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In most commercral vrneyards canopy expansron 13 restrrcted by the ngld treIhs
systems and so onIy a small fractlon of solar radratron is. mtercepted Thrs results in
Jow rates of water use by vmes compared to crops with fully closed canoples SeveraI

- stud1es in the recent past have however suggested that the small fractlons of solar

o ,"__radratron mtercepted by the canopy may not-be constrammg water use, because of

S addltronal energy transferred to the canopy from the exposed soﬂ surface It is- shown

~in thlS rev1ew that thlS may not be the ¢ case under the hotter and dner condrtlons of the

. inland grape—growmg dlstncts of Australla where the vines use their stomates to

- control evaporatlon through the canopy (Ee ) In this’ env1ronment substantlal

’ pl‘OpOI'thl’lS of the energy absorbed by leaves tend tobe. stored in the canopy, whlch 3

T ;.may bewp to 4°C warmer than the surroundmg air: durmg daytrme A daﬂy rate for

. Ec of 1 5 mrn (approxrrnately 12 htres per vme) was found over two. seasons frorn

. whrch the amount of water requrred by the grapevmes for the growmg seasrtm was

:«_ j'estlmated to be 210 mm (2 1 megahtres/ha) ThlS constltuted 47% of the total

i seasonal water-requrrement for the whole Vlneyard of 450 mm (4 5 megahtresfha)

The latter was based on a crop factor (Kc) of 0.3 for a typlcal dnp—rmgated vmeyard-

- at Merbem m the north-west of Vrctorra “The. rest of E is accounted for by

B evaporatron from the soil surface (Es), most of whrch occurs Just outsrde the canopy

8 edge, espec1a}fy on the northem Slde of the vine rows followmg ramfall and/or

- _. 1mgatron Estlmates of seasonal E oould be up to 1.5 fold hlgher than 450 min under
full-cover irrigation systems or in the presence of cover—crops Itis concluded that
aspects of i 1rr1gat10n water management developed in the Northern Hermsphere should
only be apphed wnh cautlon to the inland grape-growmg reglons of Austraha, where

~ the vine appears hlghly parsrmomous in its water use.
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' _-Introduction

_ Water is 1ncreas1ngly a key determinant of proﬁtablhty of vrtrculture in many
‘_ '_" parts of Austraha Water requlrements for wneyards depend on several_ brologr_cal,
- _f-env1ron1nental and management facters. n the absence of Tun off Water'applied to |

~and stored in the s01l 1s erther used for evaporation 1 through the surfaces of plants ¢ and’
o soll (E) OI"‘IS d-ramed (Dr) erther to. ground water o’ lower depths of the sorl beyond

] -'the reach of roots
As E+Dr fi: L M

| whereAS is change 1s sorl—water storage.. The Dr component is- generally lost to the
productlon system, but may raise. the watertable whlch may be sallne and could

' contnbute to sahmty problems Ttis generally chfﬁcult to spht E between that which

occurs through sorl (Es), and that through plant canopy (Ec) or transpn'atlon especrally '

R ~in tree crops and grapevmes that sparscly cover the ground area.. Stis however
_ 1mportant to. quantrfy the two components, Es and E,, because rnanagement
dctermines the degree of canopy cover in these crops and hence the extent 1o whrch
" the crop and sorl 1ntercept sunhght New flow- sensmg technolog—tes are now - |

B commercially _avallable, allowing E. to be momtored with comparatrve ease in woody.

- species.

_ Drip irrigatlon and other techmques that dehver water close to root systems
3 have provrded a savmg - costs in addrtlon to reducrng off- farm 1rnpacts By

' mrnlmlsrng both the wetted area of the surface and the proﬁle of the SOll these

' techmques mrnlmlse ES ‘This is especmlly 1mportant in v1neyards where 1nterceptlon

of solar energy by the canopy is poor, with the majorlty transnutted fo the soﬂ surface,
and where Es can’ account for up io 70% of E (Lascano et al. 1992; Herlman etal.
1994 Yunusa et al 1997a) In this paper, partlttonlng of E between E, and E 1s- Te-
evaluated usrng publrshed and some unpublished data to illustrate that water use by
vines can d}ffer between drstrrcts with seemmgly similar weather conditions.
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 Soil evaporation (E)

The rates and magnrtude of Eg are determmed by sorl water contents and

,radrant energy 1nc1dent on the sorl surface thchle (1972) descnbed a two stage

' ,evaporanon process by whrch the ﬁrst stage commences soon after the soil surface has' | o

: been wetted, and proceeds at a rate determrned by the atmosphenc condltrons Durmg i

B .thrs fi rst stage also termed the energy-dependent stage Es may approach potential

evaporatlon (Epm) and rs thus sensrtlve to the degree of sorl surface shadrng erther by |

o 'crop canopy or mulchlng The second phase comes 1nto effect once free morsture at

the s01l surface dr1es out and rts rate 18 dependent on sorl-water content and the ablhty ) -

of the soil to’ transfer mo1sture to the surface 1. e the unsaturated hydrauhc

. conductrvrty of the s01l Sorls generally are not able to transfer water to the- surface at _

- arate hrgh enough to meet the evaporatrve dernand hence E m the second stageis

. generally less than Epot The stage “two process however can prevarl for extended

. perlods resultmg in substantral loss of sorl water

Soil ‘water lost through E, can be substantral in Vrneyards followrng 1rngatron

' --"_'especrally wrth full cover or ﬂood systems that wet large proportrons of the soil

_ surface Irrrgatlng at long mtervals is desrgned to mrnrmrse the length of tlrne the sorl

- surface remalns wet The small area of the soil surface wetted with drip rmgatron

o generally limits stage-one evaporatlon although such 1rr1gatrons tend to be more

. frequent S0 some of thrs savrng is off—set by the total time that the soil surface along o

. the dr1p-hne remarns wet Stage—two process may also be substantral even’ some

distance away from the drrp 11ne ‘dueto. lateral sub- surface redrstnbutron of sorl water, -
whrch occurs in response to the gradrent in water potentral between the proﬁle u:nder o

"-the drrp lme and that away from the pomt of water appllcatron Measurements insix-

_ _"year-old dnp—rmgated grapevrnes at Merbern 1n 1995 (LLAM. Yunusa R R Walker

" and P. Lu unpublrshed data) showed a umform wetness of the sorl proﬁle across the .

: ) V1neyard (F1g 1) rmplyrng that stage—two Egis also hkely to be unlfonn across the
: vmeyard ‘This result suggested that E can, therefore be substantial even with the

dnp-rmgated systern, desplte apphcatron of water berng limited to cnly small areas.
/

i
o

i

Page 77 of 165



7-9'(m3 m-S) .

o328 0.30. 032 034 036 0.38

i Figure-_l. _.\;o]urneu*'i'c v_rater con'te_nt -

- (0) fo the soil profife beneath the viri -
o .andatO 82mand l 65mdtstances '

mto the mter—row space in February

L 1995 at Merbein. Position L 65m - -

Depth (m)

corresponds to. rmd mter—row Source'
_:‘I A M. Yunusa RR. Walker andP Lu
(unpubllshed data) -

Several schemes have been descrlbed in the lrterature for deterrnlnmg E;in the
ﬁeld usmg e1ther mrcrorneteorologrcal methods (Shuttleworth and Wallace 1985) soﬂ
: hydrology (Tanner and Jury 1968 Van Bavel and H111e1 1976) or welghlng 1ysrmeters
(Rose et al:- 1966) or thelr combination in various forms. Lysrmetry is cons1dered to
provide the most precise estunates of E,, with mlcrolysnnetry often used to determine
'loss of water from the surface beneath crops The: techmque involves takmg intact
| soﬂ cores w1th metalhc or plastlc cylmders ranglng in drameter of between 80 and

' 200 mrn and 1n length of between 50 and 300 mim.- These are 1nstalled beneath the

: canopy or 1n the open and are repeatedly wel ghed to obtam Eg (Boast and Robertson

: 71982), and have been used in v1neyards by Trambouze et al (1 998)

M;tcroly51metry was used at Merbem in 1995 to monltor E at several posrtrons
' under the dr1p 11ne and at a dlstance of 0. 83 m on elther s1de of the drip line and at
. mrdway between vrne TOWS, under various soﬂ—water condrtlons (Flg 2y (1. A M..
Yunusa R R. Walker and P T, unpubhshed data) -Es for the day followmg a'12 mm |
: ramfall on 14 February was hlghest along’ the dnp 11ne (0 83 m erther s1de of the -~

vines), espe01ally on the northern side where exposure to dlrect solar radlatlon caused
rapid rates of water loss from thi soil surface By contrast the soil surface on the -
outhern side of: the vines was shaded and dried out gradually at low rates of E (Fig.

2a), t.e. the s011 on this side switched into the stage-two process fater than on the

" northern side.” A similar pattern in E, dlstrtbutlon was observed durmg frequent
)
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1mgat1on penods (Fig. 20) suggestmg that substantral amounts of Water were lost

' through the soil surface even with drip urrigation. Dunng extended dry perrods with

neither. ramfall nor 1mgat10n ES was predomlnantly in stage two and was therefore

srmrlar at all posmons {Fig. 2b). -

eob | o : N R [ G - owith mic'rolysimeters in a 'drip—irrigated
: 4-0-7.:.: _'..;_ T o : - : vmeyard for (a) wet, (b)drya.nd (¢} irrigated -
SRERE N U IR A RO & B R _jdays atMerbem Austraha The left-hand =
o 2'0_':‘. '_ _ - . _. . . 1o ; srde ofthe graphs corresponds to the south of -
:g ' '0.0: L — i — {0 - the viné rows, and the rlght—hand sxde to the:
_ % 6O} :l.allj.)f!f(2d:F'e.bmal'y_1_995t.‘ : . ' Vf O .'nort_h. Measurement positions were 0 (under- -
B 1 vitie), 0.83 mnorth and south, and 1.65 m
g . ::,: r__! —i_w? ] ISR (m1d-1nterrow) 'S'tandard-en'“ors of means are
@ shown on each bar. Source: LA.M. Yunusa,

6.0 ) (c)lragated(zv March1995)

R.R. Walker and P. Lu (unpublished data),

a0l
: 1
o0 H—tL. .
2 "2
Narth

“South. Dlstance from vine row m)

It-should be. noted that E at .the" respective measurement'positions Were-not

‘ adchtlve for determmmg watcr loss for. thc wholc vmeyard since they were not

hydrologlcally mdependent Mean E, for the wneyard on eaoh of the three days was’

4.5 mm on’ 15 February, 0.4 mm: for 24 February and 2.4 mm for 27 March the

correspondlng Epm (Monteith and Unsworth 1990) for those days was 9 6, 12. 8 and

3.7 mm respectwely Eat 0 83-mon e1ther side of the. vine rows was 51mllar over the o

_ long tef. (Table 1). Thisis because Yunusa et al:-(1994) showed ina prev1ous study

that an 1n1t1al short phase for stage one was always followed by relatlvely hlgh rates of

stage—two as found on the northem srde of the vines. However the pattern was :
reve‘rsed for the southem s1de of the vine rows E was. generally h1ghest at 0.83 m

distance (long edge of canopy) that was wetted through surface redlstrlbutm_n during

| irrigation, while it was restrained by canopy shadi-ng under the vine and by a dry soil

surface mid way between the rows (Table 1). Daily Es for the vineyard averaged 1.34

mm during the.'lnea_surement period. This was much higher than the 0.55 mm for
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B ramfed v1neyards in France (T rarnbouse et al 1998) wheré the sorl surface rernalned

7 dry for most of” the ttrne except in rainy penods, ie. the situation 'was snnﬂar to ‘the.

dry perlod at Merbem (Fig. 20)

: .-Table 1. Average rates for dally E; measured wrth mrcrolysrmeters at various posrtrons relatwe to the

- "_3v1ne fOWSs: m a dr1p—m1gated vmeyard between Ianuary and March 1995 at Merbem Source LA M.

R Yunusa, RR: Walker and P. Lu (unpubhshed data)

TPosion Es (rnrnd )(mean +se)

 Usdervime . 10%016
ogmporth - 164025
ofdmsouh . 15£028
 Midintemow 134018

- 'Tr_anSPiraﬁon (_Eé)f‘-_ '

o Thrs is the component of the E that contnbutes drrectly to,fruit production'. It
- isa process that is prlmanly driven by ' L
| o .(a) Proportlon of radlant energy mtercepted by the canopy
 (b) Humidity of the air T
(c) Transport rnechanlsrn - ViZ. turbulence and wind - _' _

- (d)..Ava_ﬂablhty of water 1n sorl SR

Of these four, only energy mtercepnon and water supply can be readtly rnampulated _
_ by the grower and thus provrde opportunrtles for- enhancrng water—use efﬁc1ency

_. andlor grape quahty These factors are consuiered brleﬂy further 1n the followmg

' sectrons

‘.Annﬁﬁﬁﬂ'ﬂﬂﬂﬁﬂﬁﬁﬁﬂ

Radiant energy

Many studles (e g. Lascano et al. 1992 ‘Sene 1996) have associated the

parsnnonlous use of sml—water by grapevines with the small fraction of radiant energy

1ntercepted by the canopy Mampulatmg energy interception by enlarging the canopy
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.. “through -widening the wrdth of the trellls, fertllrsauon and/or- rootstock ch01ces may -
. not'al'ways be des1rable as it ‘may have undesrrable consequences ‘on fruit quahty and

also restrrcts access within the vineyard. Darly rates of E. of between 0.8 and 2. 2 mm :

~have been reported for 1rr1gated vines of drfferent canopy size in North Amenca

o .r_-(Lascano et al 1992; Herlman et al. 1994) srnnlar to 1. 6-2 2 mm, for ra.m-fed Vlnes in

. -Europe (Trarnbouse and Voltz 2001) These upper hmlts were hlgher than the 0 8—1 2 o

o i':.:frnm found for drtp—»rrrlgated vines in 1nland Australia (Yunusa etal. l997a 1997b)

| ,.'Studles by Herlrnan et al (1994 1996) 1n the southern Umted States however

i showed that the vines acquire: addrtronal energy emanatmg from the exposed surfaee x

-of the soﬂ and 1ts transter to'the canopy Thls addrtlonal energy then enhanced

'. ,;'transplratron, so that E could be in excess of radlant energy drrectly 1ntercepted by

g the vine. To understand thrs phenomenon water use by vrnes should be con51dered in

ot terms of their energy balance cornponents Avarlable fadiant energy (Ry) 1n01dent on o

' the v1neyard surface is erther used d1rectly to evaporate rnorsture as latent heat (KE),

. or stored n the sorl (G) oris grven off as sensrble heat (H) by the 1ntercept1ng

o sur_face_.
CRy= 7_rE +H +_G e @ o
, The soil surface is the major source of H in vmeyard:s but it can also be
generated frorn the canopy A framework snnllar to eqn (2) can be apphed to that
o fractlon of energy absorbed by the vine canopy (Rm) L -
"-mewaa ':.-~:-;;p¢e--*'

e where the subscnpt ¢ apphes to vitie, canopy In the studres of Herlman et al. (1994
'- __'1 996) they found that B accounted for up to one third of the energy used for E.. This

o isa phenomenon that has been reported in other ﬁeld crops planted in wrde rows, and

' sornetnnes termed the clotheslme eﬁ"ect By this process energy ori grnatmg from the .

o exposed sorl surface is advected to the canopy under unstable condrtrons to. enhance

~ crop water-use (Johnson et al. 1981; Graser et al.-1987; Sojka et al. 1988) However,
data in Table 2 suggest that this process may not be important in enhancing water use

by the grapevine at Merbein. Despite the similarity in R, at Lamesa and at Merbein, A
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7 -E was lower whlle H was hlgher at the latter compared to the fonner locatlon (Table
b 2) At Lamesa AE. was in excess: of R,., meaning that the vine must: ‘have gamed
energy from H transferred to {he canopy to support transpn'atlon ThlS process is’

-, d1scussed further later

Table 2 Comparlson of dally averages of the components of energy balance for ngated grapeyines
durmg the, mld part of growmg seasons at Merbem, Austraha (34" 13 'S, 142“ ’E) and Lamesa USA
: : ' (33° 30 N 102"W) ' : :

S ._ .' -Energy component ' Larnesa Merbem
(MJ m’z) (5-8 June1991) (15—20Feb 1996)
’ _ o Wkole vmeyard -
Ra o154 ERR 141
| ?\,E s - N 54 3 S "61 |
B L 63
G 36 - 12

Vine cdnbpy _
CRe B S e

 AMERw 148 059
AEOWEABY AT 32

Sou.rces Merbem from I A M. Yunusa R.R. Walker and P lu (unpubhshed data)
and T.amesa frorn Heﬂman et al: (1994): TR
Dlvnde l Eork. E, by 2 45 to obtain E or. E in mm.

| An underestnnatlon of L E, could not have been the reason for 7\. EC belng less

" than energy 1ntercepted by the canopy (Rao) at Merbem since the ‘sapflow system used

‘was cahbrated (Yunusa et al. 2000), and was also satisfactorily compared against
another sapﬂpw monitoring technique {(Lu et al. 2002) The result at Merbein could -

i
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be assocrated mostly w1th mlcrometeorologlcal COI‘ldlthIlS, espe01a11y the degree of

moistness of the atmosphere and/or presurnably the low stomatal conductance. -
. Air humidigz-

The morstness of a1r deterrnlnes 1ts drylng—power Dry a1r generally has a

- greater dryrng capamty than a morst one: Humrdrty also 1nﬂuences the response of the

plant 1 to env1ronment by controlhng the degree of openrng of the stomates (pores on
leaf surfaces that form the pathway through whrch water is: lost to the atmosphere and
through which COz enters the leaves) For the purpose of these. exchanges the air-
_.m01stness is consrdered in terms of rts vapour pressure deﬁcrt (D) whrch i the partla] :
_ pressure exerted by the water Vapour molecuies in cornpanson to the partial pressure
they exert 1f the air was saturated at the same. glven temperature Plants. are generally
'- sensitive to D, such that grapevmes tend to shut therr stomates as a1r gets dr1er often
observed around mid- day (Loveys 1984) This happens even though soil- water may
be read11y avarlable (Lange and Meyer 1979; Larsen et al 1989) Conductance of
'water~vapour through the canopy of 1rngated grapevmes declines rapldly once D
~exceeds 1.0 kPain mland Austraha (Lu etal. 2003) Once stomates close, Ryc rnay
not be entlrely d1351pated through A E, but remams stored in the canopy, whrch then
' becomes hotter than the surroundmg air (Table 2) and rnakes the canopy a mgmﬁcant

‘ source of H
Transport mechanism .. ... i

. Wrnd conveys Vapour away from the evaporatlng surface to malntarn the
‘ 'gradlent between the surface and the air, which then ensures contlnuous loss of water
vapour (Monterth and Unsworth 1990) ‘The charactensttcs of the prevarhng wmd that
_ have a profound 1nﬂuence on Ec are 1ts speed and hurmdlty For 1nstance the capactty
of the wind to- absorb rnmsture is generally mversely related to its humtdrty so that dry -
-wmds tend to have greater drymg power than a morst one. A relatively moist w1nd
may, however sustain E, since they are less likely to induce stomatal closure, as
described above 'In the study of Heilman et al. (1994) that was 1ntroduced above, the
stomatal conductance was much higher than was observed at Merbein (Table 3). This

i
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- was duein part toa comparatwely lower D at Lamesa than at Merbem The resultrng '

hrgh rates of E; at La:mesa cooled the canopy below the temperature of the

surroundmg air by as much as 5°C. Conversely at Merbeln stomatal conductance was-

low and the canopy was warmer than the ambient air by up to- 4 7 °C irrespective of -

_ '_ the rootstock

The foregorng, t_herefore, suggests that weather cond1t1ons at Lamesa are more

o . Qconducrve for d1ss1pat1ng heat through A Eq, whrch could be enhanced by a net

transfer of H to the canopy, compared to 1nland Austraha Thrs is con51stent with.

_“values’ for the decouphng factor (Q) whlch sets the relatlve nnportance of

> "aerodynamrc forces rn dnvmg Ec (McNaughton and Jarws 1983) A lower Q at-

7-'-Merbem (Table 3) suggested that the E: was controlled less by radratron than by D at

' thls srte, compared to Lamesa where the preva]ent weather condrtrons appear to be -

o more conducrve to sustalmng hrgh rates of transplratron The 4-year averages of key |

-+ weather varrables show that. Larnesa is generally warmer and windier, but more humid-

' '_:(has 1ower D) than Merbem Darly averages for the main weather Varrables at~
“Merbien were 1 27 kPa for D, 36.1 MJ for radiation, 2.6 m's” for wind, and 20.1 °C

for mean temperature The correspondmg values at Lamesa were 1.40 kPa, 23.0MJ,

' :-53 43 ms’ and 23 6 °C respectrvely (Table 3) Long-term weather data (Fig. 3) show :

that Lamesa is generally more humld (average D'_ 1. 27kPa) and wmdler than -~ = .

o ..Merbern (D=1 44kPa) from mrd—season onwards ThlS suggests that the second half
) *'sof the growrng season at Lamesa with declmmg D (Frg 3d), wznd Speed (Fig. 3b)

: -and hence evaporatrve demand (F1g 3e), tends to be more: favourable to sustammg

. -hrgh rates of transprratron than at Merbem Iti is probable that the prevarlrng wrnd at.

_ _Lamesa bnngs 1n morst arr to account for the relatlvely low- D whrle the hrgh wmd

- speeds i mcrease the potentral for the transfer of H to the canopy. . Therefore

- ‘transprrano_n-may b.e-_less likely to be moderate_d by-_the physrotogl_cal_control '

- _: mech'anisms of the vine at _Lame'sa than in the drier envi__ronment' at'rMerbe_i_n. hE

. Page 84 of 165

saaaafnnannRRNARRANRRRROERRERE




_‘Fable 3. Typical Jeaf characteristics for grape'\_fines, and weather variables for‘.the daysof .
measurements, at Merbein in Australia and at Lamesa in USA- durin'g the mid part of the growing

" 'Aseason (The vines at Merbem were vanety Sultana exther on thexr own—roots or on Ramsey

: 'rootstock)
L ) e o Own- rooted Ramsey
Peak Ieaf ar_ea per plant (m ) B ‘i_ 165 "‘_:?-.. 284 | ] 47 ._ :
,:l:_Peak groundcover (%) o ;'. 300 45 _: 11
Stornatal conductance (gs) (mm s ) | 32 24 200
B Leaf—air temperature( C) . :-' 47 - : 45 '. -5;0_
__ "Alrtemperature (°C) S 20.1:'- EARRTE 252"
‘Vapour pressure deficit (VPD) ,' 12 o | 1.0
- Wind speed- (m's™ - SRR 25 S 25
: :._Average coupllng factor(jl) o | _0';_13-'_ 'V e - 0.53

, 'ty and leaf temperature measured on 17 February 1995 at Merbem “and- between 5 and § June
L 1992 at Lamesa; Data for Merbem from Yunusa. et al (1997) and I A M Yumusa, R. R '
; "; . WaIker and P Lu (unpublrshed data), and for Lamesa from Herlman ct al. (1 994).

: Drfferences in LAI peak groundcover B and leaf-alr temperature between Sultana on own.

: roots and Sultana on Ramsgy srgmﬁcant at P < 0.001.

 Soil moisture

_ Transplratlon is. sensmve to avarlablhty of soil water and conductance of
water vapour through the stomata (ga) is often restrlcted at low levels of soﬂ water
avallablhty Trambouze and Voltz (2001) observed declmes m Ec from grapevmes . p
) once sml-water avaﬂablhty dropped below 90% of field capaaty This ‘may not be | . :
| crltlcal n many irrigated vineyards, where supply of soﬂ water is often kept at :
relatively high levels. However, manipulation of water supply is becoming an _
important tool f;o'r achieving high water use efficiency for fruit yield and quality.

i
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Technlques such as Regulated

(PRD) afe. bemg applied in order to minimise w

30

Deﬁcrt Imgatmn (RDI) and partlal rootzone drymg

. - (a) Daily mean lemrper_a,:t_u'l:e' :‘___._“ B
25 s el _
, o 20 ¢ L . Flgure 3. Weekly averages for
R B ey — e DR I _selected meteorologlcal
g 10} T R _.'Mer_he'in‘ EIERURE T
R S . 7_var1ables for Merbem
g0 yaverage wing opecs - i T Austraha (1994-1993) and
g sot ‘ ~ Lamesa, USA(199642000)
% 40t Start of growmg season taken
g 801 o.oasd September at Merbem and
Bl -
RTINS B 1 Aprll at Lamesa Sources
3 0 [ted ttae'oo'r ores'srurxé deficit (D)} _Merbe_m WCBtht?I‘ data from
- ' CSIRO Plant Industry,
20t . S o
&  Merbein; Lamesa weather data
EER S (http: /flubbock tamu. edw'lmgat
e b ' efetfarchwe html)
. -1 2 .0' L (d) Daily potential evaporation N .
]
B 90}
A=Y o
% 1
g 80
E .
E - 3.0 1
© o L e
D 60 120

Growmg season (days)

ater use and to 1mprove grape quahty

' The foregoing dlscussmn on how m1cromete0rology and soil water 1nﬂuence

' .transplratlon has shown that prevallmg ¢l
the d1fferences m E. reported for grapevmes in the literature.
was found-to be’ 1 3 mm ar! (12 4 11tres/vme/day) .

dlscussed above, a daﬂy rate of E¢
96 (Table 2) (. AM. Yunusa R.R. Walkerand

in 1995 (Yunusa et al 1997a) and 19

1mate factors could explaln toa large extent

From studles at Merbem

,P Lu unpubhshed data) “This was lower than the upper rates of 2 2 mm day” from

' v1r_1es with canoples smaller than those at Merbem and growmg in the cooler and

' moister envr-ronments of North America (Lascano et al 1992 Heilman et al. 1994) :

- Cool condltlons also tend to prevail in grape-

growing areas of southern Europe where

sumimers experlence considerable rainfall and Egq rarely exceeds 6.0 mmd"' (Sene -

1996; Tranibouse and Voltz 2001). The ratio E¢/Epo at Merbein during several
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perlods of measurements in the two seasons averaged 0. 15 Thrs suggested a seasonal
: grapevme water requrrement of 21 0 mm or 2.1 megalitres based on the- S-year average
( 1994——1998) for total Epm of 1517 mm for the growmg season (September—Apnl)

o Drfferences in water use and water requ1rements could also be due to varretal

. dlfferences between both scions and rootstocks '

' 'tholé: '_y_.ine_yard _'-watereuse;a_nd water requirement _'a_t -M-er'bein-

Water reqmrements are generally low for dnp-lrngated vmeyards where both

.E and E are generally conservatrve "This was ev1dent by the measurements made at -

- .Merbem between January and March in 1995 (Yunusa et al 1997a) and between

January and March m 1996 (I A M Yunusa R R. Walker and P Lu unpubhshed

g data) where dally rates of E. are generally between L. 8 and 3.2 mm d! (F1g 4a)

These rates were Iower for 1995 (average 1.74 mm day ) when E was obtamed by
separate measurements of E w1th rmcrolysrmeters and B, with a sapﬂow system

_ compared to 1996 (2. 49 mm day ) when the Bowen Ratio Energy. Balance technlque :
‘was used It appears more' probable however that the dlfferences in rates between
the. two years were assocrated w1th a.greater evaporatrve demand in 1996 when darly :
- 'rate of. Epot averaged 7.5 mm compared to 6.9 mm 1n 1995 (F ig. 4b) These values -
were remarkably snmlar to 1. 8—3 5 mm d reported for 11 ~year.old - vrnes planted 1n a.
2 Am gnd in southem France (Trambouze et al. ]998) but generally hlgher than the

. average.of i 6 mm dina prev1ous study at- Merbem (Yunusa et al. 1997a) Inthe
pI‘eVIOUS study, Yunusa et al. ( 1997a) est1mated E to be less than’ 0. 8 mm d dunng
the January—March period, compared to1. 34 mm d! measured w1th mlcrolysrmeters
(Table* 1) : | A
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. . taSVineyardwater-use . o | o' 9005 o ’ . IR . o L :
40t Cteee | * Figure 4. Weekly averages for .~

-(a) vineyard water use (b}
_potent1a1 evaporat:on, aird {c). crop

factor at Merbern Ewas '

' determmed as the sum of separate -
measures-of sorl evaporatlon and

: transprratlon in 1995 (Yunusa et

Bt (md) g amg

ol 19974) and determmed w1th a-

"Bowen ratro energy balance

techmque in 1996 (. A M. .
Yunusa, R. R. Wa]ker and P Lu '

" Grop factor )

unpubhshed data)

O 7 1421 28354249566370778491
’ Day of the year

Esttmatlons of water requlrement for irii gated crops are commonly based on a
. 'crop factor (Kc), or the ratio of E to Epot for a glven pertod or for the whole season
i "The data presented in Fig. 4 covered almost one half of the seasons, and the meéan

_ _values for Kc were 0.32.in 1995 and 0. 29 in 1996 An average value of 0. 31 for Ke

RS _.'would therefore be approprrate for thrs srte and was used to. estlmate seasonal water

i ':. requrrernent of 450 rnm (4 5 megahtres/ha) for a typ1ca1 drrp 1rr1gated vmeyard from a

o ’5 year average of 1450 mm for the seasonal Epog
" "Conclusion

' }t 1s demonstrated here that water use by grapevmes and the vrneyard as a

2 __..Whole is strongly mﬂuenced by the envrronment Hot and dry condrtlons prevalent in

~infand Ausiralia durrng the growmg season exert con31derable restramt on stomatal

- conductance thereby 11m1t1ng transprratron, desplte frequent 1mgat10n Sotl

evaporatlon isa major component of the evapotransptratlon accounttng for up to 47%

o of the seasonal water use. Most of E oceurs just out31de the canopy edge espec1ally

- on the northern side of the vine rows following rainfall and/or irrigation. Seasonal
water—requlrement was estimated to be 450mm (4.5 megalitres/ha) based on a K. of
0.31 fora drlp -irrigated vineyard at Merbein. It should be noted that with fall-cover

: 1rr1gat10n the estimates of E would be larger due to high rates of E from the ‘whole
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surface of the soil'that-.is- wetted 'frequendy; and rnay increase seasonal water

requirement by up to 'SO%, more so with cover erop's-(Y unusa etal. .1'99.7b)..

Understandmg of some of the i issues dlscussed n thls paper is st1H llmlted and
 requires further study in order to develop practlces for achlevmg sustamable irri gatlon
,."water management These 1nc1ude ' ' |
e Well deﬁned protocols for the use of commercra] sapﬂow sensor systems for a
wide range. of env1ronments espe01a11y cahbratlon of these systems in the ﬁeld
_ _;-.Once this techmque can be used wrth a hlgh degree of certamty, Varletal ' B
';dlffcrences ini stomatal rcsponse to ternporal -and long term dyna:rmcs n weather
o and other envrronmenta] condrtrons can be charactensed and modeled w1th
| 're]atrve ease Most rnodeIs currently 1n use do not adequately account for varietal
or rootstock dlfferences in response to a set of envrronmenta] condltxons
~e_ The questlon of whether grapevmes transplre water at night. Desplte data
. 1nd1cat1ng nocturnal Ec, (Green et al;, Luet-al. and Petne ct al., th1s proceedlngs),
further- wc)rk is requlred fo better oharaoterlze this phenonemon )
S o .- Re-evaluation of the efﬁ01ency of above ground tnckle 1mgat10n on medlum and
- heavy textured soﬂs Ttis. shown here that s1gn1ﬁcant lateral redlstnbutlon of
water both at the 3011 surface and w1th1n the proﬁle occurs to support relatlvely
> hlgh rates of Es at Iocatlons dlstant from the drlppers '
" g-' . _Eproratlon of opportunltles o convert water lost through E; for Some productlve

-use, ‘such as for .co_ver -crops that_coul_d prov1de mulchr.and en_nch soil carbon.

_ In conclusron lessons learnt ﬁom grapevme water use in the Northern _
Hem1sphere should be apphed with cautron to m]and Austraha where the vmes tend to
| -be highly par31momous in their water use. These Iessons may, however be more
R read11y apphcable to coo]er dlstncts sueh as the King Valley or Southern V;ctona and

' South—eastern South Austraha
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