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Sap flow and water use characteristics of dominant tree species in the transitional

conifer-broadleaf mixed forest of Dinghushan Mountain
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Abstract: Evergreen broad-leaved forest is a typical vegetation type in subtropical China, with a complex ecosystem
structure and important ecological functions and economic value. Coniferous and broad-leaved mixed forests play a
significant role in subtropical evergreen broad-leaved forest ecosystems, contributing crucially to water and soil conservation
and providing essential economic resources such as timber, medicinal herbs, and edible fungi. Conducting in-depth research
on the water use characteristics of different tree species within these mixed forests is essential for enriching and advancing
the understanding of subtropical evergreen broad-leaved forests. And vegetation transpiration is a key process in the water

cycle of forest ecosystems, reflecting the water use characteristics of vegetation. Therefore, the determination of sap flow rate
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in tree stems is of great significance for the study of hydrological characteristics in a certain area. This study employed the
Granier thermal dissipation probe method ( Thermal Dissipation Probes, TDP) to monitor the variations in stem sap flow of
dominant tree species—Schima superba, Pinus massoniana, and Castanopsis chinensis—within the transitional conifer-
broadleaf mixed forest of Dinghushan Mountain in the southern subtropical region of China. The investigation included a
comprehensive analysis of environmental factors such as relative humidity, atmospheric temperature, photosynthetically
active radiation, total solar radiation, and precipitation. The main scientific questions explored are; 1. Are there any
differences in stem sap flow rate, daily variation, and seasonal variation among different dominant tree species? 2. How do
these differences vary with altitude? 3. What climatic factors have a critical impact on the sap flow rate of tree stems?
Lastly, the results indicated that the diurnal patterns of stem sap flow showed either unimodal or bimodal curves, with
higher flow rates during the day and lower rates at night, peaking around noon. Specifically, the peak sap flow density
values were 42.08 g m™> s for S. superba, 39.10 g m™ s™'for P. massoniana, and 43.98 g m™ s for C. chinensis.
Significant differences in sap flow density were observed among the different tree species, with the average sap flow density
ranking as C. chinensis > S. superba > P. massoniana. Additionally, there were variations in sap flow density among
individuals of the same species, and different tree species exhibited varying degrees of responsiveness to different
environmental factors. According to result, the sensitivity of different tree species to environmental factors varies and shows a
trend of changing with the environment. In plot 1, atmospheric temperature is the primary environmental factor controlling
the sap flow rate of S. superba, while total solar radiation is the critical factor controlling the sap flow rate of P. massoniana
and C. chinensis. In plot 2 and 3, photosynthetically active radiation became the main environmental factor controlling the
sap flow rate of various tree species. In summary, this study revealed the water use characteristics of different tree species in
the transitional conifer-broadleaf mixed forest of Dinghushan Mountain and their relationship with environmental factors,
providing a deeper understanding of water transport mechanisms in this ecosystem. These findings offer important references
for the management and protection of forest ecosystems and lay a beneficial foundation for further research on the
relationship between the water cycle and ecological balance in ecosystems. This study also provides new insights into the

study of subtropical evergreen broad-leaved forests.

Key Words: sap flow; water use characteristics; transitional conifer-broadleafl mixed forest
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Table 1 Basic characteristics of the plots
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Plot Jb The area of the Elevation / Density of P.massoniana/  Density of S. superba/ Density of C. chinensis/
ol number sample plot/m? evation 7m (¥k/hm?) (¥k/hm?) (¥k/hm?)

— S HEH Plot 1 1200 50 75 1092 58

TS HE Plot 2 600 330 133 117 33

=FFEHL Plot 3 800 330 117 166 233
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deficit) Y I WEAFIX R FE RS RO A T 7
e.(T)=axe 7]
VPD=e,(T)-e,=e(T)*x(1-RH)
K e ()RR THRIE T BMAKIUE (KPa) ,a b HBEIUESI 1K :0.611 kPa 17.502,240.97 C,T K
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Table 2 Basic characteristics of the sampling trees
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Table 3 Average and maximum sap flow density values for various tree species during the observation period

- — 344 Plot 1 TS5 Plot 2 =5 F . Plot 3

Spices S (H Mean/ e RAH Max/ SEHIE Mean/ KA Max/ FHIE Mean/ KAl Max/
(gm™s™) (gm™s™) (gm™s™") (gm™s™") (gm™?s™) (gm™s™")

ARAdf Ss S.superba 5.39 42.08 3.55 33.71 4.50 34.76

LY Pm P.massoniana 5.33 39.10 1.10 11.64 2.82 16.63

HE Ch C.chinensis 8.40 43.98 4.03 26.92 6.16 34.48

3.3 SRR AL R PR B

0L T B A A TR Is i, 38 2 A A AR e ) P S B R R AR Y B AR AR S, T AR
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Table 4 Partial correlation analysis between sap flow rate and environmental factors
—S R AR 5C R L
Partial correlation coefficient of plot 1
P B IR N hRRR il
Control variable Analysis variable S. superba P. massoniana C. chinensis
RH.T SUN/PAR -0.544"" -0.612"" -0.526""
RH SUN T 0.649 ** -0.380"" -0.099 **
T .SUN RH -0.217*" 0.171 %" -0.199 "
SUN VPD 0.420 " -0.326"" 0.085""
TSR R AR 5C R R
Partial correlation coefficient of plot 2
Pl B TR ARAir LR il
Control variable Analysis variable S. superba P. massoniana C. chinensis
RH.T PAR 0.848 " 0.746 " 0.849 **
RH PAR T 0.163 " 0.176 ** 0.173"*
T .PAR RH -0.282"" -0.289 " -0.333""
PAR VPD 0.327*" 0.334"" 0.298 **
=SSR AR DG R B
Partial correlation coefficient of plot 3
Pl B AT ARAir R HE
Control variable Analysis variable S. superba P. massoniana C. chinensis
RH.T PAR 0.866 " 0.856 " 0.848 "
RH PAR T 0.262"* 0.238 " 0.170"*
T .PAR RH -0.327"" -0.398"" -0.280""
PAR VPD 0.390 ** 0.394 " 0.233"*

RH . HAXHE F Relative humidity; T'; 5 Temperature ; SUN ; K PH B4R 5 Total solar radiation; PAR ; Y fll A R St Photosynthetically active
radiation ; VPD ; /KI5 E 5 Bt Vapor pressure deficit; * , P < 0.05; ## , P < 0.01

Table 5 Comparison of the impact degree of environmental factors

®5 WREEFHMEEILL

TRyl — SR TSR

Spices Plot 1 Plot 2

K7 Pm P. massoniana T>SUN>VPD>RH PAR>VPD>RH>T PAR>VPD>RH>T
IR Ss S. superba SUN>T>VPD>RH PAR>VPD>RH>T PAR>RH>VPD>T
HE Ch C. chinensis SUN>RH>T>VPD PAR>RH>VPD>T PAR>RH>VPD>T

4.1 R AR R S X A0 A

ARWFFEEE IR T, A [R5 H R 0 2 B R IO < e e IR ) SR OB i 2k, 78 i 3 RO F S
H LR ) B H VRO RESE S IO B R AR B i £ AR AL X R B S b R B
ARV 2 E T R S R e AT A XL 2 0l R R TR UAG fl  RL0G g ZR 1 Ji PR s 4
it R e i AR ) P LT I S DAY SRA0 I R ARG i B R i g P S FL R S AT, RO 3R 114 A e ) S e
ek, X AR AR AR 28 T AN [RIAR 7 RO X it B A0 G RR AR AR BT 2 B ) i 2 By R AL

4.2 N[ROSR I 22 S

BT 75— R B , ARV I 00 AT A S 22 5% 0 ANBIESE P [R) Rl KA 13 0 4
FER IR o H > A > B A 1R 22 53 T R S5 AN IR RI A R 4 Ry A OG0 5 IR S A i
FEATRAFE , A WETEI AR S B AR /N W0 3 2 () A7 AR AR O ) ] — g Aof ) A [] A A
ZLAFAE2E 57 X AT RE SR SRR AT DG 7 J 2 2 S (1 28 SRS 81 1 ARl R M K 43 R o i T
AR, NS 5 BB BRI P3R BE TR MM ERI S

http ; //www.ecologica.cn



73] PR A I L PR B IR SR B AR IS K A R AR 3351

4.3 PREEDN O 00 5 EE Y 2

ABIFFE A I, AN TR PRGE IR B0 25 AR TR0 3R R R A AR 22 57 . A WIBFSE R, ARG R4S
AR AR K BT R, KBRS R O 25 B 1 E R IR 2 B AR A TR L
JETEIR S R e ARG AR, MAE 0 22 M, 25 C S AT SER W, N A AR B+
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