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Transpiration characteristics of typical evergreen and deciduous tree species in

subtropical karst areas and their responses to environmental factors

LU Tongru,JIANG Yongjun® ,WU Ze,MAO Yang,QIU Ju, WU Chao
Chongqing Key Laboratory of Karst Environment & School of Geographical Sciences of Southwest University, Chongging 400715, China

Abstract; Plant transpiration is an important part of water cycle in ecosystem, that is, the process of water transfer from
soil to atmosphere through plants. It is driven by solar radiation, air temperature, air humidity and wind speed, and also
affected by soil water storage capacity. Understanding and quantifying the influence mechanism of transpiration is an
important basis to explore the water consumption of vegetation and the water balance of ecosystem. However, although the
climate conditions in the subtropical karst area are good, there is a drought period of 4—35 months. At the same time, plants
are often affected by water stress because of the thin soil layer and low water holding capacity of soil in karst area. The study
of plant transpiration characteristics helps us understand the water consumption of trees in subtropical karst areas, and is
also of great significance for exploring the impact of climate and hydro—geological conditions on plant transpiration. Granier’
s thermal dissipation probe method was used to continuously monitor the trunk sap flow of the evergreen tree species
(L.lucidum) and the deciduous tree species ( R.pseudoacacia) in the secondary forest in the subtropical karst area. The
meteorological factors and soil moisture content (SMC) are also monitored simultaneously. Our purpose is to analyze the

transpiration characteristics of two life-form tree species and their responses to environmental factors on different time scales.
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The results show that; (1) at the seasonal scale, the main factors affecting the whole-tree transpiration ( ET) are solar
radiation intensity (Rs) , air temperature ( 7') and vapor pressure deficiency ( VPD). The transpiration of L.lucidum (ET,)
is shown as summer (1.29 kg/h) >spring (0.57 kg/h) >winter (0.15 kg/h) >autumn (0.13 kg/h), transpiration of
R.pseudoacacia (ET,) is shown as summer (0.90 kg/h) >spring (0.31 kg/h) >autumn (0.16 kg/h) >winter (0.04 kg/h).
(2) On the daily scale, the ET of the two tree species shown obvious single peak curve on sunny day, and the main factors
affecting transpiration are T', VPD and Rs. However, due to the differences in the physiological characteristics of evergreen
and deciduous tree species, ET, is weakened during rainfall, while ET, is significantly increased. (3) in terms of day and
night, the nocturnal transpiration of the two tree species accounts for less than 35% of the total daily transpiration on
average. Affected by the phenomenon of night precipitation and the physiological characteristics of trees, the proportion of
nocturnal transpiration in the autumn and winter is significantly higher than that in the spring and summer. At the same
time, the average daily nocturnal transpiration and its proportion of R.pseudoacacia (1.56 kg, 24.1%) is higher than that of
L.lucidum (1.08 kg, 13.9%).

Key Words: subtropical karst area; evergreen tree species; deciduous tree species; whole-tree transpiration;

environmental factors
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Table 1 General conditions of the sample trees

. .. s SR IR IR
Mﬂ] FERF HJ'% Diametﬂeyat breast ngf-w;rf Sapwood
Species Sample tree No. Height/m height/cm thickness/cm area/cm’®
L1 L. lucidum 1 6.4 15.9 5.4 177.3
2 8.5 16.6 4.8 171.9
3 7.3 15.8 4.8 166.8
HIBE R. pseudoacacia 4 9.5 22.6 3.9 220.5
5 11.2 25.5 3.6 239.7
6 9.0 19.6 2.9 153.4
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Y AIKIEE 5 B (VPD  kPa) i1 T 1 RH @ i 2886 /530 A5 1
e(T)=a x exp[bT/(T +¢) ] (4)
VPD =e(T) —e, =e(T)(1 - RH) (5)
K e (TR THRE N BRAKIRE (kPa) ,a.b.c HSEL, 50 HIEUE 7 :0.611 ,17.502 F1 240.97, T i
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Fig.2 Seasonal differences of tree transpiration and environmental factors
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B, Rs [T 1 VPD J&54 00 L vl 78 1 JE ) B2 1, SMC,, Fll SMC 5 ET, A SCHERAR ; %t F b mi &, F 2
Ze Kt i R BRI R T 5 4 01—, 9 Rs Tl VPD, M7ERKA 22, L b 3 B T30 S IR 55 , SMC,, il
SMC,, JiH ET, 1 FE 25200 A -,
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Table 2 Correlation analysis between whole tree transpiration and environmental factors in different seasons

% 0—20 cm 20—40 cm
il F i R ATUREE AR bk pmaks
Rs SMC,, SMC,,
L 7RG ET, T 0.925** 0.653** 0.638** 0.274** -0.110**  -0.122** 0.114**
LES 0.873*" 0.651** 0.609 ** 0.459** -0.072**  -0.155*" -0.005
&S 0.826 ** 0.391** 0.687** 0.247 ** 0.002 0.115** 0.110**
X7 0.842** 0.646** 0.712** 0.358 " -0.043 0.157** 0.059**
MR ZE NG & ET), %= 0.489** 0.429** 0.306** 0.173** 0.221** 0.417** 0.276**
ES 0.689 ** 0.728** 0.696 ** 0.509 ** -0.042 -0.348 " -0.096 **
#®E -0.046* -0.351*" 0.152** -0.007 0.208 ** 0.636* 0.457 **
27 0.073**  -0.238**  -0.211*"  -0.054" -0.017 0.421** 0.598**

ET. 755 Transpiration ; T, b5y Transpiration of L.lucidum; ET}, L RR 2 i Transpiration of R.pseudoacacia;Rs: KPH5E SR Solar
radiation intensity; T: <l Air temperature; VPD ;: 7K 75K 5§l Vapor pressure deficiency ; Ws: X Wind speed;P:F%m% Rainfall ; SMC,,, :0—20 em 1=
B 7K# 0—20 em soil moisture content ; SMC 4 :20—40 c¢m 5 IKE 20—40 em soil moisture content; ** P<0.01, * P<0.05

2.2.2 RN IR ZE I 5 0T A58 A 1 e 107 2 5%

P BHFE I A A LR 0 O TR DR 3 AR 2% s 1 5 P R A T A DG 0T (3R 3) 4 R R TEG K, Rs (T,
VPD 250 ET i EZEH -, Ws X ET B2 WK, SMC,, 5 ET 2 0 AAHG, — @ B LIRS 7oA
KGR AT, MAEN K, ET, 5 ET AR F A LA B 225 st otin 5, HZEM & 00 £ 25¢ i
T 5IERAR, R Rs . VPD AT, b J2 4= 38 5 /K 3250 H 52 ) s 352 5 SR T, il B 78 19 15t 32 252 o K 7o
SMC,, Fil SMC,,,Rs VPD T Fil Ws %} ET, 52045/,

®3 EMRMERLIIMRIBEER(ET, ,ET,) SHEEFHHEX S
Table 3 Correlation analysis of transpiration of L.lucidum and R.pseudoacacia (ET,, ET;) and environmental factors on sunny and rainy days

and day and night

o mwit oommsr con TRE e meke R O
Ypes ET PREE Rs T VPD Ws P SMCy, SMCy
5 K Clear day ET, 0.806 ** 0.678 ** 0.706 ** 0.536** - -0.311* 0.085 **
ETy 0.465** 0.836** 0.768 ** 0.393 ** - -0.564"* -0.013
K Rainy day ET, 0.854** 0.572%* 0.799 ** 0.012 -0.075** 0.254** 0.281**
ETy 0.361 " 0.316*" 0.256** 0.018 0.189** 0.560 ** 0.443"*
[ K Daytime ET, 0.809 ** 0.788 ** 0.754** 0.416"" -0.059 ** 0.139 ** 0.424**
ET 0.556 " 0.819** 0.739** 0.369 " 0.034 0.213** 0.447*
1] Nighttime ET, 0.008 0.661 ** 0.689 ** 0.099 ** -0.034 0.201 ** 0.290**
ETy 0.039 0.590 ** 0.519"* 0.135"* 0.143 ** 0.279 ** 0.320**
x% P<0.01, * P<0.05
22,3 FIRMIR ] 22 i 1 ) BRI A 5 ol o 22 S
T B PR T RV 1 A B ) 5 75 A, B BE DR 775 10 K 1 1 0 2 s 59 5 0 77 1 25 5
(%3). ERKHIRHR, TR, AR Rs 7 1 VPD L BT 4 % BB, H Ws 053550 BT, £

(], KBHAR SR , MBI, Rs XF ET JLF-BA R0, [RIIS T VPD F1 Ws Xt ET 15
W ET BPIR EZN T, AEERET, 5 P BRI, ET, 5 P LIRS, PRl ouH (3 R % 3 2 3
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SEARM RN s SMC 5 ET A BRA N, H ET A SMC AR EE & T ET, .
2.3 e vTRURIRE B R R 2R AR

RAZIEEREH (L 6) . I FIIR RIS AR LT , AR E S A RE, IR A
TR IR R 2 TR R 75 0—50 em TREEN BRI AR &K AR 76 50 em B 200 AR 2 4 14
%, MERMIRRZ 00T 0—35 em 2R E, HREIRKZ . WK 6 22 LA 5 AT LA H, 7 it
BRI R RS T SRAS I /N LY

6 ZuT(Ze) FRER(A) MR IR SR R (2 LA X R R I B )

Fig.6 Leaf characteristics and root distribution of L.lucidum (left) and R.pseudoacacia(right) (the upper left corner is the leaf photo of the

corresponding tree species )

3 iTtig

3.1 ANIRI ] RUBET 2o ST R A AR 225 6 et X 358 A1~ £14 o )3

HE )75 52 750 UK 5 PR 7 R - e K O 255 520, 26 1 IR 2l P 7 60 465 R PR B 2 IR BE T 32 KUK
EANIR N 75 AR R (K B8 R EE T AR SO T FE T RE T, K B R Gt
SR SR AK PR 7 SO S A AR ZE S Y E B (R 2) , X S BB R A TR
A% IR ZE It e A 2 X0 PR IR - g i oy 5y o 3 AN A R B 2 BT W IR R TR SR BT, AR 542
RS (IR A5 R — B0, X T B N F 2 Rs T R VPD 555K, 28 5 IR shsim B, ET X 3555 725 kB
TR P A 7 TR A ZE 28 B 5 SR 0N  ET X P18 PR 1w 1 5 53

TEWE K, T .VPD Fl Rs W EKBNE ET KAZEAL, [F IS Kt — 26 m ik 7 <AL K 3Bk B B T VPD IS,
LA R IR, 2 T KBS, H VPD> 1.5 kPa J5 , ALY HIH 2488 | LA/ 22 K 20 AE
FFLL ET 75 H R W R4 IR 8] H 5 4ERE 7R — N H0ms RS E RS, AP IR WUUBE Rs F1 VPD YREAIX, ET 2 8T
TR, MIAERN K, 2RI IK s T 554k, 1R (Y FRBE AR ik R LR B AR it 387K o R 78 2, 1HLER
TR A A B2 S A AT TR PR E PR A e I 2 S K, TR RIS, 2 0T e R A 7 I O 2l 52 B A ] i
PR ZE 1 B L GE I (B 3) (ERRYAS [RI A R Z2 I 55 O FE LR Y &

SRR 2250 E AW FEIEAE (AR FEZ R [T A VPD AYFZIE , 02 (8] WU JLP- A 23 JE T > FE AR
g, A R ZE TR 5 A, HL Rs [T A1 VPD 5 ET (ARG RS | T LAZE IS 1 0 o o T [ 5 T[], Rs
T S5 78 UK 3h R 559 A0 5L B 1T SWC R 52 M  [R1 Z8 1 ) S22 91 ik 5 B R R R 2 iy 25 5 — 2, R
) ZE AR KRS b M T R AR BE ), T LA SRR 8 438 R 7E 1 1) RE 4 35 5 IOK - 2805 . 53 8, 0[]
B GIWFEESET RS KA RS THEE (K 4) X2 B R ERA R T AT % — R it 1
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ZEWE (H H 2608 SR BB/, BT DA IR 25 I o5 H 28 0 8 e F A K, 3 5 5K 251 X 0 S N (Acer
truncatum ) WP BRI 9T 45 SR — 3K,
3.2 BT X LR S AN R (0 2R R AT 22 5

S FAHS 0 DX R B2k B S R, A2 0T ROAR AR, R K A TS R R AR MR ( Celis
sinensis ) %>R W GERE MR FIFEIEAS AL T MIAFAE2E S A 22 B — T R BLE I R B AR Ak K
I bR 2SI ARG R b R I T R A Y R TR A, I P R R 2 AR T R A TR
I, DI IK 43 R3S T E 5 55— D T, T 25 22 S A BRAE AR 28 R A FIAR IR b . ARBFSE o, £ ot ok ELAIR RS, i
AL A, IR 750 AR R TR 25500, 24 FARAEM B I DUT, BV 2 MR 5 N 4 3582 v i ik
KAy FE T B R E R R AR R A i R K230, Peng 251 F R4 E R R IR T AR X
UK A IR, R B A DTHE T 2 60.8% 7K 43 R IR T 50K | i 7E R 2K A Ui | - HEK AT 7 H34.6%
T 2K & 1 44.7% 6522 LT BE R 2L K 4 AR K, IR, 16 2 Lo s AT Bk — 2 7K F 1Y
ZEME R, SRINT, IR /s ELHE, 2% i g PR RIS 2R R ik AR AR 2 (11 6) , TTiAl 4 A B /K 2
WAL AARDEAT Xt )2 R HOK B K, T, ZE PR BE N P AR S 52 BT, 784 45 h il /3 T
ET,, U HAEL T R0 28 15 A A, LI R 2 I /I R 32 B b R )2 R 8K 4 (35 2) , LA it i B
FEZK 5 B o A Akl T B A Y L WP AR R AR T R e XA AT A L & B K R T
A AR R LA AE 20—30 em )2, 7 1S, SRR 00 Y 370 88 3R D 0 IR R AT I 2 Vs DX A5 A 0
AR —E, EAFEENE, R ET S T ET, 2R ATE 11 H 5 H—7 H (B 22.5 mm) fl 11 H
16—18 H (RN 7.1 mm) KA TR KK FF, REORMEX LA MK R\ BT &, 7211 A7 H,
ET FEZIR5] ET, 14 3 5 LAE I 2 o1 (28 6 1 20 32 8] — e AR BE Bkl . ] Ak R AR B9 58 v 45 21 1Y)
ZE I LB ST-25 (E, T LA S K 2 M 25 I it 12 T DT 2 T e (R

AGTIFSE I, 75 WAL ol 5] 240 R e 2 A | T L L A R o) - T A T R A S FL U | AR TE b X
F KR R AR S BN S B 2 AR S K RIS R Rs T R VPD S5 75 0K 5
RF R SE M5 4k, (0 1 R 2 4398 8 K 30T 28 1 1) 5 ) 4 25 R (R 3) 3T B PR R I 7 T K B 1ot
B ARG I 5 7K B8R 7K A3, B ) % ) - 3K 4025 AR A 5 i), IEL AR 2888 1) R A F10 o M A TR i 2 2 - 396K 43 T
17 ELA A SR R 2 s s B (L 3) ikt T ol B A AL Rk, (HAR AL
TS VPD ARGRAYIEAEEFR 78 VPD BARAITH K (VPD<1 kPa) , i B LG | 28 5 oK 3 2k
AN, DAE T KA vl 25 1 i R B AR R RS

58 T PRI T FH T 28 B i S22 K, BRI 2 VPD AFE IR/ B A 73 v 1) 2 s
SE TR R — 23R4 T L ET-VPD 6 R —E R BRI IL J -VPD M50l ZEIE], VPD 557
PR B AR G (3R 3) , TR AGHE R IX A o AR A 7 IR 2 B T 250, Sl 0 b A4~
TP A R I 7 R O, & BRI 5 X A7 A SR A e R B ) 0 W oty 45 2 o R B 78 ) 2% s B o L 1 2
WAL A — 8k . A, ET A6 000 5 R AR S 3, AT 8 W S 1 th EL A PRt iy 17 A9 R F , S
BORBLAE A 25 (0 ) 25 1 5 I o LU s T o (181 4,5) o F I AT 260, 7 28 6 0K 3l DR -4 59 e o e, AR T
2ot IR OK 4 AR IEZE RS (O RE TR P (AR 9 S BT X L DURURIARR B A T ) — AR 75 A RO
[l b (0 TR T AR oK RE ST SRR AR AT AE 22 0], IR 7R S BRI ST v, 38 75 5 B 2 b A BT 5E H, LU
i TP IV R R DX A A ol ) 2 S B KRR, DA TTT R A e R 2 A i MR b 0 e R TS A B L

4 Lt

(1) AR RUBE T, S AAGHS 5 175 DX PN £ ot A A 1) S ) 2% 9 A5 b R i R HL S o PR 1 A7 76 B B 25 57
AT Rs [T M VPD B EENE ET, L i 28 R R E 2 (1.29 kg/h) >EHEZ(0.57 kg/h) >%Z(0.15
kg/h) >FkZ%(0.13 kg/h) , BIFEZE I 5 K 2 2% (0.90 kg/h) > 2% (0.31 kg/h) >FkZ=(0.16 kg/h) >2Z%(0.
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JO] 5 T SRR R 2k B AP K SR 5 AR o0 W, TR) B e 2 AR R % 38 8 PR i K o) BT B R
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