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Abst rac t

Lit t le cluanti tat ive infornration relat ing f ield accumulation in sugarcane to cl imatic factors is
avai lable to al lorv the maxirnum f ield in dif ferent seasons and locations to be tìeterrnined.
Ìì .y cornparison of actual yield with the cl imatical ly determined maximtrm yield for a given
crop, the exterÌt  of yield l i rnitat ion due to ÌnanageÌnerÌt  and soi l  ancì pest factors can be
assessed. This paper analyses the relat ionsÌr ip betrveen radiat ion interception and biomass
accumulation fot- an atttr tmn-planted sugarcane crop gl 'own under irr igated condit ions at Ayr,
Qld ( lat.  19'5'S.).  Crop sarnpl ings were conducted from 167 to 445 clays after planting
(DAP). Less than 60Vo of t Ì te seasonal incident solar radiat ion wrx intercepted by the crop.
A ladiat ion extir tct ion coefl ìcierrt  of 0.38 was estirnated frorn the relat ionship between green
leaf area index and t l te fract ion of the radiat ion intercepted (Í).  A rnaximum crop ra<ìiat ion
(SW' 0'35-2'5 p.rn) rtse eÍf iciency (RUtr) of 1 .75 g^MJ . 

t  was deterrninecl.  The maximum crop
glorvth rate over a 140 dav period was 41 .1g rn-2 d-1. Horvever, this value is dependent on
fi  and the incident radiat ion (.9), and accordingly would be expected to vary across Ìocations.
In contrast, the IÌUE value of 7.75 g ÌvIJ-Ì is in<ìepenclent of / i  and S, and can be used as a
barsel ine value to i ìssess tÌre extent of yield l i rnitat ion and tÌre scope for yield improvement at
dií Ierent locations.

The rnaxirnttrn biorn:rss production rvas 72 t ha-r and the rnaximum fresh cane yield was
201 t ha-Ì.  However, these maximum yielcls were attained up to 4 months before the f inal
sampling. Future researcÌr sÌrould examine the wider appl icabi l i ty of this early yield plateau,
and focus on the factors responsible for the early cessation in yielcì accumulation.
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Introduction

TÌre three nrain cl i tnatic eÌements affect ing crop yieìd i ìre radiat ion, temperature
and rainfalì .  WÌrere alÌ ìpÌe irr igation is avai labÌe, rainfal l  Ì 'arely l inr i ts crop yield,
except wÌrere excess rainfall causes waterlogging and drainage problems. A
quanti tat ive ulìderstaÌì( l ing of the inf luence of temperabure and radiat ion on crop
yieÌd is usefuÌ irr  establ ishing a benchmark yield for a given site ancl season.
Bv comparing tÌre cÌirnaticalÌy determined yieid rvitÌr actual measured yield, the
exterìt of Ìiuritation dÌle to nanagement, soil and pest and cÌisease factors can be
assessed, and the scope for yield improvement (both varietal and management)
can be determined.
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;\ tttttrt lrcr of trppt'oacltcs exist for estirnating tÌre clirnaticzrÌÌy deternrinecÌ yieÌcl.
Stiit isti<:ir,l approitr:ltcs Ìrit 'u'c Ìreen Ìls€xl sÌÌcrccssfirÌl.v in sr-.r,eraÌ stuciies. The incre:use
irr staÌÌ< t 'Ìottgrr,tit-rtt itt sttgarr:zurc rvitÌr irrcreasing terupcr-zrtrrre Ìras [reen antrll,secl
rtsirtg tlre rÌav-dcgïce coÌÌcept (Das 1933; Cìcrnents 19S0). SirniÌarly, sugarcarÌe
f ieÌcÌ is cÌctertrtitter<ì to :r l:rrge cxtent by the soÌar racliation incirlent o1 túe crop
(CÌcrrrerr ts 19'10;  Chartg et  o, l .  1963; Nickel Ì  1977).  Tl ionrpson (1978) has leportecì
biotr t t rss Pro<Ìuct iot t  i t r  sugarc:ane in Sotr th Afr ica,  anr l  I ( i r rgston et  a l .  (1g84) havc
ttrt- ' irsuÌc<l Ìl iontass procÌuctiott irr sugalcanc at Ar-r ancl BrrncÌaltcrg, Australia.
In Ìroth these lc'ports. procÌuctivity rvns anaÌysercÌ irr ternrs of tÌre efficiency of
cotÌ'n'cl 'sitttr of total inciclcnt sholt-rvave ra.cliatiorr to cirl '  rnatter, ancl tÌrese vaÌues
vtrtictÌ u'itÌ l trrttp age zutcl grou'tÌr concÌiticxrs. In ILnvaii, Clenrents (1980) reportecl
tr l itteal l 'cÌ:rtiorrsìrip Ìretrveen gro',vth urrit (rÌefinccÌ as the daiÌy increase in cane
volttttte, obtii ittccÌ bt, nr,rt,tt,,yirrg the rìzriÌy eÌongatiorr rate by thc gÌ'een lveight of
tÌle sÌreatÌrs) atrtÌ t lailv incirÌerrt solal rarÌìation. Llsing rnuÌtipÌe linear regression
at laÌYsis c) Ì ì  s ì Ìgt ì Ì 'caÌ Ìc ( : Ìot r )s growÌì  iu Fkr l i< ia.  ÂÌ Ìc-n (1976) reportcc l  t Ì rat  y ie l<Ì
is posii ivclv rcÌatetÌ to ÌrotÌr soÌru' ri irÌ iatiou arrcl ricgr.ce cl:rys.

Diflì<:uÌtics arisc s'itÌr these ty'pes of antrÌ1,ses bccarrse clinratic variaÌrles arc
corrÍburrdecÌ. i.LrrtL tÌrere is no rnecÌranistic lr:Lsis for stucÌl. ing variation in clop
pt"r'ftrlttttrttCe. For ttxattrpÌe. cliÍÌ-crences in phcitosyrrtfietic eÍÍiciency calculatecÌ fi-o'r
irlcirlcnt rarliaticltt trtay lrt- ' associated with <liffereÌìces in Ìcaf ciìÌÌopy deveÌopmerrt
trtl<Ì tÌte i lrtcrccprtiotr c.rÍ raclitrtiorr. AÌso. ÌÌÌaÌìy of tÌrc reÌationships Ìrctrveerr grorvtÌr
atrcl terrrpeLatrrre irr srrgirr.caÌÌe ÌÌÌay be sinrpÌy a r.eflection of tÌre reÌationship
bct$'etln grou'tl i aurì soÌerr ladiation. sincc tenrperatrrr-e ancì radiation tenrÌ to be
highly correlatecl. Furthertnole, statistical nrorÌels ale onÌy leliabÌe for-interpolation
u'ithin tÌre cÌata sets bzrsecl oÌÌ a Ìnea,rÌ resporìse. ÂccorclingÌy, it is not possible
to cxtrapoÌatc ttt ofher loctr.tions or to u'catÌrer c:onclit iorrs cliffcrerrt f i 'orn tÌrose
ttporr rvÌrich tÌre lcgression leÌationsÌrips \veÌe cÌevelol;ecÌ.

An :rltcrnative appr-oacÌr is to cluantify the impolttrrrce of cliffer.ent pìrysiologicaì
pÌ-ocesscs at td cÌ i tnut ic  c letnents i t r  coutr ibut ing to v icÌ t l  var iat ion ancì  to incoÌporate
t Ì tcse le lat iot ts ì r ips into t t tecÌr t r r r is t ic  crop grorvth r r ro<ÌeÌs (e.g.  maizc,  l , Íuc l ro 'uv eú
a/ .  1990.1991:sorgÌ t r r t r t ,  I la tntnet 'and NIucÌxxv 1991: Ì ie l i i f ,  Calberr l ,and N,IucÌrorv
1992)- Crop grorvtìr siruuÌ:it iott rnorlels :ìÌe powcrfuÌ tools that irrcrease rese:rrch
cfiìt: ietrcY bv trÌÌorving the :rnaÌ\'sis of crop perfonrrarrcc at clifferent Ìocatious
rvlteÌe cÌirrrate is variaìrlc :urcl relatively uulrrecÌicta.ìrle. Ilorvever, insufficient clata
rc-' ltrt ittg tl le kcy growth l)Ì 'ocesscs of srrgalczrne to c:Ìirrratic factors are availaÌrlc
to enabÌe the clirttaticaÌl.v deternrirrecl sugarcaÌÌe yieÌcÌ at cìifferent Ìocations to
Ìre assessecl, arrcì its vat' iation flonr year to ye:rr fol different grorvth cìurations
to be cletertnittttd. To nrake sucÌr iìrÌ assessÌÌrent for sugarcaÌìe, it is necessary
to obtain grorvtÌr trrraÌr'sis ciata Ìry reguÌar.Ìy sarrrpÌing the crop tÌrrorrghout tÌre
grorvittg sctìsoÌÌ. ÂccortÌirrgÌy, in this yraJrcr' rvc l)Ì 'cscrrt a grorvtlr arurlysis of a
rìÌlgrìÌ '(:rÌììcl clop rrrr<ler ir.rigaterl tropicaì conclit ions.

Crop bionrass (g nr-2) cartr be consiclered as a frrrrr:t ion of tÌre amount of racÌiation
iutcrceptecÌ  (^9i l  NIJ nr-2)  ancl  t Ì re racl iat iorr  use efhcierrcv (RUE; B N, lJ- t ) .  Si  is
cÌetcrtrtittecì by' tÌre crop duration and consccluerrtÌy tÌre cumuìative incident soÌar
latÌiatiotr (5'), ancl bv the fr-:rctiorr of thc incicìent radiation tlrat is interceptecì (/i)
as tlctertrtirred ìtv Ìcaf area developnrcrrt arrd thc lurliation extinction coefficient
(/,). Leaf alea cleveÌoprncrrt is strongìy infÌuenced lry teniper.ature (NIuchow and
Carllcrry 1989). TÌrc slope of the lclationsìrip Ìretu.een biornass accumuÌation arrcÌ
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,Si is tÌre RUtr, ancl this valies rvith age ancl specific leaf nitlogen (N{uchow and
Davis 19BB), ancl aÌso rvith cxtremes of ternperature. The RUE is a rneasure of
photosynthetic pelforÌÌ ÌaÌÌce. N'Iuchow and Davis (1988) lave preasured. maximur'
RUE va lues  o f  1 '6  and 1 '25  g  NLI - I  (SW rar l i t r t ion)  fo r  ma ize  and sorghum
respectively, ancl Sinclai l  artcl  Horie (1989) have predicted a theoretical maximurn
RUE of 1'7 g \U-1 fol C.1 crops. No cÌata are avai labìe on maxirnum RUE values
for srtgalcalÌe. Ì ìor ou the variat ion in RUE over the rnuch longer crop growth cycle
of sugarcalÌc, conìparecÌ u' i t Ì t  t Ìre Ca annuaÌs nraize ancl sorghúnr. Accãlcl ingly, the
pritnary oÌr ject ive of t i r is paper is to analyse ladiat ion interception ancl biomass
accutl lulat iotr i tr  a sLÌ[ l?ìÌ 'c]atÌe clop, and to coÌÌìpafe lraxir lupr RUFI values tvi th
otÌrer Ca cÌ 'ops.

Sugar-catre f ieÌd is t ladit ionalÌy expressecì as the fresh rveight of miì labÌe staÌks.
Lit t le i t t forurat ion is avaiÌable orr the propolt ion of staÌk in t5e total above-grouncÌ
biot lra.ss. noÌ '  on the t 'eÌat ionship Ìretrveerr fresh cane f ieÌrì  ernd aÌrove-grouncl
biour:rss. A ser:ottr l  object ive of this papcÌ is to ana.lvse lr iorrrass part i t iorr i lg in
sugarcaÌìe. arrcì t Ìre change in dry matter content rvi th age. TÌre econonric yield
of sugarcatte is aìso t lctelnrined Ìry the part i t ioning of biorna^ss to sucrose, but
this asltect is not considered in this papeÌ..

Materials and Methods

Location antl  Clul lwvl Detai ls

The f ield t ;1,11d1' 1v2.s cotrrì t tctecl on a si lLy r iver loarl  (USDA Soil  ' l 'axononry: 
l)ystropept)

i r r  B lock  142 o ï  G.  a r r r ì  I ì .  Zanet t i ' s  faun a t  Ayr ' ,  e lc l  ( la t .  19 .5"  S .  long .  l4T .J ,  E . ) .  T5e
trteteorological concìi t ions rÌ trr ing the strrdy are shorvn in Fig. l .  Setts oÌ:  variety eg6 were
p lan tcd  on  20  APl i l  l Í ) Í ) l  in to  1 '5  n r  d l i l l s .  I . ' c r t i l i ze r .aJrp l iec l  a t  p la r r t , i r rg  ' ' un ,  C iu l ,  I { ing  gg
( 1 ' 1  ' 8 %  N ,  ' l ' 3 %  l ' , 1 1 ' 3 t  I i ,  l 3 ' 6 %  S )  a t  2 2 2 k g h i t - t .  A r r r n r < . r r r i r r r n  s r r l f t r t e  ( 2 0  5 % N )  w a s
banded into thc soi l  zrt  l Ì1.1 l<g ira-l  on 2g . luìy lgg1, arrrì  urea (,16% N) u,as trancled into the
so i l  a r t  336 kg  Ì ra - l  o r t  18  Ar rgus t  1991.  1 ' l rc  c rop  wzìs  fu l row i r r iga ter l  a t  4 ,  86 ,  168,  18b,  202,
231 '  2 í t4 ,264.277,  283,  303,  i125 ,337,348,  371,  and l l83  days  a f tc r  p l : rn t ing  (DAP) .  ' l he  

c rop
rvas  Ì r i l l r : r ì  r r l r  a t  t . l r c  Í in i r l  c :u l t i va t io r r  a t  164 D. , \ l ) .

A I <;asurernenl.s

Iìout 'ro$'s rvere r:rrtclottr l .r 'serlccted f lonr t ìre l0 ìr:r  block as forrr lcyrl icates. In f irrron,- irr. igated
s l lg : ì t ca l ìe ,  i t  i s  i r r rPr ; rc t i c i l  to  t Ì ì c :Lsure  b io rnass  acc t rn r r r la t ion  r rn t , i l  a Í t ,e r  the  f ina ì  c r r l t i v : r t ion ,
w l tc t t  a  r r : Í ' c l t ' t t c : t t  g ro r t t r t l  k rve l  i s  rna i r r t : r inec l  f< r l  t , l r t - ' r ' t - .n ra . i r rc le r  o f  g r .o rv t ,h .  ̂ t  166  DAì ,  (3
Octobc l '1991) ,  tu 'o  1>a i rs  o Í ' tw 'o  t r rbe  so la r i r r re tc ls  ( ' I ' y 'pe  TSL,  I )c ' Ì ta - ' I ' l )ev ices ,  Car r rb r ic lgc ,
f lreat, I ìr i tain) u'ere place<l r l iagonally across thc 1.5 nr inter-nrw in eacÌr repl icale at grorr lcl
Ìevel '  ' I - l re 

trrbcs n'ere raiserl  over t irne to be belorv thc last green leaf, so tÌrat r.acl iat ign
iDterceptiolr bl '  8r"en lcaí '  onl l '  \ \ 'a-s rÌ ìei lsl l recì, ancÌ rrot that acÌcl i l ional l l ,  int,erceptecl by stalk
and trash' A t 'cf irreltce tt t l re soÌarimeter was placecl above the clop. ' fhe 

lubes ivere rernovecl
f ro t r t  t l r t :  < : t 'o1r  r r . t  2 Í ) ,3  I )A I ' }  ( l2 l re l r r . r r i r1v  1gg2)  1>r . i6 r  1 ,6  t l re  r : rep  lo< lg i r rg  <>r r  20  l rcbr .11r .y  l Í )92
(311 I )AP) . ' fherea f tc r ,  r - r r t l y  i r rc idcr r t  rac l ia t ion  w iLS Ì Ì ìe . ìsurcc l  u , i t ] r  the  le le rence so la r in re tc r .' I ' Ì re 

tube solari t t tetets u'et 'e trsed to lccord tÌre t lansnrit tecl ancl inciclent slrort-rvave racl iat ion
(0 '35  2 '51r rn )  t 'espec t ivc l . t ' ,  a t  2  t r t in  in te rva ls .  Da i lv  to ta ls  tu rc l  inc l i v ic lua l  t t rbe-ca l ib ra t ion
factot 's rvere ttse<l l ,o cnlctt late the í ' ract ion of the incident rarl iat ion intcr-cepl,ecl br. thc crop
(/ i) .  Since the lezrdings f lorn ini l iv idu:r l  soÌarirneters rvcre ftrun<l t ,o var..y b.y rr l l  to 20% frorl
t Ì tc nomitrtr l  cnì i l rr :r"t ion. t ' l re absolrrte incir lcnt rzrrÌ iat ion (S) rvas rec.orr lccl u' i l ,h a p.yranonret,er
(L i  200S,  L i -Cor  Inc . ,  L inco ln ,  Nebra^ska,  U.S.A. ) .  ' Ì ' Ì r c  

a rnount  o f  rac l i : r t ion  in te rcepte t l  (S i  )
rvtx calculated zr-s thc proclt tct of the dai ly J and S. ' I 'he 

tube solarirneters ancl pyrànorneter
were colÌnectcd to a lou'-1>ou'er proglaÌnÌÌìable data-logging sl.stcrrr cÌcscribed by Nluchotv ancì
Dav is  (1988) .
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Fig. 1. Daily maximum and rninimum screerÌ temperature, incident
short-rvave radiat ion and rainfal l  during tÌre experiment. Date of
planting rva-s 20 Apri l  1g91.

A 5 rn Ìength of rorv in each of four repl icates u,a^s cut at grountì level on 10 samplirgoccasions (1ì:rble l) '  DacÌr successive sarnpl ing site cÌown the row l l 'a^s separatecl by a 3 to b rnl;uÍIer of càtte' f'Ìre total nurnÌrer of stalks rva.s recc.rr'<ìecl. R,udcìweigÌr loacl cells were use<Ì toc le te r ln ine  the  to t . l  f resh  we igh t  (+0 '1kg)  in  the  f ie ld .  Â  r0  s t . l k  s r rbsample ,  representa t iveon tr fresh weiglrt  basis, $'a^s taken. At úe Íìrst four sarnpl ings (Tabìe t),^theseïtalks were
Pa'rt i t ioned i t t to green leaf Ì l lacles ancl rernairr ing stalk nrl , Ì  , ì ," , , ih rnaterial,  as 1o dead leaf rvas
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The fresÌr cane yield (*standard error of the mean of
yield was not measured (NÌVI) for the

present' 'fhereafter, 
lhe 10 

stalk subsample was partitionecl into green leaf blades, dead leafand dead sheaths, defined as trash, mil laúle. stalks, and cabbage, defined as the immature topof the stalk plus green leaf sheaths. The fresh weight of each coïnponent was determined. Thenthe material from each component was fibrated ,r-"i.rg u cutter-grinder, and two representative
subsamples were placed in 850 rnl aluminium foi l  trays for ã.ying at g0oC. Aiter the 4rymatter content was deterrrt ined, the green leaf, trash, rni l lable stalk, and cabbag. J.y -. t t" .yield were determined per unit land ãrea from the total fresh weight from the 5 m length ofrow, the cornponent proportion of the total above ground material on a fresh weight basis,and the component dry matter content. The net abãrre-ground biomass was calculated as thesum of the individual components, and the above-g.orrr,ã biomass per stalk was calculated byfurther division bv stalk number. The fresh .r.r" ! i" ld p". - t  ** calculated as the product
of the total fresh rveight 

-from 
the 5 m length of ràw .nà th" proportion of millable stalks ona fresh weight basis in the 10 stalk subsample divided by z.b ( i .e. 5 m x 1.5 m row width).

The fresh catre rveight per stalk rvas furthel calculated by di lr ision by stalk number.

Table 1. Sampling occasions, and mean daily temperature [(max.+min.)lZl andsolar radiation
from planting to the first sampling and for the period betìeen samplings for eg6 plant crop

at Ayr

four repÌicates) is aÌso given. Cane
first four samplings

Sampl ing

date
Days after

p lan t ing
Mean

temperature
( "c )

Mean solar
radiat ion

( M J  m - 2  d - l )

Fresh cane
yield

( t  h a - r )

4 Oct.
22 Oct.
20 Nov.
4 Dec.

27 Jan.
11 Feb.
12 IVIar.
8 Apr.
6 May
8 July

1991
1991
1991
1991
1992
1992
1 992
1 992
1992
1992

2 0 . 0
2 3 . 8
' 2 5 . 9

25 .5
28 .2
2 7 . 1
z l ' o

26 .2
2 4 . 2
20 .7

1 8 . 5
z t , J

2 5 . r
2 6 . 8
26 .5

2 4 - 6
z ó . ó

1 9 . 0
1 (  C

NI\,I
NM
NM
NÌVI

129*8
i55+3
194+4
2 1 1 + 1 1
1 9 5 + 1 1
205*8

r67
185
214
228
z l o

297
Õ z l

, lo4

382
445

In adcl i t ion to t Ìre 10 stalk subsample, the green leaves frorn a further 5 stalk subsample weretaken for determination of specif ic leaf area (sLA). The area of the leaf blades was determinecl
using a leaf area measuremeÌrt system (Deita-T Devices, Cambriclge, Great Bri tain). Then
they rvere dl iecl at 80"C, ancl SLA was computed as the leaf area per unit  leaf weight. Theleaf area index (1,) was calculaterì from the ieaf weight per unit  lan6 area ancl SLA,

Results

Biomass Accumulation Ouer Time

Durirrg tìre period fiotrt pÌanting to tÌrc first sarnpÌing at 162 DAp, aÌrove-ground
biomass productiorÌ wÉìs onÌy 409 g m-2 (Fig. 2). Duiirrg this period, maximum
teulperature was relatively high, but ÌÌÌininÌunÌ temperatur" ,uu^. frequently below
10"C (Fig' 1). The mean temperature <Ìuring this period was 20oC and the
rÌÌean ,s was 18.b Ì\ ' IJ nr-2 d-l  (TabÌe 1). Fronr the ihird sarnpl ing (214 DAp)
until the eighth sampÌing (854 DAp), both tempe'ature and s wereligh (Fig. r,
Table 1)' and above-glound biornass accumulation was apploximateìy linear over
time (Fig' 2)' Using linear regression, tÌre crop growth rate for the period from
2r4 to  35 '1  DAP was 41.1+1.3gm-z 4- t .  Dur i r rg  the per iod f rom 3b4 to  445
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DAP' tltere rvas Ììo furtlìeÌ' increase in bionrass above the rnean maximum value
for the last tÌrree sampÌings of 7166 g nr-2 (Fig. 2, TabÌe 2). This cessatio' i 'biotrrass procÌuction occurred welÌ before the coÃnrencernent, in mid-Jun e (c. 420
DAP in this sttrcÌy), of the ttot'ntal harvest season for sugarcane nril l ing at thisÌocat ion.
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Fig' 2'  Tolal alrove-grotrncl (o) and nrì l lable stalk ( l)  biorna-ss accurnulat iorr
o r -c r  t i r r re .

Table 2- staÌk 'unrber a'd biomass per unit la'd area, a'd biornass and
during late growth

cane yield per stalk

is also given
Tlre st 'anclard error of trre rnean of forrr repric.tes at eacrr s:rr 'pl i .g

Days after
p lan t ing

Sta l Ì<  rnunber
( r n - 2 )

Biorna-ss
( g  n r - 2 )

Biotnzrss per

s ta lk  (g )
Cane per

s ta lk  (g )
' ì  41

J Õ 4

382
. í  t <

9 . 4 . 1 + 0 . 2 5
9 . 2 0 + 0 . 6 1
8 . 0 0 + 0 . 3 7
7  . 7 3 + 0 . 4 3

6 r 9 1  +  1 5 9
7178+232
6902+410
7420+182

657+8
786+31
862+27
966+42

2067:L2it

2298+:14
2435+82
2656+66

TÌle trcctttttulatiott of biotuass itr tÌrc rrriÌ lablc st,tLlks cÌoscly nrirrorecl tÌrc
ar:cutnulatiotr of above-grouttcl biornass. ancì agtrirr there rvas litt le increase i1
staÌk bio'rass fror' 3b4 DAp (Fig. 2, Tabìc 3). From 354 DAp, trrere .rvas a
decrease in green Ìeaf Ìrionra., nuJ reÌatively l it iÌe cÌrange in cabbage ancl trash
Ìrionreuss, brtt tÌrese th|ec coÌìÌpoÌÌerÌts conrbirrecl, conrpr.iscrl less thatt 20To of the
totaÌ above-groutrd biotnass (Table 3). trarlier irr glowth. these three compo.ents
cornprisccÌ a larger propoltiotr of the total abov"-grourr,ì bionrass, but the cSange
in biomass iu these tlrree corììpoÌÌclìts rvas snraìÌ r 'eÌative to the large cÌrange in
staÌk biorn?Lss ovcr tirrre (Table 3).
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Table 3' Leaf, stalk, cabbage and trash dry matter yield (*standard error of the mean of four

Nore thar srark vierd given for ::t#i::? ilï'i.;"iïïï ooo is staìk prus cabbage, as
described in text

Days after
planting

Lcaf
/  - t .
( g  n Ì  - )

Stalk
t  - ) t
( g m  - )

Cabbage
(e  - - ' )

Trash
(g ttr-')

l b /

185
214
228
276
297
327
J D 4

382
445

274+ t4
J v b f  I  /

4 ó t : t L (

580+10
723+46
693+5.1
5 ,11+  15
591+33
A 7 < _ L 2 1

4'12+r5

135+  I  1
34r+26

1009+71
1524+.37
2719+122
3587+149
4750+121
5790+190
5587*261
6189+127

NM
NÌVI
NÌvI
NM

444+7
497+32
3 1 8 + 1 1
322+27
276+.15
276+74

o
0
0
0

369+49
446+38
582+36
475*i00
562+137
513+79

WhiÌst there rvas tto increase in above-grouncl biomzr^ss per unit lancl area from
354 DAP (Fig' 2, TtrbÌe 2), there was a significant increiase in above-ground
biomass per staÌk (Table 2). Stalk number d.ecreases cluring this period (TabÌe 2),
and the Ì iuear cotl tra^st for stalk numbel with DAP was signif icant (p:0.01).
conseque'tly, the cessatio' of biomass accumuration per unit rand area was Ìargery
due to the loss of staÌks, ratìrer than due to a cessation in net photosynthesis
per stalk or to a large loss in leaf biomass.

Radiatiott Irúerception and Biomass Accumulation
Gleen ìeaf at'ea iudex (tr) incleased from 2.5 at 167 DAp to a peak value of

6 '8  a t  297 DAP,  and rhen dec l i r red to  3 .9  a t  445 DAp (F ig .3o) .  ih"  sLA **
sirniÌar over aìÌ sampÌings r.vith a rÌ'Ìearì value of 95.2+2.0'cm-2 g-í. th" rrr"*rrr"dj increased fro'r 0.57 at 167 DAp to a peak varue of 0.93 atász DAp (Fig. 3b).
NÍeasurements of /i ceasecÌ at 298 DAP befole crop lodging. The relationship:
/: : 

-1 
- exp(-kl), rvÌtere À is the racliation extinction coeffi.cient, was fitted to

tÌre data from the six sa'rpÌings from 162 to 2gT DAp (Fig. 3c). A & value of
0'38+0'01 ü':u estirrtated. This k vaìue was usecl to estirnate fi for tÌre samplings
from 327 to 445 DAP bzrse<Ì on the rnean ,L rrctween samprings (Fig. 3a, Õ).
These estimates âssume no cÌrange in & after crop ÌocÌging, ancl t[is is sìrpported
by visual observations tÌrat the green leaf canopy rapidly became ereci u,gu.in
after the crop Ìodged on 26 February, and by the reÌationsÌrip between biomass
and ,sl rernaining ìinear until the 8 April sampling (Fig. a). The estirnatecì /i at
t l re Í ìnal harvcst aL 415 DAp was 0.Zg (Fig. 3Ò). 

'

^The reÌationship between above-ground biornass accumulation and S; was linear
(r ' :0'99) for the f irst eight.u-pÌ ing. (Fig. a). A sigmoid relat iorrship gave a
marginally better (r' :0'997) empirical description of the reìationship berween
biomass and ,S;' but for rnodeÌling purposes, the Ìinear fit is rnore usefuì as a basis
for estimating RUE. The fittecl slope of the Ìinear relationship (i.e. the RUE)
rvas 1'75+0'09 g l \ IJ-r.  Extrapolat ion of t Ìre f i t ted l inear relat ionship in Fig. 4
lo zero biourass (i-e. at ptanting), gave an estirnatecl Si frorn planúng to 162
DAP (i.e. tÌre first sampling occasion) of 71 Ì\ÍJ m-2. Using tlis estiniate, the
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seasortal fraction of radiation interceptecl (/,) rvas caÌculated on each sampling
occasion as thc ratio of s1 to s from planting to the sampling (Fig. ao). bnry
3% of ^9 was intercepted from planting until ihe first sampling at 167 DAp; at
f inal  harvest  (44b DAP),  / "  was O.bB (Fig.  3ür) .

(c)
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Relat ionship between Fresh cane yield. and. Aboue-ground Biomass

There was Ììo furthel increase in fresh cane yiel<Ì after the sampÌing on 11
March 7992 (327 DAP), and the mean cane yield of the last four sampliì,g, *as
201 t ha-l (TabÌe 1). Similarly to biomass accumuÌation, cane yieÌd per stalk
increased from 327 to 445 DAP, and again the earÌy cessation in cane yield
accumuìation was largeìy due to loss of stalks (Table 2). The ratio of fresh cane
yieÌd to above-ground biomass variecl from 3'15 to 2.76, but this variation was
not significant ancl the slope of the fitted reÌationship betrveen fresÌr cane yieÌd
and above-ground biomass was 2.92+0.06 (Fig. 5). The maximum individual
fresh millable staÌk weight attained in this study was 2656 g (Table 2). Whilst
the relationship betrveen the fresh and dry weights of milìable stalks was linear
(Fig' 6)' the intercept was also significant. Consequently, the dry matter content
of millable staìks increased from 0.2r at 216 DAp to 0.30 at 445 DAp.

Discussion

The key findings from this study on an autumn-planted sugarcane crop grown
in an irrigated tropical environment are that (i) less tharr Go% of the seasonal
incident solar radiation was intercepted when Ìrarvestecl at 1b.5 months after
pÌanting; (ii) a radiation extinction coefficient of 0.38 and a radiation use efficiency
of 1'758lUJ-t v/ere measured; and ( i i i )  biomass and cane yield accumuìation
ceased weÌÌ before tÌre normaÌ harvest period.

The sensitivity of leaf growtÌr to low temperature, the wicle row spacing (1.b m),
and the low radiation extinction coefficient (0.38) contribute to extremely low
radiation interception by the crop in the first 6 months (Â < 0.05) when planted
in April in this north Queensland environment. For irrigated Ca annual crops of
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maize atrd sorghum gro'iving in cornparable tropical envirorÌnÌents (Ìat. 14.b. S.),
Muchow (1989) observed /" values ranging fi 'orn 0.51 to 0.65 for crop durations
ranging from 85 to 110 days. These /. values are comparable for those reported
here for sugarcane, but for a much longer crop cluration (44b days). This poses
the question whethel tÌrere would be any yielcÌ advantage in improving /i during
earÌy growttr and conseqttentlv Â. Given tìrat maxirnurn biomass ancl-cane yield
lvere attained rvelì before finaÌ harvest in this study, it is unlikely that yield would
be irnproved by enhatrcing Â in auturnn-plarrted crops at this higir-radiation
ìocation- Nevertheless, further research is warranted on the importance of /" in
spring-planted ancl ratoon crops at this Ìocation, ancl for alÌ crop cìasses at otìrer
locat ions.

For grorvth up until tnaximum biomass accumulation (354 DAP), the relationship
between above-ground biotnass accurnulation and 51 was linear (Fig. a), whiÌst
the reìationship betrveen biomass accumulation and time was non-Ìinear (Fig. 2)
due to variation in i and ^9. The RUE rvas constant for a 2BZ day period
at  1 '75 g N' IJ- l .  Based on theoret icaÌ  calcuÌat ions,  Sincla i r  ancl  Hor ie (1g8g)
suggested that tÌris is tìre rnaxitnum value expectecÌ for a Ca crop. This sugaÌcaÌÌe
value is slightly higÌrer tÌran the 1.69N{J-l measured for maize using similar
nethodology (NÍucìrow and Davis 1988). Cìeally, further substantial improvernent
irr tÌre tnaximum photosynthetic capacity of sugarcane appears unlikely. Of more
importatlce, Ìtowel'er, is under-standing the factors contr.ibuting to the cessation
of biornass accunrulation well before final Ìrarvest. When l;iomass per unit land
area plateaued, above-ground biornass ploduction per stalk continued to increase.
The loss irr stalk nrtttt lrel appeared to be tl ie major contliìxrtor. to the cessaticln
in biomass accttmuìatiotr per unit land area in this stucly, ancÌ tÌris may be clue
to crop smotherittg ancl stalk rotting associated rvitÌr ìodging. In another stucly
on high-yieÌdirrg crops at Ingham, lodging occurrecÌ earlicr in tÌre crop lifc cycle,
and we did not observe the marked decrease in stalk nurnber during iate growth
(N{uchow et ul' 1993). Clearly, further research is rvarlanted on the pattern
of biolrass acctttrtttÌation tlut' ing late glowth witÌr particultrl empÌrasis o1 stalk
dynamics urr<Ìer Ìrigtr-r' ieÌdirrg, lodgecl sugarcanc crops.

Biomass procluction arrd cÌ-op growth rate are not routinely determined in
sugarcane triaìs because Ìeaf, trash and cabbage materiaì are not desirable in
sugarcane processitrg (Irvine 19S3). Using lineerr regression, we caÌcuìatefl a
nraxinttttn crop gÌowth late of 41 g m-2 d-l ovel a 1110 rìay periocÌ. Thglrpson
(1978) c i tes maútÌ ÌuÌ Ì ì  c Ìop grorvth rates of  48 g rn-z d-r in l lawai i  a1d 41 g rn-2 4-r
in South Africa, but these were calcuÌatecÌ over much sÌrolter growth ãurations.
our value is Ìess than the lecord crop grorvth of b4 g m-2 cÌ-l recorded by Begg
(1965) for the C4 species Penn'isetum typhoid.es ovel' a 2 rveek period. Given
a  p e a k  j  o f  0 . 9 3  ( F i g .  3 b )  a n d  a  R U E  o f  1 . 7 b 8 Ì v l J - t  ( F i g . 4 ) ,  t h e  c l a i l y  s
wouìd l tarvc to be 33 Ì \ lJ  rn-2 d- l  to at ta in zì  crop grou, t l r  l tLtc of  b4 g m*z 4-r
in sttgarcarte. Such ltigh,S vaÌues are not observed at tÌris location (Fig. f).
This iÌÌustrates the point that crop growth rate is depenclent on j ' ancl ,S,
and accordingly would be expected to vary acÌ'oss locations. In coltra^st, the
I ìUE value of  1 '75gNU-Ì  is  i r rdependent of  f i  arrcÌ  ̂ 9 ,  arr<Ì  can be useci  as a
baseline value to assess the extent of yiclcì l imitation ancÌ tÌre scope for yieicÌ
improvement at clifferent locations. \,Iore importantÌy, Ìrorvever, the crop growth
rate of '11 g m-2 cl-1 for sugarcane is frequently extrapolated for a 12 lronth
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periocl to estiurate biotnass production of 150 t ha-l year-l (Bull and Glasziou
1975). In the current study, maximum bionrass procìuction was T2 t Ìra-l at
12-15 tnontÌrs, weÌl below tl ie 150 t ha-l value, due to variation in ,g ancl j
tlroughout tÌle year, and also due to no further increa^se in biomass production
per utút area during late growth. Oul biornass value of. 72 t ha-l is close to
tÌre uraximum vaÌues summarized by Irvine (1983). The cessation in biomass
accunruÌatiotl ìate in the season aÌso resulted in the avera,ge RUE for the period
from planting to 445 DAP being 1'37 g Ì\,IJ-l, rn,ÌücÌr rvas substantially less t[an
the maximunr value.

TÌris stucly has outlirrecì a framework for quantifyirrg tÌre climatic constraints
to biomass productiotr in sugarcane, and Ìras establishecl a k value of 0.38 and
a tnaxintttrn R.UE value of 1.75 I MJ-t fol variety Q96. The wider applicabiÌity
of these key parameters across varieties ancl crop cÌasses (plant arid ratoon
crops) tteeds to be assessed. Research is required to estabÌisÌr the quantitative
relationship ltetrveen Ìeaf growth and ternperature (e.g. sorghum, Muchow and
Carberry 1990), so tÌtat fi can be estinrated for cliffclent seasons and Ìocations.
FJrlrphasis therr nceds to be pÌaced on reseârcÌr into the factors contributing to the
cessatiott of catte attd biomass accurhulatiorr duling late growth, with particuÌar
attention being giveu to staÌk dynamics. The relationship betrveen biomass and
sucrosc accunluÌation during this peliod is crit icaÌ to econonric return, and factors
affectirrg this lelationsli ip need to be quantifiecÌ. Fresh cane yield is tÌre econornic
rÌìeasure of productivity in the sugar industry, an<Ì tÌi is study has established a
rnuÌtiplier of 2'92 to convert standing biomass to fresh cane yield. The robustness
of this vaÌue for different environmentaì conclitions, yield levels and varieties
needs to be assessed.
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