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Characteristics of transpiration of rubber trees (Hevea brasiliensis) and its relationship with
environmental factors. ZHAO Wei'?, ZHANG Yi-ping'”, SONG Qing-hai*, ZHANG Xiang"?,
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Abstract: Transpiration rate of rubber tree (Hevea brasiliensis) was measured continuously from
February to November in 2013, using the Granier’s thermal dissipation probe method. The main
environmental factors (including air temperature, relative humidity, photosynthetic active
radiation (PAR) and soil moisture) were also measured simultaneously. The results showed that
the transpiration rate of rubber tree exhibited a unimodal pattern, with the value being higher
during the daytime and lower at night. The average transpiration rate and daily transpiration of
sunny day were 4 times more than those of rainy day. The transpiration started 0.5-1.0 h earlier
and the peak time was 2.0-4.5 h earlier during the rainy season than during the dry season. During
the study period, the average daily transpiration was 27.84 kg d™. The largest amount of stand
transpiration (54.3 mm) occurred in April and minimum (29.6 mm) in November. Environmental
factors in terms of their effects on the transpiration rate were ranked as air temperature effects >
air relative humidity > PAR > soil moisture in the dry season, and PAR > air relative humidity >
air temperature > soil moisture in the rainy season. Despite water deficit during the dry season, the
rubber tree can get deep soil water due to its well-developed root system, and is not affected by
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severe water stress.
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ZWEAE AR /K 7 DV RPIRES T8 I A ) A4 iR 2R 1 (2 5 ) AR AT S R S AR )
DL (&GN, 2008). MEHER, KA Granier #H HCH AN GG oA — AN R 572,
TR 8 AR BRI R R BT S AR i, B MR AIARE A 5 (CE AR AN
T, 2002; 4%, 2005), BARZHTFE R A SN2 A TG BORET X —
SRR R A HEAT T, S 2N P AR R PR A AT T b . T4 (2010)
PO HCRE A R X 5 A AR AR K T FE R I DG A SR S (PAR) MKV 75 6k
(VPD) 2 oM LA 1) T SR EE R 1, 3 JLRfARE 1 28200 62.7% ~82.7%. IR1i55E
(2008)WF 7T A HI, ALAEAEACHE I IR HLAA 2605 15 & ISR R 5~ R AH SR A K/IMR ORI L . PAR
TR o T DA (200.2) 00 b Ly 4 04 b Ao ) 28RS DI R B = RN PAR 733l S 5 -2
AR 2 e i T IAEER 1, Granier 25 (1996) %} R 5 AT W AR — LeAt b (1 LI 1 -

T X} 7% B R R 5 PAR FIYELRE B8 {2 2% . Bovard 25(2005) X 2 B AR M 4 Rl A i 28 s 3k AT
T, B PAR A1 VPD s&m HAZ S 10 R BRI R 7, —F ILFIARE T 285280 1) 82%.

T3 R AR A PR RO LI 0 2 B+ = TR R - 490 R BR Ak AR 4 25 s 1) = BB R (W et al.,
2012). IXUEHFFCRE, AR G RRING AR e A 1 AR R, O AR I
KNG 2R AT B AN [ R A e o DRIk, S 28 I OB AU L5 2 I
PR F AT A 4T o

R (Hevea brasiliensis) AR EBHEY), TR T S E Dbl i sy L2 v . 22 P i
PR A A D B ) T A JEORL AN G i 45 %5, 1 20 AT 60 4EARLLR, K
SLE TR PH LR AN P 5 S5 5 Bl 2 J5 , MR AR K, Rl ke, FEbE R A
PRI T, Pl TR BE 2 KK, ARG N, BEARR H (2 T 2 2 i) K
JEANER AR, (ERAN ARSI BIE A T REIR, WK Lk ™ d, LIREKRR 12, W)
ZREMERARSE, IR T MK I%E (Keeling et al., 1996; Qiu, 2009; Ziegler et al., 2009). 14/
WAE RIS, P SOE AR TR S, 7E/K 7 RAFIVIREE N A BRI SE S+ ) (Ayutthaya
etal., 2011). Tan %5 (2011) % P8 XURR &4 58 46 B AR S AR AR P 7K 3~ b AT 1 0P bG, S5 SRR,
FEFEREE b, IR B R T IR TR, H R E A 1K A2 AAERFIE B 6L, 5
FFER RN TR R . 228045 (2003) R F 7K B P R BEAR M /K 43 2 B ARFAIE R T
Tt R IR ZE B 5 PR 1Y 70.4% . SCIFICRT S8 75 4 (201.2) hf i B A R AR /KA 34 (1 A 90 3%
B, DAZRBER KRR R &5 BIBE N R 52.65%. Z&IE1EAZRE—ER 5 (Wang et al., 2010),
FERRMOKIER S A AL AT, A AR R 7 2 8 T 7880, X T2 It Fuie
TF B B HME LA FREAKREA T B PR i ik B, T 0T 28 8 7= A= B i PO 3R 358 TR 7~ D e/ >
M TL . AHEFAEH Granier HH B ARIGIRA ZEMEHEATIE , 7 BTGB 2815 2 A Ry
TiE S SRR T HIOR R, PRGBS AR 0T DX 38K SO AT B s RN T SRR SRR 7K 3
FFFFEIR LS %
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1.1 ARFE X

BF 58 DX AL T Hp [ 78 R P22 R PSRN X, 8 2R - By R By AR X b2, bz
KB N 21°09'N—22°33'N. 99°58'E—101°50'E; iZHbIX & 4E 2 Pim 2= K], B XA
1%, —HEPEWEG—0 A)MTEQL A—844 4 A)2 5, HhTEX 9 AFmEZEAL A
—BUE 2 A)AITIEEB—4 H)(KTim, 1966). FFHRE 21.0°C, 24 PR E 1490
mm, FERZETACRAY, 87%LL R ENLE 5—10 HIMZE. 2 X pg i 54
TR T, PR Z SR 35 m, SR N ARG IR, IR A B A R
PR 20 m.
1.2 W5k
121 BIFRRHINGE  ASzibn G0 1982 4 E IR, 7E 20 m>20 m fR:H Py ik 1%
R REE, AMAZEFRUNM 6 BRI AR . FERH 1.3 m kb, ¥ Granier #d HUR
BEPAT RN T (Z2520), 2 BREHAIEE 10~15 cm, Z3REF i — 0 3B (B4R, Az T4 B
U I PRE N, RS ERET AN NG, 2 PR TE (05 2 AR A 2 B AR AT AR A, 4RI A R 4
R ZEAR /N, Yol NI 22 AR K o ) AR ) 4 T 2 R A S S v s s PR i R g
#(CR10X, Campbell, USA)KAEHHR, KM RN 30 sk, 4 30 min FEAT TP IEA7 6.
Granier % 5 2256 22 XA (Granier, 1987):

Js =119>4H231 (1)

Arh, I ABNBORZE(Qm?sY), KS(ATp-AT)/AT. i, AT ABRRKEZE, AT Kb
I I 22 o
% 1 BB EOR T AHE

Table 1 Tree characteristics of Hevea brasiliensis

Re B (m) i 4% (cm) AR (M?)
w1 215 315 0.0428
w2 215 30.1 0.0401
w3 21.7 27.3 0.0349
w4 220 30.8 0.0415
5 225 28.6 0.0373
P 6 22.0 35.0 0.0493

1.2.2 R THOME R 5 E E AR 8 S K NS AN R 48, A6 e T
O 1 BT IS X656 E A RhE 5 (SQ-311, Apogee, USA) . 4% < 161 £ (HMP45C, Campbell, USA).
+ 35 /K 8 (CS161, Campbell, USA)REAT LRI, WA ST s E . Hakah
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1.2.3 UMEARFIGE AR AR TR 2 IR 3 78 I B DGR S, TR T TH
FURIAERAIN G B R EE S, Jy 115 BN BAERR 0 45 SRR N AT RER,  FERE AR 47 ARSI
BIVE I TERT G o HTRRIBI O L AL 2 TA) A WY S PR, R FH A A HE Bl EBORRS IR v
B 7 1 m BUA A JE E (Granier et al.,1994; Cerm& et al., 2002; Horna et al., 2011), #7044
TEIARURT ) A2 1) B ] U 5 A

A=18.776>DBH-163.8 (R’=0.89, n=47) )
Kb, ACHIIMTER (em?), DBH ARAHIE(cm).
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Fig. 1 Correlation between diameter at breast height (DBH) and sapwood area (As)
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E =Js>A; 53600 3)
A, AT, ECHZEREER (kg h?).
PRI H 28 15 5 -
E=217"Eq @)

X, E ABIKRK AL (kg dh), Eq A% i N HIZEEER (kg h™h).

RIRARI A 28 1 5

E « = E 4955\ /10000 (5)

K1, E w b Bobk 28R (mm -3, ERER O P80 R (kg ), N 24 H KH. 495
bR R RS ST AR B (KR hm ).
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ML) g 2013 4F 2 H—11 H s {1 Excel 2010, SPSS 20.0 ¥ ¥#f #E4T 70 B b HE . Al
F Origin 9.0 1E&.
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Fig. 2 Daily variation of environmental factors and transpiration rate

ME 2 67T B, T23 H 24 H. 25 HAI 26 HZ RS shi %1474 10:00. 9:00 Al
9:30, HILEAE %A 16:00. 16:00 A1 16:00; MiMZ=8 H 14 H. 15 HAI 16 HZ&EEMK)S
BNt %153 73179 9:00. 8:30 A1 8:30, A FUEAH I %1735y 14:00. 11:30 A1 13:30. M=
JABIS AT F2% 0.5~1.0 h, IR KN 24T 57 2.0~4.5 ho A& 2380 F T3
750 AR e ROl 28, R snid B il 2k, W 2= 28 0 5 ey DR 2] () B S KT
T,

P 3 Ay I, I RAG B 250 T R AR AR, 28I H Rk BTt 7E 14:30 12 3wy 14
JE—EFFSER) 16:30 A TR FFE. TR RN, BIRM 2RSSR 0 R0 ERED, HAEBE
JHETT UG — B R BRI E R, A RICH T m Rt B W R-PIIZA MR Hok AR
% H &M BN 1.33 kg -h™.4.93 kg -h™.31.83 kg ™, MBI R 0.31 kg h™.1.11 kg h.
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Fig. 3 Daily variation of transpiration rate in sunny and rainy days during the rainy season
22 B HZEEE

AT, 2013 4 2 H 25 H—11 H 31 HAZJEH HZREEAZ 1k, EXNIYIE, AR
HZAB RN EEN: 2 AREMNFMES LI, EANTEhFREmREL, ABET
U R, U 7 AR HE S, o 2 M O R . WL R) 5K H 28 A 55.74 kg d
BNHZER R 122 kgdt, JUEARE 45 52 %2, Ho#WmOENSE, RUIMNFHER
SR, WA HYME A 27.84 kg d™o NE 4 FTIL, 4 F15 H H A& S TFF(H,
1 7 A1 11 3 WA .

4 2 A25B% 11 A 31 H(HF DOY 56~334) it H KB E S
Fig. 4 Variation of daily transpiration in Hevea brasiliensis from February 25th to November 31st (DOY
56-334)
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ME 4 TR T RARKE R LAHES, WIS TR, SR B R E HIILE 4
H, iE% 543 mm, HMEHBIE 11, HER 29.6 mm, 7 A BT AREZ SEEE B
BORWREE T, HAEDY 311 mm, SEMAN H P34 28 06 &y 41.9 mm. H B & 2568 n)E
BRACiEash, 11 ABMERD, U~ 144 mm, 8 HEWER A, A% 308.8 mm, TFK
WS KR RRRGES, 4 A LH8KENN 23.0%, BEWENFR, T8 /KERHE
ETt, 8 HikFREME 28.7%, WEEMLHE/KE N, 11 H S KERK, HEN
22.9%. HZAEMESHARWELEZSLTRE LAES, R EEIE 11 A, WEh
205.56%, H/MEMBIE 7 A, N 13.31%. 2 F1 11 BB EE N R, KUK
HILK 775 6k

5 BEHAERE. RS KENEEE

Fig. 5 Monthly rainfall, soil moisture and transpiration in rubber plantation
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Fig. 6 Variation of environmental factors in rubber plantation



B 7 HREL#RBEERSHENTHIRR

Fig. 7 Relationship between transpiration rate and environmental factors at daily scales
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FE i T R [ PR VN SR (RP=0.63)> A X2 [ (R*=0.55) >PAR (R*=0.47)> T3 Kk |, W2
JNPAR(R?=0.74)>H1 % i 1 (R°=0.68)>"< I (R°=0.33)> 13 5 /K & (R?=0.09)..

AWK IE D RNV, 2 5 LLS% AT 10% 1) il SEPE N IR FN G BRIG FHUE, X281 % A
B AT 70 i, A5 BI LU 7

FZ: TR=-0.088+0.1T,-1.709RH+0.017PAR (R?=0.787, P<0.001)

MiZ%: TR=0.702+0.032PAR-2.306RH+0.061T,  (R®=0.826, P<0.001)

X, TROAZEMBEHEZ, T, 8UR, PAR ADGEA GRS, RHOVMEXHEE. vLER, it
RTFIERNTE, PAR. SIRAARXHE BN BE R, Wi 38 K BT RN TR AR
HATE. T, SHERFIEANRTRRE ANEE . PAR. SR MR 25 15 M R AR
A1) 63.5%, Al AR X FE i RE 2K T AR AR 1) 74.9%, 3 ANIREEIR - IL FIfRRE 1 25 1k
R 78.7%. EMIZE, &HTRI#EANRIT N PAR. MAHREE. . Hrh PAR fiRREZ 5
AN 63.0%, PAR FHAHXTE FEMRE 2L G I 2 AR 01 79.0%, 3 MRS IR 13k FIfRRe T
M AAR ) 82.6%. BIEFERN, RAIZA [BIHVE S5 0 AR R 7R3 & 45 R AR ), B
T2 0t 2R TR 5 K AR IR T2 IR Tkt 2R T S B e B K IR PR 85 DR T2 PAR.
3 W i

R 281 B B R B R URRIE, ROUVE R AU S, TERUINIRE I eds
SR AL B A0 BB T (B0 145, 2006), YGRS AR AL S| HAR IR B T AR L,
15 H G A A ZE I TFIR 5 2 o AN [F)2 715 2808 )3 S RN [, W9 2% )5 Bl 8] 5128 0.5~1.0 h,
W R BN F) T 2% 2.0~4.5 h, FLJRA, B TR H B B340, SRR w2
A E TR, B R 2 R AR RIBOK RIS LT PR BE (5 SR RIS K, 2002)0 AN
FIRAT, Z&BEEZEFEK, WARMEREIR 5EER R ZEBRE, iREBEREN
KM 4 £, W KA W R0 = Vet B, W R BT, IXREDNN KOG &6 Bm st
B85, WBEBRATE

MBI A& B2 R ER(E 4), ERARSEFR BRI, TRETHRERD, &%
W Ficfase, MEWNRNERR, BWTGNE, AMWESMEIWNBZERBK, 05
PR3 AR R 3 3 (T4, I B I 2 7 — e PR P T 1 55 28 S 1 FH (B4, 2011), T B
5 LEI BT 1 KB 2 B S LT I (345, 2007),  JEI RS R 28 1 &

M 5 T, AR A 2R R I 4 H, SRR R ARA B RN, 7 H
ERUN, AHIZH W EIAT] 233.8 mm, RIZEME I AL BERER G n . mirE—
BeRE D SRS I a A FE R DX, BRI RS R BN B, W AE KR T R X
bR, AR RS2 BERT LR, 7E R VA e B K A9 3 B AR 78 O L R
AR EWIN, XKW, XK 52 BRI ZE R 1 R IR 2 — (540555, 2010), fE
BEFG 78I X, 7K % ZE BB S/ . O brien 25(2004) % BFHITIA RN 10 M FH A7 5
BEAT 7 M0, 5 IRAR A BRK R 3R K E X RS R RS, SRS SN T A R e H



R 1) ORHEIR - o T — N X P SRR, W] AR A SRR sk S, HR Ik 30 r=Eo/P,
X B NZEHUR, P OABENE. AW EARNAHGIAR R OR, (A 20 & 5P &
FUARL [RIRE AT LA S bR 23 i 32 TR, B S AT, 24 3 M 11 A 2805 & 5 4 W & 2 Lk 4y )
79 1.03. 0.81 F12.06, Hr,2 HFN 11 HZ M SR PR &, 20, I AR 2 H I AS0™ 21K 7K
Gyghke 3 HZAME BN T W E, (Hidd 20 8 5 2001 L E R H1(Wang et al., 2010; %1
J 7755, 2012), ZHAURRIL T KT PUXURANH X A7 T #iip At 2, R & AN S gAY
s X, (HIXPhEE PR S BN TR 28 2 B — e PR, 280 B S PR B M LR A, 1T
25 SCR] R FH Y 2R A A7 30 P R 7K o R RE S B8 (K AR RS 3, TINS5 1 7K o9 %6F 28 s 4 FH
FRI PR Al o

MZE IR R IR R IR0 & 45 SR R, TR MR RPN 28 s iR 26 1) B B BR R Ak T
AR ARXHEEE . PAR. LA SRR B FE MmN T, BARM SR SR RIS
FLI TR PR B (5 SO RO &, 2002) . [T A Tkt 2 s 7K 4 1) 28 L4 (1 34 2%,
2005). FZEFLMARE BT 2808 13 2 R85 R AR U PAR. AHXHBRE . Sl WEREWZ A
U, N B BRI USRS, R PAR ZH A K, BESURE, PAR Xt
AALT R E R R R AN, WA ZE I BE PAR 1 71 I 7+(Oren & Pataki, 2001).
WEPIREZ, FH PAR EMMRAL, XAEBIERE RN, MRSEEE, PAR (Hi#E
ETb, ABWIFGET. 5L, WRABERESEAAHCHEER, X RN RS
B, ZRMEF R BUREE N A %, Horna 25(2011)5F ERJE R I AR 7 AR 75
Tt LN R ) 300 T R L K 8 M 1 e T IS DR, L 28 s OO AR S T KT S Rl
SR XA L, 2 X f R 5 22 (2 4~ 2APE U R IA 3300 mm), IRFERZED, T3
FESRIT F) AT, 25 PRBE R 1 ek , 65 e AR JEE 2 R 1 28 6 Ji 2 2 (PR IR IR 7« 2 1 1255 (2012)
X S LA R VR A R A PR R ZE R ISR B, SRR PAR 43 IR S e T 2R AR R 28 T 1)
TR T o XGAH TS5 FARIR, 5 DA AT A8 A pE b X 7R 4 5 R S A 7 TS5 76 SRR AN
b DX AN, DS b 5 A A 2 I (K PR B3 R 7 BB AR Lo PO AN L X e T SRRk 1 3
10 BT BTN IR EE R 722 SR, DRI 2 1) L 28 0 (V) PR B IR 7 Bt 24 i R 2R s o 5
AMEER G LSRRG BRI, %A BB, RS /K RN AR
IR/, BUEE TR AR WI(3—4 H) 38 /K& B & R RIS L N TR R R 1 25
J B (] 5), XSz By N 398 A K B RE L 20 om, TSRO O AR H 32 B3 A5 7E.(0~20 cm)
TR (ERCERYPTNG, 2005; ETHI%, 2012), “FHRA BEMAERERE TR TER
J2 S KRN R, A FARIRBURZ K, BEE WK G, R2 KR,
IKAYFEIE, AR 1 ) LA AR SR EH 2 R 30K 4o Liu %5 (2013) i F R [ (o 3 4%
FEAR 7K 53 35 BT PRI FE 3R W, R AR B X (0~30 om) 3= H 3K 73 IR Be 2 5 i AE T2,
PRI K 73 3R 2 5K H (30~70 em) H = BE RN 135, 7E/K A0 i 5 BRI 5 (3—4 A)tk
A2 K S E IS AHIE e AR . T T 30 R 2 [ HAGH AR T e T,



Wi I VR AR R SR BUA 2 7K LIRS T 5 (Hodnett et al., 1995; Jipp et al., 1998; Giambelluca et
al., 2000).

25 BRTIR, H T V0BRGN H DX R (A B R SRS, SRR R A R 1
FRBE A FEBACH RS TR 28 E 2, k7 78 0 S8 T . a2,
BT R 2 T30 PAR (ERAS, BREIT R0, T2l TR ED> S E 5 H K5
TR, BRI A 5K AR 2R AT DASR IR ZE il A7 AE 38 b IR = /K (Tan et al., 2011), 4
R IE B B 23 75 3K AR 3 ™ B 7K 73 il o AR A K 73 3RO 203 B T KA B,
R AR IR R o BEAh, B TARIRARGE A 5 —, MR D, Gl KR
J37E, IKLR AT, 8 XA K SORUS A A, I By AR R BRI FIAR S P TR P A e
PR, IR T IXFP L . ESRARIRAR 45 TE SR AN X 7R T B RIS E , (H bR
PRI 0] AN A, AN AS SR EUA & TN LA 38, 2EAS A TRDRE K20 X AT i 22 T I 5 o 7=
U 1 R A L
;W WM PERRPES S B S TE AN R R, 7ERR i !
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