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ammonia vol. ati. Li. .zat. i. on i. s not an tinportant mechantsm for ni. t, fogen

Loss from these soils. Tn all. 0^ the studies conducted very Li. ttJ. e

of the app, .i. ed ni. trogen moved bel. ow the 0-0.30m Layer, thus

I. eachi. rig i, s not an i_ripo, ct. ant mechanism for nttrogen Loss. As run-

of conei_ned pLots, andcontrol. Led by theoff

vol. ati. Li. zat. i. on and I. eachi. rig Losses were shown to be neg, _i_91. bLe, i. t

was concluded that the main process for rid. t, rogen Loss from the grey

cLays was dentt, :Leicati. on.

The amount of ^elft. i. I_i. zel:' ni. trogen Lost by dentt, ci. fi. cati. on when

urea was dJri. 1.1. ed into the grey clays at the different times used by

LOGaL farmers was then assessed. The Loss depended on the ti_me o^

appLi. cati. on, soi. L condi. .ti. ons and PI. ant vi. .gou, , .

Large from earLy (summer I autumn) appJ. i. cati. .ons; when urea was

banded i. n March or June 3.988, by the ti_me the cotton crop emerged

i. n October, 74^ and 21. ^, respecti_vel. y, of the appLi. ed ni. trogen had

been Lost from the soi. l.. Tn 1,989, urea was banded i. n January

May, and at sowi_rig 92^; and 73:^, respecti. vel. y, of the appl. ,.. ed

ni. tic'o9en had been Lost from the SOLl. . When urea was banded below

the soil. surface three weeks before sowing (September) to cotton

conti. nuous cotton rotat. i. on, the PI. ants had recoveredgrowLng Ln a

23^ reinai. ned i. nonLy 27^ of the appLi. ed ni. t. rogen by ini. d-February,

the SOLL and 50:^ had been Lost. When the expertment. was repeated I. n

the toLl. owi. rig season on a more fez't. i. I. e cotton/wheat rotati. on SLte,
ini. dthe pi. ants had recovered 55^; of the appl. .i. ed ni. trogen by

February and 3L^ of the appLi. ed ni. trogen reinai. ned i. n the so, .I. (I. e.

1.4^ had been Lost). Thus the Loss of ni. trogen vari. es wi. t. h the

appl. Lede^riotency wi. th which cotton pLants

nitrogen. The cotton PI. ants on the cotton/wheat site grew much more

the tinpover^. shed continuous cottonvigorousJ. y than the pLants

was use

. .

aminonLa
.

Losses were very

or

On

can recover the
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Levels except the hi. ghest level. of ni. trogen addi. ti. on. The trilli. bi. tor

bel. pea to conserve the i_ridi. genous nitrogen as well. as the app, .,. ed

ni_t. 1.09en .

We aLso deterintried the feastbi_I_i_ty of ustrig

i_ribi_bitors to conserve nitrogen appl. Led earl. y

studi_ed the effect of appLyi. rig ni. trapyri. .n,

on the ret. ent, _on o^ fez. t. i. Itzer nitrogenGarbi. de and phenyl_acetyl_ene

February and May. ALL of thebanded 0.2m bel. ow the hi. Ll.

i. rib, .bi. tor's conserved ni. trogen, but wi. th varying degrees o^

e^^ect. tveness, and the use^uL, .ness of the i_ribi. bi. tor's decLi_ned w, .th

ti. me. The i. ribi. bi. tor's i. noreased the amount of nitrogen available at

i. n the cont. ICOLs to means of 38^ and 486PI. anti. rig from 1.6:^ and 28^

o^ the appl. Led nitrogen for the February and May appl. toattons,

respectiveI. y. Whi. ,_e some beneti_t's wi. 1.1_ accrue ^rom the use o^ these

i. rind. .bi. tor's wi. th earl. y appLi. cati. ons, the Losses of fez. t. i. 1.1. zel:.

ni_ticogen were sti. I_L consi. derabLe. Tt appears

o^ i. ribi. bi. tor's wi. I. L conserve ni. trogen for reasonabLy short peri. cdS

and thus wi. 1.1_ be of beneti. t for fert. i. Li. zati. on at or near

sowi. rig ti. me.

(MetsterPI_asti. cteasi. bi_I. i. ty

fez. ti_Li. ze, : ni. t, rogen byofpreventtoproducts)

the type ofdentt, ci. ticati_on was aLso i_nvesti. gated. Dependi. rig

materi. aL the pLasti. c coating retained rert. i. Itzel:' nitrogen

SOLl. for 80 to 1.00 days Longer than was the case for uricoated urea.
ofHowever I. i. nt yi. .el. d was not si. grit. ticantLy i. ncreased by the use

piasti. c coated urea.

Background to Project

Most of the AUStraLi. an cotton crop i. s grown on the all^al. i. ne,

sel. ^-inuJ. .chi. rig, heavy cl. ay SOILS i. n north western New South Wal. es

J. .n

on I. y ,

The

the year. We

wax-coated calci. urn

Ln

ni. ti:i_f i. cation

of usJ. rig

Losses

.

that the current batch

coated urea

on

.

Ln the



Tn these soil_s the yi. eLd of Itnt. i. sand southern Queensl. and.

I. i. Tiltted by the SUPPLY of so, .I. ni. trogen, aLthough the I. i. ini. tati. on can

extent by the appLi. cati. on o:E ^ert. ,. I. i. zel:'tobe

obtai. ned by dri. 1.1. trignitrogen. The highest yi. eLds of Lint

anhydrous annoni_a or urea i_nto the hi. I. L i. n the month before sowing

(Constabl. e et a1. . 1.991. ). However, even when fez'ti_I_i. ze, c ni. trogen i, s

appJ. Led at the opti. mum ti. me, recovery of the appLi. ed ni_trogen by

cotton i. s poor. Farmer's i. n AUStral. i. a app, _y between 80 and 200 kg N

ha~" to cotton, but the -apparent recovery of the appLi. ed ni. trogen

i. s onLy about 40^ and sei. don exceeds 50^; (Hearn 1.986; ConstabLe and

Rochester 1,988; ConstabLe et aJ. . 1,991. ). The fate of the reinai. rider

o^ the fez't. i. Li. zel:' ni. trogen i, s riot known, but much of i. t ^_s probabl. y

Lost from the system by gaseous emi. SSLon o^ annoni. a, ni. t, :ous oxi. de

or di. ni. t. ,:o9en, by I. eachi. rig or run-of^. As cotton growers current, .y

spend in excess of $20 null. I. i. on on fez'ti. It zel:' nitrogen to SUPPLY the

needs of the crop it can be seen that the Losses i_n excess o^ $,. O

ini. 1.1_ton are of tremendous economic SLgni_fi. Canoe.

effi. ci. entTn order to make

ni. trogen, to prevent containinat. i. on of the ground water and

the ^ate of the addedi. s requi. redatmosphere, i. n:EOT'mati. on

ni. trogen, the amounts Lost by the vari. ous processes and the t. i. intrig

of the Loss. With this information i_t shoul. d be possi. bLe to design

more effecti. ve management PI:'acti. ces and save the i. ridustry up to $1. O

mill. i. on each year.

More ef^tci. ent use couLd be made of the ni. trogen tel:. t. 11. i. ze, c i. f

the computer based crop management system STRATAC COLILd be inod, .tied

to i. ncl. ude advi. ce on ni. t, :ogen rerti. I. i. zat. i. on. Tncoi, porati. rig nitrogen

i. nto the firui. t model. has not been as successful. as the work wi. th

i. s esti. mati. rig n, .t. 1.09'en uptake. The fi. r'stprobLem

overcome some

were

more

water.

use

The

on

of

inaLn
.

the fez'ti. Itzer



to to1.10W otherapproach

ni. t, :ogenfuncti. on of the concentrati. on o^

The resuLt.transpi. rati. on rate.SOLuti. on and the

underesti. mate. The second approach was to deveLop a rate equat. ton

i. n which uptake was I. jini. t. ed by concentrat. ton ^_n the soi. ,. at Low

Level. s, but approached an asymptote at hi. gh Level. s. The IcesuLti. rig

function was si. te speci. fi. c and there^ore riot generaL.

When the probLem of sti. inul. ati. .rig uptake has been overcome,

be incl. uded i. n the fruit model. . The STRATAC pestni. t. ,cogen can

conei_dentl. :y whenappLi. edmanagement system

ni. t. 1.09en i_s I. tintt. trig. More i. Triportant. , the erui. t model. wi. .1.1. be

deve, .oped i. n conjuncti. on wi. th approp, ri. ate soil. and PI. ant tests to

moni. to, c and manage nitrogen through the season. The STRATAC system

provi. des a means of making the IcesuLts of past and present ni. t, ,o9'en

research avai. Labl. e to the grower.

was worker's and

mineral.

esti. mate

can

ResuLts

Comparison o^ into, :opJ. ot techniques

I:n order to assess total. ni. t. 1:0gen Loss in ini. cropLots we needed to

that theand shape of micropLot todeterini. ne the

results obtained refLected the true tieJ. d SLtnation. Therefore we

recoveri. es of LabeLLed nitrogen banded beneath the nil. Lcompared

i. nsi. .de the nutcropLots i. n September. Five types of ini. cropLots were

used; a 0.33m di. ameter cy, .i. rider, a 0.54m x 0.54m square, a Jin x

1.5 I'da I, m x 0.5m rectangJ. e with N urea appl. LedO .5m rectang, .e,

but:Ee, , zone outsi. de the micropJ. ot. , and an uricon^i. .ned I. in x 0.5m

wj. th 1.5N bu^^erapp, .LedrectangILLa, , ini. cropLot.

outside the ini. cropLot. The Label. Led urea was appl. Led i. n the but:Eelr

then

uptake

i. n the

be

as

was

SOLJ.

a

an

more

SLZe
.

use so

urea
.

Ln a

.

Ln a

zone



zone to di. scourage plants outsi. de the pLot from reinovi. rig Label. Led

ni. trogen from i. nsi. de the ini. cropl. ot.

The type of micropJ. ot. had a si. gni_fi. cant effect on the recovery

of fertilizer nitrogen (Tabi. e a. ). The Lowest

obt. a, .ned in the square and uriconfi. ned plots. Tn the case of the

uriconfi. ned ini. cropl. ot the Low recovery seemed to be due to removal.

of plant debri. s by wind and water erosion. The highest

were obtai_ned in I, m x 0.5m rectangular plot with LabeLLed

appl. i. ed in the buffer zones. Thi_s micropLot desi. gn was used for aJ. I.

subsequent studi. es.

TabLe ,.. Effect of ini. cropl. ot desi. gn on recovery o^ fezCi. Ltzer

ni. trogen i. n plant and SOLL(^ of appl. i. ed ni. trogen)

Type of ini. cropJ_ot.

CyJ. i. rider

Square

Uriconfi. ned wi. th buffer

RectangLe

Rect. angLe wi. th buffer

I. .s. d.

recover I. es
.

were

recoverJ. es

Effect of time of appLi. cat^. on

For conveni. ence some growers appLy rerti. I. i. zel:' ni. ticogen earLy,

such as at the time Of Li. Sting a^tel:' a preVi. OILS wheat Or cotton

crop; other growers si. de-dress ni. t. ,:ogen o1.0se to the t, .me of peak

demand.

PI. ant

.

40

urea

Recovery

SOLl.

27

26

33

L4

39

1.6

7

2L

Total_

23.

54

25

43

2

47

54

64

8

Expel:'i. merits were conducted in each o:E two growi. rig seasons



to determine the effect o^ time .0^ appl. i. cati. on on nitrogen loss and

11ti. J. i. zat. ion by the PI. ant. Urea :Eelrti. It. zel:' was banded 0.20 in bel. ow

the hi. 1.1. ei. their (t) a^tel:. i. ncorporati_rig wheat residues between

January and March, (i. i_) a^tel:' i_ncoirporat, _rig cotton restdues i. n May

or June, or (i. i. i. ) 21. days before sow^_rig,

When urea was banded i. n March or June ._988, by the ti. me the

cotton crop emerged i. n October, 74^ and 21.6 of the appl. i. ed

ni. t. 1.09en, respecti_veJ. y, had been Lost from the soi. I. . Tn 1.989,

was banded i. n January or May, and at sowi. rig 926 and 73-6 0:E the

app, .i. ed ni. trogen, respecti. vel. y, had been Lost from the SOLJ. (Fi. g.

I. ). There was no evi. dence for I. each, _rig of the fez'ti. I. i. zer ni. t. ,?ogen

bel. ow the root zone, and i. .t. ,. s conc, _uded that the ni. trogen was Lost

therain which tel. I.by dent. tri. ^i. cation to1.1.0wi. rig the heavy

autumn o^ L988 and 1.989. On both occasions the amount of rat. n was

Thegreater than 95^ of that WILLch feLl. prevLous years.

signi. ticance of these Losses can be gauged by the resti, .ts of a

paraL, .el. fi. el. d t. I:'i_aL (3.988/89) ustrig anhydrous aminoni. a. I. ^i. nt. yi. eJ. d
1.0^ Lower than yi. eLds from Augustfrom a February appl. toatton

and September appl. toattons.

1.0

120

% OF APPLIED N

too

was

urea

too

80

.

Ln

Fig. .. littrogen recovery i. n Soi. I. toll. OWLng urea appl. i. cati. on

January and nay.
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When urea was appLi. ed i_n September to cotton growing

cont. i. nuous cotton rotat. ton, the pLants had recovered onLy 276 of

the appl. i_ed ni. trogen by ini. .d-February, 236 reinai. ned i. n the soi. L and

50^ had been Lost. When the expertment. therepeated I. nwas

^o1.1.0wi. rig season on a more ^elfttl. e cotton/wheat rotation s, _te, the

PI. ants had recovered 55^ 0^ the appl. Led ni_t. ICOgen by ini. d-February

and 31. ^ of the appl. Led ni. t. rogen reinai. ned i. n the SOLl. (t. e. 1.46 had

been Lost) (Fig. 2).

I20
Recovery (% of applied N)

100

80

60

.

J. n a

40

20

o

SEP OCT

Fi. g. 2. Recovery of September appLi. ed ni. trogen i. n pLarits

at matur, .ty

Nov DEC JAN FEB MAR

and SOLl.



Thus the e^^Lot. ency wi. th which cotton pi. ants can recover the

thegreatly. The cotton plant'sappJ. ,. ed nitrogen

cotton/wheat si. te grew much more vi. gorousl. y than the PI. ants on the

i. inpoveri. shed continuous cotton si. te and presumab, .y were abLe to

compete much more strongLy ^or the fez'ti_Itzel:' in the SOL3_ be^ore it

cou, .d be Lost by denttri. fi. cati. on. Tn both expertments most o^ the

fez'ti. Li. zel:' nitrogen was taken up by the cotton between ini. d November

and earl. y January.

The ini. cropl. ot resul. ts show that the maximum Lint yi. eJ. d and

obtai. ned when therecovery of appLi. ed ni. trogen

^ert. i. Li. ze, , was app, _Led as a si. de dressi. rig in November (Fi. g. 3).

BSsenti. al. ,_y the same amount of nitrogen was recovered from the

22 January 1.990 as wi. th the November appLi. cati. on,appJ. toati. on

but the January appLi. cati. on was too Late to cause i. nc, :eased yi. el. d

( Fi. g. 3 ) .

varLes
.

maxJ. mum
.

on

Recovery(%)

N

On

90

was

BS^! Lint

141,118915/9/891/5/89

Application Time

Fig. 3 Effect of time of ten:i. .I. i. zel:' app, .i. .cation on cotton I. i. nt

yi. el. d and recovery Of applied ni. trogen (^) in the p, .ant-SOL, . System

at matur, .ty.
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131,189

Lint(grain/plot)
90

80

221,190
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Water-LULL Urea

app, .i. ed in SOLLiti. onUrea (84 kgN/ha)

CLI:'CUI. air area (di. ameter 50 in) on 1.4 December and annoni. a Loss was

deterintried wi. t. h a ini_ci, Qinet. eoroLogi. cal_ method. The amount of aminoni_a

lost dui:i. rig the fi. r'st ^i. .ve days after appl. i_cation (the pertod of

greatest I:'i. sk) was negi. i. gi. bJ. e.

a-5N Label. Led urea were started atMt. cropLot expert. merits wi. th

ammonia voJ. ati_Li. zat. ton expel:'i. merit andt. i. me thethe

harvested on 1.9 December, 1.2 and 28 January, and 1.6 February. The

'.'1i baLance study can'ted out on a. 9 December conei. ,, med the aminoni. a

Loss data. TotoI. nitrogen loss :Elfom the rerti. Ltzed area ^tve days

after fez'ti. I. i. zati. on was Less than 5^ 0^ the ni. t, rogen appLi. ed. The

:Eate of the appl. ,. ed ni. trogen depended on the abi. Itty of the PI. ants

to compete wi. t. h SOLl. ini. oroorgani. sins for the ni. trogen. Tn a trial. at

AUScott where the PI. ants grew vi. 901:'0us, .y, by the t. Line of maxi. mum

ni. trogen uptake, the pLants had taken up 586 0^ the appLi. .ed

ni. t. 1:0gen and 26^ had been tnniobi. I. i. zed i. n the SOLL. OnI. y 1.66 was

t. LineLost by dentt. ,ci. fi. cati. on. However, at the

cont. i. rillous cotton rotati. on, the cottoni. ripoVeri. Shed SLte

PI. ants recovered onI. y 28^ 0^ the appJ. i. ed ni_t. 1.09en, 246

tinmobi. I. ized i. n the soi. I. and 48^ was Lost by denttri. etcat. ton. PI. ant

growth on the cotton/Cotton SLte was poor and the dry Wei. ght of the

onI. y 25^ of that at AUScott at the ti. me o:EPI. ant tops

jeerti. Li. .zer appLi. cation. At the i. inpoveri. shed SLte plant and soi. I.

recoveries of water-run urea were si. in1.1. ar to the recoveries o^

nitrogen from urea banded at 0.20m depth three months earl. tel:'

was

same as

Ln furrows to a

.

Ln a

was

same On an

was
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Plant recoveri. es o^ urea ni. trogen app, _Led as a toI. i. air spray i. n

January or banded i. .n September were stint_La, : (55:^). However, the

di. st, ri. buti. on of the ni. trogen i_n the PI. ants from the two experiments

was qui. t. e di_fferent; 35^ of the tol. tar appLi. ed ni. trogen was found

i. n the boJ_Ls compared wi. th on, .. y 1.5^; from banded urea (Tabl_e 2).

TabLe 2. Recovery of nitrogen appl. i_ed in January as a toI_tar spray

(20 kg 11/11a) compared wi_tb. urea banded in soi. .L in September.

Source

Stems

Leaves

Burr

Li. nt

Seed

Total. PI. ant

SOLL

PI. ant & soi. I.

AN

4

,-8

As

8

4

4

1.7

20

Easy N

Use of nitri_fi. cati. on i. rim. bi. tors to decrease Losses from banded

appLi. cati. ons in September

As the ni. t. 1.0gen i. s Lost by dentt, ri_fi. cati. on, reduci. rig ni. t. rate

producti. on by addi. ti_on of ni. tri. Etcati. on trill, .bi. tor's seems to be a
few nit, ,i. fi. cationLogicaL method of reducing Loss. However,

avail. abLe coinmerci. al. ,. y and aJ. L of them havei. rilli. bi. to r's

Li. ini. tati. ons to thei. r use^u, .ness. Tt has been establ. i. shed t a

Wa, .ter etacetyLene i, s a potent i. ribi. bito, , of ni. tri. fi. cati. on (e. g.

probLemsa1. . 1,979), but because i. t i, s a gas there

51.

9

22

3

4

1.4

73

2L

Urea

51.

L ,..

31_

3

4

,. 7

81.

22

Banded

62

8

1.0

5

25

28

22

87

are

I. O

55

a. 8

I.

74

4

55

31_

86

are
.

Ln



i. ntroduci. rig ,. t i. nt. o the soi. I. i. n the fi. e, _d and mai. nta, .ni. rig i. t at the

concentration to Jimi. t ni. t. ,, i. etcati. on duri. rig the growi. rigrequired

pertod o:E the crop. Thi. s problem may be overcome by the use o^ wax-
ofcoated cal_ci. urn carbide to provide a slow-rel. ease

by the use o:E non-gaseous acet. yLeni. c compounds suchacetylene,

phenyl. acetyLene, wh, _ch have proved to be2-ethyny, .py, :i. di. ne

i. n Laboratory stud, _es (MCCa, cty and Brennereffecti. ve trilli. bi. tors

as

I_986 ) .

or

carbide,

and the commercial. I. y avail. abLe2-ethyny, _pyri_di. ne, phenyl_acetyl. ene

compound ni. trapy, ri. n to i. ribi. bi. t ni. tin. fi. cati. on, reduce ni. trogen Loss
i. n into1.0pl. OtevaluatedI. ^. nt yi. el. d of cotton wasand Lncrease

studies and a large scale fi. el. d experiment at Narrabri. .

Addi. ti. on of the compounds, ni. trapy, ri. .n, wax-coated cal. ci. urn

carbi. de, phenyl. acety, .ene and 2-ettiynyl. py, :i. .di. .ne di. d riot resul. t. i. n a

si. grit^i. cant i. ncrease in dry matter yi. eLd o:E cotton plants grown I. .n

the nutcropLots (Tab3. .e 3). However, the yi. e, .d of cotton seed was

trioreased by 2L^ (P < 0.05) over that o:E the control. PI. ants by the

addi. ti. on of ni_trapy, ci. n, and by 29^ (P < 0.01. ) by the addi_ti. on o^

2-ethyny, .pyri. di. ne (Tabl. e 3). A 23^ triorease (P < 0.01. ) i. n Li. nt

yi. eLd and a 21. ^ i. ncrease (P < 0.05) i. n the dry wei. ght. 0:E' boJ. Ls were

al. so obtained by the addition of 2-ettiyny, .py, ridi. ne. The dry matter

not signi. fi. cantl. yyi. e, .ds of the other pLant components

i. ncreased over those o^ the control. treatment by the addi. ti. on o

The ef:Eecti. veness

or

.

o^

,. 6

wax coated

source

calci. \,. in

any o:E the compounds.

were



TabLe 3. Effect of ni_tr, .ticati. on tnni. bi. tors on dry matter yi. e, .. d of

cotton (g in~') 91.0 i. n enc, .OSed 0.5 in x L in nutcropl. ots.

Treatment

Control.

Ni. trapy, ,in

Cal. ci. urn
Garb, .de

Pheny, .-
acet. yLene

2-Ethynyl.
py, ri. di. ne

Husks

1.23

1.1. 9

Seed

PI_ant component

21.3

257

I. 1.7

Lint

I. sd

(P < 0.05)

(P < 0.01. )

1.02

I. 59

1.78

BOLLs

21_5

1.27

495

554

222

Roots

1.7 3

the addi. t. ton of nitri. ^i. cati. onApart from 2-ethynyJ. pyri. di. ne,
thesigni. .^i. cantl. ydi. d notinhi. bi. tor's wi. t. h urea

assi. ini. ,. atton o:E appl. Led ni. trogen by the i_ridi. .vi. duaL PI. ant components

or uptake of app, .i. ed nitrogen by the who, .e plant (Table 3).
i. ncreased the2-et. bynyJ. py, ,i. di. neaddi. ti. .on o:EtheHowever,

i. nco, rporati. on of appJ. Led nitrogen in the seed by 98^ (P < 0.01. ) and

uptake by the pLant. by 75^ (P < 0.01. ; Tabl. e 3).

275

IIS

ITS

58

54

I. 55

505

Stems

1.9 6

479

261.

256

34

50

55

Leaves

599

5L

1.24 .

I. I. 2

24

36

261.

Total.

54

79

I. I. 5

246

938

976

I_37

275

ITS

NS

1.36

958

1.5 2

NS

NS

9 I. 2

1.079

IIS

ITS

NS

NS

.

zncrease



TabLe 4.

soil. from

trim. bi. tor's

Recovery of app, .Led ni. trogen (^)

affected by addi. ttonmicropl. ots as

Treatment

Control.

Nitrapyici. n

Coated

caLci. urn Garbi. de

Phenyl. acetyLene

2-Ethynyl. .pyJri. dine

I. .s. d. (P < 0.05)

I. .s. d. (P < 0.01. )

PI. ant

29.4

36.7

.

Soil.

(0 - 0.6 in)

Ln

The addi. ti_on of the wax-coated caLci. urn carbi. de and

2-ethynyl. py, ,i. di. ne increased the recovery of appl. i. ed .nitrogen i. n the

SOLl. co - 0.6 in) by 54^ and 46^;, respecti. ve, .y (P < 0.05; TabLe 4).

in the soi. LIP, .ant systemRecovery of app, .i. ed nitrogen was

signi. ticantLy i. nc, :eased by addi. ti. on of aL, _ of the i. rilli. bi. tor's (, Dabl. e

4), wi. t. h the greatest recoveries betng obtai. ned i. n the presence o^

wax-coated cal. ci. .urn Garbi. de (781^) and 2-et. bynyl. .pyri. di. ne (926).

The resuLt. s ^or the Large scale fi. e, .d expertment show that

there was SLgni. etcantLy more (P < 0.00, .) ammonium nitrogen i. n the

coated calcium Garbi. de treated SOLl. than i. n the controL soi. L ^or 8

weeks after fezti. Li. zer appJ. .i. cati. on. As a resu, .t. Less ni. t. ,:ate was

produced i. n the treatments recei. vi. rig the i. ribi. bito, : than in those
The di. ffe, :ence i. n ni. t, ,ate content waswithout the i. ribi. bi. to, :.

SLgni. ticant. (P < 0.001. ) for more than 5 weeks.

cotton PI. ants and

of nitri. Etcati. on

35.4

34.0

27.8

51. . 3

I. . 8

37.0

1.0 . 6

PI_ant PLUS soi. ,.

L5.5

42.7

36.0

57.2

40.5

73.7

9 . 3

,_3 . 6

78.3.

70.0

93_. 8

,. I. . L

1.6 . 2



Addi. t. ton o:6 the wax-coated cal. GLUT^ carbi. de increased the mean

recovery o^ appJ_Led ni. t. 1.09en by 35^; (P < 0.08). LLDt. yi. eLd

si. gritfi. cant, .y i. ncreased by the addi. t. ion of tel:. ti. ,. ize, r ni. t. ,, o9en

(P < 0,001. ) and wax-coated cal. ci. urn carbide (P < 0.05) (Fig. 4).

the absence of the nit, :i. f, _cati. on inhi. bi_to, c Lint yi. el. d responded to

-I.
(Fi. g. 4). However,the addi. ti. on of nitrogen up to a. 80 1<9 N ha

in the presence o^ wax-coated cal. ci. urn Garbi. de the shape of the

aLtered, and the maxi. mum yi. el. dnitrogen response curve was

obtai. ned at a much Lower Level. of ni_trogen addi. ti. on (Fi. g. 4).

Figure 4 i. ridi. cates that the i_ribi. bito, r effect was greatest at

ni. trogen addi. ti. on and that the effect dimi. ni. shed at hi. ghe, , Level. of

,. s tripo, ,tant to note that the inhi. bitorni. trogen addi. ti. on.

helped conserve the ,. ridi. genous ni. trogen i. n addi. t. ion to the app, .i. ed

nitrogen.

1700
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1.9

1600
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^

to
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o0 1500
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1400+,
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^ , wax-coated caLci. un Garbi. de; A , ni. trapyr, .n;

Z , PhenyLacetyLene.

o 10 252015

Time After Application(weeks)

Addi. ti. .on of the ,. ribi. bi. tor's signi. ticantLy (P < 0.05) ,. noreased

the amount of fez't, .I, d. .ze, , ni. trogen avail. abLe at PI. anti. rig from 1.66 in

the control. to 26^, 43^;, and 47^, respectiveLy, for the wax-coated

cal. ci. urn carbide, phenyl_acetyl. ene and n^. trapy, ri. n treatments. The

of the wax-coated cal. ci. urn Garb, .de was associ. atedpoor performance

with the prob, .em o^ SUPPLYi. rig sufiEi. ci. ent of the acti. ve compound to

the sina, .I. si. zed micropl. ot and the probabi. I. i. t. y of selecti. rig wax

part, .cLes wi. thout caLci. urn carbide. As a consequence the rate o^

i. ribi. bi. to, : addi. ti. .on ^or the May appl. i. cation was doubl. ed.

The resuJ. ts for the May appl. i. cati. on show that the

markedI. y i. inproved and thereGarbi. de treatment

SLgni. .etcant. die^e, :ence between the i. rill, .bi. tor's. The rate of

2 I.

30 35 40

was

calci. urn

was nO



tel:'ti. Li. zel:' ni. trogen loss for the May appJ. i. cati. on was SLOWei, than

that ^or the February appl. ICati. on and this may be attributed to the

lower soi. L temperatures i. n the wi. riter peri. od (Fi. 9.6). Addi. ti. on of

the i. ribi. bi. tor's si. gritfi. cantl. y (P < 0.05) increased the amount of

fez'ti_I. i. zel:' reinai. ni. rig in the SOLL at planting time from 286 in the

cont. ,, 0, . treatment to 43^;, 48^, and 52^, respecti. veLy, for the wax-

coated cal. ci_urn Garbi. de, phenyl. acetyLene, and rid. trapyJ, i_n treatments.

Whi. .I. e Some savings O^ appl. i. ed nitrogen restiLt ^1.0m the use of these

ni. .t, :i. ^i. .cati. on i. rilli. bi. tor's, the Losses of ~ 50^ 0^ the appl. .Led

sti. I. L too Large. Addi. ti. onal. Loss o^ :Eel?ti. I. i. zerni. t, rogen

ni. t. I:. ogen wi. 1.1. occur between planting and harvest. Tt. appears that

the current batch of nit, ci. etcatton i. ribi. bi_tor's wi. I. L

ni. t, rogen for reasonabLy short peri. ods onI. y, and thus wi. 1.1. be of

beneti. t ^or appLi. cati_ons of fez'ti. Li. zer at or near sowi. rig ti. me only.
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Residual. effect of ni. trogen appLi. ed to cotton on a succeeding wheat

crop

an experiment

o^ ni. t. 1.09en appLi. ed to cotton on a succeedi. rig wheat crop, as LIP to

30^ of the ni. t. rogen appLi. ed to cotton reinai_ned I. n the SOL, _ a^tel:'

acti. ve uptake by the cotton had ceased.

LabeLLed urea was app, _i_ed to cotton at two rates (60 and 3.20

i. n September L988. Half of the ini. crop, _ots were harvested

and the nitrogen recovered ,_n cotton PI. ants and

reinatni. rig in the soi. I. deterintried. Tn the remaini. rig ini. cropLots, the

in Apri. L 1,989 and wheat was then sown

into these plots. The wheat was harvested i. n November 1.989

A:fiteir the cotton harvest i_n Apri. L, the amount o:6 fez'ti. ,. i. zel:.

ni. trogen reinai. ni. rig i. n the SOLL was 1.6 kg N I 11a (27^ of the appJ. .Led

rid_tic'ogen) for the Low appJ. i. cati. on rate and 1.9 kg N I 11a (,. 6^ of the

appl. Led ni. trogen) for the titgh rate. The cotton plant tops

slashed and returned to the soi. I. sur^ace. The amount of ferti. I. i. zel:'

i. n the trash on the SOL, _ surface was L2 and

kg N Iha)

i. n Apri. I. L989

was

cotton was aLso harvested

conducted to deterin, _ne the rest. dual. effect

ni. trogen reinai. ni. rig

24 kg 11 I ha, respecti. veLy for the i. niti. aL appl. i_cati_on rates of 60

and 1.20 kg N I ha. Thus the total. nitrogen in or on the soi. I. a^tel:'

28 and 43 kg 11 I ha for the Low and ILLghcotton harvest was

24

appl. toatton rates, respecti. ve, .y.

At harvest i. n November the wheat PI. ants, on both the Low and

ILLgti app, .i. cati. on rates, recovered onI. y L6 of the ^erti. Li. zel:'

ni. t, :ogen which had been appl. i. ed to the preceedi. rig cotton crops. Tt

i, s apparent that the ni. t, ?o9en incorporated i. nt. o the SOIL organic

matter and that i. n cotton debri. s i. s uriavai. Lab, .e to a succeedi. rig

wheat crop.

were



DeveLopment of the ni. t, rogen model.

The aim of the modelling was to incorporate a nitrogen sub-modelin the existing cotton
crop model at Narrabri(SIRATAC, OZCOT and hydroLOG/C - allimplementations of
basically the same conceptual model) in order to make them sensitive to shortage of

These models currently incorporate a very simple nitrogen modelthat estimatesnitrogen.
the potential uptake for the season which sets an upper limit to rates of processes in the
model and to yield; it is not a daily soil and crop nitrogen budget.

I. Selection of a model. In consultation with Dr R. J. K. Myers of CSIRO Brisbane the soil
nitrogen sub-modelin GERES models was selected as the most suitable modelto modify
for our purposes. It was selected in preference to Dr Myers' own models (STAGNATE and
NREQ) because it is already being used. in Australia by several research groups and
because it is integrated with the Ritchie water balance model which we are already using.
The level of complexity at which the processes are modelled in CERES is very similarto that
in our models.

2. Simulation of soil nitrate. A data setfor nitrate and ammonium nitrogen in a fallow soil
collected over a three year period by Mr Ian Rochester at the Narrabri Agricultural
Research Station was used for validation. The unmodified modelfaithfully mimicked the
pattern of increase in nitrate during spring and summer and decrease during winter but
underestimated the level by up to one third.

Several modification were suggested and tried:

MCCowan proposed changes to the rates of decomposition of various organic
matter fractions.

I.

Myers suggested modelling nitrification and denitrification as a function of water
filled porosity after Nommik (1956).

Rochester suggested using nitrate rather than ammonium as the substrate for
jinmobjljsatjon of mineral nitrogen on the basis of his results.

None of these changes made any appreciable improvement to the performance of the
model.

25

Tests with the model showed that it is very sensitive to water movement down tie profile;
halving the rate of movement in the model gave simulated soil nitrate values close to
observed values. It is concluded that GERES N sub-model as received overestimates
Ieaching of nitrate below 30 cm. This conclusion is consistent with our labelled nitrogen
studies which show very little, if any, Ieaching of fertilizer nitrogen below 30 cm. Water
movement down the profile was therefore investigated further by theoretical study, literature
search and experiment in order to revise the model.

3. Simulation of water movement. The modelrecognises three forms of water
movement: saturated and unsaturated drainage in response to gravity and flow in
response to differences in matric potential. Saturated drainage occurs between saturation
and the drained upper limit (an empirical estimate of field capacity) and unsaturated
drainage below the drained upper limit.

There are distinctive features to water movement in vertisol soils, which include the grey
cracking clays on which most cotton is grown in Australia. Water entry through the cracks
is rapid, especially with furrow irrigation, and water can enter each layer directly from
cracks without having to percolate down through the soil'mass. Saturated hydraulic
conductivity is very low for the profile as a whole so that there is no clearly identifiable field
capacity and the empirical drained upper limitis close to the saturated upper limit.



The model was therefore modified so that irrigation water enters each layer directly without
having to percolate down through the soil mass, Ieaching nitrate as it does so. The model
was further modified to take into accountthe ridge and furrow conformalion of the surface
layer to allow water to move lateralIy from the furrow into the ridge.

Drainage was studied in the laboratory with a 900 mm undisturbed soil monolith using
Youngs' (1982) method, The rate of drainage decreased exponentialIy from 263 mm/d in
the O to 200 mm layer to 4.9 mm/d at 400 to 600 mm. At 600 to 800 mm the rate was too
small to measure. These data provide limits to the rate of drainage in the soillayers in the
model.

Mason (1979) obtained a soil moisture characteristic curve (the relationship between water
content and matric potential) and a relationship between hydraulic conductivity and water
content for the soil at the Research Station. These relationships have been used with
Oarcy's law to improve the estimation offlow between layers.

The effect of these changes in simulation of water and nitrate movement down the profile
was nottested before Theiveyanathan resigned.

The improvement of the simulation of water movement within the profile is of great value for
estimating water distribution down the profile as well as the estimating nitrate content of the
layers. Until now modelling water has been concerned more with the total water content of
the profile rather than the distribution down the profile. However in order to reconcile the
water balance model with the neutron probe distribution among the layers is important
because the model considers the whole profile to 1.3 in while probe users normally only
consider the upper 0.7 in.

4. Future developments. The cotton nitrogen modelling project is now poised for
advance. However it is not proposed to recruit a replacement for Theiveyanathan because
of the difficulties previously experienced.

Instead it is proposed that Dr Doug Godwin be retained as a consultant. Dr Godwin was
the major author of the soil nitrogen sub-modelin CERES that we are using and has
successfully developed it for wheat, maize and rice. There is no one better qualified to
develop the sort of soil nitroqen sub-modelrequired, ~ ~
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DLEf^. CUI. t, .es encountered

The main probJ. em encountered during the conduct o^ the project
star^.keepj. ri,andappoi. nti. .rigofdi. telcuLty

appoi. rited to the Expertment. al. Scientist sMr S. Th, .eveyant. han

postti. on at Nan:ab, ,i. i. n December 1.988 to undertake the modeLl. i. rig
He has not been rep, .acedwork, but he restgned on 1.2 January 1.990.

retained as a consul. tant. ^or the model. Lingbut Dr D. Godwi. n was

appoi. rited to the research scientist swork. Dr Humphrey's

postti. on i. n Canberra on 4 November ,. 987 and resi. gned on 27 Angus

was the

was

was



L989. Mr Chen De-Li. was appoi. rited to replace her on 3, . January 3.990

and remained to the end of the project. Tn spite o^ the turnover o^

st. at^ the project has been sati. s^actori. ,. y coinpLet. ed.

Transfer of resu, .ts

The resuJ. ts of thi. s work have been presented to growers and

other soi. enti. sts at the AUStral. tan Cotton Conferences at Sur^e, ,s

Paradi. se I. n 1.989 and 1.99J. , at the Annual. Meeti. rigs of the amen. can

theSOCi. ety of Agronomy at San Antoni. 0, 1.990 ,

AUSt. ,?aJ. ian Cotton Grower and i_n the Cotco Report.

Recommendations for future research

The resuLts of the research on the use o^ wax-coated calci. urn

Garbi. de as a ni. t, :jet. cati. on Inbi. bitoi: are very encouragi. rig i. n that

i. t i. rib, .bi. ted ni. tinti. cation for Long pertods and i_ncreased Li. nt

yi. el. d. At present the coati. rigs are di. :Efi. cult to appJ_y and melt i. ^

I. e^t. i. n the sun. More ef^ecti. ve coati. rigs need to be deveJ. oped.

PubLi. cati. ons and reports

L. Humphreys, E. , F'reney, J. , Li. 1.1. ey, D. and Sini. th, B.

The Fate of Ni. tirogen Fez'ti. .I. i. ser Appl. Led to Cotton.

AUSt. . Cotton Grow. (,. 989) 1.03 74-75.

Texas
.

I. n

2 . F1:'eney, a'. R. , MOSi. e, :, A. R. , Bronson, 1<. F. ,Constabl. e, G. A.

Rochester, T. a'., Smith, C. a'., Chen, D. I. ^., and Banerjee, N. 1<.

^ncapsu, .ated Calci. urn Carbide as a Nitri. etcati. on Tnhi. bito, : ,. n

1:1:1:'i. gated Corn, Cotton and Wheat.

Agron. Nos. ,. 990 s 268.
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