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Abslrsct.  ( l )  The hydraul ic conducrance of roots of
chilling-sensitive mung bean ptanls is reduced
markedly al low tempcratures. Whcn roots are
chiUed suddenly under high irradiance, or when
plants with rools chilled in rhe dark are exposed to a
nalural dawn, the stomala remain open for several
hours. During this period the planB may wit t
severely if the evaporarive demand is suflicienrly
large. Under lower evaporarive demand and less
selerc wi l t ing. the planrs may subsequent ly

{2) Fol lowing roor chi l l ing there is a rapid
(<: l0min) ini l ia l  change in roor conducriv i ty (3.2-
fold).

(3) Within hours lhe hydraul ic conducriv i ly of  the
pathway from stem xylem !o leaf lissue decreases
dramatical ly.

(4) Wilhin ld,  the hydraul ic conducriv i ty of the
roots decr€ases further (4.5-fold).

'5) Over rd rhc,e Iarge re\ i , r : rncA di \appear an, l
condu(u!| | )  recorcr\  to a value grearer than at (he
start of chilling. This response and stomatal closure
al low the planl lo rehydrare ro a condit ion simi lar to

(6) There is no simple relarion between this
hydraulic recovery and the accumulation of abscisic

ti.t n.rd: t/ifno tu.liata: rcot chifinq: htdrauhc conoucuvny
changcs: Niltrn& ahscisic acid

Introduction

Temperalures between 0 alld 12 C cause rtrlury or
deali to many plants of subtropical and rropical
on8in. Thc actual lcmpcrature at Nhich chi  ing
InJur\ occurs depends on the ptanr species. the lengrh
of rirnc the planr is held ar chitling remperalures. and
rh( dcFrcc of nn.,r  

'chi t t  hardenrna (Sreu1,r &
Curnn. to6a) when rhe roor,  are chr ed l |ur ndy
bc rapid wilrjng (Kramcr. t942t Kuiper, 1964i
Mcwil l iam. Kramer & Musscr.  I982) and ir  is rhis
response which is sludied in rhis r 'aDer.

On chi l l ing rhe hydraul ic conducrance of roots
decrcases substantially (Markharl .r ut.. l9j9a).
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Thcrefore, chilling rhe roots of plants may reduce the
rate ofwater uplak€ and/or lower the water porcnnar
in the shool (Slaryer,  1967).  However.  wihing
depends on evaporalive demand so rhar chillini
in,ury can be prevenkd by mainlaining a saturared
atmosphere around the leaf (Wilson, I976).

Chilling-sensitive plants have been observeo to
recover turgor after their roots have been 4 or 5 d at
5'C (Bdhning & Lusandana, t952; crcjbbelaar,
1963). An explanation of rhis response was nor
proposed bul the pretrearmenr of seedlings with
synthet ic abscisic acid [( I )-ABA] pr ior lo wnole-
plant chi l l ing can reduce chi l l ing- induced $ater, loss
(Rikin & Richmond, I976).  Addir iona y, large
concentrarions of ABA accumula!e when planls wilt
(wright.  1969i Mi lborrow. 1974).  Thus, ABA may
be involved in this hydrautic recovery (clinka. 197?:
Fiscus, l98l). Part of this protecrive €ffect of ABA
against chilling is associaled with sromaiar crosure
(e.g., Mcwilliam z,r a/.. I982). However. direcr effecls
of (I)-ABA on root conduclance have arro ocen
demonstrated by Markhatt et al. (1979b],.

In this study we measure rhe chang€s over several
days 'n lhe hydraulic prop€rries and ABA
concentratrons in mung bean planls chi l led under
different evaporative condilions.

Materials and methods

Mung beunn plants (l'igna ro.liata (L_) Witczek cv.
Berken) were grown lo lhe fveJeaf sragc rn
phylolron glasshouses (Morse & Evans. 1962) at
2l i  l6"C ldaylnighl temperatures) in cyl indr ical  pors
200 mm long and 50 mm in dianeler. and conrarnrng
\c'mi(ulrrc Thc,c pos wcre suppL,rrc, l  in an
amb'ent, lemperarure, aerarcd waler-balh conlaininS
tap warcr. The plants were r.rnsf€rred cvery I d lo
anothcr balh al the same renlperat rc which
conlained Hoagl,rnd s solul ion and were relurned lo
lhe warer-bath af ier 8 h in nulr icnl  solut ion

Ellt.t of nralian&'on d?htdrati.n n(ttxu! h ithry
The_expcdmcntal  proccdure inrolved leaving l0 of
8C phnrs in the ambienr w ler-bath and trani ferr ing
the rcmaining planrs ro an acraled 5 C lo$a
lempeinrure halh rr  2400h Air  lcmncrrru,(  * tr \
: i  l 6  C  ' . ' r  a l l  l r c ! l m c n l . .  t h r  l f r (  ( t r r T c r c n l
rrradiances ro which planrs wi lh chi l lcd roors $erc
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exposed werc 0%. 25%, and 100% of full glasshouse
irradiance. Shading was provided by Sarlon shade
clorh, irradiance was nrcasured with a Lambda Li
l85B Radiomeler w(h a Li  190 SEB sensor.  Relat ive
walcr conlcnr (r .w.c.)  was detcrmined usjng the
mclhod of $eatherley r1950).  lhe main e\pcr imenr
was conducled in December. rhe monlh of highest
irradiancc in Canberra.

Vft uttlt,rt "l h'o! iaklu(tth?. Priot to

measuring root conductance, a1 least Idmr of tap
water al  ei ther 5'C or 2l 'C was slowly pourcd inlo
lhe por '  ro f in 'e out olutes so that lhc o'moric
prcssure of water in the pol was near zero. Thc
shools were then cut off wilh a razor blade
immediaiely below thc colyledons and th€ leaf areas
were measured on .r planimeter (Lambda Li 3000).
Thc pol was placed ei ther al  5 C or 21 1l 'C in a
pressure chamber (Soi l  Moislure Equip. Corp.
Model 3000) and a seal tigblened around the stem.
The chamber was pressurized wilh nitrogen and the
!trn e\uded from lhe cut stem $a'  col lecled in pre-
weighed vials lilled with surgical collon. At any
pressure, sap was collected in four Yiah oler
successive periods of 30 s to calculate lhc exudalion
ra!e. Even at the lovrest exudation rales. the
measured changes in t'ial weight were at leasl 20
lrme\ lJrCer rhan thc $erghrng errots or c\uporal i \c
Iosses from lhe vials.

The technique for routjne measurement ol root
conductance was as followsr immedialely following
removal of  rhe shoot.  0.6MPa was appl ied and
maintained; between 2 and 6 min 1aler the exudalron
rate lras measured over four periods of 30 s- So that
plants of different sizes could be compared morc
easily we havc delermined lhe rool conductivity as
def ined by Fiscus (1981),  which is the ral io of rool
conductance io plant leaf area.

Ef.i of lt^r root t?ntp?rature on rllulitt ttal?r
conte t, ta lpirdtiol, leuf e du(lanft rool
rcndudtitr, at1.l ABA (ontut oJ n ng h?an |Iants

Experimental planrs grown under the slandard
condirions were lransferred lo the ae.atcd. lou'
lemperarure rool-brth ar 0900 h on l5 Scptclnber
l98l  for 6 d. Conlrol  planls were maintained in thc
irmbient remperarure bath during this period
Relat ive waler contenl,  i r radiance- and rool
sonducrivity were measured as described earlicr.
Transpirarion \as assessed in subsets of six planrs
whose pots were surrounded by polyethylenc bags
thar were sealed rr rhe stem and whose weight loss
\ras recorded elery 2 h. To avoid anrerobic
condir ions individual pors were included in lhe
transpirat ion rerding for only 6h. Al l  pots scrc
returned unco\ered to thcir rcspcctivc waleFbatbs
overnight. Leaf dilTusivc conductrnce \tas nrcasured
rirh a Lambda Li  60 di f tusi !c resisranc. nrcrer.  ABA
was measured using the methods out l i r )cd in King &

Patr ick (1982) in\olving high-pertormance l iquid
chromarography for purification of mcthylated ABA
and electron capture detection on a gas-liquid
chromatograph for quantification. Expcrimcntal and
control leaf and root samples were taken from four
or l iv€ plants at 1200 h on days l ,  2,  3,  and 5. These
samples werc weigh€d fresh, then immediately frozen
in liquid niirogen and freeze'dried prior 10 dry
weight and ABA determinarion. Rool conductance
was measured at 0910 on day I (lhat is. within
20min of chi l l ing),  th€n al  midday on days 1.2.3,
and 5 for conlrol and trealed planls-

Rehfltation of wilte.l shoob. To establish a ranse
of values of shool r-w.c., plants were transferred to
the 5'C rooGbath and removed aftcr periods from I
1(] I h. The shoots were excised under water jus!
below the hypocolyls and left sraoding in llasks of
water at 2l'C and in a low-energy nuence rarc
(- l0Wm ' � ) .  Immediately and 30min after
excision the r.w.c. of the leaves was m€asurcd.

Osmoltu pressure. Leaves from fully hydraled
shoots were placed in tesl-tubes and plunged into
liquid nirrogen and the tissue crushed with a pestle.
Osmotic pressure of the expressed sap was measured
using a ihermocouple psychromcrer (wescor HR
317).

Leaf yatet potential. Single leaves from control
plants and plants chilled for 5d were enclos€d in
plastic bags and lransferred 1() a pressure chamber
where a plor of relative water conlent f. applied
pressure was obtained. (No dilTerence was discerned
between control and chilled plants.) An averaged
plot thus obtained was used to esrimale leaf waler
potential ffom r.w.c. in whole plants. These results
were used to produce the scale ofapproximate water
polcnlial in Fag. 4.

The efed o1 applied ( ! )-ABA on root tonductank

Root conductance was measured in samples of
slandard 6ve-leaf plants at rhe beginning and afler
6 d of exposure of their roots to an aerated solutron
of (I)-ABA. Temperalure was that of the glass-
house r2l  l6 C. da) nrghl) .  In the f i r ' r  e\ f \er imen(
( t ) - A B A  c o n c c n r r a l i o n s  w e r e  2 x l 0  3 , 2 x l 0  1 .

and 2 x l0 5 mol m I  (each in 0.001% ethanol)  and
these were compared with two conlrols. one of
0.001% ethanol and the olher of dist i l lcd water.  A
secoDd expe ment was conducted with only two
{t) 'ABA concentrai ions (2 x l0 3 and
2 x l 0 ' � m o l m  3  i n  0 . 0 1 %  e l h a n o l )  a n d  c o n r r o l s  o f
0.01% erhanol and ofdist i l led water.

Results

M4surtnknt oj root k'ndu(tane

Figur€ I shows thc cumulalivc weight of sap
cxprcss€d from a cul slem by a prcssurc of 600 kPa
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figurc l. Thc.umulunle pershl ofsuF cxprc$ed lrom an exci$d
R)(n syslem 6 ploucd a8ainsl rh. time aft{ lhe aDptication ol
n  6  v t . , .  rumuta  !c  t rL rahrnS e i iu^  dn , j  rc t iu \c  , r r in8  e lo r \
rrc ncg|grble on lhis aale.

applied ro the wer roots in a por in the pressure
chamber. The cxudation rare is very nearl, constant
between I  and 15min after the appl icat ion of the
pressure. (The initial rate is slightly higher and this
diff€rencc is probably due ro the transient volumerric
response of the root sysrem and suggests an apparenl
volumetric modulus for the roors of about t00 MPa.
This value is much larger than rhe volumetric moduli
of  lcav€s about 9 MPa in this study bu! this is nor
unsurprising in view of the differences in analomy.)
Figure 2 shows a rypical plor of exudatioo rate L
pressure. Therc is a small posirive intercept on lhe

T M€ OF OAY

Figure L Relaovc sard contenk, tmns!trarion rulcs. lnd root
co.duclivilies ofnunBbean plants wbose rools werechilled at 5'C
during a da!. Roo$ oi $ilrol plants *erc hcld at :l C
Iiiadiance s.s full sunligbt Planls chilled bul kepl in darkncss
had..$.c.: indnlinguuhablc fron.ontoh

exudat ion axis,  and lhc relal ion is nonlurear ar
pressures less than about l00kPa. Al pressures of
200 kPa or above. however, lhe relation is linea. and
may be extrapolated to an interccpt very near the
origin. Thus. for pressure differences of 200 kPa or
more the roots behave under these conditions
according to a simple resistance law, i.e. the ffux is
proporlional ro the applied pressure.

Efect o.f irra.lianc? on dehrdtdlion hduc?d h| chi i s
Figure 3 illustrales the elTcct of root chilling
(5'  r ' .2 l 'C) and irradiance on lei l  relal ive waler
content (r .w.c-) .  For conlrol  plants in the ambicnl
$ater bath (2l i2l 'C shoot,roo0 the r .$.€. remir ined
about 90% throughoul !h€ day. Chillcd plants
( l l i5 'C shoot/roo!)  exposcd lo the highest i r radiance
(481 w m-' �PAR maximum) d€hydrated rapidly
after chi l l ing and cont inued ro dehydrate t i l l  rhc
r.w.c. fell below 6096 by 1800 h. The effecl $as less
severe al rlre lowcr irradiance rnd f,lanls in darkness.
but wi lh roots at 5 C. maintained r.$.c.  s ini lar lo
lhose of the conrrol  plan(s (data not includcd in
Fie 3).  Simi lar ly.  plants l ransferred ro a 5 C ! \areF
balh on a clear May day (269Wm :) and on an
o|ercast July day ( l l0Wm :) respondcd in lhe
same manner as the 0.25 sunl ighr and zero sunl ighr
! 'earmenls. respeclrvely.

Ar the other extreme of i r radiance. when plants
werc transfcrrcd to the lor-rcmperalure b. h r t
I100 h durins . l  per iod of hish i rradiunce
( > l 5 0 W r n  ?  P A R ) .  w i l t i n g  \ \ r s  . a p i d  a n d  r . ! . c .
dropped below 75% wirhin 40 min. Chilling ar higb

\a
tr

I

a  P /  M P a

Figure 2. The exudarDn turc lion rn crci$d (Dt syscm ns a
luncr.n ofupplicd prc$urc The bdF fc $c'shrns edo^ uo lrc
nonrDal s.curacy ot thc pe$ure meL..
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J .d  op .n  c&1. \  rh r l ld  n | ln ls  l ] rc  ln r  ! r  l )9 ( , l rh  on  da \  |  r .p rescnt r  rh .  n rn  d t  chr f ing



I ighr-rnrcnsi l rcs produced a more rapid dehldral ion
than Juring r  nalurdl  dd$n but lhc resulr  in lhc
aftcrnoon was simi lar: i .e.  r .w.c. fel l ro aboul60% by
r800 h.

Lllt, t nl' lo\ hL'! hnrt.trutc r.l,tti\t nt'(t
ontunt, ttan\piratiul. toot t\rtduct^itt, ahd ABjl
(ontent ofn hg bean plu ts

The changes over 6d in rclat ive wate. conlent and
transpiralion following rhe chitling of mung bean
pldnl\  dre sho\ n in I  rg 4 The trealed nlant\  $ere
trannarred lo lhc Io\  - lemperalure bdrh at 0900 h
and had wi l ted wirhin I  h.  Retat ive waler conL€nr ar
this stag€ had dropped to 80% and by 1030h
lransprralion had dropped 10 30% of rhe conlrol
planr values.

Relative water content in the rreared plants
reco\ercd on al l  night:  lo apnror|marely q0oo or
higher.  4lrer 0800 h on rhe ,econd and lhrrJ da), .
wilh increasing irradiance lhrough lhe day, r.w.c. fell
1(r about 65% and the leaf conducrances were in the
range 0.05 0.1 cm s I During days 4. 5. and 6,
r.w.c. in the lrealed planrs was consistently above
8570. the planls regained turgor,  and stomalal
conductances and transpiration rales of thc lrealed
and conrrol  planls were more simi lar than in rhe f i rsr
l d .

Roor hldraul 'c conduclr \ i r re. .  of  n1Jnr,  srmf,eo
6n di , ! '  l .  2.  l .  and 5 dre tr \ reJ in Frg 4.
Immediately on chilling. conductiviti€s were rcduced
3.2-fold. This change was relersible: when roorr were
chiued for 15 min and lhen returned ro 2t.C rheir
conductivily returned ro equal that of lhe conlrots
(data not shown). By days 2 or I  conducl iv i ty had
dropped a furlher s-fold but by day 5 there was
some recovery. Conductivi(y of rhe chilled roots was
hrgher on day 5 lhan the value measured
rmmediarely tol lor\rne chr ing. Changc: rn
conductivity were measured in seleral independent
expcrimenlal runs and their liming and order were
reproduced in cach run.

Relat ive lo conlfol  planls.  Ieaf and root ABA
€onl€nts incrcased wirhin I  h of chi l l ing (Table l ) .
Leaf ABA conrinued lo increase over dts 2 and l-
!hen lher€ was a signillcanl drop b€tween da!,s I and
t Roor AAA lcrels $efe \r8ni f icanrt t  hrrher lhdn
conrrol  phnr Ie\cl \  lhrouChour lhe e\Fcnmcnl
dl thoufh no lrend \^d'  obvrous. The chanqc, rn roor
conducl iv i ty afrcr chi tUng do not corralate wrrh
changes 'n ABA in rhe ptanr.  The lo, fotd incrcase rn
A B A  u r r h r n : 1 h  o t  L h i t t i n g  q a \  n o r  m a r c h r d  b l  r
cnaDge In Lonductrv l .

We cannot resolvc $helhe. ABA in lhe roors *rs
imr' . rrcd ,rom l le iedrc. anJ "r . \nthe,r, ,eJ , , ,utr
(( f .  Haf lung & Ahou-MJndour.  tei0l .

, ' l \ c  Lp . { r  ( . ,nJd . r \ r rc .  '  '  un  r .  , , t  , ran . r r r , r r ,n
r r r .  . h  ; ' d r J n { c n , d t  M p d r  w c r u r c l h d r  r 1 L ! . , 1 . . . , \ , o n
r , \ l ' n l \ F l n l \ c n : V p r ' . t r , ' . n r , ' r s ,
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T.b le  l f  Ahsc is ic  dcrd .onrent  (pg  ks '  tWT)  o f  tcavcs  and ( )o ts
ol nung bcan planls wilh roots eilher chi ed (j,,CJ or h.ld ar

amb0nr tempcrarures (2 tr t6 Cl

Day I Day 2 Dayl Dlr 5

L c a l e s  2 l  c  1 1 . 5 1 1 . 4  7 9 t 2 l J
Rooc 2 l  C  0 .610.4  2 .010.6
Lcaves  1 l  C  100.8112 0  l16  516.0
R o o $  5  C  g 5 ! 1 3  t O 2 i l 8

All neasuremcnrs madc al t2OOh. Borh towrenpcrarurc
tEared rools and laves signincanrty drFerent trom conrror roos
!n<l lea\q. Values lstanda eiior.,-4-6

ElJc,I of arrhed ' = t- 4 DA ,aj roo! iadu,.tr ,i

Rool conducliviry was measured afier exDosurc for
6 d 10 (1)-ABA in the culrure sotut ion. There were
no significant differences in roo! conducrivities of
treated and control planls. in two scparar€
expenmenul runs. Neirher ethanol ar the concen_
lrauon u5ed in the\e e\perimenls nor r1l-ABA
anecled roo( conduclrvi ty.  The hrghe! l  conc.nrra on
ol {  |  IABA appl ied in rhese experimenrs
( 1 0  ' m o l m  " ,  w a s  I 0 -  l o  t 0 o . f o l d  a r e a r ; r  r n a n  r n
lhe ledve'  tapproxrmately l0 )  mol m ") dnd root\
l l 0  a m o l m  r ) a f l e r  r o o l - ( h i l t ' n g  ( T a h t e  I ,

D ifc re n t i a I rc h trl ra I i on folloh ine rco t -t h it I i n I
Plants stressed to various r.w.c..s and lhen re-
hydraled after root excision had diferinq rares of
ualer uprake rFig. 5).  Ptanrs wrrh uery io" r  r^.c.
er lher reh)drare mLrch more slowl) lhan do ptdnt.
\  i rh moderalely hrgh r.* .c or else conrinue ro
dehydrate. i.e. lose warer faster than thev absorb
rhrough their perioles. when the planr stem is severed

kaf osmotic tlt4surc
The osmoric pressure of leaf tissue from control
planls was 0.8410.01 MPa and that of  leaf l issue

;
!
E

,"1
INLTIAL R€LATIVE WATER CONTENT

I  iAUre  5 .  r l ld l  u t  In f  b  r . t r .  . .n  r t -c  !hz lFc  r r .  \ . c  J t , ( ,  run ,n

bt exF.$ng rnor Rbt\ ro 5 C [r d,,Tcrin8 p..6ds. Thc sho.s
$erc rhm cul undr salq &d a o*cd ro i,n,i in rarc, al 1 C
r hc r.*c was nrcrsurcd !nnredi!rety and after l0 inin

s

E

l
" l
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from cxperimental planb aller 6 d was
0.8210.02 MPa. Thus thcre was no significanl
osmotic adjushent involved in the regaining of
rurgor.

Disrussion

A plant wi l l  wi l t  i f  evaporai ive demand is high, the
slomaral conduclance high, and if the root
L, 'nducrrv 'r)  b low enough. Al the \amc evaporal i te
demand ihe plant will rcgain turgor ifeither slomatal
conductance falls or lhe root conductivity nses
sufficiently. Although stomala are in the most
advantageous position to control the flow of water
from soi l  to ahosphere (Jarvis & Morison. l98l) ,
orher changes in lhe conduclance in lhe
soil planl-ahosphere continuum can be important.
Our resulls highlight the imporonce of rool and/or
stem conduclance in tbe control of transpiration for
planrs wirh their rools chilled.

Roo! rondu(tit'itr and initial (hi ing rcsponse

In our experiments water flow through the rools was
time-independenl (Fig. l) and proportional 1o the
porenrial dillerence applied during mcasurement of
root condLrclance for pressures above about 200 kPa
(Fig. 2). Thus. the hydraulic properlies of the rools
can be d€scribed by a simple hydraulic conduclance
for typical daylime values. Provided thal the water
outside the roots has negligible osmotic pressure. as
here. then this conductance can be calculated liom
one measurcmcnl of Row and pressure diflerence,' I  

hrs nmplf icar ion great l)  erpedrlcd roulrne
measuremenl ol root conduclance.

Tissue water potenlial can be calculated al any
transpiration rale from lhe various conductanccs and
warer fluxes (root. stem. lea0 as well as tissue wa(er
capacit ies ( leaf hydrat ionjdehydrat ion).  Root waler
contenl is unlikely to change so that the rale ofwat€r
uptak€ by the roots equals lhe lranspiration rale l€ss
th€ rare ot shoot dchydraiion. In the control plants.
rhc debydrat ion ralc is less than r.0.2 nls_r cm r.

which is small compared with lypical daytime
transpirat ion rates of around 2 4 nls _r cm-' � ,  and
rhus the rnlc of water uptake is atproximntely cqunl
lo (hc l ranspiral ion rale In lhe chi l led plants.
however. the lranspiralion loss may be much grealer
than the rate of wa(er uptake. which lcads to the
rapid dehydratjons observed in the mornings of dals
I  I  ( F i g . 4 ) .

Wilh typical conlrol lranspiration ratcs of
:  4 nls rcm 2 and root conduct i \ i l ics of
l0 15 nl  s 'cm '  MPa I  (Tablc l ) .  rhe xl lem
\rater polent ial  al  sreadt state is cxpcclcd lo be
about -0.11 lo 0.40 MPa ( i . t .
lranspiralion - cond uct ivity ). Thc le.tl lrssue \rater
potent ial  ma\ be lowcr lh.rn this duc lo intcrnal
hydr.rulic resislances in the leaf ldiscussed latcr) hut
pro\ ided thal  lhese are not largc. the potenrial  wi l l

be higher rhan the osmotic potenrial  oi  thc celk
(0.8 MPa) and so the leaves remain lurgid.

Irnmediately afier a plan! has been chillcd (Fig. 4).
the stomatal resislance is lhe same as that of the
controls and so lhe transpirat ion rate ( for the
moment) is lhe same as the controls al
2.5 nls 'cm ' .  However the roor conduct iv i ty rs
n o w  r € d u c e d  t o  2 . 9 n l s - ' c m  ' � M P a - 1  ( T a b l e  2 ) .
to produce a udrcr uprr le equal ro rhc t | rn.pirJr ion
rate would require a po{ential difference of0.86 MPa
across the rools which would imply a xllem potential
of  0.86 MPa and a leaf t issu€ potenl ial  lower sr i l l
(severe wilting would be inevitable). However. the
polent ial  is not expecred to fal l  inr lanraneously as
ihe shoot has a 6ni le volumetr ic modulus (aboul
9 MPa at high hydrat ion) and so the l issue potenl ial
falls gradually as th€ plant d€hydrates.

At 0910 on day I ,  the chi l led plants cxperienced
their greatesl rate of dehydration: 15% per hour or
|  0 nl  .  I  cm '  Srncc rhe rrdn\pirar ion rdle r \
2.5nls 'cm ' � .  the rai€ ol  warer uptake by the
roots must be about t .5 nls 'cm ' � .  Using lhe rool
conducl iv i ly of  2.9 nl  s Icm ' �  MPa ' .  lh is impl ies
a xylem waier potenl ial  of  -0.52MPa and a
some\r'hat lower leaf tissue wlrler potenlial. (Using
the approximale poleniial scale on Fig.4, the leaf
tissue waler potenlial is estimaled 1o fall from 0 8
to | .2 MPa berween 0900 and 1000 h in the chi l led
planls.J

Con.luctak.e thang?s ot?t s?rcru| duts

The chilled planis willed more selerely on days 2
and 3 than (hey did on day I  (Fig.4).  On each of
these days thc r.w.c. of the shoots fell from greater
than 90% to rather less than 70% berween 0800 and
1500h. The average dehydral ion rale ol  about
0-3 nl  s- '  cm - ? is hal l  the average lranspirarron rate
over rhis period about 0.6nls rcm u. Thus.
waler uptake by the rools is only 0.3 nl  s I  cm 2 but
the pol€nt ial  drop is large (-0.5MPa) because
belwe€n 1200h on dtry I  and 1200h on day 2 the
root conductivity in the chilled planls has dropped
4 . 5 - f o l d  t o  0 . 6 n l s ' c m ' � M P a ' .  S i n c c  l h e  l e a f
t issue wate. potenrial  fal ls wel l  below -0.5 MPa. rhr
xylenl leaf conducri t i ry is rgnrn lery lo$
( < l n l s  ' c m - r M P a - ' ) .  T h e  c a u s e  o f  t h : s  l a r g c
decrease in roo! conducl i l i ly is nol  kDo*n but
mechanical  darnage or cavrtal ion ct 'uscd by low
water poient inls are possible cxplanal ions. Whatcvcr
the cause. it is this secondary hvdrnulic response to
chi l l ing of roots which prevcnts the plants '  rapid
recovery of lurBor.  l f  rhe .ool  conducri \ i ry in the
chi l led planls remaincd r1 j ls value nreasurcd I  h
afier chilling. then the stoma!,rl closure and reduced
lranspirarion wbich are observ€d would be sufticicnt
to allow the planr ro rehr_drale lo rn r.*.c. silnrlar 1()
coDt.ols within a few hours of chrlling. rs observec
rl ]  cxp€riments run undcr winter l ighL-in!cDsrhcs



After 5d lhc chi l lcd planls havc recovered 10
r.w.c. s simi lar ro the controls.  l  hrs is rhe rcsurr or a
. i S n r f i c d n r  ( P -  a d o o i  i n ( r c r , e  I n  r u o l  c o n d L c l i \ i l )  I n
combinarion wi lh the already reduccd stomatal
conduclanoe. Ihc regaining ot lurSor by lhe chi l led
p l i r n t \  d r c \  | | , , r  i  v , ' h c  J  t h . r r r g e  r r r  r h c , ^ m o r i t
pressure rn rhe cel ls.  srnce lhe osntor ic polcnt i r ts of
c 'ontrols and chi l led ptanrs wcre not signj f icantty
difr'crcnl afi€r 5 d

Oth.| |hanq6 h htdrautk (o, tu(|iIi!\.
By calculat ing the ral io of waler uptake rate ro rhe
xylernleaf diference in potenrial ir can be seen
(Table 2) that the conducliviry of the shoor pathway
has decreased substantially (l l-fold) from rrs varue
jusl aftcr chilli0g F'urlhermore. a mcasuraDre
decrcase In \hoot conductrvrr)  atrer chr l l ing lhe root,
coul( l  al \o bc \efn rn e\cr jcd ,hoot\ .  I , igure 5 sho\ s
rhe exrenl ol shoot rebydrarion varied wirh rhe
dcgrcc of In iJ l  dchldraron pnor lo derjchrng rhe
snoor.  srnc€ lhe \ lem\ were cul  under waler,  rhe
waler polenrial  of  al l  s lems is zero al  rhe cut end.
Had the hydraulic conductiviries bccn equal. rhe
shoors with rhe lowesl r .w.c. should then havc
r€hydrated rnost quickly, since in thesc lhe poren ar
diftcrcnce driving warer uprake js grealest. The
contrary bchaviour is reporled in Fis. 5. Shoors wrn
r.w.c. b€lwcen 75rk ̂ fid SSyo look up enough water
1o rncreasc their r.w.c. considerably. Those with
r.w.c. below 75%. however, look up warer more
slosly than they rranspired and so lheir r.w.c. either
fcl l  or remaincd con:ranr.  Ctearly.  once,hoot,
dehrdrale below dbour 75"" r .w.(. .  rhe hldraut ic
conduclanLe oi  the pdthsa) bel\  ccn shoot \) lem
and lcar IN\uc lal l ,  .uddenlt  ta faclor ot  aboLrl  I  I  in
Table l ) .  Thus. whi le dehydmrions ro r .w.c. s sr€arer
than about 75% arc readily reversed under ravour-
able hydraul ic €ondit ions. dchydrar ions below lhis
r.w.c. are nor readill reversible.

This abrupl and large var ial ion in conducl iv iry
explajns the varied response 10 chi ing under
drr lercnr rrrJdrrnce tFig..r) .  t f  r t rc eviporar| \c
d(mdnd i ,  su0lcrenl l '  hrgh thc rc,ulranl  rr . rn.prralron
causes the shool to dchydrare ro an r.w.c. below 75%
3nd thc hldruul ic condu€t iv i ly decreases suddenly.

HYDRAULIC RECOVERY IN MUNC BEANS .16]

The slomara close and lhis lowers transpira.ron, DLr!
the cxtra resislance kccps watc. uptake evcn lower
rnd .o no rehldral ion occu^. For lo$er e\rporat i \c
demands the r.w.c. never falls low enouqh ro cause
the sudden increase in resistance ,ni ,,n.arar
closure leads to rehydration.

. The large decrease in hydraulic conduclivity coutd
be lhe resuk of cavitarion in xylem vessets which
occurs at sumciently negarive potentials (arouno
- |  2 MPar. or mc(hanical  damdgc lo rhe.e \c\ \els

(pcrhap\ rhcir  col lansd re5uhing rrom rhc tdrgc
geomerric.l changes in the lissue incurred dLrriig
large contract ions (about 25% in volume). We hav;
been unable to disringuish berw€en thesc
explanal ions, but see Milburn ( t973).

Possibte innlvnent of ABA

ABA has been variously reporled to increase, ro
dccrease. or lo have no effecl on root conductance.
Gl inka (1977. 1980) reporred thal  ABA increased
conductance of sun8ower stumps at low flow rates.
Sini lar ly,  Tal & Imber (1971) conclud€d rhat ABA
rncreased conductiviry in dccapirated tomaro planls.
Several studies have found thal ABA does not aftect
root conductivity (Crarn & Pitman, 1972;
Erlandsson, Pelersson & Svensson. t978i Karrnoker
& van Sleveninck, 1978) whilsl Markharr ?r al
{ l97ab) and l- i , (u '  r l98l ,  found a decrcJ,c rn
bydraul ic conduct iv i ly fol lowing ABA appl ical ion.
At ph). iologrcal conccntrar ions. appt ied t  -  l -ABA
drd not chdngc conducrirrry rn thr\  rrud, Al .o.
al though with chi l l ing rhere was a signi f icanr nse rn
ABA lcvel therc was no correlation betwcen roor
conductiviiy and endogenous ABA levcls in thc rool
(Table l). l1 appears unlikely. therefor€. rhat endo-
genous leveh of ABA control roor hydraulic
conduct iv i ly.
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