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Inlerest in lhe eonsumptiveuse of water by eropswas stimulated when Penman
10showed in 1948 that evaporation fIam plants Ireely suppliedwith sai! moisture
was dependententirely upon measureablemeteorologiealfactors, Measurementsof
"polential evapotranspiration" Irom sugareane followed shortly, lhe work 01
Fuhriman and Smilh 21 in Puerto Rico beiROreported in 1951. and that 01Cowan
and Innes 2J in Jamaiea in 1955. lysimetric work wilh sugarcanein South Alriea
beganin 1959 and results were first reportedby Pearson,CleasbyandThompson"
in 1961. Eslimates 01 water use by sugareaneerops were required to facilitare
seheduling of irrigation.

If\.order that lhe term "potential evapotranspiration" should be meaninglul, it
as necessaryto establish lhe saiI eonditions uRdir whieh water would be "'reely

3vailable" to a erop. II was liso pertinent to know how muehwater eouldberemov-
ed Irom a soil profile beforeerop growth was adverselyafleeted. For these reasons
lhe eomprehensiveelassificalion of soils in lhe Nalal eanebelt, earriedout by Bealer
It 13," and olhers Irom 1944 onwards.was partieularly important. Thesubsequent
sludies of lhe sai! moislure relationships of Natal soils, consideredfirst by Maud"
in 1962. provided lhe neeessary informalion regarding speeilie sai! types. The
dynamierelationships betWeensaiI moisture and lhe root distribulion of a sugareane
eropwere studied by meansof a neutron probein lhe field. and lhe first resultswere
reportedby GosnellandThompson15 in 1965.

When remaining sai! moisture is no longer "lreely available" to lhe erop,aetual
.iapotran~piralion falls below he potential Iate. After Denmead and Shaw Z4
reportedin 1962 thal lhe availability of sai! moistureto a eropwas a function of lhe
evaporative demand of lhe atmosphere, work was earried out to study this
relationship for sugareanegrowing in Natal soi!s.and resulls were givenby HiII" in
1965.

Sinee moisture stress, partieularly for a vegetalive eropsuch as sugareane,im-
plies redueedgrowth and therefore lower yields, lhe relationship betWeenwater use
and crop yield liso neededto be studied. The results of field experíments.in whieh
diflerent amounts 01 irrigation water were applied to various treatments. were
therelore aecumulated, and lhe possibility of a linear relationship was initially
,'oposed byThompsonanddeRobillard83in 1968.

In this review an attempt will be mede to colIBri lhe data which havebecome
available lar sugareane aver lhe past tWo decides eoneerning potenlial
evapotranspiration.moisture avai!ability in sugar belt soils, aetual evapotranspiration
andlhe relationship betWeenwater use and eropyield.Thepurpose01this exerciseis
primarily to loeus a"enlion on those aspeets01water use by lhe eropwhieh require
lurther investigation.

Symbols and abbreviationswhieh appear frequently in lhe text 01this papel are
as lollows:

Eo = evaporation fIam a Class A PaR
E . .
t = evapotransplrauon

E . I . .
pt = parentas evapotransplrauon

E I . .a = aetua evapotransplratlon
FAM = Iraelyavailablemoisture
TAM = total availablemoisture

~1tential evapotranspiration
The loss 01water by evaporationIrom a lield 01sugareanemar eonvenientlybe

eonsideredin terms of lhe five stages illustrated in Fig. 1. The stages are:
1. Fallow land whieh mar either be bale ar eoveredwith weeds:newly plantedland

prior to lhe emergiRei 01lhe erop:and raloon lields beloreleal emergiRei of lhe
new erop

2. Partially canopiedsugareane
3. Fullyeanopied.ereet sugareane
4. lodged sugareane
5. Fields that are being dried ofl prior to harvesting.

Although polential evapotranspiration refers to eonsumptive use by lhe erop
when it is freely suppliedwilh water. it has belo eonvenientto inelude Slage 5.
when lhe erop is deliberately subjeeted10 moislure stress. in this seelion 01 lhe
review.

I.~-..'.o'-!I-.. !l

i
"'" '"'...~. :
",-,,""""00ft!

I 'onl 1I:""'0-"'": I

! I
! c... i
i ..,.n. 011 I
i !

SJ4GoI 3

FIG. 1: Diegremmetlc represenrerion o( (ive successive steges in lhe lite o( a
sugarcBne crop.

Stage1- Fallow land or ba18 soU .
It seemsnow to be generally aeeeptedthat logieal seheduling01 irrigalionean

best be aecomplishedby eonduetinga saiI moisture prolit and loss aeeounl,t U .The
neeessitylar estimating weler loss Irom lallow land ean be avoidedil rainlall eanbe
supplementedby exeessirrigation water early in lhe development01lhe plant eropto
InSUlethat at somedelinite timelhe saiI profile is known to be saturaled.However.
data are avaifable15.I' coneerningevaporationfIam lallow ar bale land. and it is
uselul to have an istimate 01 lhe total water lost by evaporationduring an entire

érop so that yield ean be expressedin terms 01lhe emount 01efleetive waler used.
. Efleetivewater mar bedefined as lhe sum of ali amounts 01water lost by evapora-

tion Irom the sai! surface and by transpiration Irom lhe erop.
The amount of evaporationwhieh takes preceIrom a bale sair dependsuponlhe

Irequency01we"ing because01lhe self-mulehingefleetwhieh surfaeedIVinohlS on
water loss, and lhe rapidity with whieh lhe mulehingeffeet takes place dependson
lhe evaporativedemand01lhe atmosphere.This is iIIustrated in Figs 2a and 2b by
means01 data Irom weighing Iysimetersat Pongola1$ . Relerring to Fig 2a il eanbe
seen that evaporalion Irom both hand-weededand eultivated bale soil wlS signifi-
eanl on January 29 when 41 mm of raio lell. and lar lhe ensuingthree days..butlar
lhe remainderof lhe 24-day dry period whieh lollowed, evaporationwu generally
leu than 1 mm per day.ln July, 17 mm 01raio fell on lhe 1st. 10 mm onthe 2nd
and 3 mm on the 3rd. No lurther raio lell during lhe ensuing19 days.11can beseio
in Fig. 2b that. during this period 01low evaporativedemand,evaporationIrom bale
sai! matched ClassA PaRevaporationlar lhe lirsl live days of July belorelhe mul-
ehing efllct redueeddai!y losses to an amount generally less than 1 mm per dar,
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G. 2: Evaporarion loues from /}are soil lundisrurbed a"d cu/tivaredl. weeds and Class

A pan during dry periods following rain in January and July. 1974.

The eHects01weedson water loss Irom lhe soil are siso illustrated in Figs, 2a

and 2b, During live successive5-day periods Irom 29 January to 22 February,
evapotranspirationIrom lhe weed-coveredIysimeterwas 98%. 95%, 90%. 75% and
75% 01evaporationIrom a ClassA Pan on a nearbysite. In contras!. wa1ertosses
from drought stricken weedsin July were little diHerentIrom thosewhich took placa
Irom bale soil. The total evaporationover lhe 22-day period Irom July 1 to July 22
was 21 mm Irom lhe hand-weededsoil. 18 mm Irom lhe cultivated bale soi!.and 22
1m frOm lhe weedy pio!.

Reliable Iysimeter data were oblained on 122 days during lhe period Irom
November 1973 to March 1974. and lhe total amounts 01 evaporationfor these

days were as lollows:
HandweededIysimeter : 238 mm
Cultivated bale soil 228 mm

Weed-coveredIysimeter : 491 mm
ClassA Pan : 729 mm
Soi! moisture contenl in lhe surface 18 cm 01a Rydalvaleclay loam at Mount

Edgeconíbese was determineddaily by gravimetric methods from January 1962 to
'anuary 1963. The experimentalarei was exposedto natural rainlall but no irriga-
Jn waler was applied.Theresults were usedto calculatelhe data givenin lhe "No

;anopy" columns 01Tablel S someallowancebeingmadefor lhe increasedIrequency
01wetting which would occur under irrigated condilions. As can be seen,average
losses from a trash-coveredsoil were always less than those Irom a bale soil.

Tabla 1

ESTIMATES OF EVAPOTRANSPIRATION IEtl FOR THE SOUTHERN AREAS

EvaporationIrom a bale soil varies not only accordingto lhe frequency01wet-
ting and lhe evaporalive demand of lhe almosphere.but siso betweensoil types.

Total evaporationfrom undisturbedsoil cores(10 cm diameter; 7.5 cm deep)duling
80 hours of natural exposurelollowing satu/ation and draining aI a tension 010.1
bar.was measuredat ShakaskraalSI in August 1964. with lhe lollowing results:
Clanslhalsand 3.7 mm Sho/tlands day 7.5 mm
Fernwoodsand 4.5 mm Inandasandyday 9.1 mm

Rydalvaleday 6.1 mm Milkwood sandyclay 10.2 mm
Cartrefsand 7.1 mm Waldenesandyday loam 11.3 mm

Diflerencesin evaporalionfrom different soils in lhe canebelt are not surprising
in view of lhe wide r~nge01textural and structural characteristicsthat occurs.Hea!

capacities and temperaturessiso differ. and contributory to lhe latter must be lhe
differences in reflectivity 01 various soil surfaces 2 .A dry Clansthal sand was lound
to refletI 28% of incident radiation. but a dry Shortlands day reflected only 15%.
Furthermore.lhe meiO reflection coefficient lor eleven soil series was 0.21 when
they were dry, but only 0.15 when they were we!.

To accountlor lhe higherevaporativedemandin lhe northernareas01lhe South
Alrican cane belt. lhe estimates 01evaporation Irom trash-coveredand bare soils
shown in Table 1 lor lhe southern areas were increasedto lhe amountswhich are
shownfor eachmonthin lhe "Nocanopy"columns01Table2S . It is reassuringto
note that lhe meiO evaporalionmeasuredin' a Iysimeterexperimentduring lhe 18
days immediately lollowing planting on 12 November,1967 SI , was 2.5 mm per
dar, lhe same as lhe estimate given lor Novemberin lhe "Bare soil", "No canop(
column of Table 2.

Table 2

ESTIMATES OF EVAPOTRANSPIRATION (Et) FOR THE NORTHERN AREAS

Stage 2 - Partia! Canopy

Evapotranspiration(EI) increasesprogressivelyas lhe crop foliage developsand
inlercepts more radiant energy. and as root proliferation through lhe soil proli!e
enables lhe crop to exploit moisture at depth. The ability 01 weeds to remove
moisture from an appreciabledeplh 01soil has already beenillustrated in Fig 2a.
Results for lhe plant and first raloon crops lIam lhe Iysimeter experiments at
Shakaskraal and Pongola SI .where canopy developmenl was measured by means 01

vertical sightings altar lhe method describedby CackettIS . have providedlhe data
shown in Fig 3.
The linear regressionequation indicates thal evaporationin lhe absenceof any crop
loliage was 39% 01 Class A Pan evaporation (Eol, and Ihal evapotranspiration
becameequal10 Eowhen lhe estimale 01canopyformation or vertical ground cover
was 88%. In bOIh 01lhe IysimeterexperimentsIrom which thesedatawere obtained.
lhe tine rows ran approximalelyin a north-southdireclion. In a lield where lhe rows
have an east-west orientation. less radianl energywould be inlercepted. and lhe

Et/Eoratio would probablyincreasemoreslowly as lhe crop canopydeveloped.anda
1:1 ralio mighl only be reachedas lhe estimate01vertical groundcover approached
100%.

In view 01lhe relatively short duration 01lhe periodof incompletecanopy,01un-

til EI is lhe sameas Eo' lhe assumplion 01a linear increasein lhe Et/Eolatia should
introduceonly small errors into eslimates 01total waler useby lhe crop.The data in
lhe columns 01Tables 1 and 2 which are headed"t canopy". "t canopy" and "t
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Mm por day

Trash leyar+ ao.. lOil... FuI!

M..,th Can-

NO i ' ! No i t ! opyJ
c.... Ca.. Ca.. Ca.. c.... c... c... Ca..

opy opy opy opy opy opy opy opy

January 0.8 2.0 3.6 4.8 2.5 3.3 4.3 S.3 6.1

Februory 0.8 2.0 3.3 4.6 2.5 3.3 4.3 S.I S.8
Moreh 0.8 1.8 3.0 4.1 2.0 2.8 3.6 4.3 S.1

April O.S 1.3 2.3 3.0 I.S 2.0 2.8 3.3 3.8

; Mey O.S 1.3 1.8 2.3 1.3 1.8 2.0 2.S 3.0
June O.S 1.0 I.S 1.8 0.8 1.3 1.5 2.0 2.3

July 0.5 1.0 1.5 2.0 1,0 1.5 1.8' 2.0 2.S

AU9uSI O.S 1.0 I.S 2.0 1.0 1.5 1.8 2.0 2.S

Soptombtr 0.5 1.3 2.3 3.0 I.S 2.0 2.8 3.3 3.8
Oerob" 0.8 1.5 2.0 2.8 1,5 2.0 2.S 3.0 3.6
No.ombor 0.8 1.8 2.8 3.8 2.0 2.8 3.3 4.1 4.8
Decombtr 0.8 2.0 3.0 4.1 2.3 3.0 3.8 4.5 5.3

Mm por dlY
I

Trnh II"r. Barl soil-

Monlh FuI!

No .30 EI .60 Et .80 Et .40 Et .SS EI ,10 Et .85 EI Cano

C.n- oPY

oPY i I

" I No 1 t !J
Cln. Can- CI.- CI.' Cano Cln. Cln.

opy opy oPY oPY opy opy opy

JonullY 1.0 2.3 I 4.0 6.1 3.0 4.1 S.3 6.6 1.6

February 1.0 2.0 4.1 S.1 2.8 3.8 4.8 S.6 6.6

Mllch 1.0 1.6 3.8 S.1 2.S 3.6 4.6 S.3 6.3

April 0.8 I.S 2.8 3.8 2.0 2.S 3.6 4.1 4.8

May 0.8 1.5 2.3 2.8 I.S 2.3 2.5 3.0 3.8

Juno 0.8 1.5 2.0 2.8 I.S 2.3 2.S 3.0 3.6

July 0.8 1.3 2.0 2.S 1.3 1.8 2.3 2.8 3.3

Au9uSl 0.8 1.3 2.5 2.8 I.S 2.3 2.8 3.6 4.1

S,plombor 1.0 2.3 3.6 4.8 2.S 3.6 4.1 S.1 6.1

Oe!obor 1.0 2.3 3.6 4.8 2.S 3.6 4.1 S.1 6.1

No.ombo, 1.0 2.3 3.8 S.I 2.S 3.6 4.6 S.3 . 6.3

Dectmbo, 1.0 2.S 4.1 S.1 2.8 3.8 4.8 S.6 6.6
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FIG. 3: Re/alionship berween vertical ground cover% and lhe Et/Eo ralÍo.

canopy. were calculaled on lhe basis that ~ would increase linearly betweenlhe
amounl 01evaporalionIrom a bate soil surface and evapotranspiralionIrem a lul!y
canopied crop. according to lhe proporticn 01 vertical ground cover which had
developed.lor each month 01 lhe real.

The duralion 01lhe period 01incompletecanopyvaries accordingto variety. row
\'.idlh and lhe time 01 lhe real when lhe crop starts. Ratooncrops 01variety NCo

.Ô slarting in Seplember.Ocloberor Novemberin rows 1.37 m aparl. look ap-
_:Jximalely 160 days to reach lul! canopy on sites at Mount Edgecombeand
Shakaskraal11.The same variety in rows 1.52 iR. apart at PongolalormedaluI!
canopy in about 120 days when lhe crop slarted in October or November U .
However.on averageat both Shakaskraaland Pongolae. first equalledEoaheronly
90 days.ln Mauritius variely M147/44 reachedlull canopyaher about 115 days
when cropsstartedin June.July or August. but aher only 70 dayswhen lhe third ra-
loon crop started in September" . 8ased on Iysimeter data obtainedin Maurilius il

is suggestedthat during lhe period01incomplete canopy.Et should beestimaledas
0.4 x Eo.

The Iysimeler dela Irem Hawaii 20showedthat Et increasedprogressivelyuntil it
.,.alled Eo ahei about 90 dayswhen lhe crop was planted in July. aher about 125

~,;'ISwhen it was planted in Apri!. and ahar about 190 dayswhen it was plantedin
March. During lhe 12 days lol!owing lhe harvesting01lhe previouscrop.water loss
Irom hydraulic load cel!lysimelers in Hawaii U was 33% of ClassA PaRevaporalion.

In lhe Philippines11Et was estimated10be 16% 01Eoaver lhe periodwhen lhe crop
was 61 - 90 daysold.85%whenit was91 - 120daysold.and104%whenit
Was121 - 150 daysold.

Sl8ge 3 - Full Clnopy
Evapotranspirationduring this stage 01 crop growth consisls elmost entirely 01

I;:~spiralion. II was shown in Jamaican that evaporation Irom an openwater
s :-;aceplacedbeneathlhe crop canopywu only 10% of thal Irom a Ireely exposed
sorface.Taking into account lhe mulching eHectwhich lurther irlhibits evaporation
Irom lhe soil surtiU. it mar reasonablybe assumedthat evaporationon average
compriseslessthan5%of e. duringlheperiod01lul! canopy..

It is during this stageof cropdevelopmeatthat Penman's50 physicalexplanation
01water loss from tha crop Irei becomespertinent. and a number01methodshavE
been described 11.11.n. li to ra'ata potential evapotranspiration (Ept) to
met~orologicalfactors. Each of these proposals is an Ittempt to estimate Ept from
rUdlly available meteorological data. rlnging 110mair temperature measurements
alo~eII to acombinationof radiation.temperatura.windInd humiditydata" .

'urther researchinto tha mechanisms01moisture loss by transpiration Irom a

.: ledto the construction01lormul.. 11. &1 whichwereintendedto expressEpt
;:-.! precisely.OetaIrom tha IysimaterexperimentsIt ShakaskrulandPongola

I.

were usedto test lhe adequacy01lhe most comprehensiveequation" for sugarcane.
The averageroughnesslenglh 01sugarcanevariety NCo376 was lound Irom wind
profile measuremenls10 be aboul 12.6 cm. and lhe surface resistiReI 01lhe erop
loliage was calculaled Irom Shakaskraaldata to be 0.75 sedcm for most of lhe
period01lull canopy.When thesevalueswere usedin lhe lormula to calculatedaily
Et at Pongola. good agreement was obtained with measured values" . (For 208 seIs
01 daily ligures lhe correlation coeHicentwas 0.91.)

Allhough calculaled values 01Ept were lound 10be reasonablyaceurale.ali 01
lhe work dons wilh sugarcanein Soulh Alrica since 1958 has shown Ihal polential
evapotranspirationIrom a lully canopiedcrop can mosl easily and reliably be eso
timaled Irom ClassA PaRopenwaler evaporation.This is iIIustraled in Fig.4. where
meIo weekly resulls Irom Shakaskraa!(firsl raloon crop) and Pongola(planl and
firsl raloon crops) are shown 3.I! . OeviationsaboutlhemeioEI/Eoratiosforeach
crop (0.98; 0.98 and 0.96) were Rol excessiva.but Iherewas a lendencylor valoes
to be consislently below lhe meio during lhe winler monlhs 01 June. July and
August at Pongola.The estimates01Ej givenin lhe columnsheaded"FuI! canopy"in
Tables 1 and 2 are based on meio Clus A PaRevaporationlor lhe soulhern and
northern atlas. and similar dali can be provided lor any sile close to a
meteorologicalstalion lor whieh a reasonablylong history 01recordingexisls.The~
are 32 slations throughout lhe caos atlas 01 South Alrica and SwazilandIrom
which evaporaliondali havebelo obtainedlor a number01reaIs 1 .
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FIG. 4: Mean weekJy Et/Eo rarios obrained !rom /ysimerer experimenrs ar ShakaslcrBilI

and Pongo/a.

Monlhly dali obtained by'meios 01non-weighingIysimelersaI Shakaskraaland
Tongaat IU5 .and calculaled figures lor Hawaii 3\ .Maurilius 11 and Argenlina 18.
show that a meIo E(Eo latia close10 1.0 has belo oblaineduRdIr a wide range01
climates and wilh severa!diHerenlvarieties 01sugarcane(seeFig. 51.TheHawaiian
data are basedon measurementsIrom a ClassA PaRelevated10 lhe heighl of lhe
crop canopy.whereas lhe remainderrIfeI to pIOSlocaled in lhe standardmannerin
a meleorological slation. The South Alrican results and Ihose Irom Maurilius in-

dicale lower E/Eo ralios lor lhe periods01lull canopyin ratooncropscomparedwilh
planl cansoThe weighled mIaR ratios lor lhe three siles in Mauritius were 0.99 for
plant caos. 0.90 for lirst raloons and 0.91 lor secondratoons. In lhe subsequenl
more preciseexperimentaI Shakaskraallhe meio latia lor lha periodof lul! canopy
in lhe planl cropwu 0.99 andlor lhe lirsl ratoonit was 0.98 !I . Comparable
results obtained at Pongola were 0.98 lor planland 0.96 lor firsl raloon canal! .

Evenon a daily buis during lhe period01lul! canopyin a plant crop at Pongola.

the EiEo ratio was satisfactorily and consistently close to 1.00 I . For 126 days
when the crop was erect and Eoexceeded4 mm. lhe mlln Ev'Eorelio was 0.99 1:
0.16 I! . and lhe correlationcoeHicienlbetweenEt andEowas 0.84.

Openwaler evaporalionvaries accordingto lhe construction.colour andlocation
01lhe measuringtank or panoThe meio evaporationIrom a Symonstank aI Mounl
Edgecombeover lhe 10.year period Irom 1966 to 1975 vias 3.57 mm per dar.
whereaslhe comparablaligure lor a ClassA PaRwas 4.41 mm perdarU . It is thus
clearly lortuilous that polential evapotranspirationIrom a lul!y canopiedsugarcane
crop and Clus A Pan avaporationare similar. Hourlymeasurements01Et andEoaI
Pongo!a' showed that pan evaporation in lacl lagged consistenlly behind crop
evapotranspiralionduring tha day as shown in Fig. 6. primarily becauselhe heal
capacity 01 lhe piO Ind its contenls wu so much bigger Ihan thal 01 lhe crop
canopy.
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FIG. 5: Mun monthly EcJEo ",dos Hawall, Sovrh Africa, Mauriâus and ArgMtlna.

Months

Thl haurir energy balance was liso sludied aI Pangale 4 . Talel incaming

shonwave radialiao (RI). ReI radillian (Rn!. evapalranspiratian (~I and soil heal flux
IS) were measured. whilsllhe sensible heal flux 01lhe air (AI was calculaled Irom:

Rn = EI + S + A
Typjcal dali lar a claud.lree dar (12 March. 1968) are shawn in FiO.7. The heavy

dependente 01 EI an oel radialion is appareo\, bul lhe conliibulian 01 advected heal

er-roy 10 latenl heal 01 vaporizalian (EII duriog lhe afternaoo period Iram 15hOO 10
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FIG. 6: Hourly amounts of evaporransplrarlon (ErI and Class A Pan evaporarion (Eol on

6-7/2/68.

19hOOis illuslraled by the negalivehaurir valuesfor A when EI exceededRn.Advec-
tian was shawn boih aI ShakaskraalSI and ai PanoalaU Ia alar an impartant rale

in supplyingenergylar evapatranspiralion,to lhe exlenl Ihal EI lar daily periodsIre-
Quently exceededRn when lhe crop was luliy canapied.
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FIG. 7: An hourly energy' balance for tully canopled sugarcane ar Pongola on 12-
13/3/68.

Stalll 4 - Lodll8d cane
II was possiblein lhe Iysimeler experimenlaI Pongola10compareconsumplive

use 01waler durino lhe period 01 lull canopybelore and after lhe cane in a laroe
Iysimeter lodoed 10. The crops in small. weiohed Iysimelers (244 cm x 152 em
surfacearealwereheldereclby meios 01barbedwire supports.whereasIhose in a
larga (0.0405 hal unweighed Iysimeler lodgedIreely aI certain limes in lhe piaR\'
first raloon and Slcond rataan crops.Thedata aregiven in Table3.AverageEI in lhe
smalllysimelers. where lhe tine was held erec\,during lhe periodswhen lodgingoco
curred in the large Iysimelers.was 4.76 mm per dar. The averagewater loss Irom
lhe laroe Iysimelerconlaining lodgedtine aver lhe same periodswas 3.56 mm per
dar. lodging lhos appeared10causea 25% reduction in cansumptiveuse 01water.
Whereaslhe EllEo ratãolor lhe smalllysimeters was 0.93 durino lhe periods01IodO'
iog. Ihat in lhe large Iysimeters wilh lodged tine was only 0.70.
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Teble 3

Effects of lodgingon Et end ElEo retios in thr.. lucceuive lugercene crops It
Pongoll

lodging oeeurredon ai leasl \Wo 01 lhe Ihree Iysimelers in Hawaii when lhe

plant eropwas 7.8 monlhs old. 1I is 01inleresl 10Role Ihat lhe avera,geE/Eo latia
droppedsharply ai Ihis lime zo Irom about 1.17 100.89.and maintainedan average
only slightly grealer Ihan 1.00 during lhe ensuing 5 monlhs before rising again 10
values in exeess01 1.1O. In lhe Soulh Alriean experimenlIhere was no indiealion

Ihat EI Irom lodgedtine inereasedin relalion 10Ihal Irom ereel tine during lhe 75.
80 days lollowing lodging.

There Ihus appears10be a real reduetionin EI lollowing lodging.and lhe eHeel
persists lar aI leasl 3 monlhs after lhe erop has lallen.

;

IL

511ge 5 - Drying olf
In Iysimelrie work eoneernedwilh "polenlial evapotranspiralion".lhe crop is

Reverintended 10 suHer stress during Stages 1.4. Byeonlrasl.duringSlage5 in
commereiallields it is deliberalelyinlendedIhat lhe cropshould havean inadequate
supply01waler so Ihal an aeeumulalion01sucrosemar lake placein lhe harveslable
stalks. Consumplive use 01 waler during 'Ihis slege Iherelore depends on soil
moislure charaeteristiesas well as lhe evaporalivedemand01lhe atmosphere.and

aclual evapolranspiralion lEal lalls increasingly short 01 Epl as soil moislure
deplelion lakes pileI. Soil moislureand aclual evapolranspiralionare lhe subjecIs 01
subsequenlseclions01Ihis review.but someinlormalion is evailableconcerninglhe
deplelion 01 soil moisture in various Irealments 01 a "'drying.otf" experimenl at
Pongola!I.17.

Gypsumresislanceblocks were placed ai depths 0115. 45. 75. 105. 165 and
230 cm in eachplol 01an experimenlcomprisingsix replicalionsof lour trealmenls.
In ORe trealmenl of lhe planl crop 11 lhe plots were irrigaled 10 polenlial
requirementsIhroughoul lhe crop.In a secondtrealment. irrigalion was suspendedin
Seplember. \Wo months prior 10 harvesling lhe crop in November.Thegypsum
blocks.whieh were sensilive avIr lhe rangeIrom 1-15 barslension. showedIhal IX'. tensive moislure deplelion look plaeeaI ali deplhs of measuremenl.bul nol 10 lhe
limil 01willing poinl ai any deplh.Therewas neverthelessa response10lhe drying.
oH trealmenl in lerms 01sucroseyield per hectarewhen comparedwilh lhe well.
irrigaled contrai pIOIS.

In lhe firsl raloon crop 17OReIrealmenl reeeived"polenlial" waler requirements
lor lhe lirsl six monlhs; Ihen availablewaler was depleledby 38 mm permonlh over
lhe ensuing four monlhs; and finally irrigalion was suspendedduring lhe remaining
Iwo monlhs 01lhe crop períodoBy lhe lime 01harvesl lhe gypsumbloeks showed
Ihal ali availablewaler down 10a deplh 01ai leasl 230 cm in lhe soil had belo IX'
hausted.Analyses01soil simples Irom lhe experimenlsile indicaled Ihal lhe total
availlble walel 10.1-15 blrsl in lhe prolill 10I deplh 01230 cm was 464 mm. A
lolal of 203 mm 01etfeelive irrigalion waler was Ipplied during lhe linal six monlhs
duralion 01lhe crop.The eslimaled Epl lar lhe semeperiodwas 899 mm. indiealing
Ihal lhe crop. ai worSI. lell short 01polenlial requiremenlsby only 232 mm on Ihis
deep.fertile Makalini sandy claro In Ihis instante. Ihis drying.otf trealmenl did nol
causelhe yield 01 sueroseper hectare10 improvecomparedwilh Ihal Irom an ade.
qualely irrigaled contrai trealmenl. buI lhe Slme trealmenl could hlve belo dis-
astrous. lor example.on lhe PEI sandy cllY 10Gmin Rhodesia" where lhe 10lal
availablewaler was only 104 mm in lhe average75 cm deplh01soil on lhe sile of a

. drying'.otf experimenl.
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Maximumwatar usa by luglrclna

ORceil had belo lound Ihal EpI lar lullycanopiedsugareanewas similar 10op
waler evapor8lion. inleresl was aroused in lhe possibilily Ihal a PhYSiologitt~
restrainl mighl 'imil EIwhen lhe evaporalivedemandwas very high. lysimeler da;'
Irem a number01sourcesaregiveninTable4.whereil ~ay bese~nIhal lhe highes~
meio valuelar EI 115.7 mm/dayl was measuredai Ayr 10Austraha lar variety 063
ConsideringIhal Ihis is a meio valuelar a 3.4 weekperio~.il is remarkablyhigh
The nexl highesl meio values lar long periods 01 measuremenlwere 10.7 mm/da
(Ayrl. 9.6 mm/daylFairymeadl. 9.1 mm/day (Fairymeadland 8.fi mm/day IHawaiii

Table4

MAXIMUM DAllY AMDUNT$ DF EVAPOTRANSPIRATlDN IEIIMEASURED
IN VARIDUSLYSIMETEREXPERIMENTSFRDM 1958 TO 1973

In Soulh Alrica. where EI was measured by means 01 weighing lysimelers ai

Ponuola on a daily basis. maximum Iates 01 EI occurred in a planl crop 01 N!> 376

in February. 1968 110.3 mm/dayl. and in lhe lirsl raloon crop in January. ~ oS

112.4mm/dayl.SinceEo was only 9.7 mm on 6 February.no phVsioi"2i:;,i
reslrainlon Iranspiralioncan be suggesled.but on 21 Jlnuary Eo was 14.5 mm.
17% moreIhan EI' Nevertheless.in lhe lighl of lhe Auslralianfigure0115.7mm/.
dar. lhe Pongola resull slill need Rol necessarily imply a restrainl Ii Ihis high levei

01evaJioralivedemandoMean EI duringa week in Jlnulry 1969 was 8.9 mm/day
. whenEoaveraged9.1 mm/day.givingI meio EtlEo latia of 0.98.Thereseems10be

little rmon. Iherelore.10 propose Ihal physiologieal reslrainls on transpiralion duro
ing periods01high evaporalivedemandneedbe a malter 01any grell cancelOin lhe
exisling Soulh Alricln sugarclne altas.

Hourlymusuremenls 01 EI on a number 01dlys during lhe planl cror' :1.'
Iysimeler experimenlai PongolashowedIhal a maximum 011.35 mm/hr WIS .<:
ed between 12hOa Ind 13hOOon 8 Februlry. 1968!J .A similar peak of 1.3í
mm/hr occurredon 6 February.as shown in Fig. 6.

T0111watlr usa by tila crop
Tolalwaler use by sugarcanecropsvaries considerablydue 10diflerencesin lhe

duralion 01lhe crops.Total EIlar I long(20 monlhl cropin Hawliiwas3 530mm
2Z. Ind annual consumpliveuse was reported10 vary Irom 2000102400 mm21.
lysimeler dali lar cropsvarying in lenglh Irom 27910473 deys are shown in Table
5. Meu EIfor lhe lull duralion01 lhe cropvariedIrome minimum013.19ml".per
dayai Shakaskrnl10a maximum014.35mmpardar inAustralil.Calculalec"~ar.
lolal amounts of waler per annum are:

locaúon
S. NalalIShakaskraalInd Tongnll
Pongola
Maurilius
Australia

Mnv'ennum
1267
1555
1449
I 522

(to be conrinuedJ

Pre-Iodgiftg Poat-Iodgô""

CIOP 11.... ,.riod ,.riod

Pllnl Time.dlY' 230 80

EI.mm/dlYs.smoUIY'imelll. ..eel 4.16 4.04

Itrve 'Y'imel". Iodved 4.14 3.34

E'Eo rllio. smIUlysimet... mCl 1.01 0.94

Itrve Iysimtltl. lodved 1.01 0.78

IsI RI,oon Time.dlY' 325 75

E!.mm/dlYImlUlysimm,. mCl 4.22 5.28

Itrve Iysimettl. 'odved 3.92 3.59

El/Eontio. smlUIY'imetor. ..eel 0.96 0.99

Ilrve lysimllt1. lodved 0.89 0.67

2nd Rltoon Time.dlYs 200 79

EI. mm/dlY.smlUlysimetor. mCl 3.96 5.00

Ilrve Iysimtltl. 10dVtd 3.58 3.76

El/EoII,io. smlUlysimettl. mel 0.88 0.86

Itrve IY'imtltl. iodved 0.80 0.65

Dito of Mu.

1Uco1i.. Rof. Viria" Crap P.riod01 muimurn EI Eo I
mo... mo... hnnv'doyl ("""'dorl!

HlWOü 20 37.1933 P Monlhly Jun.. 1958 8.6 - i
39.2915

Shlktskrlll 65 NC0376 P Monthly Jln. 1960 7.1
Ton911t 65 NC0376 P Monthly Jln.. 1960 6.4 ".C
AoSllllio 43 070 P Monthl, Nov.1962 9.1 -

i
Iftiry","dl 070 IR Monlhly Jln.. 1963 9.6 -
Shlkukrlll 55 NC0376 P Mnthly F,b..1963 5.7 6.0
Mloritios 36 M147/44 P Monlh/y Feb.1964 7.5 6.4

M147/44 IR Monlhly Dlc..1964 6.2 6.5
M147/44 2R Monlhly Jln.. 1966 8.6 7.0

Shlktskllll 58 NC0378 P Dlily 16.10,65 6.8 7.4
Shlkllkr..1 3 NC0376 IR Wllkly Dee.1966 6.5 .P IArgentino 28 NA56.30 P Monthly Jln.. 1967 7.1 -

Ponvol.l 57 NCo376 P Dlil, 6.2.68 10.3 I
"

NCo376 P Wllkly ftb.1968 7.9 7.6
NCo376 IR Dlily 21.1.69 12.4 14.5
NCo376 IR Wllkly Jln. 1969 8.9 9.1

AU$I1161(Ayrl 43 080 IR 3-4 wks 1966.67 10.7 -
063 P 3.4wks 1972.73 15.7 -
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WATERUSEBYSUGARCANE
Tlbrl 5

Ii Amountsof wller used by suglrelne erops grownin lyaimelerson vlrious
sit..

By G.D. Thompson IExperiment Sution. Mount Edgecombe)

deep sandy soils parlicularly. where aeralion is unlikely ever 10 be impaired. a signili.

tini amounl 01 lhe water used lar lranspi/ation could be P/ovided by gravitalional
waler during lha days immedialely lollowing a saturaling raio ar irrigalion.

\.
.Appraximole No. aI doIs.

,I Water availability
3y irrigating Iysimelen Irequently il is possible 10 InSUle Ihal lhe C/Op growing
e lanks Rever sulfers Irom moislure suess. When commercial fields 01 an exlen-

crop such as sugarcane are 10 be irrigaled. however. economie consideralions de-

I lha I lhe soil moislure reservoil be exploited as lully as possible. even to lhe ex-

i 01 lhe C/Op incurring some sltess. In Ihese circumstances it is an advantage to

. as much as possible. nol only aboul lhe soil profile itself. bul alIo aboul lhe

;anl-almosphere eonlinuum. The availability 01 soil water 10 lhe crop dependa

li) lhe depth 01 lhe soil prolile
.ii) lhe moisture release characterislics 01 lhe soil .

,ji! lhe hydraulie conductivily 01 lhe soil
iv) lhe capillary eonductivity 01 lhe soil
(v) lhe depth 01 C/Op rooling
vi) lhe density and elficiency of absorbing rools in each horizon 01 lhe soil
,ji) lhe evaporative demand 01 lhe almosphere.

:actolS
3 sustain good crop growth on a very shallow soil. irrigalion would have to be
sed so Irequently thal it would probably be uneconomic- Soils selected lor
ed sugarcane p/oduction should therelore prelerably be ORe malte deep or
'. In a computeI exercise I il was shown that rainlall elficiency increased Irom
'0 80%. when lhe available water holding capacily 01 lhe soil was increased
;0 mm to 125 mm. in an irrigation scheme where 25 mm of water could be
I every 12 days il requi/ed.
le moislure release characlerislics 01 soils in lhe South Alrican sugar industry
teen sludied in some detail and lhe resulta reported by a number 01authors"
01 lhe data available lor 23 soil series <I . resulta lor nine common serias ale

led in Table B. Classically. available moisture has been delined as thal held
10 lensions of 0.1 and 15 bala in lhe soil. buI it has alIo belo suggesled Ihat
crop growth generally takes place within lhe range 0.1 10 1 bar 3D. Both

Ils are shown in lhe labia. and 101lhe nine series listed. lhe meao..Mlreely"
:Ie watel (FAM = 0.1 10 I bar) is 55% 01 lhe meio "Iotal" available water

= 0.1 10 15 banI.

Table 7. lield capacilies determined gravimetrically on SImples Irom lhe lield
equilibrium obtained 48-96 hours aher final wetting) are compa/ed with

3ry determinations (0.1 bar. undisturbed soil cores) lor each 01 nine soil

Considering Ihat lhe sitIa Irom which lhe semples were laken lor any ORe
Nele quile dilferent. lhe ag/eement between resulls is surprisingly good.
lilsl lhe available moislure contenta and moisture release curves lor dilfe/enl

rovide ORemeans 01 assessing Iheir relative abilities 10 provide water 101a
le possible contribution 01gravitational water should not always be ignoradoIn

Table 6

Availablamoisluraconlenls of Profilesof nine IIlaclad soil seriesCl

Tabla7.
A COMPARISON OF FIELD CAPACITY DETERMINATIONS MADE ON NINE

SOl L SERIES IN THE FIELD 4CI AND IN THE LABORATORYCI
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Crop Tatal Mil.
Laelli.. RII. Viril" Crap DI'(I Emm mnv'dlY

,.kukrul 65 NCo376 P 362 1496 4.13
IR 318 1110 3.49
2R 335 1069 3.19

'UUI 65 NCo376 P 358 1260 3.52
IR 326 1115 3.42
2R 473 1557 3.29

okukrul 55 NCa378 P 304 1201 3.95
57 IR 441 1446 3.28

luritiu, 36 "147/144 P 400 1613 4.03
IR 372 1421 3.82
2R 412 1673 4.06

'galo 60 NC0378 P 310 1271 4.10
IR 400 1768 4.42 .
2R 279 1191 4.27

lUolio 43 080 IR 365. 1460 4.00
063 P 395. 1720 4.35.

Avlil.moillu,. conllnl
SaU Dlpth

Saillarm IIri.. em 0.1 to 1 D.llal5
bar IFAM) borl (TAMI

mm mm
Areodio Rydolvo'e 0- 30 9.9 33.6

30- 90 28.8 70.2

Toul 38.7 103.8

Inondl Inlndl 0- 89 70.3 t 24.6
89-132 23.2 43.0

Talll 93.5 167.6

CI"rel Clmel 0- 30 15.6 33.0
30-120 54.0 78.3

Tolol 69.6 111.3

GlenroSl Willilmson 0- 46 23.0 46.0

longlondl W.ldene O- 25 30.2 50.0
43-110 34.0 69.4

TolIl 64.2 119.4

Esleou" Esleou" O- 22 16.9 29.9
22- 60 20.5 40.7

Toul 37.4 70.6

Hullon Sharroeks O- 18 20.2 27.0
18-100 51.7 93.5

Toul 71.9 120.5

Sho"Ionds Sha"l.nds O- 30 15.6 33.0
30-120 33.3 73.8

Tolll 48.9 106.8

HUllo. Clo.'lhol 0- 30 16.2 25.5
30-120 61.2 86.4

Toul 77.4 111.9

r.-Id cap"ei".mnv'cm
Sailllri..

Field ubo,.IOry

CI"'" 1.67 1.54
Willilmso. 2.67 2.17
Wllden. 2.96 2.80
Wi.dtrmtre 3.17 3.87
Avoel 2.25 2.39
Sha"ll.dl 3.46 4.11

Rydllvl'e 4.18 4.29
CII.sthll 1.55 1.26
Fornwaod 1.26 1.29



Capillary eonduelivilY, ar lhe movemenl 01 waler in lhe soil in lhe unsaluraled

stale, alsa has a bearing on lhe abililY 01 a erap to transpire freely. Measurements

madeon simples01a Clansthalsand and a ShortlandsclayU showedIhal belween
0.2 and 0.3 bars lension, eapillary eonduelivily 01 lhe sand was 0.037 em per dar,
and 01 lhe day 0,021 em per dar. Belween 0,6 and 0,8 bars lension, lhe
measurementswere 0.00055 and 0,0041 emperdar lar lhe sameIwosails respee'
lively. Thus aI low tensions lhe Clansthal sand ean provide more waler more quiekly

'aI lhe soil,rool inlerlaee Ihan lhe Shortlands clay, whereas aI higher lensions lhe
reverse beeomes true.

,
i

,1

I;'I:
!
i

Planl laclors

Ploviding Ihal soil deplh is nol a limiling laClor, sugareane rool syslems

penetrale eflieienlly 10 eonsiderable deplhs. On a ClanSlhal sand lhe rools 01 variely

NCo 376 were observed in an exeavated pil 10 exlend 10 a deplh 01 alleasl 400 em'

and neutran probe data oblained in lhe same soil serias showed Ihal waler removal

was efleelive 10 a deplh 01 180 em when lhe erop was adequalely irrigaled, and Ia a

deplh grealer Ihan 210 em under rainled eondilions. In eenlrasl, irrigaled Gane on a
Windermere clay did Rol remove waler Irom deplhs grealer Ihan 90 em, whilsl nin-

led cana exploiled moislure 10 a deplh 01 aI leasl 120 em, bul prabably nOI much

deeper" . Gypsum resistanee bloek data have shown Ihal sugareane ean deplete soil

moislure 10 lhe wilting pereenlage Ihroughoul proliles 10 a deplh of 120 cm on a

Aydalvale elay 01 , 120 em on a Waldene sandy loam 3' ,and 230 em on a Makalini

sandyclay\I .
Aoot systems of varieties NCo 376 and N50/211 planled on 14 January 1966,

were studied extensively in lhe rool laboralory aI Mounl Edgecambe31.J2 ,The lirsl

sell raots were observed 10 slart growing wilhin 24 hours 01 planling. and on lhe

Ihird dar after planling some were exlending aI a rale 01 10 mm per day3' ,By lhe

lilth dar elongalion was 20 mm par dar, Sell rOOls reaehed a peak rale 01 growth 01

24 mm per dar and quiekly developed a mueh-branehed nelwark of thin sub-rools.

Sell root growlh eeased altar aboul 11 days when Ihey averaged 20 em in lenglh,

and Iheir subsequenl lile was short, nona beiRO Iraeeable 2 monlhs after planling.

Prima:y shaol roolS slarted developing lIam 5 10 7 days altar planling, and

reaehed a maximum elongation rale af 75 mm par dar, The average rale ave r 10-day

periods in lighl soils, however, was only aboul 40 mm par dar, and in heavier soils

lhe eomparable ligure was 28 mm par dar, The general shape 01 lhe rOOI syslem

whieh developed subsequently in soils where physieal impedanee was nOI a laelor,

depended on lhe moislure regime at ditlerenl deplhs during rool developmenl. In ali

soils lhe branehing 01 lhe roOIS was always approximately at righl anotes 10 lhe

parenl rool. and lurgid roa I hairs were observed 10 persisl on rools lar as long as
lour monlhs.

In Clanslhal sand NCo 376 had an exlensive, line, well-branehed roa: syslem aI

ali deplhs down 10 aI leasl 140 em 32 . Thal in a Cartrel sand was slighlly less

extensiva, and lended 10 be better develop1!d in lhe 10p 60 em of soil Ihan aI grealer

deplhs. In a dislurbed Aydalvale elay Ihere was a well-developed Ihiek primary rool

syslem wilh poorer seeondary and subsequenl branehing Ihan oceurred in lhe sands.

In an undislurbed Rydalvale clay, primary roolS were lew in lhe soil immedialely

below plough deplh unlil Ihey penetraled an iIIuvial horizon whieh impeded Iheir

growth. They Ihen branehed prolusely in lhe lighter subsoil.

On an irrigated undislurbed Rydalvale clay roOI grov.1h was inilia"y sparse and

slow, and frequenl lighl irrigalion was neeessary 10 sustain grov.1h.

In lhe Clansthal sand lhe pallern 01 lhe aetive rool syslem ehanged very marked-

Iy as lhe soil welled and dried. Alter a winler drought. lhe lirsl spring rains caused

rOOI inilials on some basal nades 10 grow aelively and 10 lorm a new superficial roel

syslem in lhe moisl surlaee soil lavar, Only when heavier summer rains re-eharged

lhe soil prolile did Ihese roolS extend dawnwards 10 te-mate lhe original roOI

pallern in lhe soil.

A quantitalive assessmenl 01 sugareane rOOIS in lhe sai I was made on lhe Ivory

Coast 'c aI lhe end 01 a 12-monlh planl crop 01 variety B37/172. The dali

summarized in Fig. 8 represenl lhe percenlage distribulion 01 oven-dry roolS in

variaus soil strata lar Ihree irrigation trealmenls, Vil. plots irrigaled aI 7, 14 and 21-

dar inlervals. In lhe plots irrigaled weekly. only 32% 01 lhe rools occurred below a

deplh 01 35 cm, whereas comparable ligures lar lhe plols irrigaled every 14 and 21

days were 40% and 50% respeclively, '

!
!
1,
I

I
i
I

I

Evaporativa damand

The linal columns 01 Tables 1 and 2 iIIuslrale lhe seasonal varialions in

evaporalive demando For lully canopied sugarcane in lhe northern arfas, lhe average

daily EI varies Irom a maximum 01 7,6 mm in January 10 a minimum 01 3,3 mm in
July. Daily measuremenls using lhe Iysimeler aI Pongola showed Ihal Epl reached a

maximum of 10,3 mm per dar in lhe plant crop and 12.4 mm par day in lhe lirst ra-

loon erop. The minimum value lar a lully canopied crop was 1,1 mm par dar on 14

AugusI, when Eo was 1,0 mm. The lowesl mean daily EI lar a weekly period (2,5

mm par dar) oeeurred in July when lhe mean Eo was 2,9 mm per dar.
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Soil-planl-atmosphara continuum

Waler removal by a crop Irom lhe soil is enlirely a dynamic phenomenr' ~, "

denl OpOR lhe moislurerelease characleristics01lhe soil. lhe capillaryet
01 lhe soil. lhe distribulion and absorbing capacily ai, lhe crop rools. .;'C tr

evaparative demand 01 lhe atmosphere. In arder to prediel lhe pallern ai sc

moislure deplelian and lhos 10 facililale irrigalion contrai proeedures, a number '

models have been proposed, some beiRO more sophislicaled Ihan olhers 13,'I . Ave'

simple slalic represenlalion 01 lhe complex phenomenon has been used lar sugareI'

in Soulh Afriea. In Fig. 9 can be seen a simplilied Iwo-dimensional represenlalion

lhe condilians which obtain during lhe period of low evaporalive demand in wint

(aI. Ind during lhe period of high evaporalive demand in summer (b). Sinee wa'

availabililY is high in winler when lhe evaporalive demand is low and lhe a~r:'::'

01 irtioalion waler need be relalively inlrequent, use of lhe model depicled,' .

should ens~re Ihal waler availabilily would nol be overeslimated in an\ .
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FIG, 9: Diagrammaríc representatíon of Ireelyavaí/ablemoísrureIFAMI in lhe ,

The"etleclive"rooling deplh 01lhe crop is an iII-delined quanlily, based~
abservalions01soil deplh and rool distri~ulions, andon experientegainedwhr
dueling soil moislure prolil and loss accounls. The eSlimaled free/y aI'
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moisture tonteAr 01the soil (FAM) is accurale 10 lhe exlenl Ihal lhe ares(Y) in lhe

diagram (Fig. 9bl approximaleslhe arfa (X). The irnplicalions of lhe errors incurred
when using Ihis simple representation01 available soil moisture have been con-
sideredin relation to various lield experimenlsu. 11 .

Tabl. 8

CROPROOTINGIN AND MOISTUREREMOVAL FROMAN IRRIGATED
CLANSTHAlSANDAND AN IRRIGATEDWINDERMERECLAY

Data oblained by meSAS01 a neulron proba in Iwo experimentsnear Mount
êdgecombe6< havebeenused10providelhe results shown in TableB. In adequately
rigated plots on a Clanslhal sendorools removed moisture Irom lhe soil 10a depth

d 1.63 m. The availablemoisture (0.1 10 15 bars) in Ihis deplh of soil was 203
mm. bul proba data showed Ihat lhe lolal 01 lhe maximum amounU 01 moislure
removedIrom successive30 cm deplhs (aI diHerenl limes) was only 124 mm. or
61% 01 lhe TAM lor lhe lull profile. On a Windermere elay, lhe maximumwaler
removalwas 59% 01lhe TAM lor lhe lull profile- Relerringagain10Table.6. il nas
beenstated lhaI lhe averageamounl 01"Ireely" avai!ablewaler (FAMI iõ nine soil
seriaswas 55% 01"total" availablewaler (TAM)' For lhe purpose01establishingap-
proximatelylhe amount 01waler Ireely available 10 a sugarcanecrop in a particular
soil even when lhe evaporalivedemand is high. Iherelore. il may be reasonable10
.. (e ~% of lhe total availablemoislure (0.11015 bars)oval lhe full rooting deplh
, the crop.Alternatively.providing Ihal 10lal available moislureparunil deplh01soil

I dcesnol vary100widelydownlhe prolile,lhe "eHective"roolingdeplh01lhe c;op
I (Fig. 91 may be eslimaled as 50% 01 lhe actual rooling deplh. On Ihis basis lhe
I amounl01walerIreelyavailable10a sugarcanecropon a MakatinisandyelayaI
. Pongolawould be 232 mm.
~ In Hawaii SI neutron proba measuremenlS01 soil moislure showedIhal crop
! groWlhwas nol inhibiled until 65.3 mm 01water had beenremovedIrom a profile
. 152 cm deep.and cropgrowth did nol ceaseunlil 90.7 mm hadbeenremoved.Thus

72% 01 lhe apparent lotal amounl 01 available waler was "Ireely" available.
8ecause.rainlall repealedlyinleriered wilh lhe sludy of moislure removerIrom
soil in lhe lield by meSAS01lhe neUlronpro~e duringimportant summermonlhs.

, " ;!w proiecl was iniliated in 1965 aI Mount Edgecombeusing rudimentaryraio
shelters.Transparentpolythenesheelswere drawn oval melal fremesso that aboul
40 m I 01crop land on a number of soil series was shelteredfIam rainlall. The
intention was to measuresoil moislura deplelion and crop heighls during prolonged

. drying cycles. whilsl siso measuring crop heights on adjacent sites which were Ireely

: watered.In this way il was inlended nol only 10 eslablish palIarASof soil moiSlure
depletionby a vigorously growing, lully-canopied sugarcanecrop. but siso 10deler-

:mine lhe amount 01moislure which could be removedbalarecrop growlh was lirsl
. inhibiled.and belorecrop growth was enlirely suppressed.Variousproblems.mainly
: ee":ernedwilh lhe maintenanceof and radialion transmissionIhroughlhe pelythene

:r..,IS. led 10 lhe abandenment01Ihis project. Olher programmessubsequentlylook
çr:erily oval lhe mobile rain-shelter projecl which was propesed10 overcomelhe
limilations 01 lhe abandonedproject.

Replenishmenlof soil moislure by rainlall or irrigalion always lakes placaIrom
lhe sunacedownwards.II is prediclable.Iherefore. Ihal despilelhe abililY 01lhe crop
to uploit waler Irom deepersIrala. mesl 01lhe moislure usedbylhe cropwill in lacl
be removedIrom a relatively shallow sunace depth 01sai!. In lhe experimenton a
Clanslhal sand I' .during a letal 01 228 days when runoH and deep percolalion were

unlikely 10 nave occurred.neulron proba dela showed Ihat 96% 01 lhe lolal EI in
I ide~ualely irrigaled piou as ,;upplied Irom lhe sunace 60 em 01 soi!. In rainled plolS

du"'g lhe sarnadays.72% el EI was supplied Irom lhe sunace60 em01soil. Onlhe
Wi Jermereclay. during B4 days 01reliable measuremenl,97% 01EI was supplied
IrJmlhe sunace30 cm el soil in adequalelyirrigaled piou. and 59% Irom lhe sarna
depthin rainled piou.

Actual evapotranspiration
The reduClion01evapotranspirationbelow lhe polenlial levei (Eptl has already

beengiven someconsideralionin Ihis review. " irrigalion praclice is 10bemanaged
bymeSAS01a soi! meistureprolil and loss accounl. il is importanl 10havea realislic

I

111\..

assessmenl01 lhe amounl 01water actually lost by evapetranspiralion(Eal in lhe
lield. Asyslem recommendedlor sugarcanein Seulh Alrica has beendescribedlI. U .
The Ireely available moisture (FAM) lor each lield is based on lhe eflective crep
roeli~g depth.as illusrraled in Fig. 9 lor summercenditions. Eais assumedle equal

EpI' eilher as a predicledquanlily in a particular ares lor eachday as givenin Tables
1 and 2. or basedon actual daily measurements01Eoin lhe arfa. Rainfall is credited
10lhe soi! moislure accounl,providingthal lhe field capacity is nOIexceeded,rainlall
in excess01 lhe apparenl soil moislure delicil at lhe lime 01 precipitation being
assumed10be losl. Bilhar as runoHar as ceeppercolalion.Soil moisluri! is assumed
10beIreelyand equallyavailableoval lhe full rangeof lhe FAM.bul Eais assumedto
be zero once lhe FAM nas been exhausled. Irrigalion waler is applied only if lhe
calculatedsoil moislure delicil is ai leasl as greal as lhe inlendedapplicalion ol"el.
licienl" irrigalion waler. For overheadsprayirrigation. eHiciencyis usually considered
10be 75% or BO%.while eslimales 01suliace irrigalion efliciency vary Irom 50% te
80%, dependingon lhe slandard 01 managemenl.

The limitalions 01this over-simpliliedsystemel estimaling evapotranspira!ionin
lhe field have been consideredI] in lerms of lhe errors incurred due 10 lhe
eslimalion of FAM; lhe assumplion of equal soil moislure availabililY oval lhe full
range01FAM; andlhe assumplion Ihat evapotranspiralioncessesonce lhe FAM has
beenexhausled.It is suggesledIhal lhe overall elfecls arenot likely 10beas greatas
lhe gressnessof lhe assumplions may saem to imply. This may be true in til'
cumstanceswhen lhe crop is well irrigaled Ihreughoul its duratio~. bul errors mar
be signilicanl when drying-oHis prolongadoand particularly so il lhe crop rooling is
deep.as nas beenillustraled lor lhe Makalini sandyelay aI Pongola.The FAM 01this
soil weuld be 232 mm. whereas gypsum resislance block data shewed lha! one
drying-efl Ireatment depleled lhe fAlire TAM 01464 mm in a sei! deplh 01230 cm
Under such condilions il weuld be advisable10makediflerentassumptiens coneer-

ning Ea after lhe FAM (232 mm) has been exhausted.
11has alreadybeensuggestedIhal lhe lolal amounl 01freely availablewaw li.e.

when Ea= Eptl should be eslimated as 50% of lhe availa~lewaler (0.1 to 15 bars)
in lhe letal crop rooting deplh. It is siso apparenl thal lhe sugarcanecrop. given
lime. is capable01deoleling soil moislure to 15 bar lension Ihroughout lhe crop's
total rooling deplh. This is illustraled in Table 9 lor tive soil serias in which either
gypsum blocks or lhe neulron proba were used 10 monitor soil moislure centenl
Ihroughoul lhe crop rooling deplh.lhe remainingproblem,Iherelore.is 10predictlhe
rale at which Ea declines below Et as soi! moisture deplelion p'oceeds. The
Iysimeters aI Pengola were used in Iwo successive years 10 sludy actual
evapOlranspiralionin lhe absence01irrigalion during lhe dry winter months" . In
1971 lhe results Irom lhe third raloon crop showedIhal an inilial EI:Eoratio 01ap-
proximalely O,Bwas maintained from 12 April until lhe beginning01July. during
which period less Ihan 40 mm 01raio falI. Thereafler,in lhe absence01signilicant
further amounls01raio. lhe EafEoralio deelinedapproximalelylineerly wilh lime un-
lil lhe endof August.when soil moislure depletionlolalled 204 mm Irom aTAM 01
207 mm in 105 cm 01soil. In lhe lourth raloon clep. drying oul 01lhe prolile in lhe
absenceel irrigalion proceededIrom 6 March 10 1 Ocleber.during which lime about
150 mm ef raio lell. mainly in May. Afler lhe May raios. lhe Ea/Eoratio lell rapidly
unli! reachinga value of aboul 0,1 in mid-July.andconlinuedaI a low levei unlil lhe
end 01 September.Total waler deplelion Irom lhe profile was 209 mm.

Tabla9

MAXIMUM SOll MOISTUREDEPlETIONFROM FIVE SOll SERIESIN
RELATIONTO TAM

The averagedata lor lhe two cropsindicate Ihal lhe Et/Eoralio was maintained
aI lhe iniliallevel unlil aboul 135 mm 01waler. er 65% 01lhe TAM. had beenlosl.
The nexl 41 mm er 20% was releasedaI a meSAEa/Eoralio 010.5. The linal 31 mm
er 15% was releasedat an averageEa/Eo01 0.17.

In Australia. invesligalions showedIhu during lhe peakmonlhs 01growth E;/Eo
ralios deelinedrapidly Irom 1.2 to about 0.6 oval lhe range01averagesoil moisture
lensions Irem 0.1 10 0.8 bars in a profile 120 em deep 4] . These results imply.
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111m CllftI1htl Windlnnt'l

..nd ellf

Ooplh01roolini. m 1.83 0.91

TAM.tull roolin9 doplh.mm 203 99

Muimum waler "mo.al. mm 124 58

Mu;mum walor "mo.al % TAM 61 59

C.lcula..d -"tteli.o" rootini dOplh.m 1.14 0.52

Soil T'lItmtnl Rlf. Oopth Mothod 01 TAM Muimum

..ri.. No. em moistun 0.11015 m...u'ld

mll,U,lmlnl bars moistu,a

mm dlplltion
mm

Rydal"lo Rainled 66 120 Gyp,um blocks 226 226

Waldono Rainlod 34 120 Gypsumblocks 185 185

Makalini Irrigltfd 11 230 G,Psum blocks 464 464

Clanslhal Rainfod 64 210 Noutronprobo 223 118

Windermero Raintod 84 120 Noutron Globo 118 110



.--

prediclablyin lhe lighl 01a comparison01figs. 9a and 9b. Ihat lhe declinein EJEo
ralios as soil moiSlure is depleted will be lasler in summer Ihan in winter.

Generalproposals lor predicling consumplive use 01waler by suga/canain lhe
liBIdoIherelore. mighl be based on lhe lollowing elite/ia:
li) ellective rooling deplh = 0.5 x lotal /ooling deplh
(ii) FAM = (available moisture. 0.1 10 15 bars) x elleclive rooting depth

or

FAM = (available moislure 0.1 10 1 bar) x lolal rooling deplh
TAM = (available moislure. 0.1 10 15 bars) x lolal rooting depth
lor lully canopied. erecl cana, Ea = EI = Eo oval lhe lull range of FAM
lor lodged cana. lirsl 3 monlhs, Ea = 0.75 EI oval lhe lull range01FAM
lor lodged cana. altar 3 monlhs. Ea = EI = Eo oval lhe fuI! rangeof FAM
aher soil moislure deplelionexceedsFAM. EalEI= 0,5 for nexl 30% 01TAM
EalEI = 0.2 for remaining 20% 01 TAM

Iviii) when TAM has belo exhausled, Ea = O
A hYPolhelicalexampleof lhe applicalion of Ihese trilaria is given in Table 10

lor an adequalelyirrigaled crop grown in lhe northern aCHason a Makalini sandy

clay.Theeslimaled TAM is 464 mm, lhe FAM 232 mm. EpIis basedonvalutS given
in Table2. When lhe crop lodgesaI lhe beginningof May, Eais reduced100.75 EI.
Thesoil is assumed10 be aI Field CapacilYon 30 June. During lhe firsl monlh 01
Jrying01,.which is lhe Ihird monlh 01lodging.Earemains0.75 EI' DuringAugustEa
againequals EI' Ihis being lhe lourth monlh 01 lodging. and remainsso unlil 232
mm of soil moisture have been losl. This amounl is reachedon 5 September.

Thereaher,30% of TAM ar 139 mm is used aI a rale 010.5 EI' and Ihis lolal is
reachedon 20 Oclober.Unlil harveslon 31 Oclober.EaIhen proceedsaI a rale equal
to 0.2 EI' 11is assumedIhal no raio falI during lhe enlire periodof drying011.Thees-
timaled lolal consumpliveuse for lhe crop is 1 529 mm, whereaslhe si!"pler model
basedon FAM only would have given a value of 1 37B mm for lhe sarnacrop.

(iii)
(iv)
(vI
Ivi)
(vii)

Table 10

\ StMPlE HYPDTHETlCAl EXAMPlE DF CROP WATER USE ON A
MAKATINI SANDYCLAYHAVINGATAM = 464 MM

In well irrigaledcrops.Eais only likely 10lall appreciablybelow Epl during lhe
period01drying011.as shownin Table10. Forsupplementaryirrigatedandrainled
cana.however.Ea is likely 10deviale Irom Eplmoreohen-01lhe sugarcaneproduced
in Soulh Africa. almosl 85% is rainfed. and waler is invariably lhe single mosl
limiting resource.II is convenient.Iherelore.10expressproduclivity in lerms of waler
useso Ihat vields Irom lield 10 lield, and real 10year,and lor cropsof dillerent ages
and grown in dillerent seasons. may bd comparable-In these circumslances.a
reasonablyaccurate assessmenlof Ea lar rainled crops is particularly valuable.and
;..,provementson lhe stil! relatively crude proposalsgiven abovemay be warranted
'.r certain soil profiles-

YiehVWateruse relationships
Sinta transpiralion or the dillusion 01waler vapour Iway from lhe subslomatal

cavilies requires In opening 01the slomales, which implies a concomitantdiHusion
01carbondioxide into lhe cavities and, in lhe presente01sunlighl, pholosynlheticac-
tivily, il is renonlble to propoSl somedirect relllionship betweenconsumpliveuse
01waler and crop yield. This is particularly so in lhe case01a vegelablecropsuch as

. sugareane.8y 196B 11 lhe accumulated results of irrigation experimentshadled 10

lhe conclusion lhaI a linear relationshipbetweencrop waler use and sugarcaneyield
mighl exist.

The results 01 experimentswith sugarcane.where dillerenl amounls of water
were applied10various plols in a numberof countries. have belo coliated10provida
lhe daIa given in AppendixIID-I!.!!.!'. 11.I. ID.li. U . The sourceswere:
(i) Hawaii. where dillerent ClassA Pan "managemenl ratios". ranging Irom 0.55

10 1.00. were used10control lhe amounts 01waler a~plied10lour trealments
(iil Cornubiaand Ottawa, Iwo siles nele Mount Edgecombe.where variouswaler

trealmenls were applied 10 lirsl. second. Ihird and lourth ratoon crops
(iii) Shakaskraal. where three waler treatmenls were applied 10 a planl crop
(iv) Pongola.where trealmenls in a "waler duty" experimenl rangedfrom 50 mm

of waler every 5 days 1050 mm every42 days. and where lhe Iysimeterex-
perimenl was enlirely adequalelywalered

(v) Maurilius. where plan!. lirsl raloon and secondratoon crops were harvestedin
a Iysimeter experimenl

(vi) Australia. where a planl crop 01063 and a lirst ratoon crop of 080 were
grown in a Iysimeter experimenl.

The Hawaiian and Australian results did nol include inlormalion regarding
sucroseyields. There are Iherefore91 seIs 01dali lor Et and lons canapar hectare.
bul only 85 lor EI and tons sucroseper hectare.The linear regressionequationlor
lons cana per hectare was:

I cane/ha = 9.69 (mm El/l00) - 2.4.
and Ihere was no stalistically signilicant evidente 01deviations from linearily. The
correlalion coellicienl (r) was 0.95 and lhe slandard error 01 an estimale of yield
was :t 15.1 lons cana par hectare.The linear regression line is shown in Fig. 10.

For EI and lons sucrosepar heclare lhe linear regressionequation !see Fig. 101
was:

I sue/ha = 1.354 (mm El/l001 - 1.32
Thecorrelationcoellicientwas0.75 andlhe slandard error of an estimale 01yield
was :t3.43 lons sucrose par heclare. In Ihis instante. however. there were
stalislically significanl devialionsfrom linear regression.and lhe lollowing quadratic
relalionship (Fig. 10) was Iherefore delermined:

lons sue/ha= -22.65 + 4,923 (Et mm/l00) -
0,1419 (EI mm/l00)1 .

Themulliplecorrelalioncoellicient(R)was0.78.Thewiderange01lhe amounts01

Et appearing in Appendix I is due nol only 10 lhe dillerenl waler treatmenls in in-
dividual experiments. but liso 10 lhe varying ages of lhe CIOPSin dillerent ex-
periments.II has beBoshownJ] Ihal respirationlossesincreaseas dry malter
accumulales in lhe sugarcanecrop. and lhe "Ialling 011"01 yield wilh increasing
amounls01evapotranspiralionmighlforthisreasonbeassociated10 someextent
wilh increasing age. The relalionship belween lons sucrosepar hectare and EIwas
Iherelore lesled using only lhe 54 seISof dela lor crops harvestedbelween 11 and
13 monlhs 01age. In lhe even!.devialions from linearily were slill signilicanl and
lhe correlalion coeHicienl (ri decreased100.71. The curvilinearilY of lhe refalionship
is Ihus probablyreal. bul il is neverthelessuselul 10 bear in mind lhe approximale
implicalions of lhe linear relalionships Ihal 9,7 lons cana ar 1.35 lons sucrosecan
be producedlor each 100 mm01waler losl Ihrough evapotranspiralionby lhe crop
oval lhe rangefrom 600 mmto 3 BOOmmfor lons cana par hectare.andfrom 600
mm10 1 800 mmlor lons sucrosepar heClare.The maximumproduclivilyparunilof
waler oblained in lhe Iysimelerexperimenl aI Pongola10 was 12.3 tons.cana and
1.51 lons sucrosepar heClarepar 100 mm01EIin lhe lirsl raloon cropon lhe small
Iysimeters.and 11.5 tons canaand 1,34 lons sucroseper 100 mmEIin lhe second
ralooncrop on lhe larga(405 m I Ilysimeler.
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FIG. 10: Relarionships berween crop 'fIeld (rclha and rslhal and measvred or
esrimated evapotranspirarion
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Mo.tII Oltl' Crop Olvr.. Df EoIEt Eo

stlVI .1.Opy rltio mm

No.tmbtr 1-30 2 1 0.55 108T
O"tmbt' 1-31 2 1 0.70 149I
January 1-31 2 I 0.85 198

ftbruary 1-28 3 FuI! 1.00 185
Mmb 1-31 3 - 1.00 191
Ap,il 1-30 3 - 1.00 145
Ma, 1.31 4 lodgtd 0.75 89
June 1-30 4 - 0.75 75
Jul, 1-31 5 Dryi.gotl 0.75 11
AuguI. 1.31 5 .

1.00 126
Stpttmbtr 1-5 5 . 1.00 30

6-30 5 - 0.5 16
October 1-20 5 - 0.5 61

21-31 5 - 0.2 13

TOTAL 1529



The malhemalical representalion 01 lhe relalionship belweencana yield and
water use is valuable nol only !rom lhe points 01view 01prediclingandassassino
crop yields when waler use can beeslimated.bul BIsobecauseil canbeused10es-

tablish in broad terms whether an irrigated crop should beproducedinlensivelyon a
small aru or exlensively on a larga arei. Where rainlal! is signilicanl.and where
waler availabilily ralher Ihan land arei is lhe mosl limilirig laclor. Ihel! canbe little
doubt Ihat extensiva produclion wil! be lhe mosl linancially rewardinl.The rainlall
eHiciencyon Iwo files Alar Mounl Edgecomben was lound 10declineIrom aboul
85% when total precipitalion comprised 760 mm 01 rainlall alone.1050% when
rainlal! plus irrigalion amounled 10 1 575 mm par BODum.Inasmuchas lhe
relalionship belween waler use and sugar yield mar be slighlly curviúnear.Ihere is
lurther argumenl in lavour 01extensivarather Ihan intensiva produclion01irrigaled
sugarcane.

11rainlall is negligible or nol 10be laken inlo accounlwhen programmingirriga-
lion praclice. signilicanl devialions !rom linearily in lhe relalionshipbelweenyield
andwater use becomemore important. and praclical advantagesof intensivaproduc-
lion mar oulweigh a yield advantage10 be gained !rom exlensiveproduclion.

In lhe conlexl 01 lhe exisling Soulh Alrican sugar induslry. averagerainlall lor
ali arus is such lhaI il should nol be ignored.and irrigalion schemesshould Dever
be designed10mIei lhe fAlire waler requiremenls01lhe cropunlessil is inadvisedly
planled on shallow soils.

Discussion

In order 10 conlrol irrigalion praclice logically by meios 01a soil moislureprolil

and loss (P & LI accounl. il is apparenlIhal reasonablyaccuraleeslimales01Epl are
requiredbecauseconsumplive use 01waler during cropSlages 2. 3. 4 and-5mar ali
be relaled 10Ihis parameler. The daia presenledin Ihis review indicaleIhal signifi-

canl devialions 01 lhe E~E ralio Irom a value 01 1.00 defINe consideralionin Iwo
seis 01 circumstances: o

(i) \ during lhe winler monlhs. when lhe ratãomar apparenllybeconsislenllywell
below 1.00

(ii) in raloon crops. when lhe ratio mar be lower Ihan il is in planl cana.
The data plotted in Fig. 4 iIIustrale quite clearly lhe low winler '/aluaslor EI/Eo

in bolhplanlandlinl raloon crops ai Pongola.The eflects01Iheselowvalueson lhe
weighled meios lor lhe lull duralion 01 lhe period 01 lull canopy.however.were

demonmably smal!. becauseEI 'Ialues were Ihemselvessmal! duringmnler. No such
consislent phenomenonappearedin lhe weekly Shakaskraaldata.BIsoshown in Fig.

4. and modilicalion 01 lhe predicled EllEo ralio lor winler monlhs doesnol seem 10
be warranled on Ihese grounds vel.

The weighled meio Et'Eo ratios for lullV canopiedtine in Maurilius11 were
:1.99 lor lhe planl crop. 0.90 lor lhe lirsl raloon and 0.91 lor lhe mond raloon.AI
Pongola.reportedresulls 10 were 0.99 lor planl cana.0.94 for first ratoonand0.88
lor second raloon. Recalculaled data lor lhe planl and lirsl raloon ClOpS.basedon
weighled weeklVmeios ralheI Ihan monlhly meios. were 0.98 and0.96 respeclivelv
SI . From12 April unlil 20 June lhe meio Et/Eoratio in lhe Ihird ratoonwas 0.79.
and lor an adequalely walered Iysimeler in lhe lourth raloon Irom March 10
Seplember lhe average EI/Eo ratãowas cIosa 10 0.8. AI Shakaskraa!lhe weighled
meio monlhly ElEo ralios lor plan\. lirsl raloon and secondratooncropswere 1.08;
0.93 and 0.94 respeclivelv. whilsl ai Tongaallhe valueswere 0.94; 0.86 and0.89.
In lhe secondexperimenl ai Shakaskraallhe weighled meio ralio lor planl canawas

0.99 and lor lhe lirsl raloon 0.98. In ali inslances.Iherelore.lhe higheslE!Eo ralio
was obtained in lhe planl crop. bul lhe decreasein lhe firsl ratooRcrop was nol
alwaVs appreciable. The meio ralios lor secondand laler raloons.however.were
alwavs signilicanlly lower Ihan Ihose lor planl crops.

The eHiciencyof waler usein lhe IvsimelerexperimenlslorwhichboIh vieldand
lolal EI data were available. did nol apparentlvdecline consislenllyIrom lhe planl
crop Ihrough succeeding raloons. as did lhe E~Eoralios. This is sho"n in Table 11.
11is possiblethal some laclor progressivelyreducedvields in relalion10lhe climalic
polenlial. and concurrenllv EI in relalion 10Eo. as lhe crop cveleproceeded.The
Iysimelers conlained freshlV dislurbed soil ai lhe beginningof lhe experimen\.and
this mar hlve aHecled crop growth. Data are available10compareyields Irom lhe
-105 m 2 large Ivsimeler wilh Ihose !rom an adjacenlares 01undislurbedsoil 01lhe
:ame size. In lerms 01 lons cana par hectare Ihese were:

-- - -- -----

The E~Eoralios 101lhe larga Iysimeler during lhe period01fuI! canopyprior 10
lodging were 1.01: 0.89 and 0.80 lor lhe Ihree cropsrespeclivelv.The implicalion
couldbeIhal an EllEo ralioequalorcIosa101.00isonlvlikelytooblainin lheplant
crop in newly eslablishedIvsimelers.By lhe lime Ihal lhe soil prolile has slabilized.
lhe ralio mav have declined 10 an averagevalue below 0.90.

Table 11

COMPARISONOF MEAN Ef'Eo RATIOSFORPERIODSOF FULl CANOPY
ANOWATERUSEEFFICIENCYFORPLANT.FIRSTRATOONANO SECOND

RATOONCROPSGROWNIN lYSIMETERS

!here are some indicalions Ihal evenon undislUlbedsoil produclivitv in relalion
10 lhe climalic polenlial mav decline in successiveCIOpS.Theyields in lerms 01lons
caBepar hectareper 100 mm Eoin lhe undislurbed arei menlionedabovewere 9.2:
8.5 and 8.0 lor lhe piaR\. lirsl raloon and secondraloon respectivelv.For lhe NCo

376 plots in an adiacenl varielVtrial (91. lhe tons caBeparhectarepar 100 mm Eo
was 8.0: 8.6; 7.7; 7.2 in lhe fies\. second.Ihird. lounh andlifth raloons respective-
IV. On lhe olheI hand. lhe samerelalivelv consislenl trendwas nol apparenl in lhe
results 01lhe nearbv Pongolairrigalion experimenlSI-17 .where lhe yieldswere 7.9;

7.9: 7.3; 9.2; 8.1; 6.5; 7.1 and 8.4 tons cana par hectarepar 100 mm Eolor eighl
successiveraloon crops. -

Thus Ihere appears10be someevidente Ihal produclivilVdeclinesin succeeding
crops in newly eslablished Ivsimelers.and perhapsin corõ.rnerciallields. and small
reduclions 01waler applicalions 10successiveraloons mar bewarranled. Since lhe
PongolaIvsimelers havenow beBoin operalion lor len veles.il mighl beworth while
10 sludV EI in relalion 10 Eo and vields in relalion 10climalic polenlial. lor a planl
and several raloon crops again.

Contamino lhe sludy 01 soil moislure. lhe neutron probe work was very il-
luminaling. IIs conlinualion in lhe lield would have beBovaluablein providing more
inlormation on paUerns and amounlSof soil moislure deplelion.bul rainlal! uRdIr
local condilions caused an inordinate amounl 01 inlerferencein such projecls. The
ideal raio sheller. which aulomalicallv prolects lhe crop during rainlall and moves
awav Irom lhe crop ai olhar limes. is expansivaand Ihereforegenerallyhas a singre
permanenl localion. This implies Ihal onlv lhe nalurallv occurringsoil serias on lhe
fite can be sludied wilhoul dislurbance. proliles 01olhar soils haviDO10 be re-
construcled artiliciallv. This limits lhe value 01 neulron probadata suHiciently 10
make raio sheller work. lor Ihis purpose afoRa.a doubllul inveslment.

Indubilablv. lhe aspecI 01 EI which is mosl pertinenl ai Ihis slage concerns
waler use in commercial lields. II has beBoshown in Fig. 10 and Tabre 11 Ihat
waler use and vield are relatadoMun vields of sugarcaneil) lhe northern irrigated
arels of lhe induslry IE. Transvaa!.Pongola.GolelaandMkuzil were estimaled 10be
90 lons cana par heclare undercanain 1970 2S.Theaveragelor Ihree seasonslor
Pongola(1970.71 101972-73) was eslimaled 10be87 tons tine par hectareuRdIr
cana 31 .Forlhe EnleIO Transvaal SI .lhe eslimales rangedfrom 117 tons caBepar
heclare uRdIr cana in 1969/701079 tons par hectarein 1973/74. Averagecom-
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lysimeler Undilturbed Ratio
ar.. ar..

(AI (BI NB
Planl 151 136 1.11
1SIRatoon 183 179 1.02
2ndRaloon 148 149 0.99

locauo.ol R,f. Crop Muo EvEo. To., ....1111 To.. ....1111

u",rim,.' lua..nopy IDOmmEI IDOmrnEo

Shakllk,..1 65 P 1.08 14.0 -
IR 0.93 16.1 -
2R 0.94 14.3 -

TonV"1 65 P 0.94 13.6

I

-
IR 0.86 11.2 -

2R 0.89 9.6 !
-

Ponvola 60 P 0.98 11.7

I

11.2

IsmaUI,sim..onl IR 0.96 12.3 10.8

2R 0.88 11.3 8.9

Ponvola 60 P 1.01 11.2 I 10.2

I!largoI,simll") IR 0.89 11.3 I 8.7
2R 0.80 11.5 I 8.0

i

Mluririus 36 P 0.96 8_ I -
IR 0.92 10.3 I -
2R 0.90 8.3 I - -

Mesns P 0.99 11.8

IR 0.91 13A

2R 0.88 11.0
'
i



mercial yields Irem irrigated landsin lhe norlh are Ihus clearlymuch lower Ihan lhe
140 tons tine per hectare per annum oblained experimenlallyat Pongola.and lhe
queslion alises whelher or nol lhe amounts 01irrigalion waler providedfor eommer-
eial crops should nol be adjusledaecordingly.In arder10Inswer Ihis queslion ali 01
lhe possible causes 01 low yields from eommercial lields must be given con-
sideralion:

li) if lhe low yields are eausedby moislure slress. Ihen eilher more waler or
better liming 01irrigalion may remedylhe situalion, Ind a soil moislure P & l
accounl

lii) il lhe low yields are eausedby exeesswater or inadequaledrainage,or bolh
eondilions,elfieienl surlaceand sub-surfacewaler conlrol measuresshould be
inlroduced,and lhe eslimales 01EI being usedshould nol be a crilical lacrar.
Obviously,in alfeeled mas. irrigation should only be appliedjudiciously unlil
lhe drainage problem has been solved.

liii) il lhe low yields are due10inadequatelertilizalion of In olherwise salisfaelory

crop. Ihen lhe waler demand01 lhe erop is likely 10 be less Ihan EPI' and
amounls 01irrigalion waler should be reducedaeeordingly.However,il would
be lar more eeonomical10apply lhe requiredamounls01fertilizeI aI lhe eor-
reeI lime, whereuponlhe eslimates 01EI used neednol be a crilical laelor.

(iv) il lhe low yields are due 10weed eompelilion, lhea lhe crop should nol be
deprived01availablewaler. as well as nulrienls andsunlighl. by reducinglhe
eslimales 01 Ept. The inveslmenl in irrigation and lertilizer makes adequale
weed contrai an essenlial eorollary.

(v) if lhe low yields are due10palches 01poorly grown tine wilhin lhe lield, lhe
waler alloealion lar lhe healthy tine should nOIbereducedIa aeeountlar Ihis
cause in yield fossoli, on lhe olheI hand, low yields are due to poor tine
growth ar sub-normal slalk populations generallyIhroughoul lhe lield, irriga-
lion should probably be reducedby aceeptingIn Et/Eolatia less Ihan 1.00.
This eondilion should make lhe lield eoneernedan early candidale lar
ploughing oul and re-planling.

(vi) il low yields are due 10an iII-delined combinalion 01managemenl.soil and
crop faetors, il would probably be wise Ia redueelhe amounl 01 irrigalion
water applied somewhal below Ihal indiealed when EpI is used in a soil
moisture P & l aceounl.

:':'-,:;1:':;;::::'

The degree01sophislicalion 01irrigaled sugareanefarming in South Alrica loday
is probablysuch Ihal little will be gained Irom lunher researchinlo lhe waler re-
quirements01lhe erop in lhe immediale lulUle. Nevertheless,sineewell-eslablished
Iysimeters are available aI Pongola.lhe opportunily eould be taken Ia eheck EI/Eo
latias and yield relalionships again on this sile.

Avaílable inlormalion regardinglhe physieal eharaclerislics 01 lhe soils in lhe
tine bell is liso probablysulficienl aI Ihis junclure 10metI lhe immedialedemands
of lhe tine grower. Fulure requiremenlsare likely Ia be coneernedwilh parlicular
conditions obtaining in irrigaled lields or on land Ia be developedunder irrigalion. 01
particular importante will be lhe reasonablyaccuraleeslimalion of lhe rooling deplh
01 lhe erop. and Ihis ean mosl salislaclorily be delerminedalIeI lhe crop has been
eslablishedby using gypsumresislaneebloeks.(Themanulaelureand inslallalions 01
Iheseunits musl metI rigorouseriteria il Iheir operalionis Ia besatisfaclory11).

Irrigation contrai on farms and eslales should beexercisedon lhe basis01a soil
moislure P & l aeeounl. Beeausecommereial yields Irequently lall below Ihose
climalically leasible. lhe eslirnales 01EI usedshould probablybeadjusled according
to lhe produclivily being obtainedon a particular larm. For a lully canopiederop,EI
mighl beeslimated as 0,8 Eo:0,85 Eoar 0.9 Eodependingon lhe averageyields be-
ing obtained in relalion 10 polenlial yields.

Climalie polenlia! yields of variely NCo376 eanbeeslimaled Irom ClassA Pan
evaporation lar lhe lull duralion 01 lhe erop approximatelyas lollows:

Te/ha = 8,0 (mm EoI100)
PoDeyields mar be eausedby a number 01 remediablelaelors, and as Ihese are
eliminatedandyields ris~,lhe amounls 01irrigation waler appliedshould Ihen be in-
creasedaccordingly.
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AppendixI
Wltlr use Ind suglrclnl yields (tons clnlV11lctlrl Ind tons sucrostV!1ecterl) in

Hlwlii. South Alricl. Mluritius Ind Austrllil.

The South African Sugar Journal Oecember 1976 635

0111 10U"" RII. fI ,0/ tJ/ 0111lOurc, Rol. fI .0/ tJ/
No. mm h, hl No. IMI hl h,

Hlwlii 20 2640 279 - Ott,wIIConl'dl 57 1796 184 23.4
3020 313 - 1595 168 23.1
3250 328 - 1359 166 22.8
3840 342 - 1118 149 20.5

931 77 10.3
Ca/nubil 63 1671 155 23.4 1167 102 11.2

1595 133 20.8 1039 84 8.4
1488 131 20.0 931 78 7.5
1377 118 18.2 879 72 6.8
1021 88 13.1 725 61 5.4

1623 165 22.3
57 1770 156 21.9 1494 151 21.1

1836 148 22.1 1326 148 20.
\ 466 \40 20.6 1283 142 19.5
1349 132 19.4 963 83 7.6
1024 101 14.9 964 82 7.6
1050 93 9.7 838 81 8.4
1002 83 8.8 1055 85 . 8.5

975 91 9.0
972 75 7.9Shlkuklul 57 1201 116 17.1
901 78 8.2 1011 97 14.0

660 57 8.2
OU'WI 63 1514 151 18.4

1410 132 17.5Panial, 59 I 402 124 16.7
1242 108 14.3 1540 135 16.9
1095 106 13.5 1540 128 16.1

790 63 7.0 1540 137 16.6
1438 144 18.7 1540 131 16.6
t 346 136 16.6
1163 116 13.8 17 973 96 12.5

762 58 6.7 1177 129 19.3
1458 142 19.4

Pon\loll 17 1 t77 126 19.2 1590 141 17.8
(Cont'dl 1481 141 20.6 973 87 12.2

1627 146 19.2Mauri.ius 36 1613 137 13.7
1590 160 20.9 1421 146 13.7

- 1673 139 15.2
8 1330 131 20.2

1381 137 21.0AuSlrllia 43 15601'36
-

1534 136 20.1 1080 103 -
1711 153 21.7
1082 91 12.6
1184 93 13.4

1286 106 15.1
1438 124 17.5

893 98 13.8
943 115 17.5
993 121 18.6

1243 148 20.9
1014 103 14.3
1184 134 17.4
1284 140 20.2

1364 149 20.7

1773 134 15.9

1540 121 15.1

1340 130 18.8

1290 122 15.6

Panioll 60 1348 143 14.3

!JYlimlllrl 1819 181 20.3
1287 148 17.2


