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Hydraulic responses of whole tree transpiration of Schima superba to soil moisture

in dry and wet seasons
NI Guangyan, ZHAO Ping ", ZHU Liwei, NIU Junfeng, ZHAO Xiuhua, ZENG Xiaoping

Key Laboratory of Vegetation Restoration and Management of Degraded Ecosystems, South China Botanical Garden, Chinese Academy of Sciences, Guangzhou
510650, China

Abstract: The seasonal uneven distributions of precipitation results in significant difference of soil water content in
subtropical forests of southern China. This potentially induces water stress in the dry season, which in turn may affect plant
transpiration. In the present study, we intended to explore effects of environmental variables and plant hydraulic
conductance on the whole tree transpiration ( E,) of Schima superba, a dominant tree species in subtropical forests, and
paid a special attention to the mechanisms of hydraulic compensation for transpiration under water stress condition. E, was
determined from simultaneously measured stem sap flow using Granier’s thermal dissipation probes, and soil-leaf water
potential difference (¥, ) was measured with the aid of a PMS pressure chamber on sunny days in dry ( November 3 to 5)
and wet seasons ( August 21 and 22) of 2009. In addition, atmospheric evaporative demands and soil moisture conditions
were monitored. The results showed that the rainfall seasonality brought about distinct soil moisture conditions between wet
and dry seasons, but had no significant effect on the E, of S. superba. It turned out that E, of S. superba was significantly
correlated to photosynthetically active radiation (PAR) and vapor pressure deficit ( VPD) in both dry and wet seasons.

However, in dry season K, was co-regulated by both stomatal and hydraulic conductance, whereas E, was mainly regulated
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by stomatal conductance in wet season possibly due to sufficient supply of water and radiation. Regression analyses of £, and
soil-leaf water potential difference (¥, ) allowed the prediction of E, in both dry and wet seasons. A distinct discrepancy
between predicted and measured E,( calculated from sap flow measurements) was found, i.e. the measured E, was 91.74%
of the predicted E, in dry season, while in wet season measured E, was 1.33 times higher than the predicted one. This
revealed a hydraulic compensation for E, that usually occurred in the afternoon of the dry season (13;00—17.00), when
VPD reached as high as 2.132 MPa, and the compensation value was calculated to be 0.08 g/s. The whole tree hydraulic
conductance (k) decreased within the daytime in both dry and wet seasons; while it was generally lower in dry than wet
season, especially in the morning (7:00—9.:00) and afternoon (13:00—17:00) , indicating higher hydraulic resistance
during that time in dry season. Taken together, the present results suggested that the lower and continuously decreasing % in
dry season especially in the afternoon when VPD was high, strengthened the water stress on leaves and increased the
sensitivity of stomata to drought, which thus balanced the water loss and heat absorption and promoted plant survival under
drought conditions. The dynamic variation of k£ and subsequent hydraulic compensation may represent one of the reasons why
subtropical broadleaf trees have potentially similar £, in dry and wet seasons. The quantification of hydraulic compensation
may be useful for a better understanding the interactive regulations of stomatal and hydraulic conductance on E;. Our results
would also be helpful to evaluate the ecological functions of subtropical forests in southern China, in terms of water

conservation under the background of seasonal uneven precipitations.

Key Words: transpiration; whole tree hydraulic conductance; soil-to-leaf water potential; hydraulic compensation;

Schima superba
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TR BEAE 2 KRR LM X 8B [l % T X sk A /K 40 R et )2 7% 28 0 K RUBE Rk K 28 e HL A T 2 7
SLo ARBIEFE IR 8 A3 ] iR i AR (Schima superba ) HBIFFEXT G 8 M 2R 280 (WD & A 2L
B ORI A5 ) BRI b R R T 0 (sap flow ) MU T3 BB 2606 | 25 5 K ) S EE S R/
T KB IR AL AR 7K T B - 4 i oK S X 2 AR I VE R L KoK T S Bk T 2 - 4
IR E T R 25 A RSO

1 #MR57FE

1.1 g HESL

B AN IOAE (57 A AR Bl /N LU AR AR S B I ff R MR (23°8'N, 113°17'E) , A T 2885.6 m?, ZR b
Bl R 120 VR 41 my, B XA SRR LS SO A ACRROR 20 4D 80 AFAR FR IRl , i
BN 1046 #&/hm” , o F ARG BT , ST AP A5 FEHLIN IR 16.5 m = XLINIE | SE T4 30 HmMoe 2
J7 RS R U0 2R 48, MR B A /NS I B it &5
1.2 Wk
1.2.1  Sap flow Wil £ 4¢ 22

TERE LIS FA B 6 6 BRFERS (22 1) , T AU B & Ak (1.3 m) Z%€ Granier UM BUEREN (K 20 mm) ,

OB FR B 4 DL2e AV RAEAL (U [E Delta-T A F]) , F Bic st T2 B, B 30 s L 13k, B 10
min FFATFRBIIAEAE
F1 AR ARAASE

Table 1 Characteristics of Schima superba sample trees

- " Wiz ST UL NTE A i e
Tree No. Heigh'tEJ /m Diame%er at Leaf e;rea/ Sapwood area/ cm? Time lag/min
breast height/cm m 0—4 cm >4 cm 8 H August 11 A November
1 12.8 14.1 59.72 116.42 13.70 10 70
2 13.2 14.8 64.76 126.29 17.22 50 70
3 12.8 19.4 101.83 198.89 49.21 10 40
4 13.6 20.1 107.96 210.97 55.30 20 50
5 13.3 21.2 118.39 231.61 66.11 10 70
6 13.7 25.8 164.03 323.10 118.53 10 40

1.2.2 AW R G4 %

T BRI W e A R SR AR 22 e 2 29 1 m &b, 23 ASCTRLEE R 38 A% SR A e 3 TE I A el
JE =02 Ak ARIERE AR R AE R B A DU R R HOK MG BRI AR R s 2
T (30—50 em) , DA ARIERERI S DL2e $di RAZAGES: , M S AR, 25 /K5 K 77 B ( Vapor
Pressure Deficit( VPD) ,kPa) H A FARIFE S,

VPD = axexp[b T,/(T,+c¢) | x(1/RH)

A RH Rz SMIXHEE (%) 5 T, AR (°C) ;a.b Al e 43900 0.611 kPa, 17.502 F1240.97 C
1.2.3  RIEHE 7%

MR Sl J2 T B A 2 T 9k 2 WS 2 SR
1.2.4 W RF7KE(w,) BE

R A2 Fi b DX A B2 RN A0 B R o, 688 8 AN 11 Har i RFRB =M T2, (FBIIINIE T 2009 4F 8 H 20,
22 HANL H 3—5 ARS8 DR LM e RGN 6 MR AR, REREBY I 3 Bl B4k, FLH
PMS H /1% (PMS Instruments, Oregon , USA ) BB 5 ity 7K 2E (W, , MPa) , PNEZBHTIj 28 455 W K BH 4R 55 &
FEBE 1 h BEATISE (8 AN 5:00—20:00,11 A} 5:00—19:00) ,
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EFAR RO B L, R J @ REY I RN ZE N (Ey, g/s) , T BB B WO AT b AR ) 284k, g
ARG S B 2R b AT AR YR 4 A T B VR A LG R RIS 0—4 em AR X, 4 cm &0
A A AR I 288 B DX, I 8 DX 0t V38 Ry v 2 B DX 45% , o T /b ROBE S R 158 22 g WA 38 40 Y %
OyIFHE . PRI BT RER A b SR BE KGR T AR (3 1), R pRse i 28 A L

Er= X[ (Js; - Ag) + (Js; = Ag;) x45% ]
i HIAMERE 0—4 em,j A IEE KT 4 cm 89357,

H TR S e R B AR ZE BB AR 5 T AR Y S B2 1 BV A 1) il 42 (timee lag) 5 PR , AR5 R ]
BRI EGIES T AR AR T 2 RN A I (3R 1) PR TR0 I (F RS )™ e 3 e 2 7 s ok 2 p o i
R
1.32 BWIKIIRE (k)

W4 WIAREE HE (Ohm's law ) FH T T IE—AH W) LK A3 LB AR R AT 1528 1 K ) 5 B2 5 38/ it ok #h2s =35
ZIR PR R

k=E/ (¥-¥ ~hp.g)
A, kSRR R T IR 5 2 M R Z (B R K ) 3B (kg m™ 57" MPa) ,E WA ARZER (kg m™ s7')
Vo T HOKH(MPa) , ¥ 2l )2 i K3 (MPa) |, I35 2 22 AR R BHE 58 55 R M Z Rk 3 2% hp, g
FORIKEE N p, (kg/m’) [ FR b (m) (BAMRES 2568 )2 19 AR BT ) oK AE S ), ¢ i dE s B

(N/kg) .
1.3.3  KIpAMER AW S5iE
DABS 30t U () e 3] 1Y) 9 B 28 18 S S ( M-E ) 43 oM S T TR 2 S0 28 10 5 4 7 /K 3y

RBER(E,=F(W,5)) . 30 FoK BEARA REOE R, 15 260 i 20 i A I 28 (8 (P-E,) o TE6E
FREST (PAR, umol m™ s™") Fl VPD AHIT B B[R] 36 Bl P, DA—A B i) 8 28] 5 — A B i) 5 1 1) o PR A 2 1
Ak (M-AE FI P-AE,) W] [ WS R 78 6 % 7K 075 B8 A o 7 OB . A SCH, A PAR il VPD Y95 = 14 B Bt
(13:00—17:00) 1] , AR AR 5 SR FH A 8 s 00 7Kk 35 3k | 22 L4608 79 4 o5 ] B 1 BeF ] 5 [T 8 AE AR 4B 5K
FIFIE b AR A OC AR BB ZE I 322y AL BRI o4 P 30 1:1 Ot O &R, B 2 1 th K ) S R 4
il AP EEAE 101 PZeMOC R ULRAZE IS oK 072 B2 5 AL DR R B SAL S BE X SALBR il i 75 s BAy
AMERLNE 7K T35 B TR T 38 X R B 2 B A Ak IR SN =2 (8] (4 25 HEA T AL, FOR RUK O 5 B I A
SR T 7 A Y ZE I
1.4 it

R SPSS 13.0 A TEHRAN B S GE it 404, SR EE S B AR B B0 K (R 2 B L)
I K KoK I R B LAREE H 6 BRAER I 3E AR, DA IS 7 5 B A i BCR TR A ¢ 4
YRV ST BEARTE T ¢ AR AT T BT 2 T T, /N E KR 0. 05,

2 ERE5S

2.1 T AR BRI R 75 I 1) TR R AR L B A

TERE B RS T  fa ARWRE FEE Z8 I e 18 2 (8 A M3 (11 A) BB A S ry H AL (F 1),
T2 AR08 2 -1 HAEK 73900 (23.88+12. 52) kg/d H1(32.48+19.92) kg/d( Lk 24 h HPAf;) , HAE/KE
AU BERERS AR 22 S8R, N 1 S 2 6 S0, T 2R IR Z2 432> T 34.38%,18. 94%,2.08% ,34.50% ,

http ; //www.ecologica.cn



656

S % 354

17.87% 1 31.80% , Z&M5 )3 s [a] 5 H B[] K% AHOC, T2 B B )0 002 (6:33, 6:04) , faf AZE & 1
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Fig.1 Daily variation of sap flux density (Js) and whole tree transpiration (E;) of Schima superba in wet and dry seasons
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Fig.2 Daily whole tree transpiration of each sample tree of Schima superba in dry and wet seasons ( Inlet represents the ratio of nighttime water

recharge to daily transpiration)

2.2 i RBERZE NS 5B G R
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]l L T2 R R R UM I T T 2=, B PAR 3K SR W T, WA A B Sl | i 22 15

23 SR R A2 IR PR SR I 249, K VR 75 5k ( VPD) D) Jiz st 2 A= R 38 1) 3 [ 550, o 1
G F 3 T AH B A R FRAT T R R A DG 3BT TR 75 1% (E,) 5 PAR & VPD E R (#%2) . E, 5 PAR
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VPD,#TZ5 E MR & TR, —JedtERIAa0r R, E. 5 PAR & VPD 7+ (B2 2 9B E 1
LA (SR 3) ,PAR Fl VPD (B FIZLNXT E, H ZZ 40 B ok 2R 053 0 A8 28 96. 5% A28 99.3% ., AT UL,
PAR #1 VPD X} E, [sgmi gk bR FiZ, W R YR K ZET, B KA RIZL, Y A S
R 1 A B 7 A A RBORNE R DRI/ N T BRI AR Ak X 2 1 14 e, T T 2 R R 0 28 I 1 S AN
FHA

®2 EBREB(E,)S PAR 1 VPD HREXX R
Table 2 Partial correlations between E, and PAR, as well as VPD

- - N, B E,
EEST] A A2 o o
Season Variables Control variables Wﬁﬁ/\’%’& Sig. (2-tailed)
Partial correlation

BZ(8 AH) PAR VPD 141 0.907 0.000
Wet (Aug.) VPD PAR 141 0.903 0.000
T A) PAR VPD 141 0.948 0.000
Dry (Nov.) VPD PAR 141 0.966 0.000

N
&) =
< =
&~ =
= B
S r
H
g 1500
e %é 1000
s wE
Py a2 500
5 =3
H =0

IKIRE T B
VPD/kPa

0:00 4:00 8:00 12:00 16:00  20:00 24:00
[} 6] Time

3 REEESEETF ORE 2 E K& R DG A REE S KRR B BREMN (2009 4F 8 A 20,22 H;11 A 3—5 H)
Fig.3 Diurnal courses of meteorological variables, including Temperature ( 7, ), Relative humidity ( Rh), Soil moisture ( SM ),

Photosynthetically active radiation (PAR), Vapor pressure deficit (VPD) , during experimental days in wet and dry seasons ( Aug. 20, 22
and Nov. 3—5, 2009)

2.3 EWEME(E) S5/ RKEZE ()RR

SRR 5, SR /K AR AR BB, AWK 43 i o b T B s IR K B 22 7= AR i Y i T
EL IR P)E A TF AR ZE B T 2, U RRUE RS T I R K 38 S5 IR F R 3K 322 B i S ALIFIL,
ZRIEERTFUG  THFEM B 07K 4 SR BRI, B 4 AL S 43 Bos T+ IR Z=far At i B2 Rk 3 (£
HOKE) /0 oK #2 (W) M H 24, BT Z= 0 £ K #5518 (-0.252+0.015) MPa Fll
(=0.324£0.017) MPa, )5 #&H W BALTHI# (P=0.008) ; ¥, JFEF Rdwc i, BEA& W IAIHERS | b AR ik B e (R (1. 2=
16 11:00, TF7E13.00) , B &8 A, KHS E BT L, T BB ¥, M E, 205456
RS H(HE1):E,=-1.072%, + 0.077,R*=0.3575,P<0.0001;11 H (FFE2):E, =-1.365W, .+ 0.065,
R*= 0.3031,P<0.0001) ,{HM>Z= 45 B ZE 15 9F T W 22 5 (P =0. 1302) (& 6) , iZ W5 45 3 5 R i 4
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SEPH R B T 2 K S T AR ZE G TC A A A R B, B, 11 H R R X T2 (A
FARBE MR T DO A e — 80, AT HYAEE (2009 4F) 10 A 0y A9 FFE N A 22. 3 mm (BRI T &
TR T (1T M TG R T LI ) |, e A (22. 69+0. 02) % , HIERYBKIEAZE I, BLsh, 11 AH K
B A SR S (R AR AL 1000 pmol m™ s71) , f AR BUZE IS ST AR A B AU RE LR 1

FEM 435 Tree number fif ] Time
0 5:00 7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00

0 T T T 1
£ —o—8H
% K —o—11H
5 2
ﬁ% -0.15 < 025 b
£e E
232 %
=z I
R -030 = -0.50 F
= ®
Z H
L
£
_0445 _0‘75 -
B4 AR RERKR 5 FALTE-HRABEAETN

Fig.4 Predawn leaf water potential in wet and dry seasons Fig.5 Daily variation of soil-leaf water potential difference of

Schima superba in wet and dry seasons

2.4 HERZEIE SRR K R OC R
IR 1T (k) SR AR K T G589 %5 7K A% i 3%
REEERI ) B 7 B R kR, B A i
kBTN, L kAR T R R 22 1 R A LT
MR ZN, WA 2 34 TS Rk B dp /N, TR b 5 R
& (P=0.040) ; T Z=7E 7:00—9:00F1 13.00—17.00
1 kRS TR 2R, WoRiX B B 22 ik 1B KT
WEE 7). K8 A0y 11 AW 2 k(B AR AL AR,
11 O SR Z00 kB AL AR, FEB TR =100 & H,
A BILRIE R R V=0.442X+0.614 , k {HB m e 12
PRARAS (1 :1) Moz (151 8) , 47 : 004 k fidwrm , T2
kBB R 0.71, BV B 2 far AR 7K g BH 77 R i 2= 1 E6 FAEMEES LR/ MAKEENXR
LA FARSBEAR 5, Y UG 70, et st e s e
(Pinus sylvestris ) 7K 77 BH. 7152 7K 43 76 /& b il 2—3 50
AHEBEIS A ( Olea europaea) 97K 71 B3 2 HE BRI 11 %£3 EREME(F,) 5 PAR B VPD MELEELR
1.93 £5770 5 12 - HHIS 42 (Abies bornmulleriana) 7K Table 3 Linear regression relationship between E; and PAR, as

TR IR AN T 3 A% A SCIIBF S S R R, well as VPD

BN Er/(g/5)

iﬁ‘uf‘}# 71(%% ¥ s/MPa

THE IO BAL, EHOKE TR KB, 24 HAFTRE @ Sie
B AR UK IR, AR AR e S
o ARG ABEZI ST, W (o) osean 0965 0000

WK G5 H A SR DB AE PR Be=-02meoamveDs
HITTRERE MK IBL S, Granier 5 pOBF o], T o (fov)  OC4IPAR
B0 5 A R 2 A K B SR AR K )
B BB (Shanio uti orange) FEBEIR /D 40% K8 ZIK A 32 B A T, K T SRR ) eAh, i T2 1%
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SN R A B K AE 5K T, O TR A5 A 3K 70 25 PRI K o A i BEL T 2 Wl 249 0 JEE 28 1 | ikt 25 i
P MUK FEE A 9L R 5 KA I 28 el 22 70, AL TE Y S P AR Rk Pl I, R T35
M= ZE B AT , RORE TRk B T REE— 24
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Fig.7 Daily variation of whole tree hydraulic conductance of Fig.8 Ratio of whole tree hydraulic conductance in wet and
Schima superba in wet and dry seasons dry seasons
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A :R*=0.928,P<0.0001) , L4775 W i i) 1 25 47 2% {% 04 |
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