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Response of sap flow in dominant trees of typical subtropical secondary forests to

summer-autumn extreme drought
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JIANG Wanjing
School of Geographical Science, Hunan Normal University, Changsha 410081, China

Abstract: Under accelerating global climate change, the increasing frequency of seasonal drought events in subtropical
regions constitutes substantial challenges to the forest carbon sequestration potential and ecosystem stability. Consequently,
elucidating hydraulic response mechanisms of subtropical secondary forest plants under drought stress holds crucial
theoretical significance for predicting vegetation vulnerability to climatic extremes. Nevertheless, empirical evidence remains
scarce regarding environmental determinants of xylem sap flow dynamics in secondary forest communities during extreme
drought episodes. This investigation centered on three dominant tree species within a typical subtropical secondary forests
ecosystem; Cinnamomum camphora, Pinus massoniana Lamb. , and Liquidambar formosana Hance. Employing the thermal

dissipation probe methodology, we implemented continuous stem sap flow monitoring throughout 2022, concurrently

BT WK AAR A HFEIH (42301034) ; #rH KEEQHEDL NG (5202210542107) 5 MRS 2 5 FE AR S B R dH S L0 =
L4 (2023-KF-3)

Y75 B #B:2024- 12-17; ) £& Hi AR B #A :2025-00-00

# W IHA/EH Corresponding author. E-mail ; cichengzhang@ hunnu.edu.cn

http ://www.ecologica.cn



2 xR 45 %

measuring meteorological parameters and soil moisture dynamics. A comparative examination was conducted to assess stem
sap flow responses to meteorological variables and soil moisture conditions during the 2022 extreme drought event versus the
hydrologically typical 2023 counterpart. The results reveal that; (1) The sap flow rates of the three tree species during the
2022 extreme drought period were significantly lower than those observed during the same period in 2023. Among the
species, C. camphora exhibited the most pronounced reduction in sap flow rates during the transition from wet to drought
conditions, followed by L. formosana, while P. massoniana showed the smallest decline. (2) Diurnal variation patterns
revealed that during the 2023 drought period, the sap flow rates of all three species exhibited a clear diurnal cycle, with
higher daytime sap flow rates compared to nighttime. In contrast, during the 2022 extreme drought period, C. camphora and
P. massoniana displayed higher sap flow rates at night than during the day. (3) Correlation analysis between sap flow rates
and environmental factors indicated that, irrespective of whether the year was wet or dry, during drought periods, the sap
flow rates of all three species were positively correlated with solar radiation (R,) and vapor pressure deficit (VPD) , while
negatively correlated with soil water content (SWC). However, the sensitivity of sap flow rates to environmental factors
during the 2022 drought period was lower than that observed during the same period in 2023. (4) In relatively wet years,

sap flow rates were primarily influenced by VPD and R, , whereas in extreme drought years, soil moisture availability

n?

became the dominant limiting factor. This shift indicates a transition in the regulation of sap flow rates from being driven by

climatic factors to being constrained by soil water availability under drought conditions.

Key Words: sap flow rate; extreme drought; environmental factors; subtropical region; secondary forest
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Kot gt @) AR AP ( Cinnamomum camphora) (N T F 25 B AL ( Pinus massoniana Lamb. ) F175 - [ -4
TN ( Liquidambar formosana Hance ) WM AT K0T 2 22 Wil | 45 & XP PR EE R 7 (I 35K & K
BHAR S AR AKIRE 22 FITSTEZE O 5 45 ) B TR1 A0 M . R 32 A0 45« 1) 40855 M AT YR 2B AROAS [ A o 1 9
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20 em PLR A AT A XA Y, T3Pk i i, UG RORL, TR RL & i eI, 0—100 em + 3%
FILFEN 1.4—1.8 g/em’ , HIEFLBREETUE Y 23.5%—34.9% R AR 43 7E 0—100 em Y HHEREE N Horh
AR FEEEIPATE 0—60 em YTREE . BFFEREHLE TR N TR AR AR, R A0 45 7 RFER] ( Cinnamomum
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Table 1 Basic characteristics of the observed sample tree

4%/ cm AR/ em

R Fh TPy 2! e R /m . MR em? W/ a
Species Plant type Number Tree height L ameter at Sapwood T ood area Tree age
breast height thickness

Rt C. camphora kTR A 1 9.19 14.9 5.81 310.18 15

2 11.51 24.4 9.50 443.18 15
YN P. massoniana  FERETHIRA 3 10.93 15.4 6.10 178.94 15

4 9.21 18.3 7.23 251.51 15
W L. formosana Pt fE IR A 5 9.43 17.9 5.81 220.56 15

6 9.22 18.2 5.92 228.48 15

e M (AR 5 b 1 S L
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1961 4F LIk i/l g — 2l 7 TR0 E M, SR GRRIE R I, 2022 4108 R b DX A AR i T S A D s
B B I EREIE . WS RE BB TE T-2% | HRAE S5 T3 b T | - 4987K oy B KR | A2 3 Az
TR AN FE TR TG0 5 1991—2021 4E R K B 153 ,8—11 A M4 FH[K 50 354.61 mm,
2022 4E [l B K AR 108.20 mm,, ARIEFAKBE 4302 P, 2022 4F 8—11 H FE/KEEF- 4 H b -69%
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Fig.1 Topography, remote sensing imagery, and multi-year precipitation anomaly percentage ( 1991—2022) in the study area
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Fig.2 Temporal changes of environmental factors and soil relative water content in the sample plots during the study period
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FETR 2 & T T RIS, Ak, AE iR 5 T R 2 (R A 5 B A L (B 2023 4E 7 A 9 H E 2023
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Fig.3 Temporal variation of sap flow rate of different tree species
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AN TR o B Y0 38 TSNS S BB S B () AR AR R B IR AN R R 2 [ AP 3 22 5. SR k&
B,2022 4555 2023 A [A] AR R A4 25 S R R 2 (P<0.001) o AHER T 2022 4RI 1, 2023 45 [m] ] 1Y T
TR E R, BRI, B AR 2022 AR BV R A BIE Y 711 em/h, B3 & T 2023 A1
4.83 em/h(P<0.001, 5% 2) s BAF7E 2022 490 0 R 19 P 241H h 2.82 em/h, 2 3 &5 F 2023 4119 1.58
em/h( P<0.001,% 2) , X —ING 0] BB 2022 47 (9B i 52 X AR AR FIARA 119 A B AR AR 1 K52 i 4 56
i AR 2023 4F (FHXFRIE AR ) 5 I H BAR AR B 3, 5 2022 4T 2 WIAH E, 2023 4 7] B A 0 %
WETRE, AT 5, B 2022 A0 H R A FIE A 1.40 em/h, B E KT 2023 5249 1.97 em/h( P<0.001,
2 2) T 2022 AEIRTE R AEIME Y 0.70 em/h, BEAR T 2023 4E4 1.01 em/h( P<0.001,%2) .

F2 2022 FTEMRHAHHRRERS 2023 FEHRITLL
Table 2 Comparison of Sap Flow Rates Between the Drought and Wet Periods in 2022 and the Corresponding Periods in 2023

R Fh i ) Ay T FEAK n S -BREE U PRI SE T Z WEMEP
Species Time Year Mean Sample size Mann-Whitney U Standardized Test Statistic Significance
TS i A 2022 7.113 44 447 -5.744 <0.001
C. camphora 2023 4.827 60
T4 2022 1.396 93 3579 3.821 <0.001
2023 1.967 56
W& T 1 2022 2.815 44 274 -6.882 <0.001
L. formosana 2023 1.583 60
54 2022 0.697 93 3603 3.915 <0.001
2023 1.007 56

i T 5 S RAASETS, Joik H S 2022 475 2023 47 Al 1 1 T 3R 22 57
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Fig.4 Diurnal variations in environmental factors and sap flow rates of different tree species during the drought period in 2022 and the

corresponding period in 2023
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Fig.5 Comparison of nighttime and diurnal sap flow rate differences among different tree species during the drought period in 2022 and

the same period in 2023
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Fig.6 Relationship between sap flow rate and environmental factors of different tree species during the drought period in 2022 and the
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Table 3 Stepwise regression equations of stem sap flow rates and environmental factors during the drought period in 2022 and the

corresponding period in 2023

WFh Ay [l 77 7 P REL R B P

Species Year Regression equation Coefficient of determination Significance

FEM C. camphora 2022 F,=0.1591R,-0.674VPD-0.244SWC~-0.126PET+2.708 0.661 <0.001
2023 F,=0.184R, +0.068 0.788 <0.001

L BHA P. massoniana 2022 F,=-0.058R,-0.226VPD-0.132SWC+1.220 0.298 <0.001

WFAF L. formosana 2022 F,=0.030R,+0.473VPD+0.260SWC-2.860 0.865 <0.001
2023 F,=0.076R,+0.208VPD+0.031 0.861 <0.001

F, B # % Sapflow velocity ; R, : KP4 4T Solar radiation; VPD ; #f FlI7K 75 K 2% Vapour pressure deficit; SWC ; 13 7 7K & Soil water content;

PET . W 778U & 1 Potential evapotranspiration
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