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Sap flow characteristics of four dominant tree species in a mixed conifer-

broadleaf forest in Dinghushan
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Abstract; The plant water use efficiency is not only crucial for plant to maintain a relatively high growth rate but also an
important metric of water balance in forest ecosystem. Recent years, sap flow measurement has been widely used as a basis
for assessing the water exchange between tree crown and ambient atmosphere for it can keep trees in natural condition
without damaging the growth of trees. Many studies on trees’ sap flow in single species plantations have been carried out
across China, but the studies in natural forests are still few. We measured sap flow of four dominant tree species ( Pinus
manssoniana , Schima suerba, Castanopsis chinensis and Machilus kwangtungensis) in a mixed conifer-broadleaf natural
forest in the Dinghushan Reserve of South China using the Granier’s thermal dissipation probe method. The sap flow was
measured daily in July and November, 2010, which represented the wet and dry seasons in the region, respectively. The
environmental factors such as photosynthetically active radiation (PAR) , air temperature (T) , relative air humidity ( RH)
and soil moisture were also recorded. The aims of this study were (1) to investigate the characteristics of sap flow of four

dominant tree species, (2) to estimate their relationships with the driving factors of transpiration, (3) and to compare the
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transpiration rates of different tree species calculated from sap flux density combing with trees’ morphological characteristics.
The results showed that sapwood area of the four dominant tree species had a significantly ( P<0.05) positive relationship
with diameter at breast height (DBH). The coefficient of determination R’ of four trees species were 0.99 0.96 .0.93 0.81
respectively. Sap flux density displayed an obvious pattern with higher values during daytime and also showed a significant
seasonal variation with higher value in wet season. The average sap flow velocity of P. manssoniana, S. superba, C. chinensis
and M. kwangtungensis were (10.07+1.47), (10.07+1.51), (12.20+1.73), (8.35+1.28) gH,0 m™ s in wet season,
and were (7.22+1.33), (6.41x1.15), (9.78+1.64), (7.37+1.34) gH,0 m™ s in dry season. Contrast to previous
study in Dinghushan Reserve of South China at an altitude of 50m, our research found that sap flow velocity displayed a
significant variation along the gradient of altitude, which was induced by the differentiation of microenvironment and plant
morphological characteristics. Partial correlation analysis indicated that photosynthetically active radiation (PAR) and vapor
pressure deficiency ( VPD) were the two main environmental factors determining the tree transpiration in both seasons.
Transpiration of the four dominant tree species was much higher during the wet season than in the dry season. The average
daily transpiration rates of P. manssoniana, S. superba, C. chinensis and M. kwangtungensis during the wet season were
29.52, 39.29, 30.40, 9.41 kgH,0/d, respectively, while those during the dry season the rates were 20.91, 24.84, 24.26
and 8.43 kgH, O/d, respectively. The order of the average daily transpiration was: S. superba > C. chinensis > P.
manssoniana > M. kwangtungensis both in wet and dry seasons. Such difference in daily transpiration among tree species was

mainly determined by the sapwood area and biological characteristics.

Key Words: Granier’ s thermal dissipation probe; mixed conifer-broadleaf forest; sap wood area; sap flow;

daily transpiration

BT (sap flow ) AETEM 2810 AE IR R AR BRI 97K 23 A AR Rz S B v i /R 78
T ETHR T, 99.8% Lh FIMAET 78— FH A T 30 b VT o R AR AR R (1 28 I B K i
P AR A S VR T 0 B TR 1 /I 2 % BRI R ZE s 1 L BRI PR Lz 5 AR YR T
R R S HBPCPAE PNk ek I BEREN R b Granier #H BERIRET 5 B T EAT (AR
ARIEE IR RN T BEARBE IR ATE A RS | AT LA S0 5 A 130t 12 4 U0 A, B0 2 F I AR R 28
T 1 B R R ik 0

G F& E W Granier HUHHERAT L FIR B TE 8 27 (0K BT 5 24 vh T i — ) il
AICTARTS DA 0 3 SR 98 B4 TP FI00 5 PR 58 R 5C R B X SRR I 1 B T B
R TR R R AR ST AR AR X B AR B RIZ X IR 2 50 m 1 LR A A R AR I
TR MIEATH DA 5T, 48 7 HLAR A Fi 25 R #A ( Pinus manssoniana) AR 1aj ( Schima superba) HE5E ( Castanopsis
chinensis) ) A8 ( Machilus kwangtungensis) TR B FEAS BLE SOL 5 HE 7 Z B R, SR
TSR 5 | S AR B A5G DA 1 2 S A SR S BMOPR 07K  ) FHAS3 7 A 8 A, DR AR I 5 S0 B A T S P e Bl b ok —
B TR AN [ TR R B ] PR S AR S o A T B AU R R | A A3 X e TR S MROBR MR AR S R G 25
Jits e B SR SR AITSE F AR AROK T3P A R K 73 AR R BRI A5 48

1 SEWMBETE

1.1 AL SRR AL

S E R SRR X (112°30739"—112°337417E,23°09/21"—23°11'30"N) i T) A E PRI BN,
AL 1155 h®, JE AR L Fr B 50 , Fc e WA 28 LLTVEPR 1000.3 m, AR X S5 g IV $A6ts 8 3 2 XU A6 | 4F 4
S 21 C L&A (7 H) MEE A (1) EXEAES 128 28.0 °C (12.0 °C | EIXAERERN 7 1956 mm , 4F-F-1
FAXHEE Ky 81.5% , &AETHEZMA B, TN Y 76% %K L AR B2y 4—9 A5
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S L R AL g 2 R R AR T R TR SR T R AAAR AR SCRIFSRE (BT R TR S PRASL T 047 X
N FLRRRS , MO IRE 3R 320 m 2247, S In) A i v, 39 B 24 100, fi N TR R 80 B 4R A K i 25 R A R 0 ST e
REBDAAZ IS AR e JR e 728 10, 2 FE AR [ 238 IR ¢ ] MR 5 R S 1) — b P2 PRR R F 247 1L
1L} ( Ardisia lindleyana) \JUT ( Psychotria rubra) G5 # K ZE T ( Neolitsea cambodiana ) 55 ; AT B AALY) L=
FH ( Dicranopteris pedata) \F 5Bk ( Diplazium donianum) A 3, 7EEF MRS MRIEE 30 mx40 m FEH AR S A b
SEBRIFOC , e O i A ARG R HLJG e B Y 20 AR R B A HESRE RT3 BR R
5 BONIE X R AR RE BEARAE AN SR 1,

R1 HRERFE

Table 1 Basic characteristics of the sampling trees

A 5 M4/ cm B/ m THL I
Tree Species Number Diameter at breast height Height Canopy width
LKA P. manssoniana No.1 24.3 16.0 3.5mx3.5m
No.2 34.4 12.5 3.5mx3.6m
No.3 16.1 13.5 3.5mx3.7m
At S. superba No.1 16.4 12.0 3.0mx3.0m
No.2 44.5 15.5 8.0mx7.0m
No.3 17.9 13.5 3.0mx2.5m
No.4 21.5 13.5 4.0mx2.5m
No.5 31.6 15.0 4.0mx4.0m
HEZE C. chinensis No.1 19.2 12.0 4.0mx3.5m
No.2 15.4 12.5 4.0mx3.0m
No.3 31.2 14.0 5.0mx5.0m
IR No.1 24.1 14.0 6.0mx4.0m
M. kwangtungensis No.2 14.0 15.0 3.0mx3.0m
No.3 15.5 16.0 1.5mx1.5m

1.2 AT IR B I
ARG R, R Granier B BORAHET 2010 487 H (IB2) AL 11 A (T22) )X 14 BREERT i i 25
FERATIELEIE 43 BIKH R R ST L R AHEE 10—15 om Z22& T b 17 (GBS0 BHOG 205 VO Mg s 1.3 m Ak,
Ry B 1k WK B A, B0 e A R 22 FEARET AN SRR & T B R S W INR B e g b A
HELL 12 V B EREZE AR (0.2 W), FHREHVE N S BRI, PR BT 22 (8] 119 3 2 F 34 07 FH 5080 R A 48
DL2e( Delta-T Devices, England) H 3ic 5 FIAE6if (£ 10 s T2 1 AR, 77664 30 min A9FXME) , ARE
Granier HE57 (450 A 2K TR 22 S AL A TR % 1O
J.= 119 x [ (ATm -AT) /AT 1" (1)
KA, ATm Ry IR Z BB B KB R 22 AT R Bt i 22, J R BRI % B (g H,0 m™2 s7") #4 iR
T PEME %A E: Canier 23 ZARTEZ R A SEATIIFE BLGE H A0 A 38 FH FAT AP
1.3 b mRR A
FESEPRERAE D, R BRI S b R B SR B TR, X SRR XA R4 A% S0, 38 G it A
P A5 R I AR 9 L DX SR BT TR 5 (14 I i (AL RV T A R ) | A g o B B 6—8 A%, 12 B
1, R EAE S mm A RAEFATICHEINE 1.3 m AEEIBOARR , 25 BRI PR A R, 1 B B, 2222 dE
VAR Ay 3=, o EU o b A TR ST T RO S M T RS MR i e /T
A.=m(DBH)" (2)
Kb, A MRFDM T, DBH WIE , m 0 HSE,
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14 PREG 1R E
SR IAL Z2 TAEHIN = 2 10 m Ab RS I B 2R || DLk SRR A 25 R i ) 52 Wi B s e 1 . G
28 i I i sk A ( Der elektronische Funk-Messlogger funky _Clima , 78 [ ) FH 0l & <0 ( T) #1285 SO X B
(RH) , Li-cor Yo &8 U L 4% (LI-COR Environmental , 3& [F ) T X6 & A 5058 8 dE 17 e Wil 145
10 cm 1 30 em 4b%4f EmS0-ECH, O 7Y 4 855 7K it A5 JEk A% | A5 DR 7 B8 SR 4 1A it 400 538 1) 55 4 1 Y i A
[, AEEE IR 2SS SAHXHE P B9 B R 30 K FH VPD (vapor pressure deficiency ) X —#8 5, K F =it
HVPDY
e, (T) = axexp[ bT/(T+c) ] (3)
VPD = e (T)—-e,= e(T) (1-RH) (4)
K e (T)RE TIRE T IR AIKIRE (kPa) ya b .c HSEL 53 HE 4 :0.611 kPa, 17.502, 240.97 C,T
RUREE(C) e, MEEBRIKIRE (kPa) ,RH AAHXTIREE , VPD i i f2s S Z [ KA E 7 ik (kPa)
1.5 Hdlnib g
Az H Excel2003 FAFIEATEIEALFE | FH SPSS17.0 et 44 XA S R A 13800 204 7 O AH G A [ )1 43
By, Iz H Sigmaplot10.0 22 &

2 HREHS

2.1 R RS AR YOG

HMAVE KK S Wi S 4120, TR /INS K A3 A5 2 B8 T BLREARDE T T T B A8 T I R 2%
I EESEL, B 1 RIS A DL 3 o i 45 5 30 A T BURE 56 56 R BULA [l A J A T 2 il A B JRD . R
W AR R i Z T A A A e BEAE I R BRI 2R 4 DAl S5 R A Ry HESE ) AR TR A9 4 R R4
3°47:0.99.0.96.,0.93 .0.81, F L] UL, £ A NI BE IR i b & W12 S5 A AR C R

0.07

| BEM Pinus manssoniana | /K 14f Schima superba
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005 L y= 0.84)62'29
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0
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Fig.1 The relationship between sapwood area and diameter at breast height of four dominant tree species

2.2 AFEEHB R H A1
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BT H)IRRTRL A ) B AR HESE T 2R T8 0044 T 00 34 S B AL Y < e e IR 0 oty
o W7 AW 2 B i A Z, T2 F) &0 ] B, s Ak e Aok AU £
BTG H AR R AT A I 0 Z M 22 5 B R IAE RO Shha] | 30k 06 (R0 RS ] | e X ) 2 57
PARCH I TR W2 (7 ) WA 6:30—7:00 JG 3l , BRI 5T 2R A W I 3l Bsf [ s S A A 1 2
2930 min, TZ(11 H) WA shEFEA 7.30—8:00, 4 FL i i sh 297 730, B AN 5 A fmi i Ji 4 3224 30
min,, Pl K PHAR ST a0 | SR TR, 28 SO R R AR, 768 J2 AL BE AN T 5, YO0 R 4 i
M2 (7 A ) WA HPIAE 14.00—14 .30 Z 8], i 5 T2 (11 )% 30—120 min, 7 A P43 R /MK R K
HETE(30.76 gH,0 m™* ™' ) > A7 (27.51 g H,0 m™ s7') > BN (26.66 gH,0 m ™ s7') > A ## (23.69 gH,0
m” s, 11 AFEROREE R /IMK IO HESE (28.56 gH,0 m™ 7)) >J ZRIEAH(25.14 gH,0 m™ ™) > EM
(25.02 gH,0 m™ 57" ) >ARfif(21.62 gH,0 m™ s7™") [ BRSZRIEMAL , & R HB AR FRRIEE KT T2, @
ZEWTAE 20:00—21:00 F MR FARME, W5 T 220 1 h, TR TR REE Bk 5% 8] 777 05 O,
VAR R AR IR /N
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Fig.2 Diurnal courses of photosynthetically active radiation, vapor pressure deficiency and sap flow velocity of 4 dominant tree species
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Y BT B IA R S 2 IR S A TR SRR R 2 TR ZE (7 ) 5T ZE(11 ) PAR . VPD £kl
LR IE 2 iR, PAR VPD SR AR b — 350, 35 2 00 s R i 2, PAR WA X [a] 7776 BH S8 )k 3,
BLIERINL ., 857 A) &K AR, JoH AL, £ HES K BN (0.27£0.0004) m/m? ; T2 (11
H) a8 K (0.2120.0002) m*/m’

A DR - X B8 1 8 38 10 52 W) 2 I S 1 8 B0 1, A0 SR A B DXL 4 i 8l 2 R R R PN A R L B B
kP ARSOK R B AR5 5 78 UK Sl R TR AT R AR DG, A SRR 2 Bin . MR REORE IR
(7 HYMTZE(1 H) 4 Bt F s TS PAR VPD Y20 BB FME R, BT H) AR
TS TS KR AR W AR, T (11 H) 4 R LR R85 1 58 5 /K i AR W 2 ARG C R
MARARSE R B/ NAT , PAR VPD AE IR A £ B IR K1, FIHZ 08 500, S 4540 Sb Fh 5 7%
IR SR F (g 7 AR, e 3 iR, S5 S TR TR 0 ARG 25 R AR AE T 7 A 11
AR HESE AMT AR RMES> 914 :0.87 .0.87.,0.89.0.87 11 0.72.,0.81.0.77 .0.77 , i W 7 F 4 g 4%
B 488 7 YRR T 383 R 7% I IR )y PR ) AR AL

Table 2 Partial correlations between sap flow and transpiration driving factors during the dry and wet seasons

®2 WTFRRSEBENEFREXSHT

JAH & Z %L Partial correlation coefficient

PEF Al VERD —
Dominant tree species Month  JGHA RS PAR/ (pmol m™ s7") IKIUET B VPD/kPa EHEEKA/ (m/m?)
Photosynthetically active radiation Vapor pressure deficiency Soil moisture
R 7 0.638** 0.728 ** 0.102
P. manssoniana 11 0.681 " 0.609 ** -0.213*"
KA S. superba 7 0.753 ** 0.703 ** -0.297 **
11 0.745 " 0.642 " -0.217*"
HEZE C. chinensis 7 0.729** 0.646*" 0.174**
11 0.843 %" 0.512** -0.297**
T 7R A 7 0.706 ** 0.674*" -0.008
M. kwangtungensis 11 0.773 " 0.583 " -0.294 "
* % P<0.01
®3 TESEHTRRER(y) SEBEHETF () WEEFHE
Table 3 Multivariable regression models of sap flow velocity (y) and environmental factors (x) during the dry and wet seasons
Pl A EPEp o G
Species Month Regression equation °
oA 7 y==11.529+14.448x,+0.015 x,+31.164 x; 0.87 0.000
P.manssoniana 11 y=-21.527+0.017x,+13.826x, —131.247 «, 0.72 0.000
HEZE C. chinensis 7 y=-18.120+0.021x, +19.908x, +60.385 x 0.87 0.000
11 y=34.388+0.027x,+10.270x, —178.809 0.81 0.000
KA S. superba 7 y==26.303+0.019x, +12.296x, +86.462 x, 0.89 0.000
11 ¥=16.728+0.016x,+11.808x, —104.492 x5 0.77 0.000
I AR AR 7 y==2.313+0.015 x,+10.556x, 0.87 0.000
M. kwangtungensis 11 y=-29.510+0.019x, +11.434x, ~163.258 «, 0.77 0.000

xp s RIVET R, xy 0 SCRARIRES a0y - 1K

2.4 ERIEREALE

R VR A< N 5 (B e B R AR 2 1) RUBE DK, Eh R KA RS T ZR T P X 28 i B (gH,0 87!

B R AR

El =‘]s XAs

(5)

AP J B BOR R (g H,0 m™ % 7)) LA RRERSAIAA T AR (m?) o B2 AR 32 2 T 4b FEI K Rz 9K 43

http ; //www.ecologica.cn



12 4] FEf AF LB R R SR 4 R LA AR TR R IE 4103

i, U AR 28 i B A AL, 5 SRR, 4 PR SR P A ZE I i8R (7 H) B & T T2 (11
H), TR Z V-5 H 78 2 S AT > HE 52> Th R A > T AR AR, SR 1T - 35 300 b T R0 Ry A7 > T R AR > HE FE >
R, RS AR HESE T ARIE IR H 28 i oy 29.52.39.29 .30.40 ,9.41 kgH, 0/d, TZ=53 5l
}20.91 ,24.84 24.26 8.43 kgH,0/d, HPARMHRZE (7 ) MTZ=(11 ) H X788 A8 ARIE A
2.9—4.2 1%,

BRI 2 TR BR T AR A, SRS AR

S 50 -
HER T (1) MR (7 ) PR HER R ERBE Lo | 1 =5
(P 3). HRRF RS REPTRI2Z 009 o, BB R RS 0 A R
FUHERIE SR A5 JUR 02 53 s T BRI 5 2
HE R RN 3, L2 S5 £ n B
3 w5 SR A R I REL

‘ o o E3 TRESHAHMENOREE
SRty ARG HESRE AR AR . o . .
ig.3 Daily mean transpiration of the four dominant tree species

2RI RREOCR TR RI7Y B % juring dry and wet seasons
3 R R SR e R PR BUR AP MU TN RRUNG FR30708 5 22 5 835 (P<0.05) , R K5 745 T
ELAs IR AR S R M AR S MR R SC R, th FEFFEAE(P<0.05), = FoR AR 247 ) 22 53 1 25 (P<0.
BT U, S B AR ) 23 T ok A AR AR LBl 09) - PR AR
TR B 1 A4 2 e R RbOR ] AR ) 388 T 5K
AJBEASHATR 2 (AN [ b X3 LA B o B 25 53, [l — W Al b — g AR B R 15— 380, T BRI

TR F D M AN HESE AR TR B AR R R R P i, X 5 s AR X
S LV SO m BT R TR S AR L[] b P S5 b B B 5T 45 S AR, SR I AR AR5 T AR 9 s 5 R A A i T
IARMEMIEZS (7 ) MTZ11 A) P80 R 550 (10.07£1.47) . (10.07+1.51) (12.20+1.73) . (8.35+
1.28) gH,0 m™s™';(7.22+1.33) (6.41+1.15) .(9.78+1.64) .(7.37+1.34) gH,0 m™ s, 5#fl L4 fiF5y
SR 2 5 FTREM I T R IR 80, 158, ASFIST 2T AR R () MR A AE (LRt i | o 44 1
AR R i 55 ) DX 5 LU, VAR A0 el i e B | T R - S ) A A S O A RS e A 4 7 A
K, FEAEYIEK R A —E ARk,

Gy BT SR FE B[R] — B BT 25 A4 T AN [ S4p A 22 B0 30 A8 AR — B0, (EB I 1 e 2 S K, v B
DL R A b 22 18] B4 A 2 5 R B AR TR0 R B T 2 T A S 2 B A2 0, S S oK TR Bl 2 B A g 4 14
I, K52 f AR | B TR E ] MoK A A B 2k, KA EATAZ B R 2 (7 H ) R AR ) R
i~ U AL T VR VAR S F YR I S B I T I A O AR o, AR AR 5% 3 2 B R D o R 0 5 M AR b TR
BAEAHDG G ZR o Ay 20 T FR A JHE Al A 35 A o I, A Sl 3 T 1) 5 2 19 2% 8 1 A A R 38 o, PRI e e T 2R
(11 7)) 8500 — W 00T W T R A X I

SRS Afr HESE AR A I B R W7 A EZBES R TEL ) &,
TRAHSEATHT R, PAR A1 VPD 25 /278 (1) £ Z RS A R RERR I LA i ih £k, HHES Ky 2
SEANBA ., R S A R R A2 7B i PR F- . Wullschleger SDIP SR gy K IAMAT ML R FE I A
RN BB R, ARk St e W T A R T R 2 A KN, AR SO AR 2 WA AR 25
FIVEF AR 5 o] A A )27 22 SR A AR G, S5 R R A B 5 0 S P A8 Bt iz /K 43, B0 BR ) T HL 28 i R | IR b
PR /N T Bt I K TSR AA DY L TR H) SR R B, M4 05 30 A AR 2% I e 4
PrRvED | LR R A R A I, 25 ek B e e RO
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