬁ
} for Tb Ug soils (30-38 Kg NO, N ha-13, The 1int yielas ot zero H plots
were highly correlated (Figure 3} with presowing soil NGS—N.
The magnitude of the lint yield response to applied niifogen in the highest
vielding irrigatiop treatment wae 400-1300 Kg Tint ha ° on the,BUg soils,
309-7GD Kg lint ha on the Tb Ug soils and 400-500 Kg 1int ha ° on the AUg
soile, On the AUg soils in both the 84-83 and 85-B4 seascns the maximum
response was achieved with &0 Kg ha of applied nitrogen,

Soil characteristication data show that on boih the AUg sites soil chloride
tevels were as high as 700 (mg/Kg} 3t &0 cm depth and 1400 mg/Kg below 80
Cm. These kigh chloride levels would encourage <challow rooting and
exacerbate the low PAW levele of theee coils, This possible explanation of

the Tow 1lint yields and tint yield responses on the AUg zcoils shouid be
explored further.
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Figurez 1-4 indicate that respocnses to irrigation were evident on most
cites in most seasdng. In some cases the sbwious differences due 1o
irrigation frequency did mot attain statisztical significance because there
were only two replicates of each irrigation treatment. Generally, mozt
frequent irrigation (45 to 80 mm deficit treatments) produced highect
vietds, An exception was the 84-°85 seacsan when 122 mm of rain fell over a
ten day period at early squaring. Or the BUg site +this rain period
commenced 4 dave after the first irrigation of the 80 mm treaiment and 12
dayz after the first irrigation of the 45 mm treatment. Highest wields

were obtained from the 4% mm freatment and vielde of the 80 mm  treatment
were reduced fto those of the 150 mm deficit ireatmeni. In the 234/85 =sezcon
& cimitlar effect can be noted on the Tb Ug site (Figure 2B and it s
concluded that waterlogging and soil apmaercbiosis {Hodgson and Chan, 1982
was the cause of these vield reductions in frequent irrigation treatments
followed by rain.

Although the differences did not attain significance, the wery frequentiy
irrigated 45 mm treatment tended to cutyield the 70 mm treatment an the aAlg
20l which has the lowest PAW of all three soils. High chicride levelsz
below 80 cm could also restrict root penetration on this coil.,

O all  three sotls, the vield response to the less frequent irrigation
schedules ¢110-150 mm deficits? was dependent on timing of rainfall events
in relation to irrigaticns particularly during flowering and sarly fruit
cset, A timely rainfall event could reduce the level of strecz at critical
times. In the B82-24 ceason on the Tb Ug <ite the conztant deficit
treatment ouiyielded the variable deficit treztment. While some -variable
deficit treatments may have merit it was decided to use the constant
deficit approach in all later experiments to facilitate data interpretation
and commercial application of results,

Nitrogen % Irrigation Interaction

Significant interactions between irrigation and nitrogen  treatments were
identified on the Bllg scil in the 84-835 (Figure 2A) and 86-87 {Figure 4
geacons. For the wvariety Deltapine &! with Tless {frequent irrigatiog,
vields did ncot change marKedly at N application rates above 40 Kg N ha
With mor § frequent irrigation of this variety yields tended to peak at 180
Kg N ha and decline at higher levels of applied N. On the Tk Ug =oil
particularly in the 84-8% season yields tended to increase linearly as
nitrogen rates increased from zero to 300 Kg N ha (Figure 2B, 43 mm
deficit treatment’.

Waterlogoinog Effects

Az  already stated, apparent waterlogging effects from rainfall following
the firct post sowing irrigation were observed during the 84-8S season.

The 83-86 experiment on the BUg soil (Eé) was specifically designed to
assess wateriogging effects. There were no signifticant differences between
the 1two <similar frequent irrigation strategies (50 and 70 mm deficit
treatments) (Figure 38), Extending irrigation up to 3 days at early square
did not affect yield whereas prolonged waterlogging for 10 days after
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irrigation significantly reduced ¥ields ower a range of bkaszl M zpplication

ratee tresylis not shown?, In the BS/BS seasnny two rainfsll events of 42
mm and 320 mm occourred at ear}v sguzre prier to first irrigation, The earciy
rainfall rcould have stimulated root activity in the bed znd moderzatied the

waterlogging effects of the 2 day irrigztion crcle,
ggtng

Split applications of Nitrogen and Foliar B

Resulte of split application treztments are szheawn in Takle 4, Generaliy
split azpplications of nitrogen between sowing and eariy squaring had rnc
effect on lint vield. In come experiments there were emall increaces {eq.

El - TB Ug! and in cther experiments »ields were decreazed (eg, E2 - Eigl.
Simitarly onlty small and non cigrificant responses to foliar applied ™ were
recorded even under waterlogged conditions. Such small responzes would not
appear to justify commercial foliar applications under most circumstiances,

TABEE. Cotton lint vield recponses {Kg tint ha_l) with 811 nitrogen
applied presowing and with equivalent rates split betweer
presowing and sowing to early sguaring,

Experiment ' Witrogen Treatqeuts LSD
fsee Table 1) kg N ha F{B.03
i Ry 36 + 50 150 108 + 50
El Tk Ug 2 2299 2403 2347 2352 337
2113 2437 2107 Ztée 244
3 60 6+ &0 1248 &t + 40 180 120 + 40
E2 Blig 1336 1051 1444 143 1334 1512 Bé
E3 Tt Ug g 167% 1844 1848 1BI5 1883 1613 161
E4 alg $ 12%1 1230 1184 1280 1345 1229 121

100 mm deficit irrigation treatment.
80/120 mm deficit variable irripation treatment.
Means of all irrigation treatments.

L I o

Petiole Nitrate Results

Nitrogen uptakKe by the rocts during and immediately following waterlogging
decreaced as indicated by the dramatic drop off of peticle nitrate.
Nitrate nitrogen levels decreased from 14 000 mg NO_-M kg to 4 300 mg NQ_-
N/kg for the 240 Kg N/ha treatment, as a result &6f three days extended
irrigation. (mg NDB—N/Kg = ppm), Within the foltowing five dayc nitrate
tevels recovered (0 at least match the ltevels for the same N treatment
without extended irrigation and were similar at flowering. In contrast,
petiole nitrate 1levels never recovered after prolonged wateriogging (10

days) such that at flowering levels were half those of ireatments without
waterlogging.



y where maximum vields occurred at 240 Kg MWAha, HWO_-M

Or the BUg site, 85782
re 14 006 mg WO,-M-/kg at squaring and 5 090 mg NUS—kag‘at

conrenirations we
flowering.

Differences in concentrations of petiole nitrate acrose nitrogen rates were
greztest at flowering. In addition, at flowering, the spread of NUq—N
recults was at leazt five timec the spread of total N lewels in leaves Tand

stems, ingicating it should be the best indicator of nitrogen status.

On the BlUg site where yields wmere affected by nitrogen applied at piamting,
there were good relationships between petiole NO_-N at flowering and
applied W (R2 = 0.98, <cquarg roct quadratic) and bEtween lint yield and
petiole NO_-N at flowering ‘R™ = 2.793, Mitscherlich model?., Howewver, the
uee of NTtrate monitoring to re-adjust fertitiser scheduling may nat be
practical at Emerald, as significant yield impraovements to nitrogen applied
post planting as either split or foliar applications were not demonstrated;
vields were increzzed in some cases but not sighificantly zo.

NMitrogep Uptake and Recovery

In all seasons, total nitrogen uptake (Peak LAIY increased tinearly with
increasing rate of nitrogen application on each soil type (Figure &7. NLEh
zero N applied, uptake was hig?er on Tb Ug and Alg =oils (40-30 Kg ha 72
than on BUg soils (20-33 Kg,ha "2, In the 84-85 seszcon maximum uptakes
were 113, 187 and 189 Kg ha on the Blg, Tk Ug and Alg soils recpectiveiy,

A significant =soil type irrigation treatment interaction was indicated from
the nitrogen uptakKe responces. On both the BlUg and Th Ug soile, {requent
irrigation f{at lower =sgil water deficits) restricted nitrogen uptake
glthough this was less evident at high rates of applied W, it can be
deduced that waterlogging on both soils reduces N uptaKe and this supports
the waterlogging effects referred to previovsly, On the BUg =o0il N uptaKe
was lower at an irrigation deficit of 150 mm thar at an irrigation deficit
of 120 mm but there were no such differences on the Tb Ug soil. This
differential response could be related to the higher PAW capacity of the Tb
Ug soils compared to the BUg soils. Alg soits are the reverse of those on
the BUg and Tb Ug scils with uptake increasing as irrigation frequency s
increased. This is in line with the lower PAW capacity of the AlUg scils.

Relation between Lint Yield and Nitrogen Uptake

The relaticnships between nitrogen uptake and vield differed between soils
ac tllustrated by the results for the 6&4-B5 seazon (Figure 7). The
different responses could result From differences in the native sail
nitrate N supply or from factors not related to nitrogen or water,

On  the Tb Ug spil maximum yields were obtained at nitrogen uptakes above
120 Kg W ha and there were no apparent differences due to irrigation
treztment. On the BUg scil, the frequent {45 mm deficit) irrigation
treatment increased lint yielde per unit of nitrogen uptake whereas strecs
due to infrequent irrigation (120 and 1350 mm deficits) or waterlogging {80
mm deficit) decreased lint yields per vnit of nitrogen uptake, For atl
irrtgation treatments the g?timum nitrogen uptake for optimum yields was
approximately &40-70 Kg N ha ". Also, on the Alg soil nitrogen utilisation
efficiency increased with increasing irrigation <frequency. Again the



evidence s=uggests that &t all irrigation tewels optimum yields were
attained at around nitrogen uptake leuels of S0-F0 kg M ha 7, Even with
frequent irrigation, the aswvmptotic vields were lomer on the BUg and Alg
zoile than on the Th Ug soils.

&z irrigaticn  fregquency did not alter the poimt of inflection on  the
nitrogen wuptake =~ 1int vield relationships on any scil, the effects of
nitrogen uptake and scil water availability or strezs were independent of
gach other., On two =zoits (BUg and Alg) lack of siress  increased yields
resulting in & higher nitrogen utilisation efficiency. On the Tk Ug soil
nitrogen wutilisation efficiency was independent of water availability
reflecting the higher PAlW levele of this =cil.,

Cultivar Responce

In the cutltivar comparison experiment conducted in the 84-37 season, there
was a significant 1int yield response to nitrogen application for cultfivars
Deltapine &1, Deltapine 90 and Siokra for two irrigation frequencies
(Figure 47. On this BUg site for &1l three cultivars, vyields were
significantly higher with more frequent irrigation, With more Ffrequent
irrigation (75 mm deficit! SioMra and Deltapine ?0 significantly outrielded
Deltapine &1 at all ratec of appiied H. At high rates of nitrogen
application for both irrigation frequencies Deltapine &1 lint xields
decreased at N ratee above N 180 wherezs yields of the cther two varietiec
tended to increase or plateau off at rates above W 1B0.

Ginning Percentage and Buality

In Figure & ginning percentage has been averaged for irrigation frequencies
at each sife over ithke 84-85% and B5-54 seasons., Ginning percentage
decreased with increasing nitrogen application ratee and was consistently
lower in the 85~86 ceason. Also ginning percentage decreased significantly

with increasing rates of nitrogen application for three cultivars and two
j irrigation +frequencies in 1984~-87 (Figure 9. Dettapine 6! and 20 had
lower ginning percentages than Siokra for each irrigation freguency and for
alt nitrogen rates. Under more frequent irrigation, ginning percentage
decreased more marKedly with additicnal nitrogen for Deltapine 41 and 90
than Siokra. For each cultivar there was a greater difference in ginning
percentage for different irrigation frequencies at Tow rates of nitrogen
application than at high rates,

The nitrogen and irrigation treatments did not produce any major
differences in lint gquality, In the 1986-87 cuitivar experiment, the usual
cuTtivar differences were observed with Deltapine 20 having greater +Fibre
strength than Siokra and Deltapine &1,

Effects of Prior Crop on Soil MNitrate and Cotton Yield

Mean <scil nitrate at § to 40 cm after wheat or fallow in 1984 was 8.4 Kg
M ha. By contrast the fallow accumulated a further 44 Kg N/ha from Dctober
1984 {0 August 1?85 which emphasises the influence of summer temperatures
on mineralisation rates of these clay soils. Campbell gt al. <1981 found
that the mineralisation rate for an Emerald BU% increased by a factor of
three as temperature increased from 5-10°C to 30°C,



For the B84-85 cottom crap lint yields in Kg ha © bazed on &
cutturp were:

374 ginning

1184 Fallow + 186 kg N ha |
1258  Wheat + 180 kg N ha
962 Fallow + &0 kg N ha |
777 Wheat + &0 kg M ha )

1t was intended that the B84-B% =oybean crop be fully irrigated which would
have resulted in considerable nitrogen uptake and removal in  the beans.
yDue  to management factors the crop was grown sciely on raiafall  and was

ploughed iT At a green manure crop tabove ground dry matter yield of 1700 +
217 ¥g ha 7).

The presowing =cii nitrate Yevels and lint wields for the 85-8& cotion craop
are shown in Table 5.

Presowing mineral nitrogen levels on the fallow and green manyre plots were
three to four times higher than the level of 17 Kg NO,-N ha ° on the prior
coiton plats. These presowing soil nitrate levels “with mineraiisation
during the season contributed the equivalent of 150 Kg N ha ° of applied
fertilizer N '} that is one Kg of native soil N prior to sowing is
equivalent to 2-3 Kg of applied fertiliser M. The Emerald observaticons
agree with those of Constable and Rochecter {1987} for MNarrabri  where
fertiiiser_@ ic not recommended if presowing soil nitrate levels are above
25 Ko N ha

The yields of cotton following continuous cotton can be maintained with
applied fertiliser M. Wheszt, falliow or soybean produced no adverse effects
on the following crops. Fallow or sovbean as a green manure crop  should
avoid the need for nitrogen fertiliser on the next cotton crop or at leact
reduce the niitrogen fertiliser requirement. Scil testing prior to sowing
can be used to refine fertiliser recommendations,
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Treatments 19584-8%5 following wheat or fallow in Winter 1984

Fallow Green Manure Green Manure Cottan Cotton
{Sovbean’ {Saybean)
0N 180 KW &0 N 180 N
Precow
Sail
NOS—N 53 b 48 b &% a 17 ¢ 17 ¢
} 1985-84
N rate
25 1919 a 1401 a 14035 =& 958 b 100 b
175 1420 & 19572 a 1999 a 1575 a 1543 3

Figures in each row followed by the same letter are not csigaificantly
different P ¢ 0.035.

General Recommendations and Conclucsions

Im experiments on the BUg soil at Emerald since 17853-B4 conzistently high

yields exceeding 8 bales Tint per ha have been cobtained by irrigating at a

73-80 mm deficit, based on evaporaticn and a crop factor multiplier. For

maximum ¥ields an the AlUg scil more frequent irrigation at a 45-40 mm

deficit is required while on the Tb Ug =soil less freguent irrigatien at 80-

., ?5 mm deficits should produce maximum yialds,

}
Waterlogging Ffrom rain following the first post sowing irrigation was
observed in one experiment on the BUg soil and one experiment on the Tk Ug
soil. The <=teeper slopes at Emerald appear to alleviate waterlaogging
probiems and well formed beds can also help to alleviate waterlogging.

Reciprocel guadratic regression curves fitted to the Emerald nitrogen
response data indicate that on all soil types maximum yields are obtained
in the range 180-300 Kg ha ° of applied N,

It is difficult toc make general! recommendations because optimum economic
fertiliser ratec are influenced by many factors — presowing soil nitrate
leyeis, prices of Fertiliser, anticipated cotion tint prices and +the

growers expectations of marginat returns +for deilars outlayed on
tertiliser.

Wher alil these factors are takKen into account optimum economic +erti1i§qr
rates <for the BUg zoiis would generally be in the range 120-200 Kg N ha .

Similar rates could be used on the Tb Ug soils but lower optimum ratee are
indicated on the AUg soils. :

Results of the 1984-87 cultivar experiment indicate that the more recent



intrnéfctione Deltapine 70 and Siokra would benefit from an exira 10-20 kg
Mo ha compared with the cultivar used in most of these experiments
Geltapine &1,

On the BUg and Alg soils maximup vielde are generaliy acnieved at nitrogen
uptake tevels of &0-120 Kg N ha ' and on the Tt Uy =o:le meximum yields ate
generally achieved at higher nitrogen uptake leveis of 120-120 Kg N ha

& number of factors need to be considered in  budgeting nitrogen
requirements tc match these uptake lewels.

Recavery leuvels of fertiliser applied W can range from 14 to 80 percent.
At low Ffertility <citec recovery may increase with increased rates of
applied N whereas 2t medium to high fertility sites recovery may decrease
at higher rates of applied N. For budgeting purposes a recovery rate of o0
percent can be assumed,

Split applicaticns of fertilizer and foliar applied M do not appear to  be
justified on *the resuits pbtained in this series pf experiments., Therefore

peticle nitrate tests would have 1imited application,

On the other hand, the importance of presowing soil nitrate levelz and the

effects of pricr crops on these tevels should be exphacized. Soil testing
prior to sowing could be used to refine fertiliser recommendationse and
improve the efficiency of fertilicer use, With mireralication during the

season, 20 kg N<ha pricr to sowing could be equivalent to 80 kg of nitrogen
uptake per ha. 1t is for this reascn that Constahle and Rochester (1987)
from work on MNarrabri scils suggest that no applied ferti}iser may be
required at prescwing nitrate tevels greater than 23 Kg N ha * .

Further detailed analyzis of the results from Emerald and other centres
will help to refine the cotton nitrogen budgeting process. Cecnsultation
with extension staff and growers will enable these budgeting techniques tco
be applied in a realistic and practical way.
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Figure 1. Cotten lint yield response of variety
Deltapine 66 to applied nitrogen rates
at two irrigation freguencies E1 ThUg 1583-84



Lint
Yield
{kg/ha)

Lint
Yield
{kg/ha}

Lint
Yield
(kg/hal

1900+ A-E2 Blg

1700

1500

1300 4

1100 4

900 -

1984-85

X 45 mm Deficit I #=
© 80 mm Deficit N %*
A 120 mm Deficit I xnN*

0150 mm Deficit

700 - "

2300w- B-E3 Tblg
2100~

1900

1700 -

1500

1300 £ X

1984-85 l.s.d
1 ns (2 Reps only)
N 8

I xN:!NS {2 Reps only}

1700 C-E4 AUg

1500

1300 1/\1/ \
1100 - ‘9’/‘—4/ F____—-D
. B —— |
9001 /\ /D
. o

1984-85

1 ns {2 Reps only)
*

=z

/ x\\xf"
i.s.d.
//§/>

I xN NS (2 Reps only}

7004~ T T T L I i
Q 60 120 180 240 300
Rate of applied nitrogen (kg/ha)
Figure 2. Cotton lint yleld responses of variety Deltapine 61 to

applled nitrogen rates at 4 irrlgaton frequencies for
3 solls in 1984-85,
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Cotton lint yield responses of varlety Deltapine 61
to applied nitrogen rates and irrigation frequencles




































