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Abbreviations

Ks, Sapwood area specific hydraulic conductivity, I+ S /K%,

Ky, Leaf area specific hydraulic conductivity, "5 7K%,

D,..v, Mean vessel diameter, -3 34 H1#E .

p, Sapwood density, A%,

PLC, Percentage loss of hydraulic conductivity, 7K 7 %F3% 2K 1 70 R RIFE ZEAL LE 3.
Kiear; Leaf hydraulic conductivity, M F/K )13/,

W,4, Predawn water potential, # /=K%

RWC, Relative water content, AHX] 57K & .

Wpso, Water potential at 50% loss of hydraulic conductivity, K2 50%7K 70 4% 5 1 R 7K#
Wpgs, Water potential at 88% loss of hydraulic conductivity, K 2: 88% /K 1% 5 Sy /K
Wp1o, Water potential at 12% loss of hydraulic conductivity, K2 12%7/K534% T J1 117K
W, water potential at turgor loss point, &2 fiI K,

Wrwerow, Water potential at which RWC is 70%, AHX 5 7KK 70%0 11K

Tup, Time of water loss when turgor loss point occurs, 257K 2|3 2 i s T 75 H I 8] .
Trwcrov, Time of water loss when leaf RWC is 70%, 7K FIAHXT & 7K 2k 70% BT 75 (¥ [7] o
PPFD, Photosynthetic photon flux density, Y& il f %% .

Anax, Maximum net photosynthetic rate at saturating light, YFIE T 1 KL G80K .
Zomax, Maximum stomatal conductance, & K fL T/ .

WUE, Photosynthetic water use efficiency, Y& 7K 70 Fl H 3%

Emax, Maximum transpiration rate,  KZ&MEH %

Chl, Chlorophyll, H-4¢% .

Chla, Chlorophyll a, " £§¢% a.

Chlb, Chlorophyll b, ™4¢% b.

Car, Carotenoids, K% M %,

PSII, Photosystem II, Y& R4 1,

Fo, Minimum fluorescence of PSII, Y& &% 11 #1475t .

Fom, Maximum fluorescence of PSII, Y6 R 4¢ 1T B K7
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Abbreviations (continued)

F./Fm, Maximum photochemical efficiency of PSII, Y6 R4 11 H KGALER0R .
AF/F,’, Actual photochemical efficiency of PSII, Y& &R 4 11 SZFr Y6k 242 30%
NPQ, Non-photochemical quenching of PSII, &%t 11 E4L2E K

SOD, Superoxide dismutase (EC 1.15.1.1), #H%EALPIEALEE

CAT, Catalase (EC 1.11.1.6), %45 .

POD, Guaiacol peroxidese (EC 1.11.1.7), 5P

APX, Ascorbate peroxidese (EC 1.11.1.11), HiIRII L A0 W

GR, Glutathione reducetase (EC 1.6.4.2), 2+t H Tkid J il

AsA, Reduced ascorbate, & B PTER ML

DHA, Oxidized ascorbate, 4 {t A 4TI ML -

GSH, Reduced glutathione, i A2 B H ik

GSSG, Oxidized glutathione, 4 A7 73 B H ik

A
5,

iy

o

ﬁT

H,0,, Hydrogen peroxide, %

T

pl

-OH, Hydroxyl radicals, ¥£%(%
'0,, Singlet oxygen, L4 A% .

ROS, Reactive oxygen species, WG 1HEE ALY
MDA, Malondialdehyde, A .

ML, Mature leaf, J%ZhIH .

SL, Senescent leaf, &M,

JA, Jasmine acid, #F[fZ.
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Abstract

Water relations, photosynthetic performance and
physiological protection in Hevea brasiliensis in the marginal

tropical area, Xishuangbanna, SW China

Jun-Wen CHEN (Ecology)

Directed by Prof. Dr. Kun-Fang CAO

Abstract: Hevea brasiliensis is widely cultivated in tropical areas for
economical purpose, including the marginal tropical areas of China. It is an
evergreen tree species (Euphorbiaceae) in its native habitats of South America,
but, interestingly, deciduous in the marginal tropical areas, Xishuangbanna,
SW China. Up to date, the reasons for the change in leaf-habit of H.
brasiliensis in the marginal tropical areas of China are not well known. In the
present study, water relations, photosynthetic performance and physiological
protection were examined in H. brasiliensis in relation to low temperature and

drought. The results were as follows:

(1) A wider vessel diameter of xylem and higher hydraulic conductivity
were observed in H. brasiliensis. However, the hydraulic conductivity was more
vulnerable to water stress-induced embolisms, and water potential at 50% loss
of hydraulic conductivity occurs was —-1.27 MPa. On the other hand, H.
brasiliensis displayed higher maximum photosynthetic rate (Amax) and stomatal
conductance (gsmax) and, lower photosynthetic water use efficiency (WUE).
These hydraulic and photosynthetic traits observed in H. brasiliensis are

similar to those observed in two deciduous Euphorbiaceae tree species of
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Macaranga denticulate and Bischofia javantica, and significantly differed from
those observed in three evergreen Euphorbiaceae tree species of Drypetes

indica, Aleurites moluccana and Codiaeum variegateum.

(2) Compared with the evergreen tree species of D. indica, leaf hydraulic
conductivity (Kiear) Of H. brasiliensis was more susceptible to the decline in leaf
water potential. Leaf of H. brasiliensis readily lost turgor point and, during the
periods of leaf water loss, its leaf relative water content (RWC) rapidly attained
the value of 70%, which indicate the irreversible damage of photosynthetic
apparatus, and the water potential for RWC of 70% was -3.0 MPa. These
results indicate that the reasons for the shedding of leaves of H. brasiliensis
during dry season may be the embolisms-induced decline in hydraulic

conductivity and the consequent decease in water supply to leaves.

(3) Saplings of H. brasiliensis were very sensitive to soil water shortage.
When soil water content (SWC) was about 45% of field capacity, Amax and
Osmax Sharply declined, and non-photochemical quenching (NPQ) gradually
increased; SWC being about 35% of field capacity, photosystem Il (PSIl) was
irreversibly damaged, and NPQ was elevated. SWC being below 30% of field
capacity, gsmax declined to 100 mmol m? s™, and the activities of antioxidant
enzyme were enhanced, however, the ascorbate — glutathione cycle was still
active during the periods of drought and rewatering. The decline in gsmax Was
accompanied with the increment in embolisms and the drop of K, and the
closure of stomatal allow plants to prevent more embolisms. Water shortage
enhanced the resistance of xylem vessel to cavitations, and caused Kiesf to be
insensitive to leaf water potential. When SWC approached 30% of field
capacity, Amax and photochemical efficiency of PSII of the water-stressed
plants upon rewatering could not recover the values of control plants, and
however, NPQ did not display significant difference between previously
water-stressed plants and control plants. Accordingly, the maintained higher

v



Abstract

activities of antioxidant system may help previously water-stressed plants
minimize the damage of photosynthetic apparatus. Even if the saplings of H.
brasiliensis suffered from severe drought, hydraulic performance of
water-stressed plants upon rewatering cloud completely restored to the levels
of control plants, indicating that hydraulic traits is not factor to be limit the

recovery of physiological function in water-stressed plants upon rewatering.

(4) The saplings of H. brasiliensis were very susceptible to night chilling.
After the saplings were treated with 5 'C night temperature for 12 h, Anax of
night chilling-treated plants decreased to 50% of control plants, and the value
of gsmax dropped to 50 mmol m? s™. The decline in photosynthesis might result
from the night chilling-induced inactivation or damage of PSII. In addition, night
chiling caused antioxidant system to be ineffective in protecting
chilling-treated plants from photodamage. Therefore, the loss of soluble
protein, chlorophyll (Chl) and carotenoid (Car) were observed in night
chilling-treated plants. The elevated NPQ and Car/Chl as well as the
decreased Chl a/b, at least in part, photosynthetically protected PSII from
damage, but it could yet not prevent the accumulations of hydrogen peroxide
(H202) and malondialdehyde (MDA), and accordingly it never avoid the

shedding of leaves.

(5) Monoterpene in leaves of H. brasiliensis plays an important role in
antioxidant function, and may maintain the photochemical efficiency of PSII
when the leaves being subjected to high temperature and light. Furthermore,
the absence of monoterpene antioxidant leaded to the enhanced activities of
other components of antioxidant system, the elevated activities of the latter

might compensate for the absence of monoterpene antioxidant.

(6) Compared with mature leaves of H. brasiliensis, senescent leaves
might activate guaiacol peroxidase and ascorbate peroxidase and enhance the

\%
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ascorbate-glutathione cycle to resist oxidative stress, this could not prevent the
shedding of leaves, but it possibly postpone senescing process. In addition,
due to the decline in photosynthesis in senescent leaves, monoterpene
biosynthesis was suppressed, but carotenoids may in turn confer further

photoprotection at this stage.

(7) After Jasmonic acid (JA) were sprayed on leaves of H. brasiliensis,
Amax and gsmax gradually declined, and gsmax Was very sensitive to JA. On the
other hand, JA might induce the loss of soluble protein, Chl and Car, and the
accumulations of H,O, and MDA. JA enhanced the activities of superoxide
dismutase, catalase and guaiacol peroxidease and activated ascorbate -
glutathione cycle. Before JA induced the considerable decrease in Anay, it
might enhance biosynthesis of monoterpene, indicating that monoterpene

biosynthesis and antioxidant are photosynthesis dependent.

Keywords: Photosynthesis, hydraulic conductivity, antioxidant, drought, low

temperature.
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— MK (Hevea brasiliensis)@ TRk B ax KA, A& H B PG E 57
Y, W Rm s, A T Rk e R R SRR se
REILG 15°, VUL 48° % 78 [H] V. Ly bl i d(Wycherley, 1992). . H b inl i
oA R AT AR, MR L, TRIIAR. AR ER, A,
B AR T 2 IR P FRRGHT AR, BRI R 2 b HT, AR
TEMPREL I B S T SR N P AT S SR 2 L ERJg . Sk,
[ EPRE L 22 R LA AR JE HARIE . FRIE D 1904 47 TF46 5 R 2 PE AR ;
HAG, zms J RS ) T4 0 LA r 8 A 5 PS8 S5 0K 500 m LT
(1)t A T )47 K 3 (Feng, 2007)

11 =M RR IR Tt 1 AR AIE

BRI ) S 7= M T AR TE A, R BHAR S oA, R w, RN
PR 3 gl o UK, AR 25-27 C, AR RS H TR 24-26
‘C, AR 25.3-27.9 Co FEEAS] 3 C, Himbrl 39 'C, W%
AR AR 16.0 'C, HEZ 7.0-10.6 'C, W BAKTERZE. RKE, BIH
JEU R BE i AR o Ty U T, AR s B R i R, H 2, 5
FHi. AR E 1900-2900 mm, 7Rl HAAMRINS, AW ER 7-9
H/F 100 mm 4b, g AGILE 100 mm 2 200 mm P E. 7-9 AE, 5 1-3
A H/ARW, AW EA 100 mm 58 50 mm LU, 0 i TR S SR 2 A
25-26 C, ZKNEAEE, B AR ElEHAE 170-253 HZ 10350,
AW HmZHh 28 H, mbheH, FEMEAMHAT 10 Ho L4008, K
ZHOTO AR AL 80% LA Lo bAh, RRW I M H E b, 4R H
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1.2 =R B A2 >

RGBS AE . 1 AT 3 ) AR S RIS T R ARG, R IE Y 16 L I AR A P
ZAF, MR BL R AIEEAE A 2 P (Feng, 2007): (1) ZRIGER &, K7
Il LA B A BRI SRR BT s (2) 34 AF  FAs AR T IR £ 3 st 21
g, SRR pH 3.8-7.0, HEEAHUIERZ . Bikd . IEIK: (3) HIEEINTT,
KB (1) )y P A8 A ROMR T A 2 AR R DRI T LA — 5 TN A, R 1) AR K 7
SR KT BH G I B 2 A O A AR B Z AR (MR REBGK, 7ERAT AR
t, RERR AR, T RN R, MRS S TR R R
500k, SAFEAL . W JEIR LA, AR IX IR N R E T AR
VEREA); (5) ZEMET 2 W, PG ARASEO0EE, AR AR KR, AR AR
WU LA IS, BB, IR T, BRI, S (6) A
ARSRIESTENYE, BROE 2RI X AR TR AL, e AR S T
X R AR

2 NE)SMNRERGR E =3 = AR B AR B 521

2.1 R

W EE MBI K. KA PR R TS, B RS
RS 1B 53 A1 (1) 32 22 5 3 (Feng, 2007). 75 57 M R4k B R MR IR I 5%, il 4%
PRI, R & AR s e AR X, T R (b 4
18°-21°), AZEMHRAL, B AN FIFERE PRI AT F o A A FR FE PRI X
B B A E A AN R 2 NA(Lin & Yang, 1994): (1) BB A KK i 95 5
PP, 10 CI M0 rT 3T A7 225328, 15 "COR LI FHELEE
18 “CoNIER AR MG FHEE, 20-30 Cil B A KA, Hip 2627 ‘CIg KL
WAL RS (2) BRI G 1E R IR BEFE bR LUSE PRl B TH 3, /N T 10 CH
S ETA (BB A 7 2B F 5, 10 C LRI BRI A 451k, 25-30 °C
ACEAE I BOEIR L, KT 40 C IR IR IF IR AR F B I i 4 HE NI A2 K
SR 3) AAREENT 5 CCRE, IR E S A FIFR I HEE; Y
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TR AN e o LA H By R A B K x40, — ol H R R T
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2.3t

BRI — B B PR, (R AE A6 F A2 K R 4 (Senevirathna et al.,
2003). ARG T RIAELE 50%-80% 1 i il B A5 F B BE IE 3+ A, AR
F AR SR T B LR B 2 1 H o3& B IR AR R T3 SAR A (1 Bt
P, BLBTIERE, AL MG R TR B BT R AR R ZR o IR R, ik
AHAKAL, MITPUIERE I BGR: JCHEA LR, HHIRASA R EAE, 4
BERGHE, ARPUREREEZE, KM BToERE /)8 % (Lin & Yang, 1994).

3 MBI 5| Fhith 7 TR AR 41 (X SAREFAE
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3-4 A4 THE, SEFITE, BWED; s-10 8BRS, [ESERA, BN
W%, SFEINHRRTE2HAZ RS, SRR TEEAL, FEWERD. S
H21.8 °C, 61 A25.7 °C, R TR HR16.0 T A dp i il 2429.8
‘C, MR R s N 40.5°C s AV N 17.9 C, AR I R 2.0 °C
£>10C R AT7959 'C, £>18 CHIAN6638 C; F2JFFI1560 mm, {HFFERY
AL, HA8S%EFAEMZE(S-10H); 4 H BN £01858. 7/ i} 138 T-h%
LI, TEARHLIX, g4k 1000 mEA MBI RS, JFRe IR AR K (A2, 18
KR TEEVE TG, B A Re R AETEE, MR AR SCSERITST
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Fig. 1.1 The monthly rainfall (bars) and mean monthly temperature (closed circles) in the experimental site,
recorded by the Menglun Meteorological Station of Xishuangbanna Tropical Botanical Garden, Chinese

Academy of Sciences.
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Fig. 1.2 Responses of plants to stressed environmental variables.
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FE ZHBKRES AWM REEMEYIK N EFE S HHER LLAL
FEEMHHMIESR

w

2.1 5|8

S ROE Y R, BEE A 3R MK s g Iy, AT
YERFIE T I IR R o DRI, AT 3t A A R 28 R 46 IR 7K 43 s
JIPEE T i 7R SR RO DE, IF g ket koG s . S0, AR
RS K BRI EA SO AU, B2 7K J7 i % (hydraulic pathway) % 58 74
Ak (Cavitations) SEAH T BUK K . = 7 LR SOEAR IR S 5, =44
ZEAL L RE (Choat et al., 2003). A SIEARERL F/KE, 45358 T 7K 0 #E AR it
S T Sh S 18 M (Meinzer et al., 2001). —HRIEIERZ 5, SEMESK
PIRRE ) TR, 4l BT A IRK S IS i BCR K AN T S R . ) — T,
T8 7K 115 ¥ (hydraulic conductivity) ¥~ Fets BRI 06 &V R AE K g,
PSR LA (0 006 45 VR IR AR K %52 IR K 73 I AT 8 3 Y (Brodribb: & Field, 2000;
Hubbard et al., 2001),

t[\

4

PARIE, RIS % BRI, AU B AL, JERAT R Y
IR BB (Gartner et al., 1990; Sobrado, 1993; Sobrado, 1997; Choat et al.,
2005), Aib, IXIFEANEMRSE T LR TN K 1S RCE SRR K (Brodribb et al.,
2003). 37T, A BTG R S VA R FK O 5 BER K 43 e 5 RS A 2 AL
Lt SRAR T ZLAUB%(Choat et al., 2003) . AN AW FTIE SEA T S H TR 2640
(K fig 7 55 Fr )9 F6 9% (Brodribb et al., 2003; Choat et al., 2007). Kk, AA13% ik
DA Ry A 5 S T ) A A 1) 55 M 52 L 4 R R AIE [ 5% 1kl (Hacke et al., 2001;
Domec & Gartner, 2002). & B Fft B & & B Fb A [5] (1) 7K 07 45 ¥4 (hydraulic
architecture )/ RFAE (e AT 1R F AN ) S ue SR NAH R IR PR BE o 940, iy J& 1 7E T
T 8 43 AR K i P DA Y BRI, TR AR (R S RO AN DR AL
% (1) 7K 533z i LA G v BT 510 52 21K A 149 35 (Holbrook et al., 1995).



Hp s R — TR G0 =85 (Hevea brasiliensis) K 48 X 2 JARRAE LS A 322 AR M LT

A2, AR A Y K ) SO E A A D Re i R
(Brodribb & Field, 2000; Meinzer, 2002). i1 H., FEY1I6 4S5 EY)VE 2 3844
LA RPRFAEAR G, T IXEE 2 245 R RAIE ST LA 7K g 45 M5 AE SR A7 £ (Santiago
etal., 2004) . PKItL, IXHFE AT AR P10 ' 5 4 F st 20 32 IR TR i) /K O 2
KR 7K -5 BEARGE R SE P BRIK T SRR DG o SERADI LG, A2 A BT ) 45 44
REAEAT WA I Py 7K SRR 77, AT BRI 4000 & R A AR KRB (Sperry &
Saliendra, 1994; Brodribb & Field, 2000; Santiago et al., 2004). 48K, JWiZi5 i)
&, (ERZEINAEE YOG — MRS B Od /Y, 7K )3 BOIRBLI
AL SR AE I (AR bR e A . Bk, AT /K D) 58 R #E T A 1)
SALTEE, ARG SR

AHTHIC T T =P B Fh = 4% 1% (Hevea brasiliensis). 717 (Mscaranga
denticulata) . H A< (Bischofia javantica) LA [ = Ff & 5 B Fl 4% 52 K (Drypetes
indica). £1%E(Alearites moluclana). ZZIH A (Codiaeum Variegatum)sK Jj 45 FJRE1E
MOCERFAE o XNFIR RS J& T KRR, PR S25 i) 45 R T LAAE — @ b
R RGRE L2 T R, T =M IR AR S 5 41 UK 5y
ISR AT R T) . AW = MEY, — R BRI s R S 27
EVEAEDDRE LAFAEAG MRS — R FR, RSB Ah 5 W e R RIAR L, 7K - is ik
HE e, AR K a5 D AOAR FEAL SEBURG o SR b 5 P R B X R K )
GERERFAE (0 22 5 50 22 MRS T A ST G5 L 1T AN Iy A R AN [ s = v A b
LW LW 0 22 1A) 7K ) G R A B AN [ B 8 Al R AT T (DG & R R 22 572
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2.2 KM ETE

2.2.1 SEHH S

G AT R 22 BE PSRl Ay A ) B (21°4 1N, 101°25'E, 570 m a.s.L)idk
17 IXHFAMREFE R, N 21.7°C, EREWER 1560 mm, HTEZ5 8
B, 5 1R 10 AW, RN RN R 85%LL b, 11 ] BRI
4 HohT2. ARG AT I #RAE I 2RI 7-8 ] 58

2.2.2 SEEGCHM R

AHIFEIE B = Fh v B R P — A% B2 (H. brasiliensis). 1 °F-## (M. denticulata).
I A(B. javantica)fl =F i &4 A% S AR(D. indica). 47 %% (A. moluccana). 28
AK(C. variegateum){E 4 SEEG AL . — AR KR AL U5 b B S0 2 S adh T i ds, @ T
LR, AR S R YO A D STV R AR T R, AERETER R R
FH), BRI A i v, TR REE PSR S T AR A, PR R R R R
Vs T ASHB RV AR Bl o AR DL, AZSEAR S A S, AR RAE) s T SR R
S e FH B A2 KB S AE 2-3 m, 042 3—4 eme SRR S EEAE 57 m, I
FRAE 15-20 emo KB 3—5 JUAEARAVE W HURERIXS 5, JF H, XSSHURERI R AR OE
FAFHRELLS -

2.2.3 Bk INES Hhk

SR KA TR T R ZEA LA I e AE R0 7-8 H [RIEAT -
FEZ% Sperry et al. (1988)FE ALK ik, TR RBIHUEEAN M Bl 7-9 FRAK 1M 73k
B MRS, RSN W T (B RS & B, Bk kit — 22k
Ko BIASER ST, ORI, AR A AEAN R I [ Y E AR KK (0 43 B 31 JLRAS
&5y, I BEAREIAN R K3, RGBS S BHE AR B I B ORISR 1-2
AN, B AN K BAR BINPAT JS , EH 35 ARl A R /e, R R D
IR T FOK AT S IPIME, EARBEUH, FEREIIE (R AER U B AR
JRR K He . R T K A ZEfs KR 0.2 MPa, T IRI S R HAS Py 511687
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SRJE S AEK AP BYEC—/NBC /B 1A 25 BUE B B 52 7K A0 T IO IR b, e
ZKA N LB IIIG B AR K TR ). S B85, H 0.10-0.15 MPa £ 7)
(RI7K “ P ” % B 4% 10-30 4380, IR RERE S AT 58 N IR AR A i B
MK L B — PR PIRES . “phle” DRSS S, Wi 2 —4, U
SE BEIIZBAR I B AR K G, BT 38 T O E R, IR B 2R K
T AREIE B 55 KB (Jmax) e FH T 7K 204 SR (K S 7K R B B LG, BT LATE 2B
AR I k38 0 I 5 AT AR R BRI, R K RIS Ky THEK 045 ik
K3 o B4k 53 2k 1 /) % (Percentage of Loss Conductivity, PLC)ili iz LA
FAFIE, PLC = 100%(Jmax — Ji)Jmaxe 285 FH 52 PLC = 100/[1+exp(a(¥P-b)) ]k
A PLC 5 A F #B /K #4W 1) 55 & (Pammenter & Vander Willigen, 1998), 75211
LRI R AR TR R K AL P a5 th 2. Forr, b A2k 2s 50% K545 5 3
(RIA T KA (Wpso),  BEAF,  FIFHAUG IR AE 59 th 2y Bk 15 2k 2 88% AT 12%
KO3t T HR I IR 7K P psgs FIWp120 Prss i ARSI T T 485 56 A M JE AL B 2%
FoIK AL T BE ST A TS K #4(Domec & Gartner, 2001), 1T Wpi, & X K41
RIS A A2 245 (ranaway ) #e ZEAL I [ 7K #3(Sperry & Tyree, 1988; Sparks & Black,
1999) TEARTTH, Wrgs-12 RIWpss i 25 Wpia [RI7K R GE SN AR BB UER K 4345 T
(RIREST, Wrssro RMEBRAN, AJTTESAERF K 43 4% 1K) B ) A

2.2.4 MBI SAK%E

FE J=(06:00—07:00) H vt B9 B HURLAR FH A I E LY 1.0-1.5 m (R R Sk
%, LRI EZAAKH, ARJEAEK R BT DI 5620 10 ecm,  H A2 R7 k2=t
ABGEARBOR A . BAc LR R OB S, Bk K. 78 3-5
PRAER L BTHR 1215 R4 [A] S 56 = 0 A 25 1K) 2 2K

FLRIIE D530, 78K P AR ELZT 20 em 2247 (R TE 0 R (R 4 /NE., I T
FrHI 2 4 P W 2, BN R AR MR B s SRS, SRR GOEHEZIM e 3K
IR E L, MR KA SR Ky Ky B A BT I TR] YR — B
PRZE BN/ EL(F, ke/s)5 5 1A =5 B o (1) 1 7 B0 % (dp/dx, MPa.m ™) LA, AP
Kn = F/(dp/dx). $5)c, I A0 2k 22 et yiiim & B AR 25 By, it e fa
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IR OR ARG —/NB FTTR VIR S, e A B R CR e 11
HOMEAR, ARG VI A (Sapwood Area, SA). K FKFE(Ks) = Ky/SA,
£ kg HoO m™ s MPa™' . | LI-3000A [ A4% (LI-COR, USA)IM & ki 4% F i
Fi A (Leaf Area, LA). M FACK(KL) = Ky/LA, Kp A4 AR bR HELL J5
137K Z

2.2.5 KRB RS RN R 1F %

T 0 HUUE R 50-80 pm [RIREDI . MIARZLGt, BB i e
FECS BT A B3 3 1 ELAR . AP N E , — /N iU A 2 A
KPR AU, BET IR AT A , P HEZK 52 3B S R4 FRARRR (V) SRS 1E 80°C
IR Tk 72 /NI, FREEAF B I T (My), UM & p = Mo/ Vro

2.2.6 NG RN E

TEMGBF IR BN, A AOG S YER 20 BT 1 (Li-6400, LICOR, Lincoln,
Neb.) Wl 5& B A i Fr 1006 & 15 P o S il 2o 005 I, e ) A A B R P A
365-380 umol mol™ 2 [i], M-l BE I AE 2025 CIEIA, I B2 11
KGR Eh 0.8-1.1 KPa, W& h GGG 118 5% % (PPFD)E AL T i 21
FOGI, AR A S HCR R E I e A iR . b kil
AR REEE 515 2B A Re A DO A S HUA BIRAA . e Y it 2 L
] A(PPFD) = Apnax — Coe ™ PP 75 FEHEAT (Webb et al., 1974), Lt Apa, & HIRDE
TR KA R B4, A IR E R R B LT (Gomar)
FN7K 53 F H 8% (WUE) 6
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2.3 UG

2.3.1 AJH TR KL T W55 1k

W 2.1 s, IORJFURS 4 7K o3 At IR G99 1 M 20T, H SR 1K) Wso
EEV AR T B Weso (A 20 o PR ERAMAZ IR . A58, AR R Weso 737042
—2.32 . —2.17. —2.23 MPa; i =R B AN =R AR IR Weso
S —1.27. —1.14. —1.27 MPa; B4k, =P MRl e FIWess 575 1T
PR LR BN 25K 1) BIRE, MR FYe, KT—0.5 MPa, filln,
FHAR I Wp1p HL 221X F)-0.10 MPa; AXS ML, H 2B W1, /N T-0.5 MPa, 7%
B A ) Wpss 7E—1.86 £1|—2.40 MPa Z [A13& 4k s SR, 5 ZAR Ml K Wpgs 7E—3.27 A1
—4.00 MPa Z [FJe5l . HbAh, S mHAAHEL, 54 A BRI Wess.12 1B, RN
WA ML T K A PR R

100

100

100 T - I
| (a) | (b) ¥ | (©
80 | 80 [ 80
S 60 - 60 60 -
G | [
2 40 | 40 ! 40
LT AR | THIA
20 4 Hevea brasiliensis | 20 4 Macaranga denticulata [ 20 4 Bischofia javanica
| |
0 T T T | T 0 T T T [I 0 T 1 T T 1
-5 -4 -3 -2 -1 0 -5 -4 -3 -2 -1 0 -5 -4 -3 -2 -1 0
Xylem tension (MPa) Xylem tension (MPa) Xylem tension (MPa)
100 T 100 T 100 1
@ | T © M
80 - 80 1 °® | 80 I
|
S 60 - 60 - I 60 - |
S
o 40 - 40 | 40 + |
Bk fi % | A
20 A Drypetes :'mﬁc'ul 20 4 Aleurites nm!uc(_wru 20 - Codiaeum variegatn
o
0 T T I T T L 0 T T | T T 0 T T | T T
S5 -4 3 2 -1 0 -5 -4 -3 2 -1 0 -5 -4 -3 -2 -1 0
Xylem tension (MPa) Xylem tension (MPa) Xylem tension (MPa)

2.1 N Rl AS BT 5 K A% RO 99 i ko T B RE 2R AR K 50% /K 70 T 3 I (R 7K v

Fig. 2.1 Vulnerability to water stress-induced embolism in six tree species; Hevea brasiliensis, Macaranga
denticulata, Bischofia javanica, Drypetes indica, Aleurites moluccana and Codiaeum variegateum. Percentage loss
of hydraulic conductivity (PLC) is plotted against xylem tension for each tree species. The vertical dashed lines

indicate the xylem tension at which 50% loss of hydraulic conductivity occurs.
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F 1 NP =45 ki (Hevea brasiliensis). H~F-# (Macaranga denticulate). #fH 7 (Bischofia javanica) % S A (Drypetes indica). 47 %% (Aleurites moluccana) L 2 45 i A (Codiaeum
variegatum) {56 A RUK I G HIRFIE o A BORIFE AR (umol m™? s7); Ggnax: T A AL ZJE (mol m™? s7); WUE: 64 HIZK 23 R % (umol mol™); Kz M- S/K%(10* x kgm™ 57!
MPa); Ks: U FKZE(kgm' s MPa'); Wpip: SR AN AT FHIIIM FEALI A T K $(MPa); Wess: T8 2K 2K 56 T B8 JI I A T K #(MPa): Wegs.12: Pess — Ppia (MPa);
Wpso:  FERL 50% IKAME SIS IOA TR HMPa): p: M E (g em™); Dpy: ARJFHFE TR EAR(m) e BARBR Py Wosss Wogsio AL Waso 45 R P H05, 1w

g K2 P B A

Table 1 Photosynthetic and hydraulic traits in six study tree species, Hevea brasiliensis, Macaranga denticulate, Bischofia javanica, Drypetes indica, Aleurites moluccana, Codiaeum

variegatum. A,,,.: maximum net photosynthetic rates (umol m? s‘l), Osmax: Maximum stromatal conductance (mol m? s'l), WUE: instantaneous water use efficiency (pmol mol'l), Ky : leaf area

specific hydraulic conductivity (10 x kg m™ s' MPa™), Kg: sapwood area specific hydraulic conductivity (kg m™ s MPa™), ¥p,,: xylem tension at which the runaway cavitation and embolism

begin (MPa), Wpgs: xylem tension at which the xylem becomes non-conductive (MPa), Wpgs.12: Wpgs subtracted from ¥pi, (MPa), Wpso: xylem tension at 50% loss of hydraulic conductivity

(MPa), p: sapwood density (g cm’3), D,..v: mean vessel diameter (um). Except for Wp,, Wpss, Wpss.12 and Wpso which are shown as means, the other variables are given as mean + SD.

Tree species Leaf phenology  Apax Osmax WUE KL Ks Ypo Wess Wrssn Prso p Doy

H. brasiliensis Deciduous 1418+ 1.29 034 = 0.01 50+3.11 4.08+1.02 438+1.28 -0.16 -2.38 -2.23 -1.27 048+0.04 80.9+12.6
M. denticulata Deciduous 16.72+1.26 0.29 = 0.02 544242 3.64+138 441+1.14 -042 -1.86 -1.45 -1.14 041+0.03 97.3+10.9
B. javanica Deciduous 1435+1.42 028 + 0.02 50+3.28 450+1.12 6.16+1.58 -0.10 -240 -235 -127 043+0.04 854+13.9
D. indica Evergreen 429+0.62 0.09 + 0.01 58+2.16 0.56+0.26 0.60+0.46 -0.64 -4.00 -3.35 -232 0.67+0.04 33.6+4.5
A. moluccana  Evergreen 11.79+1.20 020 + 0.01 54+3.67 427+1.55 3.57+133 -0.59 -3.74 -3.15 -2.17 0.52+0.03 492+32
C. variegatum Evergreen 722+0.72 0.13 £ 0.01 56+2.09 1.71+092 0.86+048 -1.20 -327 -2.07 -223 049+0.05 38.0+5.6
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Hh BT TR 2k — 5 AR A — 44 e (Hevea brasiliensis)[FI7K 23 56 R YA RFAE LS A B2 AR 4 B LA

2.32 IKESFRF

B, VR RREAT A m R KR K T K% Ks(FR 1),
Ak, LWL Kot BB, B K (A E] 4.27 + 1.55%10% kg m™ 57!
MPa™, FLE RV R PR K 3.64 £ 1.38x10% kgm™ s MPa™. 44K,
VoIl K A A 573 4/ Tl SR ol SR AR I AR TR K (B 2 %2 8 3% s AT 2,
R 1 Ks 2 fT &1 5 42 10 it

2.3.3 ARFTHBEE ML

A RHA T S P T LR D BRI (R 1), BT
PRI Do SUHARBERI 2 %03 (. AR, SHARRERRU MR RE LA R
K4 1).

2.3.4 JLABRHE

W 1R, R Anac KT 14.0 pmol m™ s™, 17 = Ffr i G540 Fli 1)
Amax N T 12.0 pumol m? 8™ o ARHE, = Fh7% HAFH 1) Gomax £F 0.28 £ 0.02 £ 0.34 +
0.01mol m? s™ Z [A] 454k, 1145 SRR F Qymax /N T-TRZET 0.20 £ 0.01mol m™ 55 3L
H, R SRR AZ SEAR T Qomax 5D b A IR B, 53— J51H, ST
FAHEE, 8 S P AT S D5 7K 23 R WUE (36 1),

2.3.5 MRS EAL R

TEANFIRI RN Z 6], Wpip (R*=0.20, P = 0.37). Wpss (R>=0.78, P <0.05)« Wpss.12
(R*=0.72, P < 0.05) L K2 Wpso (R* = 0.63, P = 0.06)#} 5 1416425 B 47 AH 5 (1&] 2.2); 1M
Wria (R2=10.59, P = 0.07). Wpss (R*=0.90, P <0.01). Wpss.1» (R* =0.49, P =0.12)
AR Wpso (R* = 0.97, P < 0.01)#B5 A il S 4 HAR IEM SS( 2.3) Wil 2.4 Fios,
Ks {5 Wp12 (R*=0.75, P <0.05). Wpss (R*=0.53, P <0.1)LA K Wpso (R*=0.73, P <
0.05)IFM5%. KL (R*=0.62, P =0.07)H1 Ks (R*=0.73, P < 0.05) 5354 %5 J& fikH 5%
(& 2.5a & 2.5b), 1M1 Ki (R*=0.83, P < 0.05)H1 Ks (R* = 0.64, P = 0.05) 5 A& Jii i 5
A% Dy IEAHC(] 2.5¢ & 2.5d). IEAF, Ks F1 KL 705115 Amax BT Gsmax 35 1EAH
K& 2.6a-d); AHHE, K FlKs #15 WUE 235 5iAH (K] 2.6 & 2.6f).
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1.6 5 4 2.8
o, @ -, ® z |© @
£l2q O £ 41 e S . | (o & G
= = J < 3 = 2.0 4
}':08 - tﬁ 3 ‘ e »;—5 L6
) A O = oy 4 2 1.6
£041 & pRlog20| £24 a0 RP=078| £ RT=072| £ 1, ] me R*=0.63
g8 P=037 | P<005 | & & p<0.05 P=0.06
0.0 T T T T 1+ T T T | T T 0.8 T T T T
0.3 0.4 0.5 0.6 0.7 0.8 0.3 0.4 0.5 0.6 0.7 0.8 0.3 0.4 0.5 0.6 0.7 0.8 0.3 0.4 0.5 0.6 0.7 0.8
-3 -3 -3 -3
plgem ™) plgem™) plgem™) plgem ™)

Kl 2.2 KR S EERR R e Wp: B RAEA TSI KRR FEA I AR TR K Ppss: T8
KB IKAR FHETINT BIAR B IK A Wesg1o: Poss — Ppios Peso: THE KD 50% K3 eI BIA TR K
Py p: MM SOORAE = K (Hevea brasiliensis), 2.0 = f JEAAE F1-F-#f (Macaranga denticulate),
S0 1E J5 B ARZK 5 FH K (Bischofia javantica), 75 0MRfR R 924 (Drypetes indica), 750 = M JEARE A
(Aleurites moluccana), =50 1EJ5 FEARER AR A (Codiaeum variegatum), LLRAH[A (] 2.3-2.6).

Fig. 2.2 Correlations between hydraulic traits and sapwood density across the deciduous and evergreen
Euphorbiaceae tree species. The deciduous tree species: Hevea brasiliensis (filled circle), Macaranga denticulate
(filled triangle), and Bischofia javantica (filled square); the evergreen tree species: Drypetes indica (open circle),
Aleurites moluccana (open triangle), and Codiaeum variegatum (open square). Wp;,: Xylem tension at which the
runaway cavitation and embolism begin, Wpgg: xylem tension at which the xylem becomes non-conductive, Wpgs.15:
Wpeg subtracted from Wpyp, Wpso: Xylem tension at 50% loss of hydraulic conductivity. Values are species means.
Mean =+ SD (n = 3-5) was shown for each point. The solid lines represent best-fit linear and non-linear regressions.

1.6 5 4 2.8
— (a) 2 = = (©) R2 =049
21240 B=059| 3, £ |9s B0 2o4q
= = 1 =0.12 &
E‘ o P=0.07 > X < 3 S 90
iy 4, — - ol -
o o o & %y o 2 1.6
S . = —h il
0(] T T T T ] T T T T 1 T T T T 0.8 - : ; ; ;
20 40 60 80 100120 20 40 60 80 100120 20 40 60 80O 100120 20 40 60 80 100120
Doy (um) Dy (um) Doy (um) Doy (um)

Kl 2.3 KIJFHES FEHRMK R Peip: PEREDTE RTINS IR TR Prgg:
Je FIK AL TR ) I A TR K B Wheg.12: Prss — Wrias Pesor T K22 50% /K40 4% 558 1 I A & /K
# Dpy: FETFHEHAR.

Fig. 2.3 Correlations between hydraulic traits and D,,., across the deciduous and evergreen Euphorbiaceae
tree species. See Fig. 2.2 for a description of the figure annotations.
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o [ B AL Z— TG XU AN = M-85 JiE (Hevea brasiliensis) 7K 73 5 B+ YA AT DL K AE B 2R b L sk

10
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Fig. 2.4 Correlations of Kg with Wp5, Wpgs, and Wpsy across the deciduous and evergreen Euphorbiaceae tree
species. See Fig. 2.2 for a description of the figure annotations.
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Fig. 2.5 Hydraulic conductivity as a function of sapwood density and mean vessel diameter across the
deciduous and evergreen Euphorbiaceae tree species. See Fig. 2.2 for a description of the figure annotations.
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Fig. 2.6 Correlations between hydraulic and photosynthetic traits across the deciduous and evergreen
Euphorbiaceae tree species. See Fig. 2.2 for a description of the figure annotations.
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Hp s R — TR G0 =85 (Hevea brasiliensis) K 48 X 2 JARRAE LS A 322 AR M LT

2.4 i

AW G R AR TS 3 A8 7K 70 A 3 (R0 G 55 28 o 2 A i 9 P o i B o 4 B 0
KT B AR e SE AR . X — S5 R HLSE A AR IE — 2. #l1, Choat et
al. (2003)#Ri#, PiFpIET#F(Brachchiton australis & Cochlospermum gillivaei) tt
PEAE P T £8P Tl (Alphitinia excelsa & Austromyriws bidwillii) X 7K 73 ipid 5
TR ZEA T UR . RIS, =RV AR R R W e AT Wpss B, Xt — P UESE T
BB o3 A e ZEAL BRI o AR, IR HE S, L o S i b AR i
AR Wrss.12 HG i Bt = i 450 JBE 0 B B R F) Wpgg-1o BE K — 28, 4235 ASHIE 7T %)
Whss12 FRIE ALTARAMERERE . AL, (HARERRE, AR Yen &P H I
INBIR g /N s BRI, T DA AR AN e A5 AT BEXT L 51 R Wpss-12 7E )
RE_Eot— B . RISR UL, FEFTIEST R NP Rl b, 0 2 B Rl A i S IR
R ZEA R RE T B0, DRI ERA A TR 3 A8 1E 5 /K A% 3 R e ) R it

SR, AT NN AR T 3 A R AR AL 8 T B IR TR JE A I RE T
(Zimmermann, 1983). B A NI A48 [k JEAL IR RE D 55 8 2 TR 20FLK
/PAHIE(Choat et al. 2003)7EAMFFTH,  BARKAT 0 M 348 LRI SHLINRAE, AL
MPE HARN RN, W SR PEPORIR R Bl 2 8047 2 25 (1 2257, (H =P 4l
=R AR 18 HAR I N B ZE S X R S AR
I PR FEAL IR 20, R 2o b Ly i I AR R AR ZEAG 10 BE AT (25 %2
S AR =R A ol B =R IR ol R 2 TRl R ZEA I E T T AT 5 22 57
MR, I EARRZE I AN RESR RS A AR RE L) 3T Sk 2L RE D) AN TR o

FEVFZ R AANFESRGMA R, RIS — R PR @R ¢
e, i, AR RE T ARBUBIK M H8eR . 7K oIRGB &
I Py 40 % s £ 4 #2545 (Meinzer, 2003; Bucci et al., 2004; Gartner & Meinzer,
2005). ARFFTUESE, BEAG AN LRI, ATTH TR ZEAL IR 6 5 19 i (Hacke
etal., 2001; Hao et al., 2008). #Rif, FEAWIFTH, A EHAE Dy FIR/NEEARKS
5 FETR /N T i 56 Wi A SR Uk FEAG B T 1R/ o S5l A7 B S8R T TIE S Wy
R T S 0 LA AN B (K R T35 M IR AT 67 (Rosmerr et al, 2007); R FBE
FAEUESE, Weso 51341 45 H AR IEAH X (Maheral et al., 2006). ItAh, AWE5T5
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B MRS TR KRR K ) GRS RS ALK B3 2 S S R IR 22 57

17 Choat et al. (2003)3RIE HIEHE , AL Woso w5 MG T 135 4 HAR . DI,
AHIETTHERT, AT 8 DUke ZEAL I RE KN il REL TUAF 1K) — R A (1 S R R A AT
Ko P, EREHARNISE . UL 58 SRR L AR AR RN

H IR Z W 5THE K IAE R Rl F] (Gartner, 1995; Kavanagh et al., 1999; Domec &
Gartner, 2002; Rosner et al., 2006) 15} i (Pitiol & Sala, 2000; Maherali et al., 2004)
AR FCRAR ISR R 2 AR Be F RS — M. RTINS, B Ks
{5393 5 Wp12 FWeso (E IEAH S UE B T 757 IR HS 0 b 2 8] 7K 53 32 S 00
ZAPERIAZ — . BISRUL, AT K S Hi8eR B e ) I 38 1 H AR AL
Ko MFE M EADEK, A S KA I . AT RABIESE TiX—HEie, [
Ky ISR RS B EARIEAR G, MR B K o045 3 SR ZEA I BE ) 5 I
HARA G o FE T IR ISR A e A G —, S FE ] LAHEDI /K ) 45 H R AE
ANTE] (R A0 R LIE S 8 o S B R A A B RK i e H S IR 2. — a2 K4y
ISR A I AE A BE S A DR AT AR ZE A0 R A 2 BT RAT AR W (K 43 s — A 2
AHRE B IR A0 0% T Jo S KR ZE A A A PR T TR) AT 3R A5 78 2 (R K 4

BTG FAE AT T SRR R, SRS, MR R AT B m K
A TROR, FEE Ks INMER =, X458 -5 ar A DG 45 1 — 2. filtn,
Sobrado (199343, 7 1 52 Y122 Py Hirhr (1 2= 5 M+ kb, i v Ky be
L) KL e 2-4 £, 0 Ks 8 2-6 £ . 5 —J7 1, A AWEIT T MR A i
FLFRAHT % 20 1 DX T i g R R ) /K O3 AT S R0% 5 SRR I P A i
W5 PR PR H R AR B K R K B #5556 (Goldstein et al., 1989). ilt,
NAT NWFFE T IR BN TP AR SR AT R FR IR K o0 A6 3 800%, 25 RN,
BRI KINIK AL PRI B ), (AE R ZHUG DL T, R ANv& - Ra )
() Ks RN Ky fELAEAH ] ()90 1 P 3% 3l (Brodribb et al., 2002) . X 61 5 45 H {5 B V% -
IS SR T 7K o3 A% 2803 B A L AR T 00 243 ) (1R AR AT AR A, R0 ol L 2t
T HAT B KK AL PRI AR — AR . AW SR WA B4, ik,
SR AT SR Ky AR R B AR D = AR RCR TR P I K (2 — 4%, JF HLAT
I Ks 5 A8 1 Ks B HCBHEE . 456 ARSI S5 R DCIHRAE , R LA
ZRFNTE R PR A 33005 10 22 5 T REVR T AR ST 8 2 A TR AN ) T 5 1
PEVTRETC K . MR¥E Hagen—Poiseuille /& 13, W LA%INIE, EAHFEIMEIEE TS
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Hp s R — TR G0 =85 (Hevea brasiliensis) K 48 X 2 JARRAE LS A 322 AR M LT

B HAKIRA SRR R, ABEIEAR, Bl Ks Al K 5 3 HAR Doy 1IEA
FALF-ABUE] TIX— 53

TETRIE GRS P R, 5 B Al B85 1 Amax AT Qsmaxs 05 O T KT
T IR T L ) Pl AT A R R S R R AL BE IR ARGE (Reich et al., 1992;
Villar et al., 1995; Cornelissen et al., 1996). 7ENFIFIZIH],  Amax F1 Emax #5371
5 KLFI Ks IEARDG . SEBr b, 7K GMAE 3 5006 AE IR OG5 R 1) 2 i AR 5t /K
AL FREIRREYI BRI RE DA HOC R . 8%, NIZaRAM 2, Kotk
HFER R 1AL TR, 2 5 o R R A B AR B, e i e )
BE AR S8 1) A8 A0 K S R B BB o SR m] LA A, LGS 5 o Tl 4 1 £ €
SALKMG, Mol COp WREERRAL, 5 A0S 55— J5il, ALK
TR, AR T SR AR FEA IS, T BE A DR i IR A A S ko
(Katul et al., 2003; Santiago et al., 2004).

a7 S I AV I P AP v & % 1Y/ s R e S M DG ER 7 B N g
A K IR WUE, I H WUE 5 Ky il Kg 35 A G X R LA B
TR G A% 368 70 IRUARE A6 1) T S AR FH B SHIPE  D507K 43 SR s ol 45 1R 7K 43 R 2
#, IR FBECT RN WUE: 55— 07, BAR KL SRR 1K
Gy DA BRI B, 45 AL ) T8 5 FH G2 B 1k S A I ol i e
IXFE IR O G 2] THI S IGE IMIESE, 11, Santiago et al. (2004) 5%
KILEAT B K AEYIG G /K5 R ORI, H XM )06 & B 80

2.5 INER

B2, AREWIGUERAES, AP NFIREARMEDI . 5 W SR EL,
Vi B Al K A% S8R B v ALY IR Aol K A% 0T K 20 A 5 5 PR A A R A
BB PRINT, Vi 5 0 SR B AR (R IR R A 19 22 5 2% B 22 (R VAL DA R AT DA
PREE R AN, SR I PR R BETE G BeAh, AWISOLEIL, (EH Lxp Rl
AR kel 11V 7 L R0 S e oy e e I i PR P S I S
ReRIE S e RE /e Zh g AT M RSE
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B MRS TR KRR K ) GRS RS ALK B3 2 S S R IR 22 57

FEIX IR SRR L, FEATETUTIE RIS AR R, = AR A Y5
3t g S V. 30T S S Rl T P XU A DX B R SRR T
2, EREFEN TR HIRE =AY, el etk . 2 TP RN,
B H RN IS AGZRAIRGG 2 o HMAWTIE A ROKTE, =R SRR RITK )
R R AL SE Tt AR 18 9 ot o o~ R R AR AR AL, RIVEAT ISR A B s K
EHRRIZE R, BT 2 I HARRCK . Ko RET B, HEIAR
JRER IR o3 A% 3 XK o a5 5 ke ZE AR I ORI TR JEAL IR BE T B %2 - 1
VRIE 2 N o = AR B A A i i i 5 A ORI R AN 5 B 5 RS (R ke 2 4
FUEAEVT R A X T2 J5 IR o SXRE, VOO - DX 25 1 T 0 = AR
B I3 A B IR RS 2 BT I
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G = IR SR P RS BHEI IR 7K 7 9% B D' B4 AEAE R A 5 2 (1 AR Ak

FZE ZMHBRMZELARRIPKEEHEYIRIK S X RIS FHEE

MEMEFMTH

31817

ATRIETTUE], A 2 50 ) 92> A I Wi 20 5 M 2 S (1 0 S A 1t DX 9 et
TR LR AT 2 AH 6 M3 N (Frankie et al., 1974). SR, 7 K 22 B0 X & H-B6 Fh R
AR T AL, X AR ZE T AR A DL, AT IR ST PR AN
FEAEAZINGE N AAE (R AN R D (R IE A o 5B b, S A SR o R I )
[ SHEWE A3 AR [R) IO FRIE o M8, ARty 1) 9 AL LA 3t 9 DR 21 2 1) vl
TR, PR AR B SRR AN G AN I DR 78 20 R K 3 B, L 4 it
K B E 5 7k AME A EE (Holbrook et al., 1995). & M-FIH SAs Pt 2= i vk
54K AN () o L SR s ) DR RS R o e AT AT AN [ 19 7K ) 45 14 (hydraulic
architecture)o 448, AR S LEhE ) A B8 1AL IR B8 ) AR IE 1R
WRG, EXARTEATRRZ=1H 7K 5k 6k (Cao, 2000).

TR S EM K s S R PR, B RS ETE Z T 5
AN, 8 N IRKFRE B, RS2 815K 8800, SRR S80I,
MITITE S8 A 7= E 42 2E(Choat et al., 2003). H1 TH A AR Tk, XHESEN
L RAAAERG BRI 2345 58 AT K8 S (Meinzer et al., 2001). L, AHAHK
PUREZEALRE S I RN FAE T R4 P I AAF G 2. 9%, 1EK I AT
B sEh, AHYPURZEARE I MR MERF IR A TR, B, HAEY A S
IR 22 WA B/ R, R AN 22 9 HL G I A TR =2 M DX 5 | 1) B 22 i
B B S TR (X, A SRR A o s A S ke A E 7 1R KNl
FHRF A2, SL AT AT REM A, ISR S th T ASREA U R ZE AT T Bk

TGS T R ZE R3S R AN AL, T 6 7K G JMAEL AR 26— S
eSS AL, LA 7K 43 (1945 2K (Ghannoum et al., 2003). <AL A F Tk
IR, EFEIN AR TOCE R 8%, U7, EASRIFENE, W
RS AR FEAAN REAT 2 LA, M Al AL AL AE G APIRS 3%
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Hp s R — TR G0 =85 (Hevea brasiliensis) K 48 X 2 JARRAE LS A 322 AR M LT

TR VEE ELBIERE K . 2R e &4 32 BB, A Bk A S0 0
SRIGARNHAL ;. 2 AL R FEOC AR M RE, AR RERS K
i kR I e A 1 AT 28, LRI e RER T T KRS TR, AR
AL P S M

PEXUR AN AL R AL, AERE LR 1560 mm, {AF ] 2+ H KR
SRR R 85% LA E(Liu et al., 2004). A, 76X AN H X A7 £ W 2 102,
FERFAE - — 2RI DY % X A 7E 50 W i I . = iR I (Hevea
brasiliensis)L i T SEM, 76T Sadb sl ity AR ch e iy g ar i, BT AR
fE . AHSE, (RSP RITEXRA X 5, =R i S R A T o, 6
I HIRBE =PSRRI . SR, 245 IEATEZE =R
Fr R AR BRI o A BT E AT 0EIE A Rk, =R B
XF KA MBS T AR FEAGAE UK, kB, = MR B 1 3 AR e 4L
(RIfE )22, 1M 1) Ja R o 2r A P % 55 K (Drypetes indica) S A% ZEAK BE ) 0
(Chen et al., 2008).

AFEGIRHE T T = AR RN LR R A% S ARAE I 2 AT K ) S Ky A
B ZHNAAL, WICH I, (D)7 HrPiRiEm Fr AoKR GOk BE I 257 (2)
G R K o A R AE I TP ARG I 22 55 B)WI20 2 M L3 b 2 57 0o
= MR AE T P (R I A SR (R Py AT BEZE 7 IE 6 S /R T Rl e 2R 1

AR
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G = IR SR P RS BHEI IR 7K 7 9% B D' B4 AEAE R A 5 2 (1 AR Ak

32 LM EAE

3.2.1 SEIGAA R

ARSI 1 e EREF Bt 0G SUR A A PR EAT , VG X4 b DX ) b 3937 R
SAIRGLIN S — T ik o =R (H. brasiliensis) f1#% 52 AR (D. indica)H v 5 k:
AEU 5 — T TR o — RGBT SR 1 o [R5 Bt G XU A HA i A 4 el 1) e — A TR
AERRER o AZSEARRIYIRARLE b R B PG RN G A A Tl (R VA A R AR o [
I E £E 2007 4F 7-8 HBEAT, TZ=RJMELE 2008 1) 3 HHIHAT

3.2.2 M S AKEPIN E

TP AAE RN AR AT, ORI LA oSV el — R g

3.2.3 I} 4 P—V (Pressure — Volume) it £& 1730l 52

-y P=V 2l 2 R AE R Z=EAT  BORE AT e A an 1, 7216 19:00-20:00
Z I, SRR A A A i 4, TN KA A, ZEZK T B ) 1 3 2
10 cm. ARJEHGHAF[RISLE 5, 7ESER = R A RHS BB 4 B BTA I
G, B ZEREJK, AR R ROK BT, B R AT R PV TR E .
A IR B G 14 P A R 0 5 L4 F £ 2 (Saturating Weight, SW). Ik 1=k
W5 FoAKk#e, L5 ST R 12K AR (AR R (1) £6f 52(Fresh Weight, FW). #8544
- P ISR AE SR B A A K5 R B 0.3 MPa Ze45(75 1 20502 )L H20 8RS, R
LR W 7 1 s O DA = el = el W I N R T A e Y e [ o S
I 5E 58 R R 803 80°C HOMEAR T8 48 /NI, I (Dry Weight, DW).
I FRIAR X2 7K B (Relative water content, RWC) = 100x(FW-DW)/(SW-DW), il
P LA I P K IR 7K B 1 7 R (Schulte & Hinckley, 1985), #1443
2R RURIZR (P ) LA B AR 5 7K A A 70% N PRI 7K 354 Rwic70%) o
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3.2.4 WP IR £ I E

USRI K 2O P OB AT I 50 PV W 0L ¥4
HURI RO, BRI ST RWC B 100%, JOKIIIBE A%, (63T =5
B R 2 MBI T FROBETR, S FLII T AR BT 05K
. BURAIH 515 40 B UBEE, JFE T AR, 3SR 0 Sk i
B 7E 67 /M Z A

3.2.5 MK T1 P B (Kiea) 5 M 7K SA0ME 55 1 26 1A 0 52

HFi 7K 77 5 P (Kieap) I 5E 2 2% Franks (2006)32 B 715 o Kiear = AV/ (10X Ay
x (W1 = W2)), Hr AV A 7AW )G 5 21 ) 3P B RT 10 A3 K i =
Wy ST IR Aear OB o 7K AN (R4S 46 AE 256 P AN BT HEL 2K
SRIGAF B — BRIV RIZK Y ) B Fr s AR R, 7R 58 TR 13 3] — R B [F W,
FEDERS, TR 3P, LUK I3, 5 0.4-0.5 MPa. % IR AR Kiearr )5
Kiear 52 MK R TR y = @[ 1+exp(— b(P2 — ) PRAUS, JLrha it A
BROKIITIE, ¢ HRZERM K13 50% M RIK Y b AT R G

3.2.6 ol 3 it 2 i e

73 AR 2= AT 2RI A i R AU O, TS 2065 T 23 A (Li-6400,
LICOR, Lincoln, Neb.)ll & B A= mt F (00GA VE R R th4e . I5E I R ATAE R 24
A A A
3.2.7 BeAAEIEAL R INIE

B 4 K R T B K 43 4R 5 Kk H 79 K (Percentage loss of hydraulic
conductivity, PLC)RI#:ZEA L2l e 70 MIAE 2= 7-8 HAITZ=14 3 A4t

7. ME LA RS AT H S 5 A A
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IR SEAR P K SREHE TR 7K 73 9 B D' B 45 AEAE R A 5 2= (1 AR Ak

3.3 LIGER

3.3.1 PRI P—V AN R K h 2 ks Ak

ik 3.1 s, SRR AL SR DI RE I 7KW o R I RWC A2
EAAR IR AR o 3 I R 3 2 AR I 7K 3wy, W 35 25 5, (AR SR
Wrweron L= HHRIRARAT 22 (3K 3.1) = HHRIRAZ S AR B oKt Ze R AE 1] 3.2
7R, BRI F RWC A /K I RN A K S0 i 2 R B, 1 =AUt
AT A3 B R K TE 3R I S RT3 R R ARG o — AU SR K B8 R
F LI B RWC BT B ) /N T 10 430, 1 k% SEAR BT i 1 BRI 50 434
Ak, SRR B R IK E] RWC 2 70% T 75 22 R R K402 200 4%, A% 5L
KRAELE T8 (K INR) 7 /N, A RWC BB IE S 70% (£ 3.1).
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Fig. 3.1 The P-V curves for H. brasiliensis and D. indica. The dashed lines indicate the leaf water potential

at which turgor loss point occurred.
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Fig. 3.2 The water loss curves for leaves of H. brasiliensis and D. indica. The dashed lines and solid lines
indicate the needed time at which leaf relative water content (RWC) declined to leaf RWC for turgor loss point and

70%, respectively. The data are Means + SD (n = 5-7).
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Fig. 3.3 Response of leaf hydraulic conductivity (K., to leaf water potential (W).,¢) in both H. brasiliensis
and D. indica. The dashed lines indicate the Wje, at 50% of maximum Ky, the solid line indicate the W at

which turgor loss occurred. The data are Means + SD (n = 5-7).
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3.3.3 WATREYOG SR IEAN SR A 2= AR A
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2. ) 2 .
PPFD (umol m = s 1) PPFD (umol m™= s I]

Kl 3.4 =R AZ SEAR I E Ry 2. O REIRERZ, S0 RARTZE. Bl
B FRUEZE (n = 3-5).
Fig. 3.4 The light response curves for H. brasiliensis and D. indica in rainy (open circles) and dry (closed

circles) season. The data are Means + SD (n = 3-5).

6 100
Lo (a) Hl Rainy scason (b) Hl Rainy scason
Ir:f 3 3 Dry season 80 - T 1 Dry season
2 4 =] —_ T
b X 60
Uy B
g 5. o 40 -
vy
> 1 L 20 -
. I
0 - (f -—m— i
H. brasiliensis  D. indica H. brasiliensis D. indica
AR BN =M s

Kl 3.5 =GR AIAZ SEAR UM T 7K 3 (Ko) FIAR BT 34 AR ZEAL LE AR (PLC) =15 AR Ak o Hedli b1 1%L
+ARAEZE(n = 7-9).
Fig. 3.5 Changes in sapwood area specific hydraulic conductivity (Ks, a) and percentage loss of hydraulic

conductivity (PLC, b) in rainy (closed bars) and dry (open bars) season. The data are Means + SD (n = 7-9).
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oy [ B AL Z—TE XU 4 = 4558 (Hevea brasiliensis) 17K 73 5 Za 6 Ar AT LA K A6 B2 AR P b L ok

=M H. brasiliensis  #52K D. indica

B KA IEZE Apax (umol m™ s™) 12. 8+ 0.22 (%) 429 +0.14 (F§Z)
no data (‘T-%) 3.68 £0.15 (T-2)

R ALFIE Gomax (mol m™ s™) 0.27 + 0.02(Fi ZF) 0.10 + 0.05 (i ZF)
no data (‘1-%) 0.09 + 0.09 (T-Z)

Bt KFEIEIH R E pax (mol m™ s™) 3.03 + 0.29(fH %) 1.21 +0.08 (FHZ)
no data (‘T-%) 1.09 £0.11 (T%)

SRIK B K s s 1) Ty, (min) 7.0+ 1.0 48.0 £5.0

KIKE] RWC 2y 0% 18] Trwerow, (min)  198.0 9.0 > 400

REFRTIK 50%11 7K Ppso (MPa) -1.06 £0.06 ~-1.68+0.10

W R R L 7K 5 Wy, (MPa) -2.11+0.10 —2.26+0.09

RWC 4 70%I5} (7K # % rweov, (MPa) -3.00+0.15 —5.70 £ 0.08

# 3.1 =R (H. brasiliensis)FlZ SEA(D. indica) )t A RFAERIZK 43 5 R IOAR AR o Hudls A 135 Hihr
HEZE(n = 3-7).
Table 3.1 The photosynthetic and hydraulic related parameters in H. brasiliensis and D. indica. Ay,

maximum photosynthetic at saturating light; Zgmax: maximum stomatal conductance; E,: maximum
transpiration rate; Ty,: the needed time at which leaf relative water content (RWC) declined to leaf RWC for turgor
loss point; Trwcroe: the needed time at which leaf RWC declined to leaf RWC for 70%; Wpso: leaf water potential
at 50% of maximum leaf hydraulic conductivity; ¥y,: leaf water potential at turgor loss point. The data are Means

+8D (n=3-7).
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G = IR SR P RS BHEI IR 7K 7 9% B D' B4 AEAE R A 5 2 (1 AR Ak

3.4 18

SRR RZ SR B Wy, WH R ZE . BIHATA I, AR SRR
VEW R PV IZAEIE 2 TR D BRI, DG TR SR S TR R R E R 2k
IR, W A2 7% AR LRI A2 5 S A LU IR R R — 4. |
M Brodribb & Holbrook (2003)8FT (1) # i 1H-#4 A (Gliricidia sepium & Rhedera
trinervis) LA & PR 284 Fh (Simarouba glauca & Quercus oleoides)7K J) &5 # Fi1'
BVERFHESCRIGE Kb, T LURIAEARA TR TT I DU ARl b, J& B (1 W
KT=2.0 MPa, [0 SEWFI®y, N T—2.0 MPa. #Rifi, 7EAHFITH = A5 R A%
AR Wap 73052 —2.11 F1-2.26 MPa, P 1] Wy, #B/)N T-—2.0 MPa. M Chen et al.
(2008) W 7T 45 Rk, AR ML SRR 55 K 25 50% K 70465 BE I IRIK 3553
) iE—1.27 F1-2.32 MPa. IXFE, AT LA =R 1 2Rk 02 s ml I e, 2%
AR T R C 48 m BEAR JEAL,  BCAXS I (R 7K A 7 AT 1l AR i AR /D>
T WUREA AR FEAC ARG SN AT, b P RS R K, TS i (R K 3AsliAT
A RERE BN AR B K T0%I /K #—3.0 MPa Aitr. AR, AHRIE K2
FEIAE I A 7K B B 3 70% 2047 I, eI A1 F DL RO & 3 T s 32 3
AN P #5457 (Lawlor & Cornic, 2002). AHXT ML, A% S AM: Fr A X2 K& A
T0%H 17K #4E—5.70 MPa Ziti, TEPERRAHL X RIEZE T2, FYIIRKBBA
A RERFF—5.70 MPa JeAq o PRIHAZ ST A o AN K AT BE KLk WE XU 4 i X PR 2 42
T8, GEWERZBA A, =R AR R RE

NP, ERAIBT, = BRERZ AT W B 22 7. R PFRE)
R ) P=V HZR SR I ER G R RE o A I PR R AR Al RN I ) 7K
PRI, (H =R O IR I A R LI R 5 1% o =GR A 9K
PRI SIS TRI D, 7 38R ey AR, RZSCRTTEE 50 73 Ph/its; R4l
X IKEEREE] T0%I, = AR T ZE A I TR AN S 200 738, 1A% SEA /5 22 1 I )
KT T NI XL R TRAEAT R K 0 A 46, 2 = AR (i
Fi A RN S A% SR 7 RE BEAR S AR5 i I 1 s s BEAE T2 I TR)
TR, = AR A AR S KR AR R 70%, Hls G ks 1 AR BRI, B9k
PRI ARN 5 7K T RE KK R T 70%, T3 251G B R A2 B o AN IR K i e 45 Rk
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Hp s R — TR G0 =85 (Hevea brasiliensis) K 48 X 2 JARRAE LS A 322 AR M LT

o RS Py A B 6K B T0% BT B ML K T 7 AN, % Kt
I T LRI T FIR K R TR 2 T AR W R R A
P SR 2 10 PRI B A RIS, ST i S e RO H £ A A %
R ATUFSTHLHIE 5636 SER R0 F R FD O] J1 2277 —22(Cao, 2001).

ALK B 1K 43 45 R IR — T A A R S o SR LOG ) £ 2
kAW TIE S E SR . —RA%ES, OB R ik 3L oe
Il(Loewenstein & Pallardy, 2002); —J&/K JJF % (hydraulic conductivity){5 5, &
THEIEAFIK NGB R , AFLIOCH F=Z R th T Bk ) 5 B 1K R B (Brodribb &
Holbrook, 2003; Brodribb et al., 2003). 2R, H i 3EA 7E 3K 5 5 AF R AFIT
UL TR oK 5 B 0T B T8 A TR S AL R 7o « sicbr b, 7K )
S H P T R ARG, AL EE AR B, i K R
Kiear 55 M KA R RN Kiear i 55 M Z 4321 1) 32 #8F 58 (Brodribb & Holbrook,
2003, 2004a, 2004b & 2007; Hao et al., 2008). MAHIFTH) Ko M55 HZKF,
SR K22 50%0K Kiear (97K WP pso b =GRS 22, X B8] = %I 1
Kieat ¥ 7K 31 AR I IBURK o 3Kt TR 24 W bR ) A 7 AR ) 7K B4R 7K 43 i B85
1, SRR Kicar PTREASAHIRAR AT I 167K 52 2R 24 I BRI AR R, 4%
SR Kiear P REBEA 52 21 58 25 5 M0 DR 1 1 (AR AR AE R — A R 17K o 7RI
FLBURE TR IR, 2 PR I B A0 P S e R KA, A Kieag I 55 1
ZE AW, KSR Koo I RELERRZE 2.0 mmol m™? s MPa™ ZiAy, 1 = HHEIR I
Kiear FEUE % o X UEIANIIZ 3 2R 5, R SEARM I B B — @K A IR, 31X
A RET B IR 7K 43 10— 5 TR0 2 AT 38 G Pt v A RS 55 7K e B AR A B 1 2R A AT
—EMVE s A R, =Ry BIA R e R KA S, R LT ARA
B K HER, TN e i R R PR e ) 22, XA SR K 4y
AN S i LA, ARSI R B 7K A T R 21 6 (0 AR A, 3
FEAN T SE 1 AL BRAR

HH A EEMTILFEYE Ker 8% A 5% (Brodribb & Holbrook, 2004b;
Franks, 2006; Otieno et al., 2007). AN AZGR A, Kiear XG5 33K 2
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G = IR SR P RS BHEI IR 7K 7 9% B D' B4 AEAE R A 5 2 (1 AR Ak

AL YA S AL T R T SE I o A R I S A L i i A B R 1 A
I Gomaxs AN T AR 11 2016 G 2 DA s Z8 B 2 A AR () (Reich et all., 1992;
Villar et al., 1995, Cornelissen et al., 1996; Chen et al., 2008). Ak, 1R %55 B fi# ()
I, AR R Kiea KSR TEABITTH,  BEAR = HHEIRTE FZEIN Amax
Gomax LA Epax B 58 LEAZ SEAR 1145 2 (R AT A KI5 K Kiear
PR SEAR 28, D\ Kiear BIZHIWT S T ZAR— 28, AN, BIHEC L, @A
BI85 K Kiear — 2 PUHE 24K Bl 22 5y 28 . Brodribb &
Holbrook (2003) 5T T P S At A b 3 B A ) B K Kiears 85 R IV
55 S P 2 ALK Kiear HH M ZE S BRI, ATCAHEDRI R Kiear
(B PRSI 1 PRI SUAN K, 99 A I P 156 TR 7K 43 795 3K P REAS T AR 1 1Y Kiear THL o
FHBCHE, X i A EE R W )R] B EARIK AT Kiear LIRS Kicar $THE Fr
IKIABEARIEI W AR o AN TUAE AR, AR Kicar (EURT I P 7K AP ARG P
B, ML SEAR Kiear (ERT I Fr 7K S IR AR RS, 3 55 LG 1 51250 45 ARAH 2R
AL, BT B ol K e {EDRT P J 7K S BERARG 147 T J832 2 L 5 2 R 5 P — £ Brodiribb &
Holbrook, 2003).

33T, A REFREE SE I AR R AL R UM S KR K IF
5% (Santiago et al., 2004; Chen et al., 2008) . — 51 Kg 76 1 7 i 2 H A% SEAC o,
T 7 W 2 = AR (R G A T R A AL 5 3 LR SR iy — 28, BRI, AR ST 46
R5 FIRIIRELT—3. RIME T 175, BRI Ks A AL AR &
— 25, (PRI Ks 55 R0 ZEAH LA IR B - AR 1 76128 K I FR% B 2
J5U DR AT B A PR AR TR S e e LR PLC (W8N, fE T2, BRI
AR PLC TR T =GR, 3k 22 5 ] LU &5 T A (9 AR ZEALRE D KT Ja
(Chen et al., 2008), {HPHFIHES) PLC #BLE 60% LA I, Ui B = AR IR SE AR 52
BT PERRAIH X = P I 0 o 76 T2 = AT (s, =gt
CABMBE, RS NI, IR Anacs Gomax PAK Emax 5 HZEAALL
THEA WA A RE 235 1 BRI, 1X 5 Elsheery et al. (2008)43E 1) 76 X AR 4 Hh X
TP O SR £ A (1 S (1 S0 45 TR B, AT TR ATE 7 45 SR el R SR A
TEMIAB R B EMLN TR, XIS, LSRR, R TER
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Hp s R — TR G0 =85 (Hevea brasiliensis) K 48 X 2 JARRAE LS A 322 AR M LT

X PLC B8NMn Ks BB, (EURJGUES 8 IR BcAT 58 2 KRB ZHETT . Ks DR 4E
FRE 0.18 kgm™' 7 MPa Jify, IXXHESEARREYIR BT RE L 2hs, IRy erint
Fi 28R AR o ARSIy ORI I RK BE D ok, AN _EBIALAE T2
AR P EUARBEN [ | “IRHY” g BK. I, A7 Al RERIAEAE T2,
SR R IO & A% B BT 32 2K 0 ra (4 3, AI'G &4 F e 52 2107k
TR .

3.5 IhEE

SRR K G BRI P K B B LU SR R SR U A 22, I,
SR EAT i e R B s e 2 R K 3, A = AR A SR 2 25y 4 i
EERSG%, BT LG8 RAGH AT . 1 = AR Fr K ad Ak,
FI LA A AR 25 5 SR K BRI 5 7K 0% A BE A5 B A1, I ELIH A0 & 7K
T0%] (17K b LA 71 (—3.0 MPa); AR RHE, A% SR R KIE A8, 1 4
S KA T0%IN KK 8 —5.7 MPa, X /KIAAE P P SUR 20 HL X AN 7] RES
B, PR G AR B AN T RE R T SR 2 BN AT A, =R X
Pl fig. BEAh, =R O SOR R DG G R M IS R, IXRE T3
BT AR SR I, FERIKE SR MR, =R A2 S A
FAMKIHET, Bt e s Az SEAR M @K &b, AR 2R A K o)
L RE BRI REWE L LT EE, MDA R IR 52 BRI BRI o

FEVEXR I, B T2 PE TR 2 0h, AR e 12 H 2RE 1 IR
AR n] B =R R A AN el R I A B T o B3R IM AT A R T3
PETSR R, MRl 5 SRR . I, AER AT EES TR TR
ARG = BB (R 5 080 3 TR S 5 AELAE P XA A 3 DX 4 P 5 R 2 AT
PEARBEIN, ARAEAE B AAIRDL T SRS 5 BRI K. BB, BEAT A it
BRI 5 BRI = MR s AR A2 T
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DU HRIBOE AR K> R A LU PURAL R GER] T 5 AR PRI 5 52K I Wi [

EME ZHERAEHEE. KO XRURMELRG TR
e I 5 7K B N L

4135|5

—I#4Jk:(Hevea brasiliensis) & T RKEEHEY, AT S in[ A7 AR, 2
— PP E R LT Y (Wycherley, 1992). R, ELTFRIZEIRE N, =t
BEIBAE R X A2 1 T2 ) 5 R, 7 v [ AT 1 B 2 00 XU i X A AN
B4 e AEEATBI L, =R A LR S I T SR, e 5 | Rt 75 XL
RN, TR IR A T B, AERRAER) TR A = A =R
S AT V% (Feng, 2007; Chen & Cao, 2008). 1 PH XU 4y HL X FE4E M +— H &
UAEII DY H AR TR 25 (Liu et al., 2004) . A 0T 77 IR I S2 i v HHAE
Yook T ST M I R D R R K B T R, AT I A AT R s TR
(Holbrook et al., 1995). 1HJ&, = HHRRIAE 525 1y (R B 3 2 AN A2 P WU
IO D AT R ROl Y SR 2 H HTE AR ARG A

A B v U R 5O [ 7K 23 R SR A A Ay i S R ) A ORI E 2 i v 2l 1Y) 2 22
K152 (Boyer, 1982). 7E1 R, AHPRT K o0 BB K 5 — S Wt AL G A
(Ghannoum et al., 2003), ALK HH 4 T EUKLE) CO, WREE RIS, MITTHEA)
A HRIGEET I TR S — 7T, T REFHOGE 8 B B &
T 57 7 H 7K G5 A I B T A BRI (1) 32 B[R] (Tezara et al., 1999; Lawlor, 2002).
ANEASALBAR LRI BRI, AT A Ky 7K 3 o dsfeots 1 4 3 SO ' & T
TR B, SO ST RLF ST T AR LG, AbAE /K 3 BB (1A
Wy ARG B — £ (Cornic, 1994; Lawlor, 1995). iXFE, 32 /K2 Wb ki)
WLV G e AT vT e B BHOG SR IR L, a5 2 ARG REA S FE
i, A7) e T B Y 2 6 A1 T (Osmond, 1994).

T IR 7 T 2205 T 7 1 AR AR IR 2R Al . AT, R A e )
e vl LLIE L AE 6 Ak 248 K (Non-photochemical quenching)zZ 4= i FEHT, DLEE GG
P2 AL P (Reactive oxygen species, ROS) 11772 (Szabo et al., 2005). 44K, 7&K
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Hh BT TR 2k — 5 AR A — 44 e (Hevea brasiliensis)[FI7K 23 56 R YA RFAE LS A B2 AR 4 B LA

MR RE T, RO B4 TR ROS, LU TR 88 B i FH A 7E
HLEIAT & S5 (Alscher et al., 1997; Noctor & Foyer, 1998). H i, W91 LA £ 2,
HPERR ROS MBI RGEMAERG (L RS, WL R+ LAY AL B AL
(SOD). L F M EF(POD) LA S G S8 AL Ul (CAT) s B 2 48 1 2 G HIIA LR |
BBCHIR. 46423 E DURCKIHE bR SR, 7R85 T R URam g, ROS
(K174 55 ROS RN R T Re kA, AH A AN )k S bt R A2 D A o

I, T EE R K S o R S i B IR A R 4 R A AR ZE AL I fE
B, LAY Al S S A R K ME I TR TN AK A LR R, A
Pye] LLYEE 19 5 17K 53 O ZRARFAE R ERE K 43 Y. (K111 (Tyree & Ewers, 1991).
O KB O FURE IE 5E 15 5 AL R M K 34 5 3 BB &R U 3 25 Uk
(Cavitations)] /K #' %% #19<(Jones & Sutherlamd, 1991; Sperry & Saliendra, 1994;
Brodribb & Hill, 1999). 7&—LEtiH, 7KorAL FRCR T Bk e R 2ot <
FLIKI 2% (Cochard, 2002; Brodribb et al., 2003; Nardini et al., 2003); #Xifi, £ 4
BRI 0 K  RLER C R A b, e AL TG PIAT R T b Bk
JE2 A M JEAL (KT B (Pockman & Sperry, 2000; Martinez-Vilalta et al., 2002;
Froux et al., 2005). b4k, NZsRRIAE, A 28I R Beas ke i 22 4
KA ™ F [ 7K 43 46 BL(Vivin et al., 1996; Chaves et al., 2003).

FHFTA I, CEARZ T RN K S R (kw1 LS AE T 5l B b s 4
BRI CR BV E RIS R, DG T SR WM B B J5 R A B D B 1 Pk
2 UL R AR TR B A 1 PRI 3= AR IF S AR SR 54 2D (Flexas et al., 2006). 21 H A 4 1k,
S B2 10 U AT 5 i 25 o J A A7) A6 B0 D) B 14 T B2 A 5 H 1 1 i
(Kirschbaum, 1988; Souza et al., 2004; Cai et al., 2005; Gall¢ et al., 2007). Jf H., X
BERIF U BE A RTE IR G ARAE, B2 TR IR A RIPT A IRARAE, ARG K
S35 REIK ) B RREE IR T o B T RERE . T SR R S R IR 7K ) 45
FAREAE (DK SRR e e B L SR RN BT R B M S RE S . AN, LA A
MEMT AR L, AR AR D) 1 PR A ) 21 Gl 52 B AT A FE B 5 (R 5211l
D, RMEAESKIE, BT RE AR e AR .
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DU HRIBOE AR K> R A LU PURAL R GER] T 5 AR PRI 5 52K I Wi [

FEARZ BT R 5URkIE T, AR Z AR 2 3 AE AN R AT ST AR D T 9 RS
Kl B2, BIHAN L, =R — M E 25, AT A B )R
USR358 f i A 3 T RS LU D o Bdle, 3RATT AT S EAROE R W e = R
R A AR IR 0 P R 50%7K 70 A% 2 HE 1K1K #J&-1.27 MPa (Chen et al,
2008), A ] DAHED = AR B ot — o 7K 23 S LU U (R . ASIESE
IrAT TAET- A B LR Bt i 1 S K AR BRI A AR AIE | B R e A SOK ) 4
TRFAE AR, DA, ARFEWFIEAI H RIS ()P = AR 7K 73 R i 1 3 .
P QW TREKZ )G, =R A BT Re i I BRIPE R 3= B) e T
SR KRR o = RO DI AP DRIPHLEL s (4) 73 IriB i U 7 X 1 o
= MR URERTREMIAE A o
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oy [ B AL Z—TE XU 4 = 4558 (Hevea brasiliensis) 17K 73 5 Za 6 Ar AT LA K A6 B2 AR P b L ok

42 LWHMB S AE

4.2.1 BT A

S AE P R B v XU iy i) [ (21°41°N, 101°25°E, 570 m a.s.1)E
17, KBRS PR .

4.2.2 SIS RS SER BT

1F 2007 45 4 JIAT NSO B Y MK R FE I S 2 AR I = AR v, b
FEAE e o AR 15 em LA BRI L(RELIHE) . BRIZEIE 50 om,
AR 50 cm, FFHJRTAG 250, X AR K I SRR AR S BUK . SR
T HRCHEAE T, BRIRSE, SR — RAEKRBVE L5 5eK—ik: R
Ja, WSARE— I HBE R BRR 2 b i 2 5. {F 2007 47 11 HHBETUC /N
FRSH— 0 KA R ARV 1 D 1 S A B (4 R RS 380 FH JC €325 I S R) R 8 2 114
SR K B 5 K IR o R0 B S o RS — B (] S5, TRIR T A B S EG . 7
SEIGTFHAI, KSR I 0 R AR 75-85 cm Z 0], JARAE 11-13 mm 2 ). SEi
FOEHBERLI > S 2, L — 415 5KV E o T R AR R, o — AU Bk AR A
TR, O6F FRUER 17 48 2 K S ORFE A HH ) RF 7K B2 (field capacity)o JF H., 378 5
AR, BRI K R . M ERUAE Y e R K AR E-3.0
MPa A4, PR HEAT S AKANE . 2Z t DLIE SR IR SR KR AR B 25— S I T
AN, U R TR Bk 3.0 MPa ZEA7 I, G S L sE 4k
F TR SHIRE S o 2SI AR, T B P H TR KAl 27 £ 3°C, )
TR 17 £2°C, AHXHREER 75 + 5%, JGHEREEA T B ROGHEREE 1 65% /0
HFio FHARKMEE 10 64 11, 17, 21, 25, 28, 32, 35 KJGLASE/KMFE 1. 3. 5
K, FEALE L R0 R [R)IN BEAT AH S HR AR Rl o A 23 A

4.2.3 TIESH R KRG

385 7K 5 (Soil water content, SWC){% F F1| A T, SWC = 100x( |- e fi 5
— T EY TR, RN 2025 om (IR, SRIEAE 105 CUt
b T4 24 h, T HE. £ Scholander et al. (1965)F2HL i) s 17k K X
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DU HRIBOE AR K> R A LU PURAL R GER] T 5 AR PRI 5 52K I Wi [

(SKPM 1400, Skye, UK)Wl M 8 j= 7K (Wpa) o # R M F1 AHXS 75 7K 1 (Relative
water content, RWC)#% T #1J A X THH, RWC = 100x(ff 5 — - 5)/(WE & — 1),
AR AR R S Galmés et al. (2007)42 AL 77 7% —5%

4.2.4 ARG EEZEA HE AR 5 fa g9 L h £

B S AT S8 7K 434 F 32 2K 1 43 % (Percentage of Loss Conductivity, PLC)
B4R ZEAL LE R I 5E 2% Sperry et al. (1988) At 7. 7E TR ANBERT, /R 5T
ICRERR R 1T, SRR T IO IR E TR IR B A SRS Y 3, B A 4k — 2D 2k
Ko ARG SEED A [RISEAG = o BRI e i R AR D S B T 3 A ]

FERIrR, KA B HONGSE Mok 1 T AT, HK S M E 7
SRR 55 1B A . ELARIIRERE R, 7R s K R, 1A
(RO 6, R S P ACHE, IR IR ST R YA AT K 3, AR5 B
SRR, 2RI 2 5k PLC, P ok BRI 55 2% sl 2t 5 — S

4.2.5 WRIRIK D R i 58 1 £k

I 7K 33 JEE (K rear) AU RE ATNE 553 1H 2 (K190 6555 5 — TS AR IR AR SR 1K 55— 4%
Kiear ME55 2R I F1— R KIA(P )W T AR, ) I R (R R AK
Kiear IR E LA G55 24Ul & 55 50 — T A )

4.2.6 JeE1EH TN E

FAE 45 XS H 43 B¢ (Li-6400, LICOR, Lincoln, Neb. )l 52 i Fy Fr1 ' i Y
M2k ELARII e J5 v A e m 1 gl 26 fU 5 DL A S B3RS 5 38 —Fe A A

4.2.7 WEEZE DI e

& 2258 Y6 I 2 B FMS2 {8 4% 20 9¢ Y6 A (Hansatech /A )58 il. Y6 R 4L
II(PSIN) [ W FE YA =R AF P )% T AN A5 AF/Fy =(Fn’ — Fy)/ Fr,
R 2R A2, Fo’ 06N T &5 K% J6(Genty et al., 1989). ALK
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Hh BT TR 2k — 5 AR A — 44 e (Hevea brasiliensis)[FI7K 23 56 R YA RFAE LS A B2 AR 4 B LA

(Non-photochemical quenching, NPQ)#R #& Stern—Volmer 7 #£ 11 & (Bilger &
Bjorkman, 1990), Bl NPQ = (Fm — Fo’)/ Fr’» JorR P SERE N R (K5 K9G, 1
ARFSLI T, Fo ATERRIE KRR PO6. BRMIEA RS I I O6E T
K Fy/Fm = (Fm — Fo)/Fm (Schreiber et al., 1994), HrPfe iE40-00 5 1 g, 1y 42
DI Y. 20 J3

4.2.8 HUFEJ5 R A B AEAGFR bR 1) 3 A

R, KRG R, wEth s A DU R I 7 sl fE1E
Ty KRR I EEATEAR I T FE o BE S IR ER 2 IAE AL 57 R
B EREAT, KGR AR A BH 158 i o SRR RE i L B Al [P S0, RAFAE
—80CUKHI . fETRMEREHETR L Ja, —BEATHRAENSRII 2

429 Jetrtha. IR AL PERERT & K 52

-2 Z AR E N 215 % Lichtenthaler & Wellburn (1983)# L1 51
FAR M S Lowry et al. (195 )AL 7k nlEEYERE 1 #15 7% David et al.
(1998)$2 it 77k IR 230 H1 5% Monreal et al. (2007)$2 4L 1) 7745

4.2.10 PUIA ML FIAS HEH B 100 52

PR LG () 23 12 % Arakawa et al. (198 DFRAEMI J7i%; B MEH IR0 H 5%
Doulis et al. (1997) #2441 7715 .

4.2.11 BEFEYER 8T

A B AR (SOD, EC 1.15.1.1)3&E Il %€ 2 7%  Giannopolitis & Ries
(977 FEAE NBT 7%, LAREHNEI SN, 50% (1l A — > SOD B HLA7

A EEE(CAT, EC 1.11.1.6)WG PEI I 52 2% Aebi (1984)32 4771k, BTG IE
PRI TR N pmol HyOp min™ mg™ 25 4 .
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DU HRIBOE AR K> R A LU PURAL R GER] T 5 AR PRI 5 52K I Wi [

AR PIRE(POD, EC 111.1.7)i& T 5E 2% Pole et al. (1994)3 44117 7%,
WL R 2R umol AOIAR min” mg' A

PR MR L E A ME(APX, EC 11111175V 2 = M Nakano & Asada
(198 )AL v, BEiEPERAAI H RN pmol 36 JE A FA MR min” mg”! HE.

AP HIGEEN(GR, EC 1.6.4.2)35 I E 2% Schaedle & Bassham (1977)
SRUEM v, RS TE AT £ R ) pmol NADH min™' mg™ £ 19.
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4.3 LIGLER
4.3.1 HHPIIK R

fEakgeK)E, K S IR N (A 4.12). fEfFIEGEK 11 KA, ARPE
THES KR RA UG RN 50%; fEfFIERK 21 RJE, &/KEIEA S HK
40%; {ETFAFE T35 K), KA 30%: SKIG, AbFLAIN & /K 2= AH
Mo W RAK (Y o) 5 IERE K 11 RIS, AbERRU RS AT W i) 22 5 1
UBJG, ALBRAH W I N [, 30T A PRES IRT, Woa H—3.0 MPa 745 (K]
4.1b) WP IRIARRE 25 7K S (RWC) RS 338K 43 0 85k (1 Jg 3 238 i — 2% . B55x fRUAAL L
FEAS1EBRIK 21 RIN, ARBRRIH Fr RWC JT4R F R, 75T FA S5 0T, ) RWC
BAE 70% (B 4.1¢). T FAEERH F (W A1 RWC 23376 T 55K 3 KA S K2
i, SERKE BN KB 4.10 & 4.1¢).

110 Withholding water | Rewatering 0.0 | Withholding water | Rewatering 100 Withholding water | Rewatering
i es® 5 / 2;.0;0
= ) = 90
= & -1.0 1 S
s < 154 O 80
=3 = =
< 3 20 & 70 4
&) | -2.5 A 5
3 3 _3 U = — 60 m
2 . 1 (b) (¢)
| RS (U N PO VNN ENE RV MR ) e ) '3.5 L L L B I L L B L B 50 T T 1T T T T T 1117171
DAILHADS MG DAQGHHRHENVHE DAL TADD VI
Experimental Days Experimental Days Experimental Days

Kl 4.1 7E+5MBEE 2RI R, RIS KR @) MR RIK ) LA R M AHXS 5 7K & (o) A8
o PRSI, SO RIARRACIME. B2 T8 b iR (n = 5-7).

Fig. 4.1 Changes in the water status of Hevea brasiliensis during withholding water and subsequent
rewatering. Leaf predawn water potential (4, b) and leaf relative water content (RWC, c) of well-watered (open
circles) and water-stressed (closed circles) plants were determined before sunrise (06:00-07:00). Means + SE are

shown for data (n = 5-7).

4.3.2 IKIIRFEM AR 4L

WK 4.2a Pron, 2T RAEE 11 K5, RS E 2640 R PLC &,
ETRAEFEE R, PLC 20T 70%. M H 7K 715 B (Kiea) FEAF 1E5EK 21 KRG TTF
G (P 4.2b). PLC Ml Kiear fER K 3 K5, ERAEVKE B3 KT
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SEIUEE IHRIBOG AL /K> KA DU PUAA RG0S T 5 A BN Bt Ja 52K I i

30 Withholding water | Rewatering -—I-ﬁ Withholding water | Rewatering
(a) £ 10 4 (b
£ 10 (b)
- 60 N '_I'w 8 ]
= ~
8 40 - 's 6
Y 2
. g€ 41
20 : £
4 2
0 T 1P r o rrnrrriri é EERERE
SAREHHHE VI SASGRHHHHIVI
Exprimental Days Exprimental Days

Bl 4.2 TSRS RO B R, AR B A AL LA PLC (a) I 7K ) R Kior (b) (1972
o O PARFNT R, SO BIARRACIIME . B T8 bR iR (n = 5-7).

Fig. 4.2 Changes in stems percentages of loss conductivity (PLC, a) and leaf hydraulic conductivity (K., b)
of Hevea brasiliensis during withholding water and subsequently rewatering. PLC and K, were measured in

well-watered (open circles) and water-stressed (closed circles) plants. Data are the means + SE (n=5 —7).

433 HHMEEINEL

WKl 4.3 Pros, fET AR, ARBKSREAEE N FR(Car). 48 E(Chl)
PLJ Car/Chl 5% AL BA I R ZE . Bk, TREKE, BRI
HEFEEFERA SE R ZE .

0.14 Withholding water | Rewatering 0.6 Withholding water | Rewalering 0.4 Withholding water | Rewatering
@ | (b | (e
012 4 o5 | ® 03_()
ol ol A
'£ 0.10 ‘s 04 = Ww
] . &b T 02
= 0.08 - = 03 S
o o
0.06 - 02 - 0
004 T T T TTTTTrTrTrT 01 | R R T ) 00 LI BELEL LS S AL L L LB
LEARLHHS N & SA[GHH VW L] SA[ETHF VW x5
Experimental Days Experimental Days Experimental Days

Pl 4.3 7E FORIBH S SR AR B Ry, 2888 D 3R (Car, a). 43K (Chl, b)LL & Car/Chl (o)L, =¥
DB IE, SO BRI . B2 P25 = ARtk (n = 5-7).

Fig. 4.3 Effects of withholding water and subsequent rewatering on photosynthetic pigments of Hevea
brasiliensis. Carotenoids (Car, a), chlorophyll (Chl, b), and Car/Chl (C) were measured in well-watered (open

circles) and water-stressed (closed circles) plants. Data are the mean + SE (n = 5-7).
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o [ iy b — P LR 40 = 2R (Hevea brasiliensis) (7K 48 6 2. GARRAE DL K A2 322 i L )

4.3.4 HAEERHARL

Amax M IEFRIK 11 K19 12 pmol m™ ™ FFAAFEAK, i1 Ab FEZ5 Tk 2] 2.0
umol m? s (& 4.4a); AHNHIL, gomex A 480 mmol m™s™ %% 50 mmol m™ s™ (/&4
4.4b); MHbZ, ACELSXREALL, WUE BEFE T 508 80 51 A Wr 38 n (1]
4.4¢)e HIKZIG, Ana ARETERBIE BN M gomax =R J5HEAPKE 3|
XK BIKJE, WUE SZED RS O IR AR — mK .

Withholding water | Rewatering Withholding water | Rewatering 160 [ Withholding water | Rewatering
, 151 =, 007(b) ~ 140 1 (¢)
G 12 S 500 o 5007 5 120 -
E £ 400 | £ 100 4
= - (=]
2 K E 300 - £ 804
3 ¢4 £ = 60 4
= 6 = 200 - =
% ; % S 40+ 0—0-—0
£ g 100 7 =20 - oo
< <)
U rT T T T 1T 71T 71TTTT1 0 r7T T T T T 1T TTTTT1 T 7T 17T rTrrrTTd
DAREDHDL NN DAQESHIL NI DARESHILNIHX
Experimental Days Experimental Days Experimental Days

K 4.4 5T FABESS KA FE R T, oKt Al (), AL (b) BLAIK D IR (o) AL .«
FOFEARFTNUE, STORRELAIME. 5 THERR R0 = 5-7).

Fig. 44 Gas exchange parameters in Hevea brasiliensis during withholding water and subsequently
rewatering. Maximum net photosynthetic rate (A, @), stomata conductance (gmax, b), and water use efficiency
(WUE, c) were measured in well-watered (open circles) and water-stressed (closed circles) plants. Data are the

mean + SE (n = 3-5).
4.3.5 ML RICHAAL

e 4.5a. 4.5b LUK 4.5¢ Frow, SXTRAALL, AFRERMIET GRS I
RGP/ Finpa & Fo/Fmema) UK IEF GRS 1T SE2BR 61 R (AF/Fy’)
FEAF 1ERE7K 21 B 17 RIFUR T B K5, BATEAN R 582 B0 R 7K
e 4.5d Frow, KRS AR SE K NPQ TEf 1h3K 11 KRG IHah B, 78
2 IERK 21 RIGIEBIERAE, RIGEET T REBN K K2 )G, Ay
X NPQ BOA W2 I 22 5+
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DU HRIBOE AR K> R A LU PURAL R GER] T 5 AR PRI 5 52K I Wi [

Withholding water |Rewater] Withholding water |Rewater| Withholding water [Ri Withholding water |Rcwalu‘
0.9 0.6 2.0

09 - (a b s | (¢ d
1(a) - 05 | (©) @)
208+ £ = 04 R
I T 0.7 = o 1.2
€ 07 S g %3 =
3 | =06 - = . 0.8
~ 06 i
0.5 0.1 4 04 + Q:W
0.5 r T 1T 1T 1T T 1T 107177 0.4 T T 1T 1T T 7T TTITIrTT 0.0 T 1T 1T 1T 1.1 T 00rfT 0.0 T T T T I U1 oiarin
ERCIGRIS RN SN < %@‘rﬁmﬁ%ﬂgr\ﬂmbﬁ ERICRIR R h‘.’\‘k)r- > *-«_;\bnaﬁ%,g{\“%w
Experimental Days Experimental Days Experimental Days Experimental Days

Kl 4.5 WRGRSE 1 IO TR F/Fnpa (@) IETHRS BRI TR Fy/Fpm (b) ET4
ARG SR TR Fu/Fnpg (©RUAOERSE AR K NPQ ()AL . AL BN R, S B
ARFACFRAE . o & P8 £ FRUER(n = 5-7). Fig. 4.5 Predawn maximum photochemical efficiency of PSII
(Fy/Fumps» @), midday F./F, (F/Fnme b), actual photochemical efficiency of PSII (AF/F,’, c), and
non-photochemical quenching (NPQ, d) were measured in well-watered (open circles) and water stressed (closed

circles) plants of Hevea brasiliensis during withholding water and subsequently rewatering. Data are the mean +

SE (n=5-7).

o752 [RW g12 1V RW 4150 WW | RW 418 wWwW_|[RW 25 WW_|RW

=60 1(a) Mo | 210 (b) £120 1(©) £15 4(d) 820

Z 45 4 2 8+ P xmﬁ; 212 1 T 154

839 4 8 67 g 509 Bl

‘315_ 00-024_( A~ 60 xO.ﬁ-‘ ;l'q_

8 T T T U 2 1 I T I T 2 30 ] I I T LI EO.:‘ i T T T LI | DO'D 1 -1 T 1 T
010710 ’L A o 000 2 A b 000 246 000 246 00 246
Experimental Days Iixpcrimmta! Days Experimental Days Experimental Days Experimental Days

Kl 4.6 fE T Mt A SRR P RE BB ALEE (SOD, a). WA MLEME (CAT, b). 1A (L)l
(POD, ¢). FIHIMIRILEHNYIEE (APX, d) DLERABHIEERE (GR, ) W PE)AR. 230 AR TEE,
SO AR AEF . WW: T2 Bt RW: SUKBBee MRS P SAL WA RS T8 23 o Bt 2 B obr vt
i7(n = 5-7). Fig. 4.6 Activities of antioxidant enzymes in Hevea brasiliensis during withholding water and
subsequently rewatering. Superoxide dismutase (SOD, a), catalase (CAT, b), guaiacol peroxide (POD, c), ascorbate
peroxide (APX, d), and glutathione reductase (GR, e) were measured in well-watered (open circles) and
water-stressed (closed circles) plants. WW: Withholding water; RW: Rewatering. Data are the mean + SE (n = 5-7).

See “Material & Method” for the expression of enzyme activities

43.6 PRSI RGIETEAR L
K 4.6 fin, HAEALHE SOD. CAT. POD. APX UL GR [ HEAE = k3%

K17 825 K, SxTRAHLG, WlRIHG@E B mH, EEKZE, P
AT FRE A T 50T D S ) 1 o 3 i 2R T A L P R e DR A SI2 56 1 ) A 2
N} 2 TA) R AT W B0 2 (K 4.7a & 4.7d). RPUSR IR TE (2 1EBEK 21 KA,
EXTHRHEE, FFARE Wt sg 0 W, 38 IR PN MR 5 S PUIR IR LU AR BT T
BR(E 4.7b & 4.7¢); A BEH IR IAS AL 3 S BRI IRAH [ (B 4.7e & 4.76). 75T
FAKZ G, BPUA IR AI A DEH IR 5 & DL AGE [ B HTIR 1R 5 S TR ifn R it
JR IS IO H RS B A T IR LUAEL L #B R &2 2160 BRI K-
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25 Withholding water | Rewatering qi; 4 Withholding water | Rewatering @ 100 Withholding water | Rewatering
20 |® = (b) < 904 (©
S S 31 < 80+ 00
g 1.5 1 = = 2 70 1
= 8 2- %
< 1.0 - 2 < 60
Z 5 9 S 50 A
0.5 S E 40 -
LI L L [ (\‘,-. T T T T T 1T T e s T T T 7T T Tl
s (@) £ 04 (€ = ]88 1 (®
(o] . =] =
= POO00BO6D S 5 goooats® ésqa 2 80 O.;g:c
220.2 1 .2 < 70 -
S 0.2 1 = o i
% =) 0.2 T 60
@ 0.1 A =2 i & 50+
zn 0.1 =
- E 40 -
0<0 T T T TTTTITETHET E(L{) T T Ir T T T 71T I ETrT g 30 r7T rrvr1mr1rrrrrid
Q"‘A\Q’\"ﬁ?htklﬁ\';) NG Q").S{’}.\J ‘:HQ,.{;‘ NV Q%\Q{‘h%ﬁ.,) SNVHNG
Experimental Days Experimental Days Experimental Days

K 4.7 e ABE S KA B R, 38 S R GTUR MR (AsA, a)s BPUAIR (b). AsA/S PR MR (c)-
HEMAPCHIK (GSH, d) SBNHIk(e) BLKE GSH/RAMH K () M. S OEREX FE, 5L
D PR AL B o Bt P EARE R (n = 5-7).

Fig. 4.7 Effects of withholding water and subsequently rewatering on antioxidant metabolites of ascorbate
and glutathione of Hevea brasiliensis. Reduced ascorbate (a), total ascorbate (b), AsA/ (AsA + DHA) (c), reduced
glutathione (d), total glutathione (d), and GSH/ (GSH + GSSG) (f) were measured in well-watered (open circles)
and water stressed (closed circles) plants. Reduced ascorbate: AsA; oxidized ascorbate: DHA,; total ascorbate: AsA
+ DHA; reduced glutathione: GSH; oxidized glutathione: GSSG; total glutathione: GSH + GSSG. Data are the
mean + SE (n=5-7).

4.3.7 KA R ARIMNEL

FEAFIERK 11 RJG, SRR LG, A3 00 ] v R R 2 1 7 e L i 34
s I HAESIKZ S, A BRI r] S PR Pl 22 o A0 AR LUt ) 5 e v 1 22 (1
4.8a & 4.8b)o T F R ZE Kiear SO%I R KA Ppso), 45 R K DAL S 06 5 B A I
HARKIKAF RN Ppso A—0.98 MPa; 111 J5 {7 T- AL BEAF 21K Wpso A—1.67 MPa (4]
4.9a & 4.9b). [FIFEHE, TIEA 40 S8 K 2 50%F1 88% K 75 Tt 1 1) 1 7K AW s
FlWpss, 55K % B AR 45 RIKAF BN Ppso A Wpss 23l JE—1.5 F1—2.7 MPa; fij
1E B AT A BRAS 2 I Weso FHWpss 73l JE—2.5 F1-4.2 MPa (}4] 4.10a & 4.10b).
W 4.1 Fios, RS ILT RS A Woas Kiear AT T2 1) PLC #0424
B, A Wpan Kiear KN PLC BIASE— 2 )5, AL LIRS HUE W)
AN EENIGE, M Wi Kiear P PLC [V IRMEHS L BLAEA T S8 & A AR ]
I PP A A 1 B
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o 40 Withholding water Rewatering 250 Withholding water Rewatering
ol —
g 351 @ L)
2 30 - §\N o0
E 25 E
“ 20 ‘2
2 15 - O—o—2| § 100
2 10 - - .
= o I
z S &
~ o * o
0 I | | I | 1 | I BEY FR ] | 0 | I I | I | | I L L
Q"‘)QWQ@@,\%}\ L% k& Q)"JQ")(\?,.%),S’:)@\ VYRS
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Kl 4.8 75+ 5 AIRH 5 S /K AL B R b, Rl vk SO0l 2 () I 2R 75 52 (b) AR A o %0 [ 0 UL
SO AR AL I . B T bR HER (n = 5-7).

Fig. 4.8 Changes in total soluble sugar and proline of Hevea brasiliensis during withholding water and
subsequently rewatering. Contents of total soluble sugar (a) and proline (b) were measure in well-watered (open

circles) and water-stressed (closed circles) plants. Data are the mean + SE (n = 5-7).
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Fig. 4.9 Vulnerability of leaf hydraulic conductivity (K, to water potential in Hevea brasiliensis. The
vulnerability curves were derived from the slowly bench dark-dried leaves (a) and field water-stressed leaves (b),

respectively. Vertical dashed lines indicate water potential at which 50% loss of Kj,¢ occurred.
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100
(a) | (b)
80 | 4
N | |
s, 601 | 1
%]
= 40 - | 4 |
20 | I
| |
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4 3 -2 -1 o 4 -3 -2 -1 0
Xylem tension (MPa) Xylem tension (MPa)

K 4.10 AP RTEAC HUR R MG i, Mk a ATTH/K I BRARIE TS g 2 M v FHAR
KoK, BHZR b ARTCHK A M BRI T B /b1 A0 . T FL SRR T8 K 25 50%7K 50156 T8 1IN 7K 8,
i { R AANR R 5 A R JIKIME T RE ) I K3

Fig. 4.10 Vulnerability of stem percentages of loss conductivity (PLC) to water potential in Hevea
brasiliensis. The vulnerability curves were derived from the slowly bench dark-dried stems (a) and field
water-stressed stems (b), respectively. The vertical solid and dashed lines indicate water potential at which 50%

PLC and full-embolisms occurred, respectively.
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ELH PLC (¢) MIRAR. M H AR AARERA S A8 R AR AN nT 4 R R FE AL N PR /K 3, ik ook o BE B &
RFEAL L

Fig. 4.11 The relationships between maximum stomatal conductance (gsmax) of leaf (n = 3 — 5) and predawn
water potential (‘¥,q) of leaf (n = 5 — 7), predawn conductivity (K;, b) of leaf (n = 5 — 7), and predawn percentages
of loss conductivity (PLC, c) of stems (n = 5 — 7) in Hevea brasiliensis during withholding water. Standard error
bars are shown for each point. Vertical dashed lines indicate water potential, K;, and PLC at which stem runaway

cavitations occurred, respectively.
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DU HRIBOE AR K> R A LU PURAL R GER] T 5 AR PRI 5 52K I Wi [

4.4 e
441 TFAHX A E R B

AT LS R, 4 13 (0 /K AT HH AL KRR 7K 5 (1 50% I, i 1 Woa FITRWC
TR TR 4.1), X UL IR RE K TR 50%0 e = AR RT 1387K 43 Ji i -y i
PR AN FE, T3S K SRR T XA, =BT 387K 23 (1 R B R IR
—RAVM AL A L SIE ARG IR R o 7 UE R 2 B AL DG P A A0
7K 3 Jd fif g L (1) . (Cornic, 2000), HALI K ALK 4 S B0 G T . K
I, AL FEER A AN B A A 52 7K o R (R I 5 R AR TR s SR ISR, A
FEFRABAGEI SN . 8K, LG AR T 5 A LS AR T AP & 83T [ v
— R B o AT R AL BRI AR L BRI (7] 0 4 F 330 T R 1 38
TRk R TP Y6 A 3 R 1) R & (Johnson et al., 1987; Gimenez et al., 1992). /K4
(R JL R AR U AN AN N 98 K 73 R TG 5 R 200 AR A L 08 PR B, 5 R ABI )
WUE % 5 . AFFTHIEE R 4.40) R E FIHF5T 45 F (Rouhi et al., 2007)#BUESE T
2K BRI ) R A B DGR A RIS E . Bz, TRId RS, 4L
(ISP R T80 K o A e, ARLIR] IS 5 80 T A A A % 1 BRI

TG A 1 B AR A LR DG e 17 A B A AR T B 22, i Az
TN Fo/Fo BB AR DGR A A RIRR S, AEDG R SE I I AN AT I8 4
DI T Fo/Fo (BEARSEBR L3 — FROL ORISR, 1) FEEINSE T NPQ R
{HoE, WARRSR Fo/Fo &4 T WIS ARG, WA DI YR R 5 32 21 T
AR AEAWETIH, JERG T R AEA A KR 35 & B AR 1R BEK 25
K, R IEGEK 21 RZADGEHEAR N BERT AL 25E i T L se
MBS DR, X2 )R, JERSE I EZ2 MAN AT A5 00 O e AR R R
LR SERGE I 24— A LR D 2 2 T ROS (3T

4.4.2 JeORYBLAS 5 A ) g S

P — BEEE K38 S ROS (177 42 LK R IR R ROS I ERT L. 8T 51
ARFRIERE AR, R 2 R S B IR A AR 0D S BE PR BT A TS Y
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P94 H (Munné-Bosch & Alegre, 2000). 4 NAMAE, EART FAFERTIT A I
BEAT RIS 2% 1 B AR (B 4.3b), ik O AT 15 A 2 (¥ SE BRI FE i o T 4 1) 19 465
% (Hernandez et al., 2004; Gallé et al., 2007), (1 J5 A Al G AEMI LR 2
MR ING R GE TR HAAR LS A FL a5 Rk S B (Gallé et al., 2007). B8Ok
T 22 TR I 4% 2 W B 45 1 338K o0 (R e, AEAI e Car/Chl U AR #TF =
(Munné-Bosch & Alegre, 2000; Sanchez-Diaz et al., 2007). X, EAWITH, If
B RINX—GR (K 4.3¢), XUEH] = RRN 7K 3 R SRR U 2 — M sl
WL IS (down-regulation), 111 AN A& 3 3 (K] 3 S 1 (up-regulation)..

B T G RE A, HE T OGRS S N NPQ B, AL, 4L
i) NPQ (B AT FAL B A th 2 W I . SR, EAWFITH, NPQ 7EfF 1k
K 21 R RIERKAE, SR T BRI BB 4.5d). Ak &0
NPQ ff 5 M3 3 LA IPIRES B IEAH X (Qiuetal, 2003). — ki, Y
FEIE M 38 AL AP e, BRLG, 7EIE NPQ (H A mrs AR (A,
ZINEARIKT AR AR, AEREIRE 52 )™ TR K O R I, RIS ERC A,
3 R LA I AP, DABR RS o 1 R OK BOTRIG B ROS,
AL PIHE I T T (Augusti et al., 2001), JXFEFE IEA- M35 Z MK, NPQ {H R
B 48K, NPQMEM FREAT W BE2& H TGRS B2 H] T AR 38 (145145 1) 45
R, BEATEABEFH NPQ {E AR 1EGE/K I 25 K5 G N B, MR 1FE G R 4
I TS AN R I3 IR N ) o (AN SR KA 4, NPQ {HIK T BRI+ b 3
FAEA G T 5™ e A ¥ )

ANid, UGB RGN T DAAE e AR R R A e I T AR
RRBE AT, BUAALERE TE R X ROS (13 b e AR SO J i, IX
— B AAEM RIS 433 T UE S (Munné-Bosch & Penuelas, 2004; Sofo et al.,
2005). AA[EIA)E, Bl TR AR BT, AT R I T B RS PRk %
Hu (& 4.6) 0 IX U6 HIHTE A BEE PR G Il = AR A AT BEl R N i ROS 1Y
TR S B G HBTTRIRe ). BeAh, ROZIR IS, EARR I B
PRI 3 0 A2 > R AR IERR K 21 K, i RIS I A 1< L BEE 100 mmol m™
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DU HRIBOE AR K> R A LU PURAL R GER] T 5 AR PRI 5 52K I Wi [

sTLUF; X5 KEMPFIRESE B2, W T RAeB i 4 m 5 s4S
JE R3] 100 mmol m™ s LU RN, PAALBERE M B 3% N (Flexa et al., 2006).

53— 71N, PEARiE AsA R GSH nJ DU HUIR i BR—45 e H KOG 3R e b
ROS. HERFI S N AR SRS AP R A ) G52 2840 D3 (#1475 35 (N eubauer
& Yamamoto, 1994; Asada, 1999). Aik, AHYIH 1) AsA Fl GSH X157 [0
IS FR 0 LI, I FLBEAE B R0 i A B SE (R A A R AR Ak, e TR R B H
ARG R, Fltn, 4383044 (Sporobolus stapfianus)iti 52 /K 7 FE 6, AsA
HI GSH F-3A3 W1 W (148 Jn(Sgherri et al., 1994; Loggini et al., 1999). 1 [{1 /&,
) — SERE PR S e K AR R AT 2 K Sy I, AsA R GSH % 35 (1 19
(Buckland et al., 1991; Navari-Izzo et al., 1997; Augusti et al., 2001). 7ZEAWITH,
FEARAL NS B 0] () AsA A1 GSH 33 B 22 5%, (HI2 I AsA F1 GSH &
AR, XU =R AsA I GSH BAT 5 K PTG I AR VR T, Al A
PRl = B S TR s D RO R 4 1T IR AR A 5 5

4.4.3 JKI3 IR Z NS TR AL B Y

FHA ML, BT AN BT EXHEYA T S5+ 2L PLC A1
R K 775 Kiear BRI SUE AL o A, v A @RI, YA =2 ™ &
(RI7K o BRI I, 45 12 TR SEAG R R A AN Pl B o ZEARB ST, R
J S PLC HYSEIN LA K Kiear F R B30 A AL AEAS 1EBEIK 17 R 21 R (18 4.2).
MR K T TR R RS, AL IR AR ARG N, o AR TR I, AT
(0148 o AR AT 1 25 7 (runaway - cavitations) (I %, /L5 8 A i A
480 mmol m? s ZEA47 %) 100 mmol m™ s 247 ( 4.11¢). BbAh, AWHEL I,
B AL BRI L R BRI K AT Kiear P #85 A BTHR 345 R AEAN W]
PR ZEAIT I R g T Kiear BEE(E 4112 & 4.11b)0 AL FE I P4 7] L
kG AR I R R, DRI A DA Ay SR AR A0S 7K 43 e (1) — T i . SR g,
HHYZ IEE R W] T 3X— 5i(Tyree & Ewers, 1991; Cochard, 1992). K, AHF
GUEE BE R AR A s AR SE A A Ry — Pk M5 55 S T L RIR B (25, AR
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oy [ B AL Z—TE XU 4 = 4558 (Hevea brasiliensis) 17K 73 5 Za 6 Ar AT LA K A6 B2 AR P b L ok

AL TR T3 ek S R

BT FAL B FECT Kiear X P 7K S BEAG IR 0 S AR 2218 4.9), Horb ) Jit
DRI R] RESEVBIE T IS5, DROA T AR 350 T 1305 VAT A4 vl e M R e 2 K
e LIRS 4.8) SR, BB T TAAAE S 5 BEAE A Rh AN B b 1) AR A i AR
fk(Chaves et al., 2003). T ABFIHEA ST RAEES T T “HBIRES
BRI T A, I A RERf o8 1205 R 1578 = AR I v B AE - BT L,
BETT A Kiear (155 Hh 28 KA WHZE 4T (A7 A AT Rk — 25 IR 9

Jy—JiTh, $PAME RGBSR T PR I B 19 3] T nsR(& 4.10).
MARE R, {EAE YT LU T R I, I IR SR KB T A
WA KB A — B P R JR /K AR R AT A (K 35, X
FAT AT REAG AL T Weso fH. At s, OFF T 1R 0 A LE A [ R 7K 43 4%
TR, PR KD 50%KI % T HE SN R /K AR A8 B 5 AR R ARE . i, Mo
AR YI(Cedrus atlantica), 47K 45 HEEFIS, Wpso 4.4 MPa; “GAb{E
HHRETAN, E Weso P& 3—6.7 MPa (Ladial et al., 2005). W95 A, 7EM A
IR AF TP 1 Wpso 28 R R 1 T T RS TR BN, sthr b, el
O TR Z A TRGE TR S T S A BRI A A 34 B AR, O Hoe P 1 g
Iy AT E(Lovisolo & Schubert, 1998; Arnold & Mauseth, 1999; Schume et al.,
2004). AT ELAR AT 43T - 7K 5 38 B (0 R X — AR A 5 3 A T A 4
FE = HE PRSI, AL 12 P LATA kg ASHIF 5 1) 5 A B GS AR S0 T 2 8 ) 1) 55 T
S5 PRI DGHRIE —$ DI, X3 = RGBS T 25 45 R 5t 7K 43 J it (1)
WA, S5RFECT PE PRI I Y

4.4.4 HIKJ5 1A B N
EEIKZ )G, JeEHRAREIKE 26 KT, B FL S B BE0E 52 4= 1K
(K 4.4a & 4.4b) X PG A HUR AN T2 I JR R Y 0% A8 AE S FL I 2 ey

R T A B 2t & s B T A R R 5 - B2 TSR AR
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DU HRIBOE AR K> R A LU PURAL R GER] T 5 AR PRI 5 52K I Wi [

SALBRIER T 2 B A AL M RE-1,5- B AIE 2 20 340, e e S AR R R
TR ARG 20 D 2 BT 5K 52 (Lopez et al., 1987). B SRIE 2 117
MIREPITE Z K5, IR T e RO 1) e 52 U8 A A (R D6 5 A F I R
HEIA S R A AR R AR A 52 24585 (Cornic, 2000) . Feilt A7 NN h B2 15
MR K JG R B Re e 58 R 5 — RAVE MBI AR, 46+ 55k
G A DL S A4 R 2R A 25 74 1) 497 3 (Miyashita et al., 2005). BT
GERERW], BMEFEREIK 5 KRG, PI%R Fo/Fn R BEWKE 200 TR, X
VI T 5L AL H /D R G T el 7 AN il 3 (K45 55

SR, A WU TE S8 52 1 508 R 7R S K5 6 & R AN B 58 A TRk
SR T 6E AR F I 28 05 7 I — B /KA ) (R AR B 7 2B 1 S 1531 (Souza et al,
2004). SEBr b, ERXZHTCA PR T 8K G P IIAR B0 A AR IR R 5
4 FH (Goldschmidt & Huber, 1992). 7E5 /K5, ALBR )R A & Hoo) B
B2 4.7a), (HARTFFEIHA BRI E 6 A H 3 A T8 4 P S A2 S
(g Ao A B, AN A W PR AR B AR & — SRR AR 2 2 T 4
F(Campos et al., 1999). MAh, A HEIZIR NG SE T DIEE, HA M5
WO R 32 2K 20 e 405 S AR G (Irigoyen et al., 1992). HEAR AW FTANAE
BN TR P T %o D' B TR AN BB S A (R SRS T AT 2 4B T, AR AT LA T 5
AL FO A 1 AR BRI 4= TSI 5 5, X RE SR HUG, R
P S W Wra e o =2

AU I Z T AL B K25, HoK D66 F - 2% WUE 8
fiK(K 4.4c). X5 Miyashita et al. (2005)F1 Gallé et al. (2007438 1145 K AH At
AT 2+ R A K SG , J6E AR LA 3 X K SN R, X
TET S WUE. A, EATLEETTH, T RS A AT K
WA R IKYF) WUE JI 5 (Cai et al., 2005; Ennahli & Earl, 2005). T H/K2Z
JE DI WUE LEAS B RS A AN A R 25 51, Gallé et al. (2007) 0\ 4 2 K A AN [F]
(RSB RE AN [R] R A A B SR SO J ) o EAHE ST, WUE BRI Js X T B
KSR JE AL RS A, TGA A AN G 58 2 Pk K38 ) o
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Hp s R — TR G0 =85 (Hevea brasiliensis) K 48 X 2 JARRAE LS A 322 AR M LT

OB A AN TE A 1AW g8 R 008 52T R A 1 R0 T W 5 K P S T
A, AR R IE Z K o B =R IR K2 5, NPQ B (&
4.5d), X5 Galléetal. (2007)WF7THIE )45 R 2, LA SEEe b, 2K
SRR IR IAT K Z G B AR R 58 KR, NEABE I O A5 78
WS AT, AR, 1ERK G = AR UGB IR0 PR IR R R
FHR KT, XU AR NPQ A N, (H& 7% M8 P4 b B RE AT 2%
HEER ROS, I A A T E AL i 5 . B4, AsA F1 GSH 5 A
AN SIS ) S A HF 7 — AN A, AN E R 2K 5 Bt e T e S
PUEAGIE — 3. AWFTIESEE 2 T RO R KZ G, PUA LRGSR m 1s
VAR B, R K 6 A A R R SR ] e 75 AR 4K — BT TR, A
B ) B K (Augusti et al., 2001), 5ol MATIRIGUESE, ERKZ G, B
(RIS A Tl 5 P 7 R 2008 52 T S 2 PR R 2 1 A A TR e R v i o i
[ #fi t4(Upadhyaya et al., 2008). &2, fERI/KZ G, P ARG INETER sA B
TR CEA A T .

2K Gy a2 K 2 S 5 JEmE JrWoa B RWC REIIUHE M P 52 51 56F B
KT (B 41b & 4.1c), R ZMT FE KW T AR E 71X —4 R
(Sanchez-Blanco et al., 2002; Gallé et al., 2007), IR A G e T 215 S 1
FEAAE K )5 REH AT B o X —WEREAT 2 T AW LA R Ve, B i 2
L PLC fE R /K 2 JE G R B (1] 4.2a) o Kiear £ R /K 2 J5 AE IR PR 2 (] 4.2b)
J AR et 3 e ZEA REAPC T BRI 4 2R o Kiear 58 42 IR S A1 22 2 0000 i
BT AT AR SKZ R SAL T EERE STE R KL (B 4.5¢). ARTT, W% mida
s&, FEARMGEH, BAE = R RGE 52 T AT R, G R T LA BT AN
ARSI, 1K D) SRR E AR R T 50 4 MK S B FR I K o kb g
R0 B A HE AR A 7K g R R 3 BT A0 T AN I S K 2 JE A A T
RS2 1) B I DR 35
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DU HRIBOE AR K> R A LU PURAL R GER] T 5 AR PRI 5 52K I Wi [

4.5 NG5

REEMFICLERRI, (1) =R 387K 4 o e (9 55— B B A& i <ALk
P 4 KR A B KR K R 45% 247 I, AL KIR BE LG 1] <ALk
TSR K 3 B R I, BT AR TR, AR A = AR R I
SORHIEGAIE Y7, NPQ EXIIN. (2) BEA /K > 8RB L, B s/KE
N AL KRR K 35% 2841, Je R G 1T AN AT i [, ZAR
SRR IRGS, BEARGRS 23 TR, NPQ BEE Fi%. (3) 4
B KR T R B KR KR 35% UL RIS, LS R 4% 100 mmol m™ s™
PAR, Bbi, P b im MRk T s, i HeIR f i —2 D H RO A A S 56 30
) S ELBLRE ER o (4) SRAEM B LR BE OGP IR RN, A B 3 i ZE A L
PLC H4m, MK Kiear FBE, ASLEISCHA R T8 5 2 2D R
FEte (5) KRB AT REfRAE =R P B R A RS A M &R, 45 S
PURRZEA I BE A2 T N5 SeAbh, W RES H T RV B A i e 5 3 R 1 (A
AL B Keap X 7K 350 0 W AR FFIR 2%

AWEIRA RGE KB, (1) 24385 KR A B KK 30%I0 . nIfg
e T AE R A F, melad th e AR A A st AG
P 8 TR AR, 2K )G, =HRIRKDCEEANDERSE T 6t
FRFEAR TG R B IR (2) B HURFDE RS TG R AT
R AMDE RS T il KA Sy, B2t MG N s 4 S
WA 2 AR KR NPQ (B YERFAE 5t AR TR 1K1, IXFEAE K2
Ja, =R AE R AR ST 13 7 w] BEAT B T e AL a0
(3) B = AR 52 )™ R R K o R R, TK ) G RARFAE S B 405 B AE 5K 2 T
RERTAKR R, XK ) @A IE I F AN 32 /K 20 W () = AR =K, 3
PRALIE AL T e 0 BR A A 2%

-55-
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S RGBS B A Al P&

FRE =M & EMKR A E RN %

51 5|1F

AL P bk, il TR LK AR R 2 Dt R B A BB, X AT
AGRAFE B R R AR, BATR = A 2 411 (Zhu, 1997; Cao & Zhang,
1997). AT 40 K, T HEEHAGFLTRD IR WiHE, PR A X A
285 P I D I ARAG R TR I A Ji o B FE AN IR 1A g (18 Ay 22 5 R A0 (10 2 77
b, TO0E 2 DB RO X 285 (R R e 1 LA . B, AT INE T SR
A e ACE [ TR AZ N I _EJRl) 20 PR A S Bt A0 R (100 25 3 2 T L) A
PRV, AR ECT Rl P AR, A A E AR AR AR R AL,
25 I AR AR A P 3 R KR

AR R A7) i) sy 243 B AR v g 4 2 A 1) A2 2 BRI K] F~(Sakai & Larcher, 1987;
Woodward, 1987). 6-10 'C [WRALAE AT LA Lo i b8 24 3, S 3004181
GERIE DA S AR B ) % (Crawford, 1989). 1999 M HIX K4 T — ™
A E, AT TR R X AR i G R A 2 2°C o RIS T, AL
B RESI S RORIRGS T P %S G R ISR 2 523 B2 1) 5% i (Baker, 1994), M
17 AE AN B AR o S B T B R RE I T A AT B RO S AR
FIRIT 2, G5 R O B HUR DG 27 AR AR o S T8 RE A SRAN B A2 I i 22
HAEH, ol 2 Mg ie AR T UL P (Reactive oxygen species, ROS), 5l
I R4 B9 6 S PRI (Verhoeven et al., 1998 & 1999; Huner et al., 1998).

FEAAT WA T2 22 10 2 BEOR G PR LA T AR (G 5 S R e B3, (it
3 AR PR FERL— 30 2 2 R (W AESR S e fE(Demmig-Adams, 2003); (2)il i Hr4 1L
RGGFRIEESEY) ROS (Asada, 1994). Préaib 2 G H0E M EUBRG b R AR
BREPR RS0, AT E 2 A B ALEFSOD) I A ARF(CAT) A
BE(POD)A4E, Ja# FEAFRHUIAMIR . B H K, oS b REE. B
JIL, AR AL AT Le A BUBAE I BRI Z B, PRI L AFE RO s v VR BB
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Hp s R — TR G0 =85 (Hevea brasiliensis) K 48 X 2 JARRAE LS A 322 AR M LT

PEREM VA AEP I SR, 85 R T AFEHCE (Koroleva et al., 1994). 7 —
JTHL, AR BT R G S A AN R R4S, SRR, Bt A A R4 5 R
HIA2 4k A8 4k (Zhao & Blumwald, 1998; Walker & McKersie, 1993).

TERRAIIX, G ZE AR R], I R PR BE AR e, SR
VERIANS P BRI A7 (Feng & Cao, 2005). BIMEiZE T4, TEHE40 B KR ]
W —EAE 6 CAAT, T A RIIRBELE 20 ‘C LA Lo IX R 1R IAN R T A
H X IR SRR, ARty th AR A AR R, IR B R, R H AR
BB K o RV O TR L SRR R I I e R LB O AT T RIS
(Sakai & Larcher, 1987), {HHGH7 LA VA BUBANE S LU IR SR LU AR /D

— I #4i: (Hevea brasiliensis) & T KEEHEY), ECI5TFE 9% M I H 3b ] s #4
7 TR (Wycherley, 1992). 7EACURHEL, =AU E T SR Aiy, AR5 R 275X
FRANHBDS S, SR AR T AR, AERREN T HIRR =AW, SRR
x4 i 7% (Feng, 2007; Chen & Cao, 2008). —M-# i Fr I PEIX Fh LA, B
T RRANH X Z= 5 P R T RE SR N 2 —4h, 2 X A R ARG I T R AR 2
X R L B D BE I AN TR BT . BRI, AR H R, (1)
WF9% = A B B TR (R U s Q)R 2 R R IR AL B, = g I
PRI LA AT AG LR LT o
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S RGBS B A Al P&

52 KRS TE

5.2.1 SEIG AR

SEIATEL A =AY P . 2007 4F 4 JT 4T 2 M B R BRI 3K 50 BRI AE AR
BRI ET, FIREAE SR T SRS T ARG T, BRI, R —K
TERBB LGPk — I RN HE, WEGIE K IF BN B b R 2
28, R ZEIR 50 em, A B4R 50 em, FE FLEEAT 250, SKREAE SR IR i
R WA BUK . 15 2007 4F 11 IO/ 30, KA RUF IR EE K
IR AR B IRI A ) o S SO 1) 5 B2 AE 7585 em 2 [A], JARAE 11-13 mm Z [f] .
AL FRINAE I AR A WA, A EE 10-13 ik vy, Hh—4HE T 5 CH
IR A, BT 1S CRIMR A ER . T 15 CRIMEES Y
H AR TAN BE BT, DRI o] DA X — 21 (A AL B A o) o AN [ (1) 3 A it 5 A
F R OPERHT, BRM L 19:00 24K, SRR RS B STCRI 1S C AR
A PR, FE55 R 1 07:00 s /i Ay, SORIEI ASOEIT, Esbm 7 R, &
RHEAT R OCHRARI 3 AT, I 5 RO RS I B B #1842 50 4 R TR IR et o 34k, 1
ARHITTH, ARIRAL BRI 18] 2k 22 I (1455 T S50 70 AR AL BRI 5 TR AH DG HE AR

5.2.2 5 RO ][]

IR ZOGME LR 06:00-07:00 Z [AIBEAT:  1E/F2GIE 7E 14:30-15:30
2T BB EUNIELE 10:00-11:30 2 [8)FE4T . AHSCAALTERR T IO HURE
FEIEF I 56N E SR JGHEAT , 0 kel B 58 B T2, AR5 SR ] 5
B S ARAT A0 CUKAE

5.2.3 SKIG Tk

(1) M55 ) FMS2 20k 4192 1 (JEE Hansatech 2 )52 .

Ak 2% K NPQ = (Fr — Fo’)/ Fo’ (Bilger & Bjorkman, 1990), F,’ >k JGiE RN T )
KRN, Fo NI 8RS0, EARTT NG R Foe GRS T IH
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Hh BT TR 2k — 5 AR A — 44 e (Hevea brasiliensis)[FI7K 23 56 R YA RFAE LS A B2 AR 4 B LA

AR AF/Fy = (Fn” — Fo)/ Fu’ (Genty et al., 1989), F, A)GidE N K HIFaE
BRI IRGE N I KA B Fo/F i = (Fm — Fo)/Fm (Schreiber et al., 1994),
Horf B Fo/Fo 008 7Ry 22 /D IEIE Y. 20 40402 G4 T

(2) F LI-6400 {43056 44 (LI-COR, Lincoln, Nebraska, UAS)il & WL F1E T
[ 5 KI5 T 6 (Amax) A B85 K TAL T P (Gomax) o DU SE NS R IR R 4
23S IEN 0.5 L/min, AIXTEEE R 60%, CO, ¥JE 4 380 umol/mol, I 5E Y5k
(LED J'6Us) it 1A 400 52 0 T R S 0 o v AN Wt A% /) o

(3) MEEZ(Ch)FISEHEAE b 22 (Car) /i 772 5 S DU F AR [

(4) AT IS S E A [

(5) WA (HL0,) 7 & 1l E 2 7% Velikova et al. (2000)F2 £ 177

(6) N (MDA) % 5 HIE 2% Hodges et al. (1999)# {1 (1) /572

(7) PrEaMEgBE ALY AL BF(SOD, EC 1.15.1.1). 4 LA M (CAT, EC 1.11.1.6).
HHAAYINE(POD, EC 1.11.1.7). JUIA MRS A AEF(APX, EC 1.11.1.11). &t
HIKGE R BE(GR, EC 1.6.4.2)0% 1 LA BT ML R AN 23 W H A5 =1 s T7 v 5 48
Py AH [+
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S RGBS B A Al P&

53 KIWLHER

5.3.1 BUIAMIGHR XS Ve AR5 I 2 JU i

ik 4.1 R, ARBRETPIZAEHE) Amax BT Gomax AT WL 225, (HJ2 =R

(K] Amax F Gomax X 5 C RN AL AR B0, 16T 15 °C AR A) ¥ FEE Ak FEANBBURK
TCAE AR IR TR, 15 C R AR AR ) = AR Armax BT Gomax 15 KO B HTAH LL
HOBAT W BIAAY, F Amax TRAFZE 9.0—11.0 pmol m? s 2 [H], ggmax FEAFFE 0.20 —
0.25 mol m™s™ Z ], IXUEHH 15 CRIMIELELLEE, MG MREknE,
A9 3 ATAT 53 o A, AEASHIFZE R 15°C R IR AL FR AR R 5°C 7 Il ik
JEERCER AR R T S C R IAIHR P ALFE = AR 12 h 5, 55 AL B RTRIG A
L, 3L A BRI T 50% A 47 . KEBRRT =M e i KL T2 0.25 mol m™ s™
Fedi, M0 SCHIMELEE AR 12 h 5, R LT FRE 0.05 mol m™ s™ /idy,
R T X BRI 20%. Bl S °C R RIS AL BRI TR (R A T @omax 2 T %
frrads, FERIG S5 R CGR 7 R), WHEIMEIEILE.

_~15 ~
o 12 o
E 91 '8
= =
— b
>C3_ [+
g &
= 0 e
0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84

Treated time (h) Treated time (h)

B 5.0 AR D) 3 5 b B = I e A R IE S 2 52 o Apay (maximum photosynthetic rate at
saturating light): A EHH(a); gomax (Maximum stomatal conductance): K fLFE(b). T LEANRE
15 CALIMNE AR R, SO AR 5 CRUMMLEEALTE . Bl b P8 bR (n = 3-5).

Fig. 5.1 The effects of 5 ‘C (closed circles) and 15 C (open circles) night temperature on photosynthetic
parameters in leaves of Hevea brasiliensis trees. A,,: maximum photosynthetic rate at saturating light (a); Zsmax:

maximum stomatal conductance (b). Data are the means + SE (n = 3-5).
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Hp s R — TR G0 =85 (Hevea brasiliensis) K 48 X 2 JARRAE LS A 322 AR M LT

5.3.2 % IGS JO R W) AR 1A Wi [

WA 5.2a iz, 5XTRAHLE, 5°CA TR E AR BE =48 12 h J5, Hok R Fy/F
FBAT WL AR A s (IS B AR AL 3 ) TR R S, o R Fy/Fn ST IEAELE,
BEPETP <0.05). W& 5.2b Fros, 14 Fy/Fo XS 5 CROAN BEAL SRR, Ak
12 h 5, HAE AR T (P < 0.05) . B AMIR AL BT AF/F, M4
(] 5.2¢), RIRE, MRIAF/FY B & T SCARMIRIR AR BE IR, (HAF/Fy’
SRS R MR, DR RS AR AR HE 2 R (R AF/Fyy 1) 2 A RS2 A LA
FFEM, 1652 BNRAARGUI L0 o B AR AR FT = TSR I AR AL 275K NPQ
(RS th e B 25 (18 5.2d), RMRIRALTE 12 h 5, SR, ARH I EdE
B, PRI NPQ BN, SAF/FL 32 BRI —FE, NPQ th32 K
ACRILIRIE I, T U B R A 2 2 H) NPQ ) 22 {14 52 BG4 F 1R 5
W22 FIRACRBLIIFEI, {2 NPQ S AF/Fy AR X AL a4

0.9 0.9

a b
Eoy @ 205 |®
N o > 0.7
z & 06
2 06 =
A = 0.5+
05 I I 1 I I 1 I I 04 1 I I I I I T I
0.5 0.8
0.4 06 - (d)
& 03 - -
= ' 0.4
S 02 =
01 _ 0.2 n
00 T T T T T T T T 0.0 T T T T T T T T
0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
Treated time (h) Treated time (h)

B 5.2 AN )L BE AL BE T = 451 R 48 1T (Photosystem 11, PSID G AL 22 %R (I 52 I . Predawn Fy/Fp:
v f= PSIT R OB 0% (a): Midday Fo/Fy: 1EF PSIT IR G R0R(b)s AF/F,’: IR PSIL A7
Feb 2= 3% (c); NPQ (Non-photochemical quenching): FEALZE K (d)o 250 FAARTR 15 CRCEELE A EE; 5K
DB 5 CRUFEL AL B . Bt b P B8+ bt i (n = 7-9).

Fig. 5.2 The effects of 5 C (closed circles) and 15 ‘C (open circles) night temperature on photochemical
efficiency of photosystem II (PSII) in leaves of Hevea brasiliensis trees. Predawn F,/F,: predawn maximum
photochemical efficiency of PSII (a); Midday F,/F,: midday maximum photochemical efficiency of PSII (b);
AF/F,,’: actual photochemical efficiency of PSII (c); NPQ: non-photochemical quenching (d). Data are the means
+ SE (n=7-9).
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0 12 24 36 48 60 72

Treated time (h)

84

160 550 =
_ 1401 (a) - so0. 4 (@)
£ 120 - e
§ 100 - E 450 H
g 804 S 400
£ 601 £
a0 350
20 T T T T T T T T 300 T T T T T T T T
160 500
_ 140{© _ 450 4(d)
< w400 -
> 120 >
5 g 350 A
2 1001 2 300 A
= = -
80 1 250
6() T T T T T ) T T 2[}0 T T T T T T T T

0 12 24 36 48 60 72 84
Treated time (h)

Bl 5.3 N [RIAE IAIGLFSE A FI0S = AR B 52t 2 3K 5 o Predawn Fo: & RBIUAE(a); Predawn Fyy: 1
JRECRFEIG(b): Midday Fo: IEFHIIGYN(c): Midday Fr: IEFECKFE(d). LM 15 CRUMIEE
AL SRR 5 CRIAIELEEALER . K A T35 + b HE R (n = 7-9).

Fig. 5.3 The effects of 5 C (closed circles) and 15 °‘C (open circles) night temperature on chlorophyll
fluorescence parameters in leaves of Hevea brasiliensis trees. Predawn Fy: predawn minimum fluorescence (a);
Predawn F,: predawn maximum fluorescence (b); Midday Fy: midday minimum fluorescence (c); Midday F;:

midday maximum fluorescence (d). Data are the means = SE (n = 7-9).

il 5.3a iR, B S CRRMGRLAL BRI (R B, W& IRV URDE G Fo 3B B3
I, ABZER RRHRALEE 60 h J5, IR Fo XS8R T AN A RALEE 24 h 2 )5,
S IEAEL, AREIISR Fo BEE R A, SXEMIL, ROR AR,
O AL B TR AT, AL BE ¥ R B K9 P 2 BAR(E 5.3b)e 53— I,
PRI AL B 5, B0 RAHEG, ARBEIIET Fo S2Bm(& 5.3¢). MfERImAL
HACEE 24 h 2 )5, ARERMIET P A2 O FEAIE— 25 5.3d).
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Hh BT TR 2k — 5 XU A — 4% Jié (Hevea brasiliensis) 7K 73 56 R YA RFAE L S A B 22 (R4 LI

5.3.3 BRI G A 38 B

WM AL HE 24 h 2 )5, SXTIALL, ARHEREA (3 IFRAT R AU I AR
(B 5.4), ERIEMRIRALTE 36 h J&, HH&xZR(Chl) A JHGZEHTHL T (& 5.4a),
ifii Chl a/b () F B R AEERAMRIEALEE 48 h 2 J5 (K 5.4b). SXFIEAHEL, 7ERCIA]
IRIRAL 3 36 h 2 )5, Kb3E RIS b 32 (Can) A K AL B I BRR (8 5.4¢). [FAFfEHE,
Car/Chl HCAR 38 Inth 2 265 76 A IR I AR BE 36 h 2 5 (K] 5.4d). X 8L4: R,
5555 FH 9 S B0 I IR P e A L A8 5 A €0 25 X 282 11 R Ak 2 1 7 52

s,

1.0 4.4
a b
ﬁu.g—() 42 (b)
o
£ 0.8 < 40
L0 =
= 0.7 5 38
~ 064 36
0.5 ] I I ] I I T ] 3.4 1 I I ] I 1 ] I
0.24 0.30
c d
. 022 (©) 0.28 (d)
o _
£ 0.20 g 0.26
= 0.18 - & 024
© 0.16 0.22
014 ] I I ] I I ] ] 020 ] I I ] I I 1 |
0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84

Treated time (h)

Treated time (h)

K 5.4 AN[RIBCTAILBE AL N, — AR 3R (a) s HHERER a/b (b) R N aR(c) USRI 38 / 4
H(DHEEZm . 0 15 CRIMTEEAL L, SO FIEE 5 CRUIARE LA I . Bl b T B8+ bt iR (n =
7)o

Fig. 5.4 The effects of 5 'C (closed circles) and 15 “C (open circles) night temperature on photosynthetic
pigments in leaves of Hevea brasiliensis trees. Chl: chlorophyll (a); Chl a/b: chlorophyll a/b (b); Car: carotencoids
(c) and Car/Chl: carteneoids/chlorophyll (d). Data are the mean + SE (n = 7).
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5.3.4 T IA)ARG i A H 6H RS 40 1) 45 3

Wl 5.5a B, (ERAMRIRACEE 36 h 25, T AR (1 UR 2 i b 5 fid s
ER AR AL BE 48 h 2 5, X HEUAHLL, AR vl M ER 15 & B 3 H PR IR(P <
0.05); IbAh, RV 28 11 X6 A0 TR AU P ol 182 5 0 4 € A LA A I ) B AT [ 251k
AR EE 12 h 2 )5, A (HL00) AR R0 W 3 0, - HLBE 5 7 RIIG IR
AL BRI TRIRIAE G, AL BRI HoO, (1% S AE & i 8 (&l 5.5b). T8 W2 s i
A 2z —, RIS A B T2 3] HaO0p Z 8 T BT (1 45
Ro PrLl, MDA MRS H0, R B EA R, e BGEATE 12 h 2 )5,
MDA AR %, I HBEE R AR B A] 2B, S50 U L, AR BRI MDA (1)
BB Z (K] 5.5¢)

5.3.5 BRI AT P4 B 1 R 520

TG AL B BT B vE PE R 52 1] 5.6 Fros, L SOD Al CAT X%
A A B AT AR R R i N FA, AR AR AR BE 12 24, 36 h (R, 5o
HEAHLEL, ALFEY) SOD F CAT Fusel A Mg s 8wy AR [AMIGIR AL 3 48 h K&
W2 5, SxHHAHEL, 431 SOD F1 CAT [T BRIt S T R %K 5.6a
& 5.6b). 1] POD WA [ANIGGL AL B K i N U 55 SOD A1 CAT AN[F], /R4 [AMIGH Ak
B2 A1 24 h (s, SxTEAREL, AP POD HUALEE R VER G B AL
s (HAERRARIR AL PE 36 h e H 2 5, SR, (R ALFE) POD Hiis il
(K33 i bt b TR 5.60). NAZ(EAFSRIAI S, SOD Rl CAT Hiéa fhm s T

f T FELL A POD Hea A B 1 b TR 9 s8R £ AR & € 3% B S 0 4 [R] F
GF IV PR B A
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o 1.8 2.8
‘= a b
3_.[.6—() r"Ez,4~()
£ 14 - 50— € 20 A
s £
2 1.2 4 = 1.6
2 &
=T U =y1.2
= <o) I
D‘:j’ 0»8 T T T I T T T T 0<8 T T T T T T T T U.O T T T T T T T T
0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
Treated time (h) Treated time (h) Treated time (h)

Kl 5.5 AN[FIREIF)L L AL B0 = AR IR T M R (a) s T 4G (D) A SN I (o) & SR s i o A5 Bl
A 15 CRIPNREEAL T 900K 5 CRINR LA I . i 4 28 bRt (n = 7).

Fig. 5.5 The effects of 5 C (closed circles) and 15 ‘C (open circles) night temperature on soluble protein (a),
hydrogen peroxide (H,O,, b) and malondiadehyde (MDA, c¢) in leaves of Hevea brasiliensis trees. Data are the

mean = SE (n=7).

60 -8
_~s504(@ 27 | (b)
aE“ 40 1 g g : 5
2 30 - E 4 x £
a 20 A §3 ] g
w10 A =D - 4 =
0 - +—7—T—T7—T gl §
0 12 24 36 48 60 72 84 ~ 0 1224 36 48 60 72 84 = 0 12 24 36 48 60 72 84
Treated time (h) Treated time (h) Treated time (h)

[l 5.6 7[RI IR)HE 5 AL BEXT = A e B A A IS T (1) 52 . SOD (superoxide dismutase): #8445 1L,
fitf; CAT (catalase): T4 {L5F; POD (guaiacol peroxidase): LAY . O EAREE 15 CHEINRFEALHE,
SRR 5 CRIANE FEALEE . Hs A I bR (n = 7).

Fig. 5.6 The effects of 5 ‘C (closed circles) and 15 “C (open circles) night temperature on the activities of
SOD (superoxide dismutase, a), CAT (catalase, b) and POD (guaiacol peroxidase, c) in leaves of Hevea

brasiliensis trees. Data are the mean + SE (n = 7).
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5.3.6 AR PUIA ML R —A5 e H ARIR A R 52 W

Wl 5.7 s, WEHRERACEE 12 h RHZ )5, SXSIATE, R A BE 134 IR
BUGUIR ML RRFNE SR B A D TR 5 DA S APX R GR W& PRI WALAIG, JF BB i~
B o XU AL TR IR IEL A B T PO IR —A5 e H BRAR A RITE 70 A0 3 o e
AR BRI TR I RE ST T B

1.8 0.5
_ 164 _(a) g (b)
[ ; 4 1
S0 01.2 4 2L 0.3 A
< 1.0 o
g 0.2
< 08 1 <
06 ] T 1 1 I I I I 01 1 T I I I 1 I T
-—I'“ 1.0 ( ) T’“ 1.6 (d)
=11} C =11]
£ ‘g 1.2 1
£ 0.6 é_ =) 1.0
e %*“ﬁﬁi s 5
5 041 5 08 %“4E§H1
E 0<2 T T T T T T T T % 0<6 T T T T T T T T
< 0 12 24 36 48 60 72 B84 0 12 24 36 48 60 72 84
Treated time (h) Treated time (h)

P 5.7 AN ) i P2 Ak BT — AR S TR A0 A I PR () RV Jo B4 B H A (b) A S R il R oL AL
Jit () A A3 b6 H K I8 Dt it (d) 35 72 7Y 5% 9 . AsA (reduced ascorbate): I8 JR T FLIN MR : GSH (reduced
glutathione): RSt H Ik;  APX (ascorbate peroxidease): PUIFIMFRIT 4 L ¥HE; GR (glutathione
reductase): B H KL JREE. 250 [A0R 15 CRIMR AT SO B 5 CRmIE B . B kT3
HERMERM = 7)o

Fig. 5.7 The effects of 5 “C (closed circles) and 15 “C (open circles) night temperature on the content of AsA
(reduced ascorbate, a) and GSH (reduced glutathione, b) as well as the activities of APX (ascorbate peroxidease, c)

and GR (glutathione reductase, d) in leaves of Hevea brasiliensis trees. Data are the mean + SE (n=7).
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5.4 g

5.4.1 RIAMGHR 5 FOC A HIBE ST T B

TEALBRAT, P2H = AR IR B R 6 T R (Arma) P AL 3 B (Goman) BT B 2
Z25, ABAES CRPIRIR AL RIS, = A (1) A P Goman K AE T R B2 R BRAIG o
AT AR 22 B FUARE UF 50 (R AIG Ab 2R RAAT A5 5 SO A 16 & A< 1L
J N B#(Feng et al., 2002; Guo & Cao, 2004; Guo et al., 2005; Feng & Cao, 2005). A
WF57 45 Bt 5 Martin et al. (1981)+ Flexas et al. (1999)LL & Allen et al.(2000) 73 5%}
Vo RUBRE IR A A7 DL R R IOIE T 45 A 7)o AL 15 S 0 1 TR IR 114 J
AT P FPKE A (Feng et al., 2002): —FPie, H2RGHUS, AR AL B IR & 1
FFUET X, 7% ifi(Martin et al., 1981); % —FiE, SH2REME, KA
FERRIRDG G A R R AR E — BN ), 75 R W 2 (K T i, 0 TR AT UL ) e I
DLHGRARTE, Wit B (Allen et al., 2000). FEABFFLH, Toit HAREIHGE N T
5% HELSR AN [ TR0 P8 Ak 3 e ) = AR R IR Ak B 18 0 5 o sl L o TR
G, W] = RGBT 1 TR IR 1 s i 5 — S 2, XAl [ IS I 7 = R I T g
SV BURNEREA) o

W2V BUSHE WA SMGR AR RS, SGEMEH LRSI OK, s i
(Martin et al., 1981). %% (Flexas et al., 1999)F17 . (Allen et al., 2000)2% . 7F AHf
Jirh, SARMRIRAL B S, =R R AL BRI B R B (K15.1b), BEEH =
R (1AL PR R TRMER AL A A K e . 2 H AT oA 1k, 2 IR Ak B 5 3
AL AR T X BB R RO LB AR AN A, EAREIN nT i 5 IR 55 3 S e fl 2 o )
FABA G i, Bid& iR AR B 5 <AL OG5 — 7 T, AR TG A 4
T 00 R R 5 S A R P A S B % P P B R M (Jomes et al, 1998) R4t
B SRR 1,5 T IR R A N4 (Rubisco) Vi £ I 5 DR 3K ¥ B 4
At P (Martino-Cart & Ort 1992); A A I 38 5 #1011 U i 1 %% # (Leegood &
Edwards, 1996), A M4l Hg SR (A 2] F 24K 1 e WL g /> (Stitt, 1991), SEOG S
VER 2= SOl sk, W& PPN i A = IMD A S R DY
A EEIEE(Lin et al., 1989 & 2000). A (AL EE T2 T HyOo FTMD ARV H A 55
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(K15.5b & 5.5¢), XAIfAEHIES CRIAMRIR AL P 5 = 35Ot G 20 s B A 1
JRRZ —.

ARG AL BRI A LRI S BO A R I TR, 1A 2 /DRI AL EE 36 h
2 Ji, Chl #l Car A &AW i (PR (K] 5.4a & 5.4¢), IX—45 35 Cai et al. (2003)
HI Guo et al. (2005)HE 145 H—3. W IAMKIRAARES, HAR Chl M Car &I T
B%, {H Car/Chl #k, Chla/b 25/l 5.4b & 5.4d), XFHA{k AT LR AE L
W, SEBR ARG SR ORI RE ) I — PP S (Kyparissis et al., 2000).

5.4.2 BRI G R G I DG SRR AR FE AL 50

6 R G KA R (F o/ Fan) BEAR I DG B AR R R AR Aol ¥ (2 R4, 3
WA R AW RE A 2 5 R ARSI ) FR AR (Demmig-Adams & Adams 111, 1992;
Demmig-Adams, 2003); AN, Fe K9 G(Fn )RR AR A A A LR 1 — ANy
fE(Demmig & Bjorkman, 1987). HRF,/Fnl& KK AL T HIEEMEH, BR
Fo/Fo PR 22 B & 42 T K 16404 (chronic  photoinhibition) B 31 75 5 (1) 6 4101 1
(Long et al., 1994). — MR AMEALACEE12 i, & RF/Fols X5 A LL -4
KL R I BEAR(B5.20), X BEIAPGIELAL EE 12 WG = HRIR S REIHF A K
AN AR AW S TCIRAR I M AR AE BRI AL BE 12 W5 R R FWF i K
PEWTR AR, T R P AR W 1 AR (I5.3b) . A AT RE 2, HFVFntt HFn
HE S0 A7 M A TR ) 2 15 2 B T A o ARG AL BR12 b, TE R/ Fn AR/ Fm’
KA B FRAR(EI5.2b & 5.2¢), XUEHI R HAREL, AR AL PR =8 Rk A
TSN A H R . Bl (R AR BN R K, AR R PP R AR
THIRI AL, 255 H DI E S B 6 RBIE 2 AW E IR 2
05, H DGR A GO — Mg, R ot REMFINPQEFAM &% .

VIG5 2¢ 6 (Fo) ) TE =y, R RS e v A0 & AR T A i 2k 3% B0 Ak 3R
(Demmig-Adams& Adams 111, 1992; Krause & Weis, 1991). {K#ZALPE12 b5, =1

BRI 5 S Fo 55 A PRRITAH LU T BT A A W e AR AL (K5.3a), RIDERGBEAT K
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PRI IR BN, IR R PP RS, ALTHIESE TiX— &l A5k
AR A B I T (R, A BRI T 7T Fo A 2 oS RS i (15.3¢), 3 i Wit Ak 22
¥ = AR R BRI Y HH 0 2R R B2 B PR A 5 B T — 28 RIS F R AR 1
D6 RGN H O T AR A UK R A HE KA T RE U 2 R (RO RE, AT ERS e b
DR EEEIR, X R] B AR A I G SN 0o RS FE R IR TREAT (R Th e 11
H 3 1 (Krause & Weis, 1991). #GFEHCA] LARG A GH 6] 1) 548 (Xu & Shen,
1997), #AKE B 1) 72 B 0] B NPQ 1) K /N K 1 B (Krause & Weis, 1991;
Demmig-Adams & Adams 111, 1992; Long et al., 1994). WG ALfS, =4
B R GIINPQI 4% N (K]5.2d) . BLARA MG IR AL 1 5 AGKERSCHE N (B IG
AL BRI TR RS, B I ANRE B 6 RGN Lo R ] 3 R B R (15,20 &
5.3), & HHE M0 HORE S AN 2 UFEBCR A TR AL B F (1 1 D e o SR
Y, 4-6 COCAMIGIEL rl A8 e e A 406 & 1 F K B2 H PG (Flexas et al., 1999;
Allen et al., 2000; Feng et al., 2002), XFEAHY)RM G HE AT AE K S B 7O
EAERIT . WARANPQAS & LAFEHUEL 2 R (W e =, WG RE i DL i 4%
BEEE = A VR AL I(ROS), XA RHER D ANFAS S 30 0 A — BRI RGEK K
S} H3 B IX SR OS, Al HiAs

5.4.3 BG5S

LEIEH IR BAAE T, FEYIIAPUAAL RGERE S S M3 BR i i i 22 42 (0 s
A, YEFF A AROS I A BACH P4, 36t %0 th Tk ZROSHIAR R 51 i A= PR
B, AR 4B IE 5 A2 B Th RE 32847 (Salin, 1988; Demming-Adams & Adams
1, 1992). AWFFREY, ERIEREAIET, BARIEABL R, =Rt
4 R N PR BFSODFICATIE E EFt, (AR N H O, MMMDA & & —H _EJt,
X5 5 Cao et al.(2006)4E )4 R AL X 15 B LA B SODMCAT I iy
56 R0 B3 A0 L P TR ARG, R AR L P T R AR AR TS BR T RE D R R
17 o A HRIE A 4H i A ROSIFIAR B AT A8 i T ROS 1 7= A= 3 i 1 B del b f7
P 4 1) B 1 (Droillard et al., 1989; Pastori & Trippi, 1993; Cai et al., 2003). 43
A, Bl IAMGIR AL BN 18] [ 4E K, SODANCATIRINE I S iy BB, J5t DA m] g2
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TSR AR B TARIRARIR, W3R AR T AR, SODFICATR 25 T A6 & AT A
A IETCIN A XA & AEAE A Py 1] R 3 2T - 22 B A 1) A b B 4L (K B SOD Al
CATIHE R B# ) J5U X (Dhindsa et al., 1981; Hurng & Kao, 1994). [ T HéatbfE
SODMICATHEAT B FRROSSL, HLAA M HEPODEE FRROSORA 41 Il f 32 1% 11 4
A0 A0 5 2 T AR I TR ) A £ o AN WF R IE DA I PODYE 1 LT — M
AR A 52 3 A AR R s, e IR D BLEH 08— B AR R,
UL POD Y P 1) b T A, o 4 R A 4l i 52 38 T AS W 38 ) S 0 5 (Kang et al.,
2003a & b; Chen & Cao, 2008) . fEAH T, PODYEE ) FFH R A AEAR IR AL HHE36 h
25, TERERAIMEO AR R AT WM, XMW E ST ez s 7%
P AS ] 3 (45 5, L IRFPODYE EIK B THInas T BE(E 2S00 bRl M ik
MIRe Sy, wREH B UGG 28 Bt — 0 2 B a1 5

TEREIE B AR P 2 TV T R e, PR R —45 e T R A ke 7 22
V£l (Foyer & Halliwell, 1976; Noctor & Foyer, 1998). ZEAMIFTH, 7 A 4b B
ZJE LA S BEAE A BN TR] PRI RE G, BN M —23 e H IR RS g AN W 2, 3 W)
M3 X R AR A B A i A S P S A R B DR B o R AT B A A AR A A
52 7 T A AL R BT A 0 R P D T R A ) A R O e A i R — A I DA
ok BRI (Noctor & Foyer, 1998). Kk, nf DIHEMZEAGIRAC B G, 41En
HO, (1R 4 5 2 J5 A v it el TR i i —45 e H IR ARG P17 BRROS RE 1 1Rk 55 -
R TARIAT BRI R — 23 e H IRARER 1R 52 M R AR AR 22, A7 R DA IR 2 k4T
It FR—25 e H KT (Kocsy et al., 2000); 7 H§ 18 A A AR FIHIFTIR M R —45 bt
H KR (Walker & McKersie, 1993; Zhao & Blumwald, 1998); % — )51, H 5T
DA ARG TR S 400 B AR At PR — % I PR S E e T e 0 A R R A1 ok 1
Vi, AR R V2 SR I BUIR LR —A% W H KOG ER, i3l Ui i ok
1 B—45 e H KA 34 (Huang & Guo, 2005). AR 1) 73 B 45 RAGER RS, =
AR 8 TV U R, AU AR B, BRI AL B T =i
POMMLR—A B HEAEH, X5 EIR BT RE A — 3.

IR IE &, TSR 7 B LA SRR T a8 % 38 22 iy 1 4 LA B Bl i
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AAEBEIE PRI RGOSR, I PRI O3S B i 248 B A 3R 2e ) b
YEM o BRI, R 3870 OR3P Bl 5 1 ik ISR BT AN R TR A W R A SR ST D
NEE. AN, RIS IE VR AR O e T AN B AR SRS BR
REST, A KA SRR S A B AR 2R, EA A BT o 40 A
T T AR R AL, SRR STBT, 45 R BUP KR T ai iR 52 5
PERIZEFRThRER) T %

5.5 IhE&

SRR S C R ML S U, (RTRAREE 12 h )5, 3L Aax KZTBRAC S b
HRTAINT ) 50%, SALSE R 2] 50 mmol m™ s A4y, I LBl AbFHIN A 1)
I, P TR AR . e 1E HTRE ) 17T e 22 JR R AR R AL 2 5 3 T
FRGE I MRS FEIR . Bedh, BRI AR FAE = AR R P T AR Y R G
BT O AR S 2 S a5, DRk, Tk 2R 1 DL SR BRI
B IR EAR Car/Chl LU N LA & Chl a/b LUAE FBEAE— 2 FE B _FRE Yy 1
TERL, AR AR RH L S0 SR A 25 5 (388 n DL U 2 2 1 I
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FRE —MHORELY SRR U SUEZHRRM AP RRE
(&

6.1 315

PRI e I IR G B AR A 2RI R E T, e AT
W23 T SR A ALY, ATERIRBLIN, 5 a7 PR IR 2 R LA B S 1 RS 2 A
Y, AR RAGIR, C T EJT 7 % .7t (Mahmoud & Croteau,
2002). i, SRR ERAEY), BIRIHE MR o R E R, HAJGR
P EFAET; AR, 5% i (Isoprene) Al — 2L Hiili 25 (Monoterpene ) 1L A4 B AR
fE— S kH ) i ANAEAE, B AT AT A 2 A O R 47 1 42 BE 1) B (Petiuelas &
Munné-Bosch, 2005). #EFFiRIE, HRilli A0 G W U1 G REIR IR )
TEARSCRPIR R4 T s e AU S I = A LT ] AR R IRE E , ORA R )
Y% R )15 55 (Petuelas & Llusia, 2002). Ak, AWHFFCHIICUESE, R T
IGO0 T, BwE A S WA S st P 3R P 1R AR B4 H (Loreto et al.,
1998); 34 A7 B ST TE UE 52 FLib Ak B 4 H AT T B v T AU (Reactive oxygen
species, ROS)MIHE J1, M AP FI1E H (Loreto et al., 2004). Ft, T
S IR R A A AR BT R AT T AME R, — AR R R
20 M 0 52 e 0 5, RAT R AR ) A L P TR 4 F (Sharkey & Singsaas, 1995;
Singsaas et al., 1997; Loreto et al., 1998); — EAEIEM 44k + ROS, It BAHHT
Ak 1 ZE BRI BE (Loreto et al., 2001; Affek & Yakir, 2002).

ARESCRIE, A S R — SRR R IR St A S, RPN o R
BT IR I Py L bR A5 A e 400 T PR R - i 252 B s 1)U B (Sharkey
& Yeh 2001; Petiuelas & Llusia, 2002; Peniuelas et al., 2005). FHE M 1F, HEFH
(IBIFTT, S 0 A A B 0 8 A A 0T o < Wit ™ gt e 7 2 Sk S BRI
I BT (R BIF 5 40 2 08 I I e % 3% e 7 — kb 0 e e A T AR A
(Zeidler et al., 1998; Loreto & Velikova, 2001; Sharkey et al., 2001). Btz 7k, #%
U, A NIA A 8 I T R B A S R W BRI R, 4
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R OB B AR R PRI s 2R S (1 A AL & Bl(Loreto et al., 2004).

TE BARIAEEAT N, AHYE 3 e s Eni AR . 85 Rkt
K ATt S BOGE NG, EREFOELB . FPMNEYE T ROS 17
FERNE BRI RAT o ANk, MDA G HAT — RAVRD ORGP TR RS BT, AT Lo
/> ROS (777, R A 2 1) ROS. H AT, FrAmiErgn e m it ROS 15
J& R AN ARG T 52 48 K35 2 (Noctor & Foyer, 1998). 1l 1, 32 4804k & li#(Catalase,
CAT) L S Wy i (Peroxidase, POD) /& HHZ) 40 L N5k ROS P il 3= 2L (113
(Willckens et al., 1995).

— I3 (Hevea brasiliensis)fe r= 4= K i) B AL S0 (FE B & o Il B—IR M
DA SRR, AR AR R e I A AR /D, DLA TG A Dt B & (Kliger et al.,
2002). AU A NS W7 BEGEE 2E = ARR E T mD R
HAESR P IR R, ASBIETTI TN, 55 I A R B R R b
4, O IR R RE A R e 2R L — P M SR R T B 2R A S T ik
SR B Frvh Hee iR B OR A B SE I R

R, ASFERIBEITH RS, (DE A RRERA S P05 e S i = % —
PRI QWA AE, A FRESRAL S HUR BE 1 S DR e g A AR BE DT AL R
SR Q)L DN s AL G WA = AR 7 bl BE I I BT AR AL I
BT BE -
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6.2 SRR 57E

6.2.1 SEIG AR

SHAE 2006 9 HREAT . JGHAATELF IR SOAE = AR B 1 4 ASATE 5 IR X
FEXN G BARIOIUREIEREUNS , BRI B 25 0 70 M NREAT 7K IR /KA, EK
T A BT BT TR 4%, Al IR A AR AR IR 2R AR K o B RS L A7, OGS B0
FEBKFRI I A S 3ok 20 1 M 30 ML BRI 22 AR R), Shrp “PRit ™ 7%
TR R o “PR 7 SIBR ARSI S REAT, 7E “RE” R, ORRR IR A
$9Y6H(10 pmol m?s™), FLRUHFR AL ST IROA,  LUINSRARIEVE AT, “PRUE” I
[k 2-3 /N “MEE” S5, BT H#ROEI (1500 pmol m? s, i AR FEAE
30+ 1°C, IR SR AR AOREFAE “IRt” Ml rh o SRR 20 Bl — VO R
g8 1 (PSINADEAL AR . — /NI Ja, AES AL RTVE BRI VKA (80 C)frAr, 1F
N HE— o B e AR AR DORE

6.2.2 5317k

(1) M2 2260 E H FMS2 (84 20 2¢ 61X (Hansatech A ) 5¢ . PSII [ N 7E
FAL 2B AFF)) I FHI AW : AF/Fy =(Fo’ — Fs)/ Fo’, 2o F 2FES
P, Fn® RGN T 5 K% % (Genty et al., 1989). PSII JF 4k 2 ¥ K
(Non-photochemical quenching, NPQ)fR## Stern—Volmer J5 £ 714 (Schreiber et al.,
1994), Bl NPQ = (Fin — Fu’)/ Fu’» Hirf P JERGIERN B (WK% EAR TS
H Fon O e Y B AR B TS 38 B 20 min 5 T 52 (K135 K26 o

(2) MHEFMSEINE bR TES HE VY E A

(3) HETU TS S DU E A [

(4) AEEME(HL0) 7 T 7S 2 TR AR .

(5) TN —BE(MDA) #7575 5 5 TR Al .

(6) MMM 2% Llusia & Peiuelas (2000)$2 4511 773,  dvp ERF Bt B0
P BITAE A 23 T 0 35 B 23 BT e 1o
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(7) P AL 2 A AL BE(SOD, EC 1.15.1.1). it 5L &l (CAT, EC 1.11.1.6).
HAAYIIEPOD, EC 1.11.1.7). JUIRMIRIL EAEF(APX, EC 1.11.1.11). 5t
HIKEJSBE(GR, EC 1.6.4.2)i% 1 LA HUIR LR A A3 e H IR & 5 i s 76 5 4
PUEEA Al (HIL, CAT BHETER N HAAu min' mg' #[1; POD MG HE£ R
HAAs7o min” mg! B [1; APX BEETER R HAA e min” mg! H [1; GR EEE PR

TN AAz min” mg! H .
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6.3 LIGLHER

6.3.1 “Mji” fpehi s 2 a R AL SR AR AL

M MR iR R 23 /NI BRSSP A B RN 6.1).
XHR(CKOAHLEL, W “Mji” #1455 25 (Leaves Fed with Fosmidomycin, LFF)J5 ,
TR B-URME A LSS Bk 5 23 il kb T 87% (P < 0.01). 88% (P < 0.01).
83% (P <0.01)LL K 88% (P < 0.01).

60
nt 50 1 I mm  Sabinene 124
g 40 - 3  o-Pinene a-JEli
}'é’ 45 - 1 B-Pinene B-JE4
9 &%  Total monoterpene
g 20 A L
=]
0 B
CK LFFE

P 6.1 “ M W R 3O AR I < DR S IR LU BRI R S o Bdl A PR AR AE R (n = 6-8)
I ST 53 o6 JRL(CK) S AR BE(LFF) Z RN T 5% IR 257K

Fig. 6.1 Effects of fosmidomycin feedings on concentrations of sabinene, a-pinene, B-pinene and total
monoterpene. Means (n = 6-8) + SE are shown for controls (CK) and leaves fed with fosmidomycin (LFF).

Significant differences (P < 0.05) were confirmed by Student’s t-test.

— 08 o 03

(o]

. u(a) : . L (b)

5 ™ 28 0.2 - )

5 06 - 5

8 051 g 017

= =

© 04 : : © 00 . .
CK LFF CK LFF

Bl 6.2 “Miti” Wil 6 AR (Ch) RIS N3 (Can) U Hdls J P % + iz (n = 5-7).
I AT 53 o6 JRL(CK) S AR BE(LFF) Z [N T 5% IR 357K

Fig. 6.2 Effects of fosmidomycin feedings on contents of chlorophylls (Chl, a) and carotenoids (Car, b).
Means (n = 5-7) £ SE are shown for controls (CK) and leaves fed with fosmidomycin (LFF). Significant
differences (P < 0.05) were confirmed by Student’s t-test.
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6.3.2 “WRE” R E A R R

e 6.2 fron, 5 CK ML, LEF 4R MRS N s & msch w424,
X UL W] il B BN I 2R SRS I 3% (R AR AL B AT BB B AT 7 AR B 25 (K R

6.3.3 “WJiti 7 MR ds 256 PSIL G A 3R 1K) 50

B TG R I T B K, LFF A CK ¥ PSIT ARG 22803 AF/Fy
W2 TR, AR KRR NPQ B n(K 6.3). 5 CK AHEL, 25k T T
(RIS TE) 23531 R 10 43%4F0 20 434hEE, LFF () AF/Fy RRREASE., (HBE B T
JEF IR E— P e, LFF 1 CK #R# 52 E A OGIIH], W1 AF/Fy (12
T R(K 6.3a). 3 —Tilil, #E TG NI, LFF KR K NPQ 5
CK AL, W %A B 1) 2% 5+ (1 6.3b).

(2) b
0.25 - 3 |(®)
& ]
=020 - < 2
& =
0.15 1 A
0.10 T T T T T T 0 T T T T I |
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Exposure to light (min) Exposure to light (min)

Bl 6.3 “Mit” B A o0t R G I TG A ROR (AF/FL )Y AT VE K (NPQ) IR MR o 5504 b 1 14 %k
AR = 5-7). M URE O RO = M) S AR B CR DB Z RN T 5% 18 E K.

Fig. 6.3 Effects of fosmidomycin feedings on actual photochemical efficiency (AF/F,’, a) and
non-photochemical quenching (NPQ, b) of photosystem II. Means (n = 5-7) £ SE are shown for controls (CK,
Open triangles) and leaves fed with fosmidomycin (LFF, Open circles). Significant differences (P < 0.05) were

confirmed by Student’s t-test.
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6.3.4 “Mji " i FO DA A P S

TR T OGN 1 /N2 5, 2 i s A4, 3L LFF 5 CK ML,
LFF [T ACEES T W 23 = (K 6.4). 5 CK AILL, LFF ) SOD. CAT. POD.
APX LA GR {EHEAT 5N T 66% (P < 0.05). 102% (P < 0.05)~ 80% (P < 0.05)-
51% (P < 0.05)EA A& 21% (P < 0.1).

35 =103 16— 5 020 = 0.10
30 /(@) 2 () 2 © 2 @) )

- 55 o o T — 0.16 - £ 0.08 -
[ 25 1 'E 0.2 =T lE ._'.—-

£ 20 g g £ 0.12 - £ 0.06 -
215 - g 208 g =
S 10 1 < 0.4 - < !

2 = 2 < 0.04 <0.02 4

o b S o0 K 2 0.0 - Z 000 1 S .00 A
CK LFF CK LFF CK LFF CK LFF CK LFF

Bl 6.4 Mt Il 2% o AL ) AL (SOD, a) I AL AU(CAT, b). L #IE(POD, ). HidR
i BRI P E A BRAPX, d)RA LA DE HIRIE S (GR, e) i PERISEM o B - BB =ik (n = 5-7). Fl th
55 43 B0 H(CK) 5 AL BE(LFF) Z [/ T 5% (1 5 257K

Fig. 6.4 Effects of fosmidomycin feedings on activities of antioxidant enzyme of superoxide dismutases
(SOD, a), catalase (CAT, b), guaiacol peroxidase (POD, c), ascorbate peroxidase (APX, d), and glutathione
reductase (GR, e). Means (n = 5-7) + SE are shown for controls (CK) and leaves fed with fosmidomycin (LFF).

Significant differences (P < 0.05) were confirmed by Student’s t-test.
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o
)
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2 010 - = 1o =
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K65 “mjt” Wl s B EAUA MR (AsA, a). ZLHBUAILIR (DHA, b). HURMIRE (AsA
+ DHA, ¢) PLUSGE RTINS BTN R E LA (d) (5emi e 508 0 P38+ ik (n = 5-7). I t R0
I A0 R (CK)-55 A BR(LFF) Z [/ T 5% () 8 35 7K

Fig. 6.5 Effects of fosmidomycin feedings on contents of reduced ascorbate (AsA, a), oxidized ascorbate
(DHA, b) and ascorbate pool (AsA+DHA) (c) as well as AsA/ (AsA + HAD) (d). Means (n = 5-7) + SE are shown
for controls (CK) and leaves fed with fosmidomycin (LFF). Significant differences (P < 0.05) were confirmed by

Student’s t-test.
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6.3.5 “WLjiti " [ B 2N HUIR L ER 1 52 1R

Wil 6.5 iz, 5 CK AHEL, LFF Jrfid i, 088 LA PTIA ML 73 i)
BINT 12% (P <0.1)s 134% (P <0.05) 63% (P <0.05), 1fiid5%A 5 @Pidni iR

FIELIE R B& T 34% (P < 0.05).

6.3.6 “WELits” Jffi 25 2 2 e IR s

W 6.6 fizn, 5 CK #HLk, LFF BRI B H IR L 3%A 481k, %Ak
RUFR A WEH R 530 T 34% (P < 0.05)H1 11% (P < 0.1), &858 5 i b
JEFIEGAE FFE T 12% (P <0.1),

120 100 250 1.0
s @ (b) < © s @
P < 80 E 200 % 0.8 -
'~ 110 - £ g C
a8 = 60 - = 150 A 0.6
£ 105 E % =
o O 40 % 100 - S 0.4
Z 100 - 2 = =
] 9 20 T 50 = 0.2 -
95 & z
6]
90 T T 0 T T 0 T T O<0 T T
CK LFF CK LFF CK LFF CK LFF

Kl 6.6 “WLji” Wil £ 08 MANEH Ik (GSH, a). 224 BEH Ik (GSSG, by, B H Ik (GSH
+ GSSG, ¢) PAMIE JF I 528 06 H I ZE LARL(d) (R520 . $0d 45 & brifkist(n = 5-7). FH t K036 20 A 5o 1

(CK)5AL(LFF)Z [Al/NT 5% 12 K.
Fig. 6.6 Effects of fosmidomycin feedings on contents of reduced glutathione (GSH, a), oxidized glutathione

(GSSG, b), and glutathione pool (GSH + GSSG) (c) as well as GSH/ (GSH + GSSG) (d). Means (n = 5-7) £ SE

are shown for controls (CK) and leaves fed with fosmidomycin (LFF). Significant differences (P < 0.05) were

confirmed by Student’s t-test.
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6.3.7 “WR” Wi FO R A SN e BRI

ik 6.7 i, 5 CK AHEE, LFF B 4846 S (H200) & =348 1 T 68% (P < 0.05);
TN —EMDA) & =380 T 32% (P < 0.05),

~ 12 L0
. 104(2) . “©os{ (D 1
T 98 S 0.6 I
£ 06 - =
< 04 - o
™l « <
@ 02 - a 0.2 1
T =
0.0 T T 00 T T
CK LFF CK LFF

Pl 6.7 “ M W A 20 i A U (HLO,, a) FTTA —E(MDA, b) & BERIE o Kt 2 V35 5+ bt iR (n
=5-7). H KI5 HT 5 R(CK) 5 A (LFF) Z AN 5% B8 2K,

Fig. 6.7 Effects of fosmidomycin feedings on contents of hydrogen peroxide (H,O,, a) and
malonyldiadehyde (MDA, b). Means (n = 5-7) + SE are shown for controls (CK) and leaves fed with

fosmidomycin (LFF). Significant differences (P < 0.05) were confirmed by Student’s t-test.
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6.4 i1t

FRE AL S LA S O LT RE R BRIl 22 58 2 I (] 6.1) . 1X 5 DA IR
gk R e 458, i, Loreto et al. (2004) s, “VEJE” Wl £ &7k
(Quercus iles) ¥yt v, 45 5L 5 LI & Tk 2% R 3 1T 504 A i s 2R A0 A 0 1) A
WA e 7EIX LG EaR R A, WEIGEE 20 LR I IR &, Bl i
N2 1A AL B Rt B A TEIE FT ) (Laule et al., 2003). 1M ASHIF5T ) S 56 45 1%
WY, WIS B AR D R B R R (8 6.2). Bb
A1, I R 200 6 R T ARG 221 K NPQ A7 W 1R i (K] 6.3b),
117 NPQ AR JEE v M ARHG T 1 35 3% (U #4 (Horton, 1994), NPQ {E % 2L
DR B R AGFOIRAS P REBEAT R AR AR, JEIT AT LAHEDY Wi ™ Wk e 25 25 =t
B v i S N AR I S SRR A 7 A R . EAR AR A AR S T
ML W I 0 I S AR IR IR M, ARASHIE SRR A BT A OGS 45 A
Wik o TR AT WIFTCARAE L B A5 A ) A S A e il AT A R LA /N IS
ZW, MR BN ERS B RAEBZ AR, JFHEAE MRS R
FHXS S E (Loreto et al., 2004). SRTT, MRS “ Wi ™ Hofe e g 2% A0 ) B R Ak &
YIRS B XSS b %A 7 AR e male 2 DR & A0S # B AR R 2R
1A g R A EAL & AT S (Logan et al., 2002; Affeck & Yakir, 2002). 1 56 420 H
SE M, BRI R B 2RI D3R B BB i AHAEADTFIT “ W 1
Mt e g 2 R 5 1 DA A Wit TN TR] P B e g 3 0T 2R 2 S AR R B
ANBEF AR F o I R 5 2 AR R ) LR R A S AR L, S Rk
(PSS % b 21 5B (turn—over) 5 1% (Laule et al., 2003; Loreto et al., 2004). X1,
A LA AN A R AR T 10 S 06 r B e 9 2% L — PR M ) T Bt 2R Ak S v AR
A i, XSS S 22104 FaRn SE T DA S A B D REAN 7 A 5

CURLI R 2R — AR R R A A A, ST A i R
R ARSI, TR, <Ot B 2R I A ) HyOn 5 8 (B 6.7a),
XA R AL A ] B B K BT I A B D) E(Loreto et al., 2004) . 3X

FEH T AL S PTE AT RE M B T BN N 2R TR IR L) HaO,, 4

-82-



SNE RS — R A S A =R b BT RFAE

SRR TR ™ A A e P T o BRETTRGE, 4N A (¥ A2 1 (denaturation)
JiT HaOy LA ROS I Hreh AT IR i AR T 4804k, T ot 454 11 24 i 7 ) 2
— MDA 7E4H s P it 2 FH 2 (Heath & Parker, 1968), MDA R & [1il%, iR
52 B 7 B T IRt R 3k 5 B B Z 1) MDA(#] 6.7b), 1X
VEH, Rk 21 MDA TR B AT REAE T Fmii Ak St Th Be i e 2k BT it
JRT s RIEE, NG5 AN T A 158 B Pt 2R A 5 A0 FAT e L A T el 4 i e 7 A
HIEE. M2, H0p FI MDA BB BRI BT “WRjita ™ Ml 22 5 S0 B
FAEYPEA T BRI B

ARSI, SR A TR A A A P I I 2 1 vt 0 v D' R o
A5 FEE P TR AN PR SSE BURK o AR, o A5 R 1 e e BN A 5 1
WETEAR N, XD T G s 2 R BRI, = IR TP IR (ATP) ¥ 45 JHE I3
D, e R K B A% (Pastenes & Horton, 1996; Bukhov et al., 1999). HRBEH
BT G HEORT R SR B R I R, AF/F, £E RSBRS84S 1)
ZES, ABAESk 20 43R Ta) PR R 25 R IAF/F B IR 6.3a).
X g R RER DS, SXTRUHEL, TR A YNEZ, 8T 10,
R SR A B 07, R4 0 BB B0 T O SRR M BEAR . IX N 5 — AN 51
ESE T s RS U A I A B D e

RS2 EAL A ASRIREL I 5, Ha00 VE A5 500 T RESS i AN — &
FII o1+ A LA R A 2R i S WL (Neill et al., 2002). R, TR “ME i
ot Fee il 2% 3 301 Ho O I3 NPT RR A R 155 20 s e e A R G nis Pk
KR, FEARRESCT, XA, AbFR PTG R (B 6.4), XNV AZAT
DAR A A2 MLt e g 2 T 330010 HL0, 1k 2B S0 —Flma )8, A [ f g [ A
LA AR B RGP (] 6.5 & 6.6). Tichy & Vermaas (199957 & i, i
SALKE CAT #1 POD V& PERR S0 44 IE % I AE KR B IFA R R OCEE, (A2
H,0, [ 23k 3 W EEHK FE I, CAT A1 POD {55k ROS [ g st A4k et
UbAb, AR, AEARY I AR B N R R HLO, A8 3L M 1) KK (Levine
et al., 1994; Foyer et al., 1997; Etienne et al., 2000). Kk, A4 H0, X E
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A . EARREZ IR, ERME S S RIMEM, Bol BB ORI DARGTA
RN GRS s A S B R IR, e A R A0 O L% A R R P A T
(Dat et al., 2000). & “Mjti” W2 K A HaO & B, XA REInsE 1
el PR AP IR R R Rk, 45 RYTEUL R TN AR R 0L RGN TR N . 7R AT
Fu, MU BENEEE RS, DAL RGETEERISG N, XA AT A TRk B 2
WA PIPUEEANTHRENIB R o X C 2219 BUAH ST 70 45 RO VEE . F /MR PE =
IR IR EEZE T T AT BR(Quercus ilex), 45 HRRIN, SxFEUHLL, bR
T ARG EARHRAR, T A A] RS AR S R — G BRAR T 8 2r Hse A 1 T e
(Petuelas et al., 2005), Xt 15 W1 B8 FH 5 & AEHUAEAL D) BE 2 1A AH EL R AR AR
MK R 75— RO HE S, W LB 2 O ik S AR 804 2 5
(Phragmites australis), 28 J5 & T ECRIISAT T, 85 R K2 I A& L
P sE A, I H R e S BT CAT A1 POD W 4L
(Velikova & Loreto, 2005). &2, AHFFTEE R AT LAtk A B 240 54 1 ik
Z FET HEPUEA RGO GG ) S AT 2K

6.5 NE&

MRS G5 R LIAF 210N — 284518, =R A mb i P st mi 284k
BV R PR E AR, e R L REORIE RO IR By 4y
BRGS0 R S I B S AN 0, A AR R TR sk
LRI A AN s SR S PSR DI RER B, ST e Pl R
G A S e Y SRR RT A 2, IX R R R TR T DU T BE R O
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FLE ARFINANUFNE. MEURFURBELRLSYEZM
BRETIMERZIIEFRITEE

7.1 318

e g E AR R — RN AE B A LS TE SRR AR A, filtn . JBETR 1
sk Mg ER s B BB TR PR B s 1 SR R A4 (peroxisomes)
AR 1 TR A AR (gloxysomes); T M4 AL P(Reactive Oxygen Species, ROS) it
J& Hb 1 14545 (Buchanan-Wollaston, 1997; Gan & Amasino, 1997; Pastori & del Rio,
1997; Corpas et al., 2001; Prochazkova et al., 2001). I 715 22 0 8 40k 2 5 AL
10 (R 45 H (Piquery et al., 2000; Scebba et al., 2004), 24k Hria 325 K& i T
ROS & Z M &R, EEDIAN ROS 4512 A LA (Hydrogen peroxide,
H,0,). & &I (Hydroxyl radicals, -OH) LA M ¥ 2k 2545 (Singlet oxygen, '0,)%5%% .

5, SR KR, YO A% TR ROS MM H A0 R
ROS Xf 5 & AFIR s (6 A SR L . — kU, MR ZEA I RS
KA Bk ROS (Alscher et al., 1997; Noctor & Foyer, 1998), —J &HHE R4c, #iltn,
RS ALY I AL I (Superoxide dismutase, SOD). L4 4k 4 (Guaiacol peroxidase,
POD) L) Je i A & (Catalase, CAT); 5 — & FMEE R4, #lun, Pk, %
WEH KA SN b 3R R TP AL R G VS TR AER T 3 2 i R rh (AR
WHIRIEIR 2, (HERIRAGE—, A HACE ST BT YETH S (Bueno & del Rio
1992; Prochazkva et al., 2001), i ¥4 1E WA < (Dhindsa et al., 1981; Hurng &
Kao, 1994). X TAEMEE REE MR, AARFFIE, E¥iTH F il fih gk
PR R TR 0L R — A D T I DA 38 4% v 1) % Tl il 2 1) 5 S 5K 1 [ (Passtori &
del Rio, 1997).

BAR AR TR MR R G A D e AT 2, (HAFIRIE TR
S AR S NG M A SRR IR () B S A () T o R B IR A IR I B B
X Wk I R e EL A R I e R R AR A i e 2 T 4 (Sharkey &  Singsaas,
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1995; Sharkey & Yeh, 2001; Loreto et al., 2004; Peiiuelas & Munné-Bosch, 2005). X
ifi, A NAIERIES T 25T ROS [FilEkr, il B Praa i A 2 o)
fit(Zeidler et al., 1997; Loreto et al., 2001; Loreto et al., 2004). AN, AR4% & 1
FF IR (R ER RIS b 2N A 7R 2 Th s O R A
F(Merzlyak & Solovchenko, 2002). % A& 1487 I M i AR AL & B BEAROG &
VE FHPLAE 505 (Sharkey & Yeh, 2001), I HL 5 AR5 & ME2 5 00 A A [
A G B AL & A i (Logan et al., 2002; Affeck & Yakir, 2002). SR 1fi,
HEGA 1k, ST AR 8 2 1R rh R P28 5 IR s B ROS T AR
HERSEREERE 2 D,

e AT 5T I = AR B 7 AR TR & 1 H s 284k 5 ) (Klinger et al.,
2002). BALHFIA GEIKED, SRS Rt X A3 3 1T Ry . AR E
Aty () A6 G— U BB FAE TS HAEAREUIT UM T #1% (Feng, 2007). 78R
Ay PRGBS T S YN T Y050 b S S YT S 3 1) AT W PR o R A, T e
PO HIX Z J5, W IR A T oA . AEREAEI R =], =it
RGBS 23 V& A IR I 1y o DA = AL AR V05 b 5 S R0 T A VG SR 4
X AR T AR, Ferp HAR I BRI 2 A i AN+ o0iE 2, RASHE ST v] fE 2 v
XU AN R 1) A5 4 S BT AE VU XU AN A AR — AN B T4 F 5 (12 HY)
BUAER) 2 AK). ETREY, =B aerr A8 28] 7 A nTs 454,
M e 28 3 30T Wy 1R 3 2 RV

AFARG I H 1 (DIRDE =R B 2= g g i FE b fisa i R0
M2 Q) HiPisAALEE SOD. CAT. POD FIFAALM PR IAR . 45 bt
HIRCA KR 7 I A S A SR -y 3 2 R vl eI I AR € (B)WIFITAR
AP IERT = IR 1 P P T B AR R R
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72 KBRS

7.2.1 AR e DA S 6 9 ) (0 AR AE

SEIGAE R 27 B PR SR A s R TEl (21°4 1N, 101°25'E)HEAT , 7EASE0 1E
ITIE(2005 4 8 H & 2006 4 2 F)IAE 2 IR B 7.1 Pros. HB s
(mean maximum monthly temperature, MAT)M 8 H £ 10 I {fRFFAI0 A e, ARG 7
12 3 F B3 HARAE 23.9 'C. J]#Ji (mean monthly temperature, MMT)M 8 J1£54%:
N, & 12 HiABIEARME 16.7 C. 12 HZ G, MAT P B7t, 1 MMT 2%
53 Tt 4% %l (mean minimum monthly temperature) A\ 8 JJ W L - [,
721 HIEBRARME 13.1 °C, fE2 JAEREGShRT. N9 T2 12 J1, JIRRKAR
FEARXSAGE, TR 1 S8R R BRI BARAE 4 mm, SR)57E 2 A EFHE) 16.6 mm.
FIRTERLERIIAE 12 R UEER) 1 H VSR XA T §E A 7R AR A 2 WY (KA
R RIS

35 350

5 e e - 300
5: F 250
— 25 - .-————.\ =
= —
=1 e =
EQ‘ 20 - A / = 150 "E
3 L 100 B

]5 = | _‘_‘_*_,_,__.-v—'-"'_ﬂ_‘ |- 50

10 I

I I I I T I ) 0
05Agu 05Spe 050ct 05Nov ~ 05Dec 06Jan 06Feb

K 7.1 £ESEER IR 2005 45 8 JT £ 2006 4 2 J H TG E . T FABATARR T BRK, 20 T
dimi, SO BRI, S0 = A ARG ] 3 SR AR (St AU T v [ ok 2 B 1 XU Aty i 00 ol iy €
B

Fig. 7.1 The monthly rainfall (bars), mean maximum monthly temperature (open circles), mean monthly
temperature (closed circles) and mean minimum monthly temperature (closed triangle) during the experimental
period from August 2005 to February 2006, recorded by the Menglun Meteorological Station of Xishuangbanna

Tropical Botanical Garden, Chinese Academy of Sciences.
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7.2.2 SZIGAARL

FRAFRR IR R AT TR S s Ak, HoW S 7E 20-30 me TER RS WG, KA
G UFIT, e 2005 4 11 Hrpdg. 12 A ag Ll 2006 451 A fy. 2 H EA)
AP R &k 2-3 R, B RREANR TR, 1 FMS2 {45056
(Hansatech 23 &) & BB ARIE 2 i IE/ PO R 48 11 (PS8 KOGk % 350%
(F/F) RN AEICAHE R (AF/F) o SRJE BT, BTV kAf b, SR [e] 55
K%, RAFE-80CUKA T, e A A FRARIOFE o

7.2.3 4317k

(1) MHEZRMSEINE bR TIES HE I EAH I

(2) HEAFUI TS S E A [

(3) MEAAME(HL0.) 7 T 75 S 2 T EE AR .

(4) N BEMDA) T 755 5 s Al .

(5) HmERAE D TITVE S SN FAA

(6) PLAEALEETABE AL AL EE(SOD, EC 1.15.1.1). it 5L &l (CAT, EC 1.11.1.6).
HHAAYIBE(POD, EC 1.11.1.7)s $UR MR EDEF(APX, EC 1.11.1.11). Wt
HIKIE L BE(GR, EC 1.6.4.2)35 L LK TN M A 25 e Tk 25 5 gl 5 572 5 50
PUEEA Al (HILA, CAT BHETER R HAAu min' mg' 8 [1; POD MG PE£ R
HAAs7o min” mg” B [1; APX BEETER R HAA e min” mg! H[1; GR EEE PR

TN AAz min” mg! H .
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7.3 KIGHER
7.3.1 R A BRI E A AR

WA 7.2 s, A6 R = O EURE 23 At o A O TR) 85 182 0 - 2005 4F 11 ] 42 2006
1 H), MEEZE(Ch)FIZREIE b 2 (Car) i LA & Car/Chl 1 Chl a/b A8 LA/
B)5, Chl A1 Car B LA Chl a/b 3287 R FE, 1 Car/Chl B#TE . H)n—Ik
(RIIRE AT 0, S =BG, SRR BRIS T K2 80% (P < 0.01), KHHE b
kD T 35-49% (P < 0.05), Chla/b FfF T 18% (P <0.05), 1fi Car/Chl #5101 7K
252 (P <0.01)o AL, FERT =IAE &, A PE EEN—EREN
TF, S AU R BB 7.38) . J5 B YR(2006 4F 2 ) 5T =%(2005 4F 11 H & 2006
DA, BARSE KT 60-70% (P < 0.01). EETMH A 6E 0 EMEA
R AR PN AR AR AIE , ASAIE S S50 IR B FL ORI R S A AN R
BB Fre A (mature leaf, ML, 2005.11-2006.01)F13%E %t (senescent leaf,

SL, 2006.02.20).
0.7 2.8 - 14
0.6 - 2.7 L 1
-~ - 2
q 05 40 - 1.0
& 04 255 o
A 2 [0873F
: 03 4 - 24 © - o
5 - 2.3 ’
02 -
il - 22 - 04
0.1 -
: 2.1 L 0.2

T T T T
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K 7.2 =R 2005 45 11 A2 2006 4 2 A 4¢3 (Chl, o) FIZEEAE b (Car, o)Fr Ll Chla/b(A)
1 Car/Chl (AU Bl A P8 £ hsUE D (n = 6). FH LR 307 22 00 Wi /N B35 2 S i o AT OE AN
52 N A —ZHC AN T 5% B2 K.

Fig. 7.2 Chlorophyll (Chl, closed circles) and Carotenoids (Car, open circles) levels as well as Chla/b (open
triangle) and Car/Chl (closed triangle) in leaves of Hevea brasiliensis trees collected from November 2005 to
February 2006. Data are the means + SE (n = 6). Significant differences (P < 0.05) among the same parameters

measured at the different seasons were confirmed by One-Way ANOVA (least-significant difference, LSD).
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7.3.2 i A ANN S DL A PSTL GG 2= 3% 1) A8 4k

BEE AP B 32, Ha0, 1 MDA & 82 81T (Kl 7.3b & 7.3¢). SL 1)
H,0, #r itk ML K& 20% (P < 0.05). ttoh, 5 ML AHLE, SL 1) MAD &3
T 2-4 % (P<0.01). %H—7J71H, 5 ML A{tk, SL (JIES Fo/Fo M1 AF/F 43 5]
TBET 20%F1 30% (P < 0.01) (B 7.4). Ab, HASEAM F/Fn 5 MDA &8
G, T Fo/Fo 58 A5 IEA (B 7.5)

- ML SL ML SL ML SL

21 T & 30

m18—(:1)'/./1 £,, /M = 2.5 (¢)

= 15 = = 2.0

EREE g 1.8 1 ,,,4/‘ E 15

2 94 15 o < 1.0 1

= ] S 12 A o 0.5 +‘\/

E 6 1.2

ﬁ T T T T I T T T T E().{) D e T T | P |
o | = 1 1 = 1

Bl 7.3 =IHRJE 2005 47 11 42 2006 4 2 A Fi(a)s LA E(b) LA KA —E(c) & i A2 4k . ML
(Mature leaves): JiZI; SL (Senescent leaves): T Hili A T8 £ iR = 6). FHRKZE £S5
Wi /N 25 7 R I TAE AN RTINS YT ) — S 82 0] /N T 5% 22K

Fig. 7.3 Contents of total protein content (a), hydrogen peroxide (H,0,, b) and malonyldiadehyde (MDA, c)
in leaves of Hevea brasiliensis trees collected from November 2005 to February 2006. ML: Mature Leaves, SL:
Senescent leaves. Data are the means + SE (n = 6). Significant differences (P < 0.05) among the same parameters

measured at the different seasons were confirmed by One-Way ANOVA (least-significant difference, LSD).

0.80 M. SL 0.48
0.75 - Wi
- 0.40
:o EF
= - 032 &
0.60 - - 028 <
0.55 - - 024
e | | | | L 0.20

Nov Dec Jan Feb | Feb II

Kl 7.4 =R 2005 4F 11 H 4% 2006 4 2 HIG RS 1(PS DR BHR (R /Py, oI
BR(AF/Fy, o) 1784k . ML (Mature leaves): J#H; SL (Senescent leaves): IEZM-. Fdi - TI% +4x
#ER(n = 6). R FR Ty 270 W dee /N S 2 22 SR I W AE AN IRTIN 5 I 1 [) — 282 1)/ T 5% 00 82 K-F

Fig. 7.4 Variations in F,/F,, (closed circles) and AF/F,,” (open circles) in leaves of Hevea brasiliensis trees
measured at midday from November 2005 to February 2006. ML: Mature Leaves, SL: Senescent leaves. Data are
the means =SE (n = 6). Significant differences (P < 0.05) among the same parameters measured at the different

seasons were confirmed by One-Way ANOVA (least-significant difference, LSD).
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Fig. 7.5 The correlation of malondiadehyde (MDA) with total protein (a) and maximum photochemical

efficiency of PSII (F,/F,, b) as well as the correlation of total protein with F./F, (c).
7.3.3 PrAELEEPE AR 1L

BEE R 5%, SOD Al CAT LAM GR 3EPE RF%, i POD 1 APX %
PRI 7.6). 5 ML AL, SL [f) SOD. CAT. GR 3G FBET 71%. 54%.
58% (P <0.01); 5 FRTEHUAHKRYZ, SL ¥ POD 1 APX HidtE S ML L,
S RIBEINT 60-96%A11 1.41-1.96 1%(P < 0.01).
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w25 f\i £0.12 £ 6
£ —4 £ g
20 2 S5
215 §0.08— §4- \,4
# 10 - = S 3

5 T T T T 1 6 0.04 T T T T HD 2 T T T T
o~ - = =
5,10 = 032 % £ £ g ¢
EUS (d) k (e) - =
_’E B '_.'_ 024' W
E0,6 E
o = |
§|0.4 | "3-‘ 0.16
= M s
EO,Z T T T T m 0.08 T T T T
= O = = ™ O — e

EsEE T fFEFEE

K 7.6 =I5 2005 45 11 A2 2006 4 2 ABE N ALEF(SOD, a). A A E(CAT, b). %1k
YIE(POD, ¢« FUA LRI A MIIE(APX, d)LA S A3 DEH IR IR (GR, e)ifi X424k . ML (Mature leaves):
FEI s SL (Senescent leaves): &M o Hi A I HARMER (n=6). FHHEZE T Z /Wi D B35 2 ik
IIMTAEASRIIN E I W1 IR — 280 [0/ T 5% 00 835 KF

Fig. 7.6 Changes in activities of antioxidant enzymes of superoxide dismutases (SOD, a), catalase (CAT, b),
peroxidase (POD, c), ascorbate peroxidase (APX, d), and glutathione reductase (GR, e) in leaves of Hevea
brasiliensis trees collected from November 2005 to February 2006. ML: Mature Leaves, SL: Senescent leaves.
Data are the means + SE (n = 6). Significant differences (P < 0.05) among the same parameters measured at the

different seasons were confirmed by One-Way ANOVA (least-significant difference, LSD).
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Hp [ s b Zk— T U 4 — A8 I (Hevea brasiliensis) 7K ) K & A HRFE LA A 322 L4 LA

7.3.4 PUIRMLFR AL B H K28 40

Wil 7.7a iz, SL A4 JE AR TR LR 5 7 5 ML AHECIE N T 43-69% (P <
0.01); RN EPUR LI & &3 37-71% (P < 0.05). % —J71H, 5 ML #Lt,
SL [k JE B 23 ok H AR S A ok H IR & s 20l 89 7 7.2-35.3% 1 10-22% (&
7.7b)e JRARSEIREIE AR, SL A ML 2 [7] () 426 T ORI IR 15 38 Jir ZRL ORI
R (1) A DL S A A B 75 I T IO 30 B 2 O IR LA 3 k. A,
ML A EE, SL IR A2 e 1300 B AR TR I R 25 et 1) LU A 2 3 LR (K 7.7¢, P <
0.05).
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Bl 7.7 =R 2005 4F 11 5 2006 4F 2 B E PR MR (AsA, o) FUEHIAMER(A) (a)s RS
JBEH IE(GSH, o)FLE A BEH Ik(A) (b)E LA Hy0o/AsA B (c)fI38 4k, ML (Mature leaves): & #H; SL
(Senescent leaves): FZM o H AP EEARMERM = 6). FHERLEZE T Z 0/ B3 Z L e A
SE WA —ZH AN T 5% 182K,

Fig. 7.7 Contents of reduced ascorbate (AsA, closed circles), total ascorbate (closed triangle) (a), reduced
glutathione (GSH, open circles) and total glutathione (open triangle) (b) as well as hydrogen peroxide/reduced
ascorbate (H,O,/AsA, c¢) in leaves of Hevea brasiliensis trees collected from November 2005 to February 2006.
ML: Mature Leaves, SL: Senescent leaves. Data are the means = SE (n = 6). Significant differences (P < 0.05)
among the same parameters measured at the different seasons were confirmed by One-Way ANOVA

(least-significant difference, LSD).
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7.3.5 FEEE IR b R S AL

BEEEDIH R s, B S9-S5 Bk N (K 7.8). 5 ML #HEL, SL
P a—TREE KL RIE T 98% (P < 0.01), B—IEM FF& 94% (P < 0.01), 20 NI
80% (P <0.01), &AHRis & F B 94% (P <0.01).

2 ML SL 50 ML SL
Y 16 (a) . 40 - (b) _
o 12 = 30 - ppa—
‘é 8 ‘é’ 20 A
S 4 5 10 -
& 0+ & 0 .
- T T T T = T T T T
~ 30 70
ol = -
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s | L 90 -
5 10 g %]
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Kl 7.8 AR 2005 4F 11 H £ 2006 4 2 J a—Jikhii(a)s B—IRMi(b)s A2HEi(c) LA L Uil (d) & 122
tt. ML (Mature leaves): %3 ; SL (Senescent leaves): T, Hn A P8 £ ArUER (n=6). HHR
FRIT 2T IR /N 3 25 S A AT AR AN IR D 5 I R — 280 1)/ T 5% 1R Rk

Fig. 7.8 The concentrations of a-pinene (a), f-pinene (b), sabinene (c), and total monoterpene (d) in leaves of
Hevea brasiliensis trees collected from November 2005 to February 2006. ML: Mature Leaves, SL: Senescent
leaves. Data are the means + SE (n = 4-6). Significant differences (P < 0.05) among the same parameters

measured at the different seasons were confirmed by One-Way ANOVA (least-significant difference, LSD).
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oy [ B AL Z—TE XU 4 = 4558 (Hevea brasiliensis) 17K 73 5 Za 6 Ar AT LA K A6 B2 AR P b L ok

74 g

7.4.1 J6A (O F AN 5 B

TEREEBERE T, W2 R AR T AR B L B A 2, T kAR 2 A A2 5y
AU BB I (1) 40 0 5 (Smart, 1994) SL & IR bR UK A TS R
ML FHEE W2 PR (K 7.2 & 7.30), IXUEIFEREZ IR T, 2R3 AR b3
DASR AR A T Wi e A WFSROEIESE, Y 22 A R A2 B 0 A4 TR
SN S, -4 2 [ 1Y i B2 (Trippi & Thimann, 1983; Smart, 1994; Lutts et al., 1996;
Buchanan-Wollaston, 1997), AWFFY Fik— R AP RHRGE L R —3%. 5—
JiT, 5 ML AHEEG, SL (Pt A &R 10 & 5 23518 n (& 7.3b & 7.3¢), #H
AT 38 45 3 C. 45 1R £ (Dhindsa et al., 1981; Hurng & Kao, 1994; Marie, 1995;
Ye et al., 2000). Mok, AEMEAKE, A0S R nEEE S
ORI R FR(E 7.2 & 7.32). DAk, o DUHEMIBEAE FE - 2222 03T
SEACIRE R T INER, AT BN I 40 LA B 1 TR & (8 S A

7.4.2 SEARGE ML AR 224

SLE s N, B A E RGN (E 7.3b), [ PEREE L R S
I A ZERCR BRG] 7.4). 5 ML AHLE, SLIET1 Fo/Fo F1 AF/F B SRR,
XA AR SL 5 A S N ool B A JHp A (1) —Ffr 4 213 V. (Someralo & Krause
1989). 448K, Fy/Fn M AF/Fy IR FEACH AT BE SR G & ROV DI B A B R
;. CAMTURE, WA R SRS I R ERCR G, B FyFny
FAF/Fy R OG, AR 4Rt B L M S AT T 10, T8 A I %
(P RS R A Ff B FE W T AR I R % 4> L2 (Mishra & Singhal, 1992). F/Fn, 5
MDA & FARSG, 158 A & IEA LR R i 5 MDA 2 Ui oG
(& 7.5), IXLEHHSCK R W REMESBUESE T R CHGE 45 4. 1tAh, 5 ML
HItL, SL ) MDA & B3 n(& 7.3¢), Ui SL R % T atbinsE, M
WEIR T H A IAR 8 IR % o IX AT REREZ SL M Fy/F R AF/Fw R BRI IR o BRI,
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RAEAWEFE R &5 R v LLAEN, 5 ML AHLE, SL ANGEA Rt b B R I 44 A
MR BATRF PR DI REM EE A 0T, BOERSE I DU RERIEAL, 450 SL IR
TR R AR

7.4.3 PrAfLBE e REMIALAL

BB IR PR AR N I A A S RE A 5 20 T IR 6, Relud b iR
RGMETE. A, dEAERE 2R, BT, SL R AL ES
HiEF T ML (B 7.3b), XHARESFEOLEREZ A E 460 (Rao et al.,
1997). Bk, TEXFMESL T, AHD) L AUEE BT ORYH LT DURHT AL e
g, 5 ML AHEL, SL ) SOD Wi PE E AR B2 T FE(El 7.6a), HILE A
(& A NE 7.3b), JRPIATREZ T CAT 3G S35 1) R (18] 7.6b). ATHFIT
WG NNy, e 2 i, FEMEE IR B B T HUE A S PRI T B
(Droillard et al., 1989; Pastori & Trippi, 1993), Kk, AT RS IR FHRE
—H. BR T HUEALEE SOD F1 CAT, Hi% Ll POD 1 APX 7Ei B ik PE A ARl 2
YA EEAE R . A, AOPTHRE R, BEIR I A A RO
POD Ml APX [FJ&TE, X PIMME11FE F A2 B A A 4 P9 TR P At — B 1R 38
(Kang et al., 2003a & b). 5 ML #1Lt, SL "/ POD Fil APX [¥)3% M 2 T i (K]
7.6¢ & 7.6d), U bFTIAR, EATIRIAE AT RER S BLL SL A 1 I A A AR S
K124 SL EE ML fd S8 A S5 5 B2 19 N (K 7.3b).

7.4.4 UM IR—DE H PRAGIA K21 1A 4L

TR P I EAG A IS DL, AT R & S0 i PR M iR —2%
JOEH BRAEER 4235 4 ROS (Noctor & Foyer, 1998). 5 ML #Lt, SL ik 5 A $i
I I8 RT3 R 7R 25 e H Pk & B n (1 7.7a & 7.7b), [A) I APX i ME T (K 7.6d).
XU SL AP L R—A B T IRIE A AR ER, R i@ AE Bk ROS HYRETITS

BT . IR, A SL L ML b it A b A S R Kk, A
WA AR S A T BT R L R 1) LA 1 AN i A A R 2 0] 25 10 Ay A B 4
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T I A 3 s R /N 48 FR (Kingston-Smiith et al., 1997). 41 BLIXFERLE, 5
ML AL, SL i S A A5 3 SR B B I R 11 LU AR S B A T (B 7.7¢), XKW
BRI AL S RN, AR B TP S T s DL B I BR—A8 IO IR ER
ARG, SL M A 225248 o 2 e IRvE PEAEAL )

7.4.5 K5I M AR

FEA P 3 L e IR AR S PR I, 90 an 28 57 L AR AR i A T B KB AR
MIVEF, 12 RO BAT AT AV KO A Rt B0 2 B0 m] DA 360 Bt MR U T
TR A 5 o BRI 3 B AT, S AR R R e I 0
K bE AR N, A Car/Chl (W ECMH W2 (& 7.2), XXW] 5 ML AL,
SL DGR G0 SRR DG REAI X R, TSI b 3V KR AS R = A
s M R BE SRR N3 . Car/Chl BUGARL (8 T s 6 1 e WL Ay AL o) B35 it
¥ —F k2 P 15 (down-regulation)i& N . 5 —J7 T, HIFFINNK, #RMEFRTIK
T, Bln, R TR AR A A, RETE BRI I NI AT BT DG AR
"= PREAF FH (Singaas et al., 1997; Loreto et al., 1998; Pefiuelas & Llusia, 1999; Sharkey
etal., 2001; Loreto & Velikova, 2001; Peiiuelas & Munné-Bosch, 2005). X A5 &
WY, B A T B s TR SR e D0 (R DR/ T G 11 B T A i v T A
(Affek & Yakir, 2002). ZEAMEFTH, 5 ML AL, SL A RBERAL W HS Bl
BEHEICE 7.8), SL MR E BRI R 2 SLOLGEHRE
N REATOG, R A RIETTUE S R P 2 e I s PR AR A A B T LR Bt v 4K
O £ 1 F [ 5E 1K) 7% (Sharkey & Yeh, 2001). B4k, 55 M5 ARE &SRR
ISR A 2R R TR G I HEATAH R A2 4 & g 72 (Logan et al., 2002; Affeck
& Yakir, 2002). [t RRLHEN, BEA R R IR T, AR IR T B IR,
e B KRR, LA E AR B8R R, 45 R PECRRERI Y
T PRSI BE D) B e 2K
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7.5 INGE

ARG RAUETE, 5t AL, =Ry I (R S P 1
Je 3 R AR E AT et SRt 2P s DA AL B R 4 POD AT APX (113 1,
INSEGTIN MR —23 B H PR AR DT, BARIXTFANREFH L = AR B ¥
I, AER R A BRI A3 A b, e ERE R, HEANE
I I (RMERAC S YD I & A2 BB, BRI, AR RIS R N

I Z) G ORISR A P I8 SE A B A
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FNE ZMHGRXINR R FIERF S8R 2Z R [y

8.1 5|1&

LASR AR (JA) IR FT IR iR (MeJA) A AR MR FTIR BV L (JAS) &) A T
RN —2RE 5 E . PEIRIE, JA A2 BRI & Rk, IR
A 38 SR ) 1 0 T8 A0 IS R A A D THD 3 5 T 221K A £ (Creelman &
Mullet, 1997; Gfeller & Fanmer 2004). AMJEYE JAs B8 0] LAF5 3 — RAIEE N 1)
3% (Wasternack & Hause, 2002; Farmer et al., 2003). ARG L, AMJETE JAs
J TR Z2 (R B 4 B 5 D6 A A FAHOC IR B DR R R0, 0 an AN T A% -1,
5— T E IR AL IBE 2 Ak I 42U (Rubisco) /NP JE [ %, FRMK T Rubisco X145 3K
BE, PR T HBRME AR BhAh, TAs (R FHIE BB SRS S R 1 P B A
(Weidhase et al., 1987; Parthier, 1990), &l , Y7 1E % /K53 WriE(Creelman
& Mullet, 1997; Gao et al., 2004). #:FriE(Mopper et al., 2004). ki (Kondo et al.,
2004) L Kz LA E (Koch et al., 2000) ik, A IETE TA & K88 0.
I, A NNK JAs A3 T AEPDN FRSEIEME (1 £ 47 1 S Y. (Wilen et al., 1994; Tsonev
etal., 1998).

ANIEPE SRR ) ST IR L FH B T R I AR AR ) 1K R 2R (Aeerts et al., 1994;
Blée, 2002), &RENIEE Y T (1) 2R (Hung & Kao, 1996; Beltrano et al.,
1998) o SR F 2 15 5 FEL W W v (1 32 22 W] BE 15 2R AT IR 1) Y. 5 38005 1k 8 Ak
(Reactive Oxygen Species, ROS) I 247 — & K < Hk(Maksymiec & Krupa, 2006).
o378, JA (RN HPR P OO LR A DE H IR0 5 B, (RIS A I R4 D H
ORGP S o P b o 2 (¥ Bl B A ML PR L A5 ) I (Ascorbate peroxidase; APX)A!
45 W H K I8 J5 B (Glutathione reductase; GR) % 1 TI = (Sasaki-Sekimoto et al.,
2005); JH JA 4b P 7T (Arabidopsis thaliana) it fig $ v L8 240 W AL 1
(Superoxide dismutase; SOD) i %A V.l (Catalase; CAT) [F13E P (Jung, 2004). X
B2 IR WSRFR BN AN S 5 T BRIV A & BUR A IS , XA F)
BRIL/ SN NP IBRVAISIER S
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Hh BT TR 2k — 5 AR A — 44 e (Hevea brasiliensis)[FI7K 23 56 R YA RFAE LS A B2 AR 4 B LA

PR, O IR Z4RIE, JAs 7T LA 3 IR IR &9 1 AR A i (Hopke et
al., 1994; Boland et al., 1995; Rodriguez-Saona et al., 2001; van Poecke & Dicke,
2004). JFH., Bl HREIESE JAs 5 S0 5 0 M A A A R 8 n B e 2 1 e
PRk BT 24 RS BT 5E [ 3% (Ferrieri et al., 2005). & HRIE, AMJEME
JAs (RN K3 0 £ oK (Zea: mays) 3% AP A 2 LA AR 5 i (Lima: bean)$% A& 144,
S HEBGE % (Schmelz et al., 2001; Heil, 2004). Halitschlke et al. (2000)#Ki# :
HRIEPE JTAs W] T % (Nicotiana attenuate)Z 7, il A Fmli A SR 4G 0 1 2
i, IR SR A N T 5 A% BIHEC L, XTI e S AR
ThRe, HETEAIIHA RREEEH, AT S5 R IR &) B A 5 A A 4
Ziit Pt (Skarkey & Singsaas, 1995; Singsaas et al., 1997; Skarkey et al., 2001) L & 1
SR AR BTEAL B IR 68 /) (Loreto et al., 2001; Affek & Yakir, 2002).

— I3 (Hevea brasiliensis)fg = A B 1) B, 2L a—JRM A B—IR M LA
FkzIdi(Kliger et al., 2002). ARFERFFT LA =S IRIGARL,  7EWTIE JA 2 J51%E
2 5 RAEERE 24 /NI 2 A o A4 T BE D AT AR AL AR G iE R LUS S S
AW AR, BFI0E 1S, (DERISAMNEYE JA (95 H e 75 S =5
R e QUUERRE, BRI =R SR B RGELL A s
AR ANIENE TA 55138 2 1K W AL o
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8.2 SKWHMRIEHE

8.2.1 SEZHH K

£ 2006 4F 10 1, SEREA REMRR R 7E 1.5-2.0 m =R JA A EEA R
JA 75 s ag, 250K FR R 0.5 mmol- L™ AbBHI, PR Mk 1 4 R A
S e BRI )R A H (Filella et al., 2006), & 4[R2 TS S JA I RAE A
PRI CEFEHRS . AL, DRI, — Bt JA AL B, 53— it
SRR, SEEGAE 10-15 FRR T RS . AEWUHEI 1. 24, 48, 72, 96, 120 /)
I, FMS2 {4 298644 (Hansatech 23 w)illY6 2R 48 TIPS KOGAL 24 30%
(F/Fm) SR G 2 R (AF/F), DNE TV 558 7 S A AEMIRDG IR R AR e
5-7 okl AR SO A U(LI-6400, LI-COR, USA) 5E Fz K15 6 2 (Amax) 1
AL FIE Gmax)s WE 7925 55 AR AR5 BY IO 1 B NV U b O A, 2k
T AV EA SRR I 53 HT o

8.2.2 4T ik

(1) WERZRMSEINE bR ITE S I F A [

(2) EAFUMTIES HE I E A

(3) HEAE(HL02) 70 M 5125 56 TR A ]

(4) W BE(MDA) T 7S 5 R Af T .

(5) R A o M T7 105 5 N T AR o

(6) PrAMETABEAL Y EALEFSOD, EC 1.15.1.1). 4 MLA M (CAT, EC 1.11.1.6).
HHAEALYIEE(POD, EC 1.11.1.7)s Pudk i it H A B (APX, EC 1.11.1.11). &t
HIKGE R (GR, EC 1.6.4.2)0% 1 LA BT ML R AN 23 W H IR 25 =1 o 7 5 28
DA (HH P, CAT BEETEE R HAAL e min' mg”' K H; POD FiE &R
NAAs min” mg! B APX BEEMER N HAAw min” mg! B ;5 GR EHGTER

ZT??'UAAMO min'l mg'l 75!% El o
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8.3 LIGHER

8.3.1 WA FTIR A Amax AT gomax AL PSIT SEAL AR AR L

=
=
=

-, ol (b)

14 o’ * *

= ! * * % *
Q124 S 031 o i‘z””’é\g}——@
et [

10 o)

2 =

5 8- E 021

~ ><

g 6 g

R - 1 r ; r 00

1 24 48 72 96 120 1 24 48 72 96 120
Time after JA application (h) Time after JA application (h)

P 8.1 SRAMRALFL S, B KOG AR (Aax, @)1 TAL T (Zomax, DYAIARAL . SO BRI AT IR AL PE,
2B AT o Bl A AR HE R (n = 10). FIARSZREAS € AGHIG 70 HT b BE 5550 2 18]/ T 5% 10 (225 7K
o BT RN 2 1) 2251 5 (P < 0.05).

Fig. 8.1 Maximum net photosynthetic rates (Ay.x, @) and stomata conductance (ggyay, b) in jasmonic acid
(JA)-treated Hevea brasiliensis. Solid lines and solid circles, JA-treatment; solid lines and open circles, control.
Asterisks indicate significant differences (P < 0.05) between control and JA treatment data confirmed by

independent-samples t test. Data are the means + SE (n = 10).

0.90 0.6

0.5 4 (@) 054 (@
_ 0.80 - $ o E s . 044 : .
:-L:: LL_=
:} 0.75 1 T 0.3 -+

0.70 < 0.2

0.65 4 0.1 A

U(‘IO T T T T T T 0.0 T T T T T T

1 24 48 72 96 120 1 24 48 72 96 120
Time after JA application (h) Time after JA application (h)

Bl 8.2 FRFMALIL)S, ARG AT F R (F /P, Q) RIATEGAEHOR(AF/FL, DR, 5L
(58] Pl AR SR AT IR AL B, o [ Pl AR T o el P38 B b iR (n = 6) 0 FIARSZAEAS tAGLIG AT b B 55 %)
W2 T8N T 5% K o 25 R AR B 0 1 2 i) 22 5 .2 (P < 0.05).

Fig. 8.2 Photosynthetic efficiency of Hevea brasiliensis trees treated with jasmonic acid (JA). Solid lines and
solid circles, JA-treatment; solid lines and open circles, control. Asterisks indicate significant differences (P<0.05)
between control and JA treatment data confirmed by independent-samples t test. F,/F, (a) and AF/Fm’ (AF/F,,’=

(Fu’—Fy)/Fy’, b) indicate maximum and actual photochemistry efficiency of photosystem II, respectively. Data are
the means =+ SE (n = 6).
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W% Jit S KT R (Sprayed with JA, JA-S) [ Fr 550 B LE, 55 K6 B T2 (Arax)
FVTAL T L (Goma) W12 T BE(Fig. 8.1)0 5XTHAAILL, 78 JA Wil 1. 24, 48, 72,
96 LA K 120 /NS, JA-S M I Amax 280 B FE T 5.7% (P > 0.05). 15.1% (P <
0.01). 19.1% (P <0.01). 32.8% (P<0.01). 41.8% (P<0.01). 44.4% (P <0.01);
AT NI, gomax 2051 R T 9.7%- 8.6%- 18.7%- 48.7%- 49.8%- 53.3% (P < 0.01).
WK 8.2 fiivr, HxTHAILL, 75 JA Wi 24, 48, 72, 96, 120 /M5, JA-S I
A Fo/F 1 AF/Fy B R BE(P < 0.05).
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Kl 8.3 SKATMRACH )5, M4EF(Chl, a). 254 b F(Car, b). HNI(d) & LI Car/Chl LA AL
SO BRI RAL L, AR o B P I8 iR (n = 6) 0 FAMSZAEA thr 56 23 r AL FHL5 00
WA NT 5% R0 5 Ko B2 5 R A BILS f JE 2 1) 22 57 . 25 (P < 0.05).

Fig. 8.3 Photosynthetic pigments and soluble protein in jasmonic acid (JA)-treated Hevea brasiliensis. Solid
lines and solid circles, JA-treatment; solid lines and open circles, control. Asterisks indicate significant differences
(P<0.05) between control and JA treatment data confirmed by independent-samples t test. The contents of
chlorophyll (Chl, a), carotenoids (Car, b) and soluble protein (d) as well as the ratio of Car/Chl (c) were shown

after JA treatment. Data are the means + SE (n = 6).

8.3.2 e (U M 1 224k

W S FTR 5, JA-S ) H ) Chl A1 Car 5 F 8 Wi 4] 8.3a & 8.3b). 1F
I R AR 48, 72, 96, 120 /MG, JA-S M- A Chl B35 K, 25 F4 %)
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XTI 76.3% 77.1% 54.9%. 54.4%; AHXTN ML, JA-S e ) Car 437 B 2
XTI 80.1% 74.3%-+ 69.1%-. 72.3%; Ifi Car/Chl HE|SEFIIRMIE 120 /N2
G, ARERE (B 8.3c). A, HXTHAHLL, fEWTHRFIR 72, 96, 120 /)
I e, TA-S - B A o8 o = A, 20 il B 20 RS 72.5% 62.3% 51.5%

8.3.3 I M A (H0.) M 5 (MDA) & & 11421k

L IRAREL, TA-S I F ) HoO, A MDA & B2 W N8 8.4a). 75 2K #1%
W) 24 F1 48 /NS, HoOp & BB I, (AIFA R . MR SRATR B 72
96120 /M JE , 5% REAHEL, JA-S 1t Ho O, 13 50 3 0 10.1% (P < 0.05).
20.7% (P <0.01). 21.3% (P <0.01). AHIFI¥2, MDA (1) 7 5 th 75 R R Wit 72
NI, S EE NP < 0.05; & 8.4b).

24 25

_ (a) (b)

a - 2.2 4 i * i 2.0 4 %
£ : £ Q/’ﬁ::ﬁ'\/%/.‘\@:
E g
‘C;;’] 1.8 g 1.0 S
=' 16 S 054

]4 I I I I I I UU ] I I ] I I
1 24 48 72 96 120 1 24 48 72 9 120
Time after JA appication (h) Time after JA application (h)

K 8.4 SRAMALHLG, WAME T RN, FORARIFIRAEEE, DRI Bl ATy
B EFRER(n = 6)0 IR t K350 70 AT AL BE 5 0 TR Z 0] /N T 5% R E Ko 25 3R A BE 5 0] R 22 1)
ZES W (P < 0.05),

Fig. 8.4 Hydrogen peroxide (H,O,) in jasmonic acid (JA)-treated Hevea brasiliensis. Solid lines and solid
circles, JA-treatment; solid lines and open circles, control. Asterisks indicate significant differences (P < 0.05)

between control and JA treatment data confirmed by independent-samples T test. Data are the means + SE (n = 6).

8.3.4 PUAAM BT VE A2 1L

TEWS 2R A 1 /NN 2 )5, SOD M CAT 51, %A B 24810 (K 8.5a & 8.5b).
MAERFIFRIBE 24, 48+ 72+ 96, 120 /M2 )5, HXTHUAHLL, JA-S i
SOD JEME4> B N 26.6% (P < 0.05)+ 24.2% (P < 0.05). 40.9% (P < 0.05). 37.4%
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(P <0.05)~ 39.3% (P <0.01); Xk, CAT #5MEIE N 22.9% (P <0.01). 40.4%
(P<0.01). 34.5% (P <0.05). 40.5% (P <0.01). 39.6% (P <0.01). MW&jii A4 F]F22
J&, POD & PERIE IN(A 8.5¢), fEWMZRFIIR 1. 24, 48, 72, 96. 120 /M5,
POD 5 PES AN T 6.6% (P> 0.05)+ 15.3% (P> 0.05). 21.7% (P > 0.05). 29.5%
(P <0.05). 30.6% (P <0.05). 31.1% (P <0.05).

S
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0 T T T T T T b 0.05 T T T T T T E 2 T T T T T
1 24 48 72 96 120 E 124 48 72 96 120 2 124 48 72 96 120
Time after JA application (h) > Time after JA application (h) Time after JA application (h)

Kl 8.5 SRHMALIL S, HADEALE(SOD, a). AL EEH(CAT, b). Y4 LEF(POD, o)iF 4L
o SR AR IRHTIRAE B, 20 AN o Bt PR B £ ARV (n = 6) FIRSTREA t RS0 20 BT Ak 7L
EXS B /NT 5% K BT AR AR F 2 A 22 5 B2 (P < 0.05).

Fig. 8.5 Effects of jasmonic acid (JA) treatment on antioxidant enzymes activities of superoxide dismutases
(SOD, a), catalase (CAT, b), guaiacol peroxidase (POD, c). Solid lines and solid circles, JA-treatment; solid lines

and open circles, control. Asterisks indicate significant differences (P < 0.05) between control and JA treatment

data confirmed by independent-samples t test. Data are the means + SE (n = 6).

8.3.5 PUIAMIR—AF Wt T ARG IR

W%t SR TR i » DUR MRS S I (P 8.6a) . X IEAHLL, fEMTISEATR 1.
24, 48, 72. 96. 120 /NEFZ G,  JA-S TR R BT LR S oy ) 3 0 T
9.2% (P> 0.05). 16.3% (P> 0.05). 45.5% (P <0.01). 60.5% (P <0.01). 56.1% (P
<0.05). 68.5% (P <0.01); AR, il 8.6b fiw, 2R H K S =0 338N T
4.8% (P> 0.05). 11.4% (P> 0.05). 20.0% (P <0.05). 36.5% (P <0.01). 40.5% (P
< 0.01). 35.4% (P <0.01). fEW{RFRIG, Pré bl APX M1 GR iGVEW] BT
(B 8.6c & 8.6d). HXTHEAHLL, TEMIMKAIRIG 1. 24, 48, 72, 96, 120 /)
i, JA-S I HF APX JE PRSI T 15.8% (P> 0.05). 15.0% (P > 0.05). 27.6%
(P =0.05) 55.6% (P <0.01). 73.3% (P <0.01). 63.1% (P <0.01); FIXJH, GR
WP AN T 21.0% (P > 0.05). 34.3% (P < 0.05). 35.6% (P <0.01). 80.1% (P
<0.01).  63.2% (P<0.01). 66.4% (P<0.01).
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Kl 8.6 SRAMRALELS, & ALPUINIMIR(AsA, a)FIF3 BEHR(GSH, b) & & LU HUA I R e S AL 1 il
(APX, o)FIZ It H L IR (GR, d)iftE A4 . S AR SATIR AL B, 2 AR W o Bl A 135 8
THREGR(n = 6) HIMSIAEAS t G50 /0T AL BE 550 2 18] /N T 5% /Ko J 5 s Ab B 0f i ) 2
S P <0.05).

Fig. 8.6 Effects of jasmonic acid (JA) treatment on the activities of ascorbate (AsA)-glutathione (GSH)
recycle. Solid lines and solid circles, JA-treatment; solid lines and open circles, control. Asterisks indicate
significant differences (P < 0.05) between control and JA treatment data confirmed by independent-samples T test.
The contents of AsA (a) and GSH (b), activities of ascorbate peroxidase (APX, c) and glutathione reductase (GR, d)

were shown after JA treatment. Data are the means = SE (n = 6).
8.3.6 M Jili A IR J B A S B AL &k

XA LG, FEWRSERIR G 1. 24 48 /NN, FARE -SRI, AR e
FIR 72, 96+ 120 /NG, B2 B i R FE(1&] 8.7). FEMTRISRAIIRG 1. 24,
48 /NISF, JA-S W S50 R B o- IR K 23 0 38 0 18.0% 66.6% (P < 0.01). 34.6%
(P<0.01); B-TEMEZ> 5N 16.6% 74.1% (P <0.01). 77.9% (P <0.01); 247>
SN 14.6%. 87.1% (P < 0.01). 96.9% (P < 0.01); S\ EABEHIHMN 17.1% (P <
0.05). 71.9% (P <0.01). 61.7% (P <0.01). 2R, EBUEZRFIRG 72, 96, 120
NI, SR EAR L, JA-S R o-3R9 30 FEAIR 9.4%. 35.0% (P < 0.05) 60.0%
(P<0.01); B-VEM4T K 17.1%- 33.6% (P <0.01). 55.5% (P <0.01); A&
K 16.1%+23.5%-46.4% (P < 0.01); &\ HLili5 43 591 AR 14.1%433.7% (P < 0.01)+
56.9% (P <0.01).
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Kl 8.7 HRFMMRALHLE, a-IRMi(a)s B-URMi(D) Faki(c) LLACE HL(d) S BRI, SO BIARFRIAHT IR
AEFE, AR BTN B B A TR ARtk 5 (n = 6)o TSI AEAS t K250 43 M7 AT 6 IR 2 1) /N T 5% [ 52
FRKVo BSRRIRAET 0 Z A) 25 5 832 (P < 0.05).

Fig. 8.7 Effects of jasmonic acid (JA) treatment on the content monoterpene. Solid lines and solid circles,
JA-treatment; solid lines and open circles, control. Asterisks indicate significant differences (P<0.05) between
control and JA treatment data confirmed by independent-samples T test. The content of a-pinene (a), B-pinene (b),

sabinene (c), and total monoterpene (d) after JA treatment. Data are the means + SE (n=6).
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8.4 it

8.4.1 ZRKANRWE LA HIBES T F*

R RIS, BRI R Anax ML T gomax P FE(E 8.1 &
8.1b). CLA#RIE, AMJEYE JA (MR AT LAE Rubisco ¥ FEARAN s 41 25 (1
fift(Weidhase et al., 1987; Parthier, 1990), FEAWIFTH, HARBEAA 74T Rubisco 1%
PEIARA, HAEMTE JA J5, Hexds & sl T8 8.3a), Kith, 7Emrsidul
LB Amax 1) FE AT BERLE (1T~ JA 5 3 1) Rubisco 3% 17 (1) FEAR NI SR 22 R B A
AR, JA T Anax FREIIBAUINLELE ARG 2, A, H JA B0 MelA b3
2 G, KIFH A%,  Rubisco & mh W, Hill KNGS R,
A B 2H DA S A6 155 3 R TR R K B ) 22 R AIE R A 23 (Weidhase et al., 1987
Maslenkova et al., 1990; Maslenkova et al., 1995; Popova & Vakinova, 1998). 4},
Amax R, W BB 2 B SALOC IR BRI L4l AR, 7R 2 R0 8 1 o
PG CART, SALOGH T RE 2 R A o PR ASAL T B SRR AT M s, it
KHRST > gomax & FRE(E 8.1b). HFTLIGE, SRAREE T AL ALEAT K
FERHPEARFAE , I BAT RSN A SRR A A0 52 0 O T 40 i 7 4 25— S A 1
T R AR S FL 55 (Sanz et al., 1993; Creelman & Mullet, 1997; Evans,
2003). EAWFFTH SR, fEWTEAFIR S5, HEARE & (& 8.3d), 2/
A DA A XML Z MR R E 454 TA 5T Rubisco NI 4/ (Weidhase et al.,
1987). SKAMRACIEZ J5, W B D RACMEI(E 8.2), X nl AW AR JA
A VERBE ) TR —Fh E3E N Car/Chl LUAEIHE &r, 0 S H0A N
SEREYINS NS — Pl & N . FEARESTH, WUSRATR )G, Car/Chl FUAH
ASAWIN, 5 E R (K 8.3c), XUHIRYI WL JA S IMaz i T
— AN EBN BB IEROL AR . XA H I T REE A JA NV H S BT
BIERAEARMER . B2, ANEPIWE, JA AER—Mphassr, WL
G PR A — RAV RN, S W 2 A A E T RE ) T B LA (B 32 R
BRI 53— J1H, ARFFAESE, AMEY: TA IR B8 S = R
P R A
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8.4.2 AN YU B R AL

R YIE 2 IS, A0 S A IR EE R PR AU ROS, ROS HEH
B FIER . HWAL N HaO MBI 3 S5 R AL I SRR,
FRAR A AT LR R e I R 40 4 i 38 52 300 45 1 IR 90 (Lamb & Dixon, 1997; Ghoshroy
et al., 1998; Orozco-cardenas et al., 2001; Foyer & Noctor, 2003; Rentel & Knight,
2004). SR, U HoOp WRPEIE BERIHE I, I AnAEADT 5T, LEMTfSRAH L 72,
96, 120 /NI JE, HO, 7 W& WY I 8.4), "EAEAE N LL S4B n & 5
[F45 4% (Rao et al., 1997), M KA BNE L 44, 30 MDA 7 & 138 (& 8.4b).
P IXFP S B0 T, MBS PUAL R GO, SRR IE, JAR 4L
ria Mt . A LEE SOD AL H & ROS 774 Hy0,, 1 CAT ik H,0, 774
H,O, ZHA#ERT ROS XHHAMi S, Kt SOD 1 CAT fEM#HkH AL pra
()3 Rt e 4y 35 5 2 1)/ F (Scandalios, 1993). 7EAWISTH, 7EMIESEFIR 24 48.
72, 96+ 120 /NEFE, HiUEEALEF SOD F1 CAT 1% 1 5 2% 7 (&l 8.5a & 8.5b), iX
Wil SOD F1 CAT y& T HI T s #5 Pt JA % 510 ROS ¥ nfs EEAEH s [FII, JA
% 3f) ROS 0t 1] B 2% S SOD M CAT 3 PEMK T IR . SR, MAASHE
FU S5 R E (K 8.4 & 8.5), HHt& Ll SOD I CAT AL, AL LEF POD
(3G PR 2 5 2 4 e, T BRI Ho O ¥R B, it JE Bi 4 LB SOD Ml CAT
kb POD % H,0, BEUR . IXAEI 4 B 5 Kang et al. (2003a & b)IF 574518 —2L,
AbAT TN A POD it 75 BEAE 8 1 Ho 00 WSS A RER IO, & 1 AE L BRLLE HL0,
W0 T . 2T JA BS PTG (5 8 o R A2 R s IR, H AT
AR Ak, WA R /DRI RIEFE S5, JA W LG S P b il
SOD. CAT. POD V&PET iy, IXAE 45 R YR a7 4 2R .

8.4.3 ZRAN MBS PUIA M IR AT W H IRAG A A QU K52 Wi
YNGR N Z 1) ROS, W H Il YA Aesk seil, —2ME RS, 51—
AR RS EARRHE RS, PUAMIR—2 DEH ARE AR B2 . 3 s Y

PUR MR (AsA) & —Fh EZEHUEALY), 440 N 7= 2E ROS 1), 78 APX /EH T AsA
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R ROS, ARG AR AR A B HUIR L R(DHA), DHA LUE 5 R 45 bk H ik (GSH)
AR, AR AsA, GR AL TN(GSSG) A& . GSH, X2 btk
I —4 B H KPR (Foyer & Halliwell, 1976; Noctor & Foyer, 1998). H:/1, GR
FEHUIA ML R —A5 e T AR 1 B, e 7 AU B 1R 45 A1 45075 (Chaoui et
al., 1997), fEAWFITH, Wi KARIG, GR IEMEEZEHINIE 8.6d), XKW JA
SR BR IR ML R —23 e H BRAEEA o (1 B B A W VR RIS, ks JA
WS PR MR —A D HIREAE . fEPTE L RS, AsA F1 GSH 2 PFh i
LAY, PUR LR —A e H R R 1 051 R 140 9 AsA I GSH 2 it 4
JiN(Chen et al., 2003); #1 % AsA F1 GSH & &8 InJ& i TPk s —4 B B ko
IEREOE, ARFFULTEIESE TIX—4510(8 6). 488, AsA F1 GSH fRififi&
PRSI M 5 2%, 0 TSI e & R 3R, HEncmz 50 A,
TEAWIFR, WA NG, AsA F1 GSH & & B hn(&l 8.6a & 8.6b), Xt
W JA BR T BeBB0E DUIA ML IR—A e H IR IR AR, (W] It RE SIS DU L PR AT 43 e
HRAREER S . S ARSI S, FEsE R A =5 B3 NS48 A 5 ) (R 45 ok 2
WG, M OJA AT T XA A YR A A RIS AR S KT 1 B
(Sasaki-Sekimoto et al., 2005). Pk, o] AHENAEARFTH AsA F1 GSH 7% 12 134
IATER T JA /3 T AsA 1 GSH AES BUR AR s S . Bz, A&
WFREE TR, WL IS, DU LR — B KOG R LA HOAR i R 73 e
JRART I AR R OR 32 i T M) 2232 S8 AL Dhe 1 e

8.4.4 ZRANR Vil AL S WAL & g

MERAHIIR 1. 24 48 /NI, Rl S E ] WA N 8.7), RUIWE JA 7
SRR IS, X5 CHRE ) 45 R AH 7] (Halitschlke et al., 2000;
Ferrieri et al., 2005). #R1f1, WiERFIR 72, 96+ 120 /NG, BRRE  532 i PR
(Kl 8.7), JRIAIAIHEE H TAEMTESEHR 727 96+ 120 /DG HE P WE T
BE(1l 8.1a), BRI B R AR AL A O AR T S A T e ), I Hos FEEROE A1
[i] 32 (1) 5% (Sharkey & Yeh, 2001). EAR JA SEUASRGERAA WIS BB DIL
FIRAEATHRE, (AR JA B85 FIRURnE & B R Rk . 1 JA
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Ak B FF I (Arabidopsis thaliana), 26 B- % #)) 4 (B-ocimene) £ B il 1) 3 [A]
AtTPSO3 #5548 n; %34, F MeJA ZbBE4IREA%(Norway spruce), i Fl
1% 2k B B 3 PR T v DA KR s ) B 4 T (Martin et al., 2002; Fald et al.,
2003a & b). R A D E—FIPUEAER Y, BRCRD R A0 H 5 G 52 it
LN LR B ROS, il 2k A5 %A (Loreto et al., 2004). 55— J7 I, ‘BATTK
ZHOEENRIIACED), IR A S H A T e 6 & I 1 AE H (Havaux, 1998;
Munné-Bosch & Alegre 2003; Velikova et al., 2004). i, FEARFFTH, a] LAHEN
FEMTHERFTIR 1. 24 48 /NI 5 S 25 5 (1 3 b m] GE kS 1 s A IR T A D 1)

S
He

8.5 Ihgh

ARTEWFFCL AL, (1) WUEAFTR G, — MR I Bt & R RS AL
SREEHET NI, JF HLS B SRR I AL BEAR M U (2) FHIIRAETS 3 5
P2 MR AR AL, RIM2R 30 SIS D S0RTAR P i i DA S A A A
N RRLR; (3) BUARFIRG, PrEibBEEa ey stell. oAb lg . 5
WIBEREE T > PUSA LR —A5 DEH IRPEIA DL R UsA i i —43 e H kAR A2
9 (HANEPLEDIN, ERFRYE A E R N R e R 2T, KA
MR REVS 3 HLmE SRAL S A4 & e, IX B i AL S B S Rt &
PRI -
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BILE 4w

FN

e

10H

— IR (Hevea brasiliensis) J& T KBNS ZRAEY), ACIR T 532 P L agbin]
PIRAGHTRIAR, & — TP Z R ST . AV RIZ MRS T, =R
R 2 E R HLX A3 B0 T 72 (e Rk, L4 78 o B G (1 b G— a3
ANHO DA b o BT ERE R AR A, =R 5 It A B AR 28 50 Pk A A Y
WRAT — RN 10, EVESRAIMIX, =R S R A T A
o, WHERAZ R T VR MHAEY) s (RS THIX, BARARS IR, (RIFARE™ I,
A RE R AT G s FERTEAT L X, B 2RSS ) B Re s P kT . 2248
SRR IR RN B Ay ok R MDA aS , @ 2L A T T A o H A BAE S
S PERIREAE .

AR ICWEIEE M T = AR K 23 S R AL A AF RPRRAE LA S A B2 R 37 AL
R SR W N, WEFTET R A -

(1) =M 5 BARBOR, Kot SRR R (R K 1% G5t
IR BRI, TE A RS 50%K A FHETT 7K —1.27 MPa. =I5
e EE R ML SR R, AL, SEE IR M R BAR . =B 1IX
BETR I QR R G ERs ME L [ Je 3 TR 18 9 vt Aol o~ g R R AR AR B, 1 5[]
Jo& - RGERHRH SR AL SEAC L AR LB A S 35 ISR BeAh, KO A% 354
ik Hye e EHRe AETh g LA hRSE—.

(2) =M 7K 03 3 BERT I 7K ST A1 LU S Pl SEE ARl s O HL,
=M AR SRR it A R R S A 2, RUNTHITE LU JG Rk R
SRR AR AR S R K BRI B K 5k 70% I AR B A B AR, FLI AR5 7K
A 0% R K St UL 1 (—3.0 MPa); DG R, RS Fr oKk 48, i
AT KB T0% (7K 40E—-5.7 MPa. Bb4h, =M i B8 m e &
AR A, XA TR T AR S B R 2, SE WK G SR80 T,
RS S (K 4R 78, IX AT RE S BT e T2
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(3) =R 3K 73 i LA UR s 25 935 /K Dl T [R) e K /K
(K] 45% AT I, ASALEKIREE G AL PALE DA K a4k I, S 30T
JOEHAR TR, AR IR A = AR G SR (R ), NPQ {38
B 7K 537 R Bk P B, 2 S KB A KRR K B 1) 35% /e A ), Ol
2 N EZARW 07 FIN, NPQ BAEE 1) TR, 85 KE /N T W]
R 35%0F, LS FPFEE] 100 mmol m™ s UR, B, Préa vl
W PTG T, T AL R —A5 I T IR A 7T R0 S K B B L AsE g 2K o A
S ALRIE R RIS, AT AR 20 e PLC 34, Tt )y K )%
FER B, SALIOCHIA I Tl G 58— A FEAl o KRBT =R 24
UL ZEAN I BE AR T s, FRAERE P K I3 T S K St i N AR 2% . > 3
Er /K BT R 5 KRR 1Y 30%I0, /K25, =R I e & A R4t
LGl 2 AN e 58 W B IR ZKF, T NPQ (B ZE+ 11 55 6 B[R] (1) 7K,
XFEAE S IKZ 5 =M ISR YE BT SUA ZR e 4 e (O3 ) AT BEAT B Tk el Ab
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