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(rvrernzer arc urantz. I990). Ryan and yoder ( 1gg7) hlpothesized that, as trees grow taller andage, g" and photosynthesis decrease due to increasin! axial hydr.auii" ,".irrul,1"" fr""uu." of
Imasine l:l]enelh Td_agrng 

t}lydrauJic limiruton t 1io,r,.rlri. rrr".. "." "u0"""* *", o"*

ii:i:![t,'ff Jrii,?:,*l3, ;'f fi ffi iJfffl il#::; ::: ii\T ij," i; ;i,?,li' itf ,2002; Bamard and Ryan,2003;McDowell e/ ai.,240i) the hydraulic li.iiu,ion fr*orfr"ri..
In this study, two tropic al tees, Berrya corcli1olio and Teru inul ia u) t,r, ,"r. ,r, ii""*O a flirnand lowwate ng treatment to measure ary impac t of w atering trecrm "i ""' 

i.')"ra1"m *a fatuna andrclatethatv|ili the growth characrerjstics and the liafphysiofoO o, ,, ^ ,o urau rfr"
e ll-ect ofwatering treatment and genus on h) draulic conducri,. ities tcU",. ""'r.r";;;,;;;;";only) and the percentage loss in conductivity and to assess the relati*G 

"-"", nrd*r*
characteristics and gro1 ,1h.

MATERIALSAND METHODS
PLANT MATORIA LS AND STUDY SITE I

, Seedlings of B errya cordifolia (Sa,tanddla) aid, Tenninclia arjuna (Maudal) wereobtained from District Forest ol}ice, Batticaloa. Soils ofloam; : comport, fou.t 1-l ,i , t; Vu lvo"evenly mixed with hand and mamrnotv fo1 the pots. Then sojl m ix ture was c"lno*,L ,ur"a i" O fwhite_polyhene bags (pots), which have lbur drainage holes at the bo ftom, by adding water soillayer by layer The pots were randomized foreach ginLrs witf., pu.ti"rf* *#ii! t eatment (71

i::i:::::I:^?:::/Lo\\.B corrifotta/Higharan.co,aiioriatr"*;*J,_1""_,yrn"a,p
ljr ) lnes and I6 rows in a llal cleared. open area tgmx I gm 

) al the Agrolorejry. lasrem Llruver5i$.
Sri Lanta. According to the randomization.and labeltng,a)l T ari in t arr; i.')";;1".t* *"ati"g(toral ol40 in each genus) rere hanspldnrd inro pors on"28,Ap;il. i;; 

"J, "" i"'"il ",00"""0.Tlle spacing between each line and row was 1.S -* t -.".p""tiu"ty t" 
"""ia "".0"i a.. Ura*

l:l T, " 
d:tl" 

l"y"l 
of po lyhene was placed in order to prevent rooi p"*t.utiinlnto trr. .oifrrom Ine pots. ULlflltg this expedmental pedod, rainfall was excluded by means ofcovering clearpol),rhenesheelsovenl)epoftedsoilsurlaceofeachseedlingsomcuf,r,fil"rl,"o.lin.el.o

rxistence ofanaerobic condition was avoided t""ping inr"r.iu"., t.,*."" *" oi i*O rrr. roifcovering sheets.

IMPOSINC WATERINC TREATMENTS :

l:: l:::l "q :"":T*rs were i mptemenred, high and low respectivety, for I 0 mon x {iom 1 
r

:,:i:-.:::j: 
,:" reoruary. ruu4. L teven l ears ofmean monrhty rainta r tqqt_200 t)ofBanicaloa

rstsron. rn LanKa was la.l(en and simulated for the u atering maL,nenLs. \tr alerper pol was crlculaleduing the average rainfa.lr per month and the surface area ofthe pots. Thi. .ur""i"r"i lor"-. *firther s imulated to I 0 fo ld for high wa terjng treatment and 3 folcl for iow \.vatedng trearment tooptimize tle treatments. plants uere warered twice a week on Morday,1: a"y,ii*u,*),rA
Thursdays (4 days ofwater).
Leafwater potential (, .,)
Leafwcterpotential (ohr) was measured destuctively using a pressure chamber (soir MoistureEquipment Crop, Sanii Barbara, CA USA) onport"a pfoit.'u"-..rv"*rir*,)""*ru.arro
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(oMddnJ water potential was measured at 12.00 h.
MEASUR.EMENTS OFHVDRAULIC PROPERTItrS
Hydraulic conductivity ofwhole plart main shoot stem was measured by Lowpressure Flow
Meter (LPFM) (Speny et d,/., 1988). The appaxatus was fabdcated wirh superficial moclifications.
Hydraulic measurements were caxried out on 7 plants per treatnent per genus when the plants
were 9 months old. The potied whole plant shoots were cut at 5 cm above irom the soil surlirce at
12.00 h. The cut proximal end was iinnediately sealed with para film ard brought iDto laboratory
in blackpolyhene bags. The whole plant shootwas left on the bench top for an hour in order to
equilibrate the shoot water potential. The proximal end ofthe equiliblated whole plant shoot was
re-cut pelpendicularly under water to remove any embolized vessel frotn thc inilial cut. Then cut
end was cleady shaved with asharp razor blade and connected 1() the Reservoir I ofthe conductivity
apparatus via PVC tubes (Fig.l). Likewise, the distal end ofthe shoot was cut under water and
connected to the drain reservofu ofthe appalatus.

Fig.1 Schematic diagram ofmodified Low pressure Flow Meter (LpFM) from the versionof
Sperry et a/. (1988). P- Proximal end ofthe shoot, D- Distal end ofthe shoot,X_Taps to control
delivery supplies.

_ Fig. I illustrates the hydraulic apparatus designed to measue the conductiviry in the main
shoot stem using flow with pressure difference of0.01 4 Mpa (Flead pressure). The ;olution used
was distilled, degassed, filtered (0.47im cellulose micro fiber membrane filrer) 0.01M HCl. and
storcd in supply Er < (Reservoir I ) al l.4m heighr ftom goundiloor in ordcr to supply Lhe solurjon
at a pressure differcnce of0.0l 4 MPa Filtering prevented clogging ofdust particles in the vessels
and HCI was used to prevent shorl term microbial go\th (Speny er a/., 19gg). The solution was
allowed to flowthrough PVC tubes from tlrc Reselvoir I tl.roughthe stem and into a d1ain rese oir
viadistal PVC connection on an electronic balance (MettlerpJ3o0, Switze and, resolution 0.0019).
The second supply tank (Reservoir 2) at 2.3 2m height was kept to dissolve embolism in the stem
at higherpressure of0.023 MPa immediately after an initial conductivity measurement by flushing
the whole shoot stem for over night.

The hydraulic conductivity (\) was determined by measuring the mass flow (F, kgsi ) of
solution passing tluough a stem segment oflengtl (1, m) connected to a constant pressure reseNoit
(P, MPa).
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, Flow lFl x Twis lenpth r ll
Head pressure 1P1

The degee ofembolism in a main shoot $em was estimated by its initial conduclivity, as a percentage

ofmarimum obtained after removal ofemboli. i.e Percentage Loss in Conductiviry eLC)
( k,,,* - k,)\I00

PLC =

At the end, hydraulic conductivity was nomalized to the leafarea at the distal end, sapwood area
and total dry mass ofwhole plant shoot.
GROWTHPARAME'TERS
LEAFAREA

Proj ected leafarea and total leafarea per plant were calculated liom leafarea vs. biomass
relationship (Ryan etal., 2000; Hubbard eral.,2002) manLrally. For that, ftesh leafpiece ofR
cotdifolia (4 x 4 cm'1) ..nd ol T. arjuna (2 x 2 cm,) were taken from each planr, oven dried at
600C for 48 hours and weighed using an electronic balance for the dry mass.

SAPWOODAREAAND VESSEL DIAMETER

Sapwood area and vessel diameter at the distal end of stems that were subiectcd to hydraulic
measu€ment was me:Nured with ocular lens and stage miqometer using light microscope (Olylpus
HSC, Tokyo, Japan)

IIEIGTfTAND STEM OVER BARK DIAMETER (OBD)

Heiglrt (m) and sern ovo bark diameter (OBD) (mm) ofall potted seedlings wele measu.,ed

at 15 days interval from 1.r May, 2003 until final harvest. Fleight was measured fron the soil
suface to apical bud using measuring tape. OBD was measurcd with a hand vern ier caliper at I 0
cnherghtfor T. arjuna where as lor B. coidl,folid at 5 cm height, since the genus had crowded-
lower canopy.

DRY MASS

After hydraulic measurements, the shoots were segmented inlo leavcs and stem and oven
dried at 600 C for'48 h and weighed using electronic balance for dry mass determination. Roots
were carefully excavated and washed with splash ofwater in a bucket and all broken rootlets were
separated using a sieve. Then the roots were oven dried as stated abole for dry nass deletmination.
STATISTICALANALYSIS

Two-way ANOVA for genus and walering treatments were pcrfonned using Stati stical
Package for Social Sciences (SPSS, 10.0 for windows. SPSS Inc., 1989- 1999). Kolmogorov-
Smimov test (K-S test) was perfomed to test normality ofthe variables. One-way ANOVA was
performed across genus and watering teatment separately since the numbers ofvariables were
low enough for post-hoc tests. The relationship between maximum hydraulic conductivily (k,"*,).
xylemspecific conductivity (k,) and vessel diameter and the relationshii betweel leafspecilic
hydraulic conductivity (\) and total shoot, total rcot, whole plant dry nass u,ere explored by using
linear regression analysis ofthe GraphPad Prism 3.02 (Graphpad S oftware lnc., 2 000).
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GROWTIIPARA]I{ETf,RS

IIEIGIITAND STtrM OVER BARK DIAMETtrR (OBD)
The growlh response in terms otheipht in lerminalia ariuna and Bcrrya cordilolia subiected nhigh and lo$ waterrrealnenrs is sh;wn.in TaUIe t. ttrere was no sigi,i.""i"O.", 

", 
,r,"r,",treatrents onplant height at the time ofharvest (F:0.52, p=O478)r;ui',nlr""*ul"u 

","* *"nu,effect (F=205.85, p=0 .000), where T. arjuna grew tarer than ; cordifia. ii" inr"ru"rioobetween genus and watering treahents was also significant (F=5.16, p=0.032). Suprisingly, Zary'rra seedlings subjected to low water treatnent were taller than high water trlatrlint 1f<0.0S).ln B..ardifotia,tJrehighwatercdptants wererall.,hrrth"t 
"fl ".' 

;;;;;;;ri'*" du"*r*ll"s insignifi cant (b0.05).
High watercd plants had geater OBD thar low watered plants (F=3 g.5 7, p=0.000). The reductioninoBD by row warertrearrnent was bv r6y^o in i;;;;,;d;;;;i;i"iilii," r"""r^or"3.1). r. arjuna had greater oBD than tlat of a 

""rii1"ti,1p={7 1i,'ai.'o"o6ll,,jn**n o"omeasured at hvo different heights. Further, waterlreatrnent x genus inte.u"tion v'7a. .ignin"arrt(F=10.59. P = 0.00J) on slem OBD at lhe time ofharvesr.
LEAFAREA

High warered plan ts produced hieher leafarea ftan low \^ aLered planls ( F=5 ..lq. p-n.024,.
The perc€ntage differences behveen the ria

^aizv".^ 
i ",i6iiii.o;j: ;;;::H:.TT"#ffi ;:;",T_*:l# fl ifj?#?

riuna,thowhtheditreteutce was insignificant (F,=0.04, F0.84).; [k-;]ir"l*".""ii", o.**.genus ard watering teatrnent was also insignificant 6=f.:t, flO.Zlij. '

Table I Growth pamr[ eterc of T. aiuha at\d, B. cordifolia stbjeaed tohigh and low wateringtreahnenrs. Meansr SEM(n 7,. wirhincotu_n.. oim.,"nr 
"upi'rii"i"" iriri" ",irl 

arrornl

fn:f[Hj:|.'*icare significanr differen"e. ur p.o.os r'o*-,'uyon8uiijlo.",",, .,

Hoight OBD

(-q) (e)
Dn ,h.^\ I ,or drst

G)n*!
.*l

oo>o.os^ 
i

1.0.1+0 05. 12.49+0 28,

0.28+O03^ 35,54r3224

24l9+:r r5i

t21.63+4.i1 214.r8+14.t94 I 78+0 l.1A

68.l3rn.lE 0 89+o 08r

i1l'-11'l
i4486+t0.ll"76 63+5 58r

Hieh 044+005BllO.l6dt.r I

7.2J!1.26r

2250+5.956

t3 4a+2.21 E

0 63+0.05h
I

SAPWOODAREA

There was no significant difference between the genus (F:0.29, p=0.599) and ware.ing fteatments(F=0.000,p.1)inproductionofsaowoodarcaa hedis,"l*J'r,;;i.;;;;l:oxr0.m,,
2.45+0.28x10'm, in highand Iow waiered Z oriuro unaz.|sloo'ii*to l* *o iroo.uu"ro?m'? in high and low wale r B. corclifolia, respectattely.
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DRI MASS {LLOC{I IO\
Table I shows th(r allocation ofdry nnss in whole plant and its plant componeDts. The low wat(rdlu
treatment reducod the dry mass ofwholc plant and its components in both genus (l-125.44,
P=0.000). Oltlre genu s effect, T. arjuna had signilicantly irighcr.total plarr dry mass than,'
cordfolia (F:528.60,P=0.000). Tot allocation was 66% and 4t % ligher in high watercd plants
ofT. arjuna (P<0.05) and B. cordfotia (p>0.05) rospectively than thal ofthe low watered
plants. The effect ofwatcring treatmenr (F=24.72, p=0.000), genus (f =70.g9, p:0.000) and the
genus x waterilu lreatment interaction (l':27.8 1 , 

p:0.000) on root: shoot ratio was highly significant.
Highvtalered T. ariuna invcsted more carbon in roots than shoot (RtS - l.7g: l), aithough low
ratered plants invested marginally opposite (R:S:0.g9:1). B cordr/o/ta invested 62% ofdry
mass in shoot and 3 8olo in root, regardless ofwateting treatments (r: s =0.6: I ).
PLANT WATER STATUS
LIAFWATER POTtrNTIAL: PREDAWNAND MIDDAY

The response ofor,.,rto the high and iow watering trcatnent is shown il1 Table 2. Both

lr.a",,lnd 
ovdu, were significantly higher in B c ordifuliuthatlhatofT oriuan (F:10.16, p:0.003;

F=4.49, P-0.045). There was no significant effect ofwatering trealnenls on of,"d.,".,, (F=0.91,
P=0.348) and or,0,,", (F= l .69, P=0.206) lnB corLltfolict, o r,"u",,,, and o" ,,,,." rvas'eq ual inboth
uater lrearmcnrs. Borlt oe .. ,_ autd ov d",, \ erc lor\(r in lor\ u atere,l / .rr7i,rr,, tlrlr, r l,rr ut high
$atered plants (P-0.05).

'Iable 2 Pr edawn and midday leafwater potenli al of T. arjunu and B. cordiJbtid subjected
to high and low watering heatnents. Means + SEM (F or prtdawl1 n: I 0 ancl midc]av n:7 ). Within
columns.difiirentc:rpir:rJ lenerstHiglrwarcrrandsnrdll l(llirs{Lo\r wrrerrindic.rrrsignilicanr
diff'ercnces at P<0.05 (One-way ANOVA) separately for watering lreatments.

lligh

(M11)

-0.6tlo 26^

-0.9510.r2"

(MPil

Hlgh -0.2 l +lJ.04 A

-0.2ta{ 0l!

- 1.0(+o l9\

Preliminary invcstigationof stem xylem architecturei vessel diameter

Table 3 shows the xylem colduit diameter ofthe distalel1d ofthe shoot s tent of T. atjunL and B.
co,.dlrAlld subjected to high and iow watering lrcatments. High \1,.atered plant had significantly
wider conduits than that oflow watcred plants (F:27.87, p:0.000). tt u,as :O% and t-6% higlcr
in high watered planls iD T. arjuna atd B. cordi;folia, rcspectively. But the clifferencc betwcen the
walering keahnents was not significant in B. cor dl,[r/ia. Ofthe gcnus. 7i a,yrrna hacl s ignilicantly
wider xylenr conduil ciiameterthan thatofB. c (,r(lifotia (I:g2.22, p=,0.000). Thc iirteraction
between the genus and treahncDt also showecl a significant clifference (F:7.94, p:0.010).

Table 3 Xylcm vessel diameler at the distal end ofwhole shoot stem o f T. arium and B.
cotdiJblia s\bjecle.J.tohigh and low walering treatments. Means + S EM (n=7). Within colunns,
different capital letters (High water) and snmll lettcrs (Low $,ate| indicate sign ificant diflercnces at
P<0.05 (O[e-nayANOVA) sepamtcly lbr wate ngtreatments.
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HYDRAULICPROPERTIES
MAXIMUMI{YDRAULICCONDUCTrvTTY 

OqK)
T. arjma andhad,higher k_"" than that oiR c ordifulia (F=20.33,p:0.000). Ofthe \.vatering
Ytnels, _kjy 

ofhich warered prants was two fota geater than that ofl"* *lr"ii""*"n ,o zarjuna (F=10.79,p=0.001) (Fie. 2.A). k * in niehi"r"ai *i,;**n.iJ,.,,r,0" ous.rm'r Mpa.,. Difference inreduction in kll wari, +r"z"irr"*i*,"*t**ii.o ori.tnucordifolia, k_,. ofhigJtwater treatrnent was 4.10+ 1.04x 106 kg s,r m-r Mpaj and there was a3 8% reduction in low water treatrned bu
p-ERcENrrAcE Loss rNHyDoo"r" ;Jff#"J;il- insignifi cant (''0 05)'

Higher PLC occuned in T. aiuna than B.^cordifo.tia lF=17.45, p:0.000). But the wateringtreatnent was insignificanl (F=0.02, p=0.88l.l. tn high watered z" rr.,irt *l^ ru.r*n.u,and significantly increased to 83.27+3.73 in low lv"* o"",rn* 1r.6orl. ,li,ii",, n,un aa"was quantified inB co rdifotia (50+12.49) suti""t"o to t igt wutirin,.."1*".,,i"'' *"ra,watered plants (21.07+8.78). Butthe differr
LEAFSPECTFTc HyDn4*r" 

"o*uatr:::::behveen 

them welt rnsignificant (F0 05; Fig 2 B)'

(\) vrrY GJAjYDSPECIFTC HYDMULIC CONDUCTTVITY

\w?NtdSrer nT arjuna thnthat of B. cotdifolia(F=3 I .99, F0.000). Ofthe warering ffearnents,high warered planLs had higher \ and ir u as decreu."O in to* ,"r r",inn r."i;::;;' ; Irhe inrera*ion betwee" ;. ;;;;;;;;;#;trJffi [:il:i:f.lrJ fi:i] 
rJ

T arjuna,k,was2.99+0.06x10i ks s-r m.r_Mpa., in high wating t;*"", *o *0"*o o,580/o intow watering trearment (p<0.05). Lik".ir", t,rvi" o.zlro. o-r; il;;;: Mp", ,nacordifolia subjecled to high water and reduced by 40% in low water teatnent. But the reductionwas insignifi cant (b0.05).

igher k, was observed in T. atjuka thanthat of-}. cordifolia (F=12.7g. p=0.002). 'I.hough theplants subjecred to highwatertreahnent showeaLiehert" ,;;" 
"i ro* *",#*r,*"nn"rr, *"efect ofwatering treatnents were insisifi

intenction be#J; ji,iu,'-i ;,:ri:T'at 
e5% confidence interval @=3 56' P=0 072) Aa

. J treatnent were insignificant (F=0.74, p=0,400).
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io

T atuna B .atdilalia

Fig.2 Hydraulic properties of T. arjuna nd B. cordifolia subject dto high and low waterjng

treatments. (A) Ma-ximum hydmulic conductivity ofwhole shoot stem (k,,, ,.), (B) Percentage loss in

hydnulic conductivity (PLC), (C) Leaf speciflc hydraulic conductiviry (kr), (D) Specific hydlaulic

conductivi{ (k), (E) k,, 
" 
nomalized by total shoot dry mass (k,""},,n ). (F) Huber value (llV).

Means+ SEM, n =7. Differcnt capital lelters (High water) and smr,ll letlers (Low water) ind icale

significant differences at P<0.05 (One-wayANOVA) separately for watering tFatnents.

M TXIMU M HYDRAULIC CONDUCTIVITY NORMALIZED BY TOTAI, SHOOT DRY MASS (K.,ISD' I)
Whenk*was nonr, alized to total shoot drymass (to show carbor investmcnt in the hydraulic

syslem), B. corcli.foliahad siguifioantly higher value than that of I aiLrna (l: I 5 .70, l']:0.00 I )
(Fig.2.E). The high watering heatnent showed a marginal increase in \,-*/.rsDw than that oflo$'
watering treatment (f=0.13, P:0.719) also the genus x watering treatnent interactioD was

insignificant (F=0.00, P:1). k,*,/r.o, was 20.68*5.24 x 10{ kg s r m MParg r in high wdered B

cordr,6lr',a and thus reduced to 19.54+4.08 xlorkg s ' m MPa'g L in low watertrcatment. In I
aryuna, for high and low watcr treatments the value was 8.211.1.28 md 7.06+0.74 x 10 3kg s I nr

M?argrrespectiveiy.

HUBERVALU[ (HV)

The sapwood area per unit leafarca (HV), the measure of investment of slem tissue per uit lcal
area, was significantly higher in I aryara than that of B. cortlifolitr (F =20.14. P:0.000) (Fig.

2.F). The watering treatments had not any siglificant efi'ecl on HV (F=2.96, P:0.098). The genus

x water treatment interaction was also insigrific a\t (F:2.49 ,P:0.12'7).
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AND spEctFtc HIDRAUIIC coNDucTrury (k)

The relationship established betw,
wasshowninFig.3.A&B.k-, tenato inl 

ssel diameterand \"* ard vessel diameterand k-

*,:,g:il1."*;;;:#;iuffi slll1T:H,'jit::i;:S'#ffi,;""*
conductivity q) ofu?horeprant shoot stem o ff. arjuna and, B. cori{ot, 

"r.i 
ir"r*r"o *irl,increasing vessel diameter (Fig.3.B). But the shength ofthe relationship became weaker than k(f=0.38, P=0.000; linearregressioaprism 3.02). tf,"** *"rrfi".ir.r",,","iil#,jg

T arjuna,when fhiswasremoved fiom the analyrls, tlr" ."futionsfrlp U"c".""ri-"*". ** 
"arrr",

(f=0.42, P=0.000; linear regession, prism 3.02).
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Fig.3 The relationship between \,* (A) and \ (B) and vesset diameter Each data pointrepresents measurements for an individual planr shooiindependent orb*, nlril*o *","nrytreatments (n=28). symbors:'% High watered r. arjuna, Lovt \^,ater"oi'*j)*, nnunwateted B. cordilolia. i./o Low watered B. corcldolia. 
-'-. I q'J'l

RELATIoNSHIPBETWEEN LEAFSPECIFIC IIYDRAUI,IC coNDUcTIvITY (l!) AND DRY MASS

". 
_ ,"1:::f :::*:,0-:T^:.ll:r*"":1" conaucti,,iq ana prant oo'.'"., ,ii"*" * r-,n o.

' r' ^r 
x,!Icas(Q, rne tolal snoot drv mass (Fig.4.A, rr= 0.5g, p:0.000; linear regression, prism

3 02.). total root dry mass (Fig. 4.B, r=0.56,?= 0.000; linear regression, prism 3.02; and thewhole plant dry mass (Fig.4.C,l=0.59. p
relationship between lq *a tota.1,oot a* 11000; 

linear regression' Prism 3 02) increased rhe

*fr;ilFi;;ffi ;'f,u;;3$ffi fl#"jffi::ffi il*il"j, j#,1" j j::
concurently withincreasing ( in all cases
and physiologically mearingftrl thao ott e. 

"a"Tl 

\ vs total shoot dy mass relationship is realistic
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Fig.,l Relationship between leafspecific hydraulic conductivity (k ) and total shoot dry mass (A),L:afsfcifi::ol1:tvity (\) vs. Root dry weight @), Leafspeciic conau"tiuif 1r.,ju.. wt,ot"
plant dry weight (c). Each data point reprcsents measurements for an individual plani inoepe'dent
ofboth.genus and watering treatments (n=2g). Symbols: ,% I{igh *ut"r"ai orj)ro,., to*
watered, T. a1una, yoHigi watet B. coftlilblia, i%o Low watercd. B. cotdilo liLl.
Dlsctsslor\:

As expected, biomass accumulation and growth oI Z aizlt a 
^nd 

l). cordifali(.j seedlings
werc affected by low water supply. Thc greatest warering erl'ect was obs erted nt T. arjuna trtan B.
cotdifolia (see 1'able 1). Z a4una seedlings grew taller rhan B. cordifaliLl scedlings and this
shows probabil ity of genus competition effect to acquiremore photosyDthetic active radiation (pAR).
Whole plant dry mass and plantcomponent dry mass such as |eaves, stem and petioles and ioot dry
mass werc s ignificantly reduced by low watering treatnrent (Tab Ie 1 ). S jn 

i lar to tlt is find ings, d rought,
induced reduction in plant dry mass was reporled in two prarrr sp (Rus, r"a n"i"fi zooul, E
mic.rotheca (Li et al.,2000), E. globutus (Osorio er d/., 1998) and I_ 8,.ar?dr clones (VaDder
Willigen and Pammenter, I998). Ir is presumed that the drought induccJ reduction in dry mess
production prcbablydueto stomatalclosure and thus limits CO, assimilarion (Rusrand Rolot},2002;
Li, 2000; Jones and Suth erland, I 99 I ).

The pattem ofbiomass allocation was genot]?ically different inthis s tudy. B. cordi./blia
preferentially allocated dry mater to leaves, and stemand petioles (shoo, .y.ierrfrl,fl1l" ,: o4rro
invested less on the shoot system. Though relative inveshnent anj r oo, gr"*f, '".." f"*". i" a
cotdifolia,thelltghet leafaret root dry mass rario suggested tlut tlis genlo nnJI1igfr". 

"ti"i"n"yto tuansport water to the leaves than I di?lra (Data not shown;i Horr.u"r,? urjunu had
extensive root system with higher root inveshnent and higer root: shoot ratio. Lfri, g,"ut". afo"otion
to roots may exploit more soil water and supply to the shoot (Larche r.1()95 ioc. cite Lr et ar.-
2000). The shallow root systen of B. cordilbliaalso evident as tlis gen* 

"o.ily 
,f.**a a*ing
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*a\-v'nO r.u.on,"t
wal€r stress condition (K$mer ad Boyer, 1 995; Li, 2000). Lr this stuay, root to .l.,Jot ,utio *u.
il:':"i:"T.T.:::1":]:i Tl, for the tearnenrs. But io r o,7,_, .oot ,r,ooi*tio ** r,igh",
I:!::!'n::: :uindicate 

g€nus effect. As per Kramer ani eoye , 0;;;; ;';;;fr'"#X"
::,;:10.:t::,;'3::"r-*ht 

conditions and inde"o a,*ghi"dup,"d"; ;; '";:;;,1;;l;;":;i:;
available soil water

. , , The genus effect was significant for bolh 
1p*d.^*y!s6rd^y.InT arjuna, the o*.rreducedwith low water supplt though the changes were ii,riii;iiin.rii."ii'* 

"ur"*"0 irat visible leafwilting in low watered seedlings during the dry monttrs. tris inaicateJ mitl.,"iut"ring 
"ffr"t,werc marked on the water status ofthis genus and suggested that Z aryrro op"rat"d ut lo*",xylem waterpotential rhan B. cordfotia.tn B. cordifu;;, r..; ,"rna,";;;JlJgaratess otthewat€ring tpatments. similar cases were reported ln t 

"o 
rr_r'Jl 

"p 
(Riee * i ri.,iiosl, ,lti"*n^altissina (Tifilo et a|'2004), Betuta occidentalis tSai"naru rro)., f S9'5j*ir"r! 

"a"*"a "f"rr*maintained homeostasis in g, 
" Houever. watersress caused drop in o."., acts as generaling

signals (hl drauJic and chemicj iard induce early stomaul closure { T},r"" anj'Sp".ry. t98g; Jonesand Sutherland, 1991; Meinzer and Grantz, I 990; Cochard, er al.,l9OZ; SpLml et at,,ISOS1,\^hich reduces rmnspi_rarion (E; rtrereby reduce CO, asslmiiarion lSJte"a* 
",1i.'iooS, 

ny* anaYoder. l9a7: yoder er al.. tg94t HDh'ard et af.. ieo9 a ZOOf i""J f,.""" g.\,/rf, lffuUtara 
"ra/., I 999, This was indirectly reflected on the weighed dry mass in this s ttrdy, whete B. cordiJoliaresulted with lower dry mass. Surprisingly, tho .,gh T arjina fwctioneJ u, fl'*o *u,". po,"nml

produced higher whole plant, above grourd and root dry mass ana plysiof"gi""i*"ron. fir. ,hi, i,unknown-

... In this study, water supply affected the above gound plant hydraulic characteristics. Theseedlings 0rat were subjected to high watering rrearme;r sho\l;d highert_,,, I, Ji" 
"f 

A" ra,mf"plant shoot stem than low watered plants. yet, the waterirg effecr iurIrr&'" _.t"d on z orirrothalt B. cordifoliq,lnaacordance with this data, *u,". 
"i.", r"pon"J,o 

"i*r" ifr" nra.oufi"
conductivir ies borh in poned and field grown plant species. In l4rrs uir,rAro. f.. [, anA l, ofsf,oor
reduced by waler slress (Lovisolo and Schuben. I 99g ) and the bran ches o[ Eucalyprus grandir
clones (Vander Willigen ard panrnenier, 1998). Furthea whoteplanthyOralil"Jil*." 1r,",.,;was reduced by droughtii Fraxinw excelsio,. saplings (Stobr and i"r.f,, U OO+f 

"rA 
U"rfr r"",

h) draulic conducrance r K""",) and shoot hydrauii" .ini*,*"" , (-, i ".r" ..1*" o_i"g
desiccation in Z rcaaiaplarypas seedlings 11y.r ee e! a\..2004.

Higher hydnulic conductivities are desirable for gro wlh performances in plants ( llree,
2002; Nardini and Tyr.ee, 1999; Nardini and Salleo, 2o0d;. Because ai" f*""iJ, o, ,r,rir* f.,nuintains lowerrflem pessure gradient along the *if_pf*rm"orpf,o" ftf,'lvuy 1fre ana fwerq
I 991 ). This prcvents excessive water stress in the xylem (xylem ten;i".j, ,fr'r. p.*"*, ,,yf.rn
dysfirnction (T1T ee et a/., 1991) and maintains low water stress at growing -.rioJ., ,"nt"r, r"u*
to higher growth (Nardini and Tlree, 1 999). On the other hand, highe. f'o"rrnii, Ir*f,* E ,"r"r,

f*:y:l::q: and photoslarlhesis (rr€ee,ai.. rssr, H;i;ar; tr, 
"i... 

ii;i " ror,,.u,
rs a measure ol porosrly of xylem conduil { ryTee e/ a/.. l99l ). At a par Licular H V higher kmaintain higher k,tk, HVx k,)(T)reeand lwers. l99l&lqgo).
, _ . Jh1hiett\,r'ut"."a 

se€dlings signifcantlydevelopedwidervessels than low watered seedlings
(s€eTable 3) ofthe genu s, T arjunar'ad,uider cofiitstwr B. corcrfurio. rrr" r"u"ior-"-uori..
can also be related to the differences in the vessel size. i.e. higher pLC qu*ifoJ in iorlr_ *
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r€lated to its.widel conduits and the opposite in ,, cordifolia. Aceordhgto Zirnmemann ( 1983),
the plants with wider vessels are more prone to cavitation than that ofplants with naraow vessels
i.e. lar-ger diameter xylem cavitate at high water potential than narrow xylem vessels (Jarbeau et
al.,1995).

., lyan Td loder 
r 1997 t have proposed tlre hydraulic limitation hlpothesis which suggests

thatdeclille ofkrtas a consequence ofdecreased gh,J associated with increase in path length
(a{al resistance ) leading to reduction in gs, CO, assi ilation and thus productiviry. Ol1the other
hand. stomald closue due to decreased li prevents extensive.level ofxylem cavitations, to maintain
stabl e water fl ow ( Salleo cr a/., 2 000). There are repofis in support ofrlis h,?othesis (Hubbard el
al., 1999;Ryal:' et al.,2000). In this study, leafphysiology and whole plant hijraulic ch;eristics
werc not investigated either to suppofi or reject this hydraulic limitation hypothesis. However, the
positive relationship obsewed in ttris study between \ and whole plant shooidry mass is conceptLtally
similar to other studies ofhydnulic chamcteristics vs. leafphysiology (Meinzer and Gmntz, I 990;
Meinzet et al,,1995; Saliendra et a/., lgg5;Meinzer eI al.,1999; Brodribb and Field, 2000;
Hubbard e/ a/., 1999 & 2001; Brodribb et at.,2002). Fw tet Schultz and Matrhews ( 1988)
obsened decreasing plant growth with increasing hydmulic resista[ce and Vande. Wi lligen and
Pammenter (1998) observed increasing growth efficiency (wood grorth) with increasing k iu
suppod ofhydraulic limitation hlpothesis. So, this result is possibly another documenrary proofto
suppod hydmulic limitation h)'pothesis.

... Inconclusion, groMh and higller dry massproductioD was obseNed in high watered
seedlings than that ofthe seedlings subjected to low watering heatment. The genus-effect also
evident on plant gro$th thatT. arjutut achje\edhigher growth than B c onlil iilnbothwateitg
treatments. The differelces in plant gro*th were closely related to the hydraulic characleristics of
both genus and the effect ofwatedng treatments. Low water supply decreased l!. k,, HV and
increase PLC in Z aryrr?a. Howevet the watering efi'ect on the saoe hydraulic palameters was
not rcmarkable on B co tdrlblia,Thewateingeffect also se€med to have allerecl the xylem vessel
dianeter and h tum iniuences the hydmulic conductivities. There were positive relationships behveen
vesseldiameter and k,*_ and k. and between kr and plant dry masses tiat possibly support the
rrydmulic lirnitation hypothesis.
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