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Effects of Drought on Physiological Responses of 3 Month-old Rubber Trees
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ABSTRACT

To investigate the effects of drought on physiological responses of 3 month-old of
rubber trees (clone RRIM 600), grown in 15 liter pots and placed in the nursery under natural
conditions at Surat Thani Rubber Research Centre, during May to June 2008. Young rubber
trees were subjected to two irrigation treatments: daily watered (control) and unirrigated
(drought). The drought during 17 days of unirrigated treatment significantly affected soil
moisture content, growth and physiological performances. Girth increment and relative growth
rate of control plants were significantly greater than those of unirrigated plants. In the
unirrigated treatment, the drought decrease soil moisture content from 25 to 2 %volume
stomatal conductance from 476 to 20 [Lmol COZ/ m?/ s°, minimum leaf water potential from
-0.7 to -2.7 MPa, relative water content from 91 to 21 %, total chlorophyll content from 1.9
to 0.66 g/dm’ and specific leaf mass from 50 to 40 g/m® before shedding. On the same
time, the constant values of these parameters were found in the control treatment. Good
positive relationships were found between leaf water potential and both stomatal
conductance and relative water content. Good positive relationships were also found

between soil moisture content; both relative water content and leaf water potential.
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Figure 1. Change of soil moisture content
in daily watered (control) and drought treat-
ments, vertical bars are standard error of

mean, n=6
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Table 1. Comparisons of girth increment and relative growth rate between daily
watered and drought treatments of young rubber tree + standard error of mean,

n=6, P value is significant level

Growth parameters Daily watered Drought (17 days) P value
Girth increment (mm) 0.0200 + 0.0036 0.0033 + 0.0023 0.033
RGR (mm/mm/day) 20.87 + 10 + 0.0005 3.02 + 10 + 0.0002 0.034
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Figure 2. Weekly pictures of daily watered (control) and drought treatments of rubber trees

at a fleuent periods after experiment starled
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Leaf water potential (MPa)
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Figure 3. Changes of stomatal conductance
(a) and leaf water potential (b) in daily
watered (control) and drought treatments

of rubber trees, vertical bars are standard

error of mean, n=6
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Air vapor pressure dificite (kPa)
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Relative water content (%)

Total chlorophyli content (g/dmz)
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Figure 4. Changes of relative water content
(a) and total chlorophyll content (b) in daily
watered (control) and drought treatments
of rubber trees, vertical bars are standard

error of mean, n=6
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Figure 5. Change of specific leaf mass in
daily watered (control) and drought treat-
ments of rubber trees, vertical bars are stan-

dard error of mean, n=6
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Cochard wavAe (1996, 2002) wazlusng
W13178Y Sangsing LLazANE (2004b; 2004c)
fiwugnisilvazestnTudnduwuslunie
vanfudndaasiluly wazidudiniugy
wyAnssunisdadavanly  Fewasnnis
‘vmaao‘ffﬂﬂ’uﬂquwé’nnﬁﬁdmﬂmiﬁﬂwa
gp9thnludNuSTuUNLINAUNIS 8L BTN
ffunuvdaiiiossndugly (Sperry, 2000)
wazANNANAUSAINa1? Wusmvuaanie
o0 ludy uazwginssn mMadadatanly
ﬁ']ﬂmummm’[un'rsﬁ'lLﬁﬂaﬁﬂgnﬁhﬁ’m A
ndmasihluluszanasauivyaiiaziinvas
pmaturiadh 1hnlufesliaiaannisgy
\feh (Sperry, 2000; Meinzer et al, 2001)
(Figure 6)

fupNANRUS s
Tulufudn RWC wudngasusn 9 ilaandng
spati luluindy A RWC avifiadu usiile
ﬁaqmwﬁaﬁmﬁnﬁmmﬁﬂﬂu Winfiu -0.94 MPa
W87 RWC Iﬁﬁhgoqm inmfufiordndaas
lulugodndudn @ RWC nduldiiaus
anavlAntapaNIWLSTa LY Teae 59
\{fugdauns polynomial A3 2 Aoy =
-24.559x - 46.346x + 69.78 TlHiA1 R* goda
~ 0975 913 solver AAITATBIAENNITHIEL
Tusunsulu Microsoft Excel (Figure 7) e
wadildadraiunis@nsluelanilavas
Chartzoulakis LacAuUe (2002)
AMNANRUE ST nINA N BUAUTUA

dnfuasinluluuas RWC wuauduwus iy

Thai Agricultural Research Journal Vol. 26 No. 3 September - December 2008

Stomatal conductance (mmol/m?/s’)

700 -
600

y = 295.92x + 610.44
R%?=0.9153

500
400
300 A
200 -

100 - ,

-3 25 -2 15 -1

Leaf water potential (MPa)
Figure 6. Relationship between leaf water
potential and stomatal conductance during

drought cycle

5U logarithmic A8 y=a Ln (x) + b filvien R
§9§A 97NN solver AAINYDIRNNIIRY

. X a &
Tusunsuly Microsoft Excel  AMNTUALAN

£

AesaeiiiessunuLAn iU (Figure 8) La

1%
ar

Waanudufuden q RN Avisaaeiliiivg

a =

FuppesIasrvunseiaifiannduiuds
Uszan 10 %laed3anns wideantuag
gasfLndu q munsiinzanwEuludy
wnszﬁ’o’[uﬁuﬁﬁmmﬁumm:Lm'msw%cy
Wiulawaediugne MUszan 25 %laulSunns
Adndraninulufiiassanm -0.7 MPa &u
A1 RWC Afianlndfa 100 %
NaIINNIINARDE 8 x13a1 Y
ﬂs:qnﬁl‘ﬁﬁ’uﬁumomﬁﬁLﬁwgnTmJ Tag
NEATNIAI M LAGUBIIWIY  nouf

a & a A =
ﬂimmm’m‘ﬁu‘[uﬂuwmwan 15 Hd. AARY

=

f9 10 %lapdiuias fazdudidie 9 9

u,amaanmaé'nym::a%ﬁmma:Lil'ﬂ'lnéiqﬂ

219



100

® 80
1=
)]
IS
& 60
o}
©
> 40- y = -24.550%" - 46.346x + 69.78
2 R?=0.975
3
Q
T 204 e
0 T T T T T 1
3 25 2 15 - 05 0

Leaf water potential (MPa)

Figure 7. Relationship between leaf water
potential and relative water content during

drought cycle

SngR wazazaans [ lus W T isuasivly
wiadnfigaoudefinniutuseludn  dusne
wifadusiume atelsfimuaisfiasinig
Anwnluviuastl WaAnlusussiigongann

NNt u,a:ayj’[uamwmiumﬁmaaLLiJa\ﬁJQn

ﬂqﬂwamwﬂam

1. #Fupeilulesuinlasunanszny

a

foAINTUAY NIstaSLAule

<

La¥N19
LEAIDDNN A UNNBUE§FIING

2. ghunsaduivle Wamsady
dulafvisdu sasnmaesuduladuing uee
fiugneiismhundnniufiargenitdusied
gaboteiileddneadi

3. Tusnewindisanstblugqe 17
Su fAwaldUsunuanaduiu nsihlvazes
1ty dnfwpsinluly relative water content

USNuAalsfadnenne Wy specific leaf

220

— a
O
o
2
T -1
<
[0
k<]
Q
g
$ -2-
- y = 0.8085Ln(x) - 3.3436
9 R? = 0.9801
-3 T T T T T |
0 5 10 15 20 25 30
Soil moisture (%volume)
100 -
£ 801
IS
Q
IS
g 60 -
5]
©
2 401 y = 29.338Ln(x) + 6.2869
2 2_
=] A R® = 0.8441
@
o 204 ¢
0 ; : ; . . :
0 5 10 15 20 25 30

Soil moisture (%volume)

Figure 8. Relationships between soil mois-
ture content and both leaf water potential
(@) and relative water content (b) during

drought cycle

mass A&y UBUETIAIENEUENIETTIN
f9 wisniiAsudeaiinaanntsmaaoslu
fumnefisaimniu

4. WUANNFNAUSIBIUINTENINeANE
savihlulufunisthlvazestinly uas
relative water content U3anmuAInBuAURY
relative water content uazdndaasiniuly
warfawuaIn1sinlvazeslnluduiusiu

mevniumsandssifdusuussiiiosen

MsaITnsinens U9 26 aufl 3 Muenpu - Sunen 2551



w ©

ﬁu@'Tu Fodummnunsnnzoeainlugu
woanssunsladathnly danuaansoluy
m‘aémﬁmﬁwgnﬁwﬁ’ﬂ Ardndaanniuluas
anavaufivgafiaziianesemaluviolsias

Unlufardaiaaanisgaide

ADLAN
AEHITETDTBUAUNDITUITEBNY
ey auumiaoummﬂmam UNED
Styryws olass WU napusl Wsaue3
ug weduRus vdllsd wiinewsanis
Visamauﬂ”aga UNFIINWITIU 91907180

= [

Ar8TUNNdoNa WRZILASIZVNG  LAS

v

Y & a

Wty Junidios AoAN iU

1ANH1ID DY
naEa §9Re nsTdlng BIrTaiuge
150 Sunan ASUI ) BluAITIENeAYs
nan §9pAan uasyuRnw InBunIwe.
2546. MIANIA1 Stomatal conductance
Tulugnewisn. 2. Fzmsineas 21 (3):
248-258.
foun3d  yisznay. 2550. nslanfouiy
ydvemanisineas. Ty : s
Jon131/55971) 2550, NINATINTNEAT
6-8 AU W.A. 2550 (i 139UTHTIIN
n3eud ngammwavues. (15ued)
UIUIN. 2550n. ﬂ’liiJ§ﬂU’lOLﬂiaUﬂi:ﬁUi’lUIﬁ
wazawiuAsLntnEAInslutzalgn

B Sepeil 1. 2. abfevssmalng

36 (4): 27-28.

Haun. 25503, ToyaizIn1sewiIT? 2550,
Aa0NUUIRBEN NINAITINTINBAT. 148
wi.

fsuw. 25508, Awusihiuge I 2550,
anUuITeeN NINABINTILNEAT. 37
wi.

#5uU7N. 2551, a@ﬁnma’[mamﬁau.
1N IUARIANAISBIINTII IR Ve,
ANTICARINUAL TIAW NI TINYIA 236
7-27.

wuiow insuning 973 1w33ind Wil Segune
W siRewed uasWadn Yanaui.
2537. mMsuszifiuduiuaaslsiag
3 naNtderveelufiguiesfialu
Ysznalng. v 114-129. lu - mavszom
SN NN NSAIAERS ASIT 32
F19IY. NUAWUS 2537 Q4 N IMENAE
\NHATANEAT NTILAN-L.

JLuD Aundlss  andud a9f uazdussian
£/, 2550. warBIN1TLHINABNIRaY
NUDINIIRITINDILARLHANRAADBILY
W13 (Hevea brasiliensis) 490N,
2. GVIAIMATUNT M. 29 (3): 601-613.

Chartzoulakis, K., A. Patakas, G. Kofidis, A.
Bosabalidis and A. Nastou. 2002.
Water stress affects leaf anatomy, gas
exchange, water relations and growth

of two avocado cultivars. Scientia Hort.

1778: 1-13.

Thai Agricultural Research Journal Vol. 26 No. 3 September - December 2008 221



Cochard, H., N. Breda and A. Granier. 1996.
Whole tree hydraulic conductance and
water loss reguiation in Quercus
during drought. Evidence for stomatal
control of embolism? Ann. Sci. Forest
53: 197-206.

Cochard, H., L. Coll, X. Le Roux and T.
Ameglio. 2002. Unraveling the effects
of plant hydraulics on stomatal
closure during water stress in walnut.
Plant Physiol. 128: 282-290.

Giorio, P., G. Sorrentino and R. d’Andria.
1999. Stomatal behaviour, leaf water
status and photosynthetic response
in field-grown olive trees under water
deficit. Env. Exp. Bot 42; 95-104.

Hunt, R. 1990. Basic Growth Analysis; Plant
Growth Analysis for Beginners. Unwin
Hyman Ltd. London, UK. 112 p.

Meinzer, F.C., M.J. Clearwater and G.
Goldstein. 2001. Water transport in
trees: currént perspectives, new
insights and some controversies. Env.
Exp. Bot. 45: 239-262.

Sangsing, K., X. H. Cochard, P. Kasemsap,
S. Thanisawanyangkura, K. Sangkhasila,
E. Gohet and P. Thaler. 2004a. Is
growth performance in rubber (Hevea
brasiliensis) clones related to xylem
hydraulic efficiency? Can. J. Bot. 82:
886-891.

222

Sangsing, K., P. Kasemsap, S.
Thanisawanyangkura, K. Sangkhasila,
E. Gohet, P. Thaler and H. Cochard.
2004b. Xylem embolism and stomatal
regulation in two rubber clones (Hevea
brasiliensis Muell. Arg.) Trees 18: 109-
114.

Sangsing, K., X. Le Roux, P. Kasemsap, S.
Thanisawanyangkura, K. Sangkhasila,
E. Gohet and P. Thaler. 2004c.
Photosynthetic capacity and effect of
drought on leaf gas exchange in two
rubber (Hevea brasiliensis) clones.
Kasetsart J. (Nat. Sci) 38: 111-122.

Sangsing, K, X. Le Roux, P. Kasemsap
and S. Thanisawanyangkura. 2006.
Parameterization and testing a
photosynthesis model of rubber
leaves. Pages 183-198. In: International
Natural Rubber Conference. 13-14
November 2006, Ho Chi Minh City,
Vietnam.

Sperry, J. S. 2000. Hydraulic constraints
on plant gas exchange. Agr. Forest
Meteo. 104: 13-23.

Wijaya, T., P. Grist and K. Menz. 2005.
Modelling of rubber growth as a
function of climate. Pages 183-191.
In: International Natural Rubber
Conference. 6-8 November 2005,

Cochin, India.

MIEFHTIMSINEAT 39 26 Uil 3 Fuwey - Fuaney 2551



