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Response of sap flow rate in Salix psammophila plantation to soil water
supply and its influencing factors
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Abstract: [Objective] The objective is to analyze the dynamic variations in sap flow rate of Salix
psammophila branches across various diameter classes and explore the water use control strategies of S.
psammophila in response to soil water potential (P,,) and meteorological factors under the influence of rainfall
during the growing season, so as to provide theoretical reference for understanding the water consumption
characteristics of desert shrubs under seasonal drought. [Method] 12 branches from 3 sample trees (including
4 diameter levels: 6—8 mm, 8—10 mm, 10—12 mm, and greater than 12 mm) were selected from the national

germplasm resource bank of S. psammophila in Hobq Desert. From May to October 2023, sap flow system for
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small stems or branches was used to continuously monitor changes of sap flow, P, and meteorological factors
such as precipitation, air temperature and relative humidity. Principal components analysis and stepwise linear
regression were used to analyze the response of sap flow to major meteorological factors and Py, at different
depths before and after rainfall. [Result] (1) During the growing season, the daily variation of sap flow rate at
different diameter levels of S. psammophila showed a “single peak” or “double peak” curve from May to
August, while a “U” shaped curve was easy to appear in September to October, and the onset time of sap flow
rate was gradually delayed. (2) The sap flow rate of S. psammophila with smaller diameter was significantly
positively correlated with P, in 20 and 40 cm soil layers (P<<0.05), and was more directly influenced by P, in
40 cm soil layer. There was a significant positive correlation between the flow rate of S. psammophila with
larger diameter and P, in 60 and 80 cm soil layer (P<<0.05), and was more directly affected by P, in 80 cm
soil layer. (3) When the precipitation exceeded 10 mm, the sap flow rate of S. psammophila at different diameter
levels showed a “multi peak” curve, and the daily cumulative flow decreased. The cumulative contribution rate
of soil temperature, saturated vapor pressure deficit, relative air humidity, and air temperature to changes in sap
flow rate before rainfall was 71%, and the cumulative contribution rate of Pg, in 10 and 20 cm soil layers to
changes in sap flow rate after rainfall was 63%. [Conclusion] The instantaneous variation and overall level of
S. psammophila sap flow rate are affected by meteorological factors and soil water supply, respectively,
indicating that the short-term and long-term flow characteristics of S. psammophila under seasonal drought have
different responses to environmental factors. [Ch, 7 fig. 5 tab. 30 ref.]
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Figure 1  Variation characteristics of meteorological factors
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Figure 2 Spatiotemporal dynamic changes of soil water potential
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Table 1  Statistical description and significant difference test of soil water potential
\ HUKH/kPa ‘ +HUk#/kPa
S +Z/em - Fs  LZE/em -
RRE  RME Wl e WME R/ME fE Frifiizz
10 —0.442 —6.021 —2.525e¢ 1.592 »5 60 —0.098 —0.200 —0.107 a 0.028
=)
20 —0.280 -1.590 —-0.574b 0.299 80 —0.200 —0.500 —0.216a 0.051
15 40 —0.300 -5.320 -1.309d 1.401 10 —0.284 345408 —53.757c  91.449
60 —0.098 -0.200 -0.104a 0.021 20 —0.098 —38.295 -7.239b  10.839
80 —0.100 -0.490 —-0.177a 0.070 35 40 —0.100 —5.200 -1.133 a 1.638
10 -0.496  —-10.319 —5.407d 2.888 60 —0.100 —0.400 —0.195a 0.095
25 20 —0.200 —5.677 2271c 1.855 80 —0.098 —0.100 —0.098 a 0.001
40 —0.100 -1.168 —-0.297a 0.310

Ui BEE AR/ NG F PR 25 B3 (P<0.05).
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Figure 3 Change of average sap flow velocity of different diameter ranks of S. psammophila
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Table 2 Characteristics of different rainfall events

) FAFRI8 BE /(mm - h ") i FAFRI 58 BE/(mm-h ")

MemadefE R E/mm R/ MEFEfE AR /mm 3R]/
B/ME Rl HE w/ME Rl HE
A 14.4 9 0.4 4.0 1.6 F 10.8 8 0.2 4.2 1.5
B 18.2 5 0.4 11.2 3.6 G 9.4 2 32 6.2 4.7
C 37 6 0.1 1.0 0.6 H 5.8 5 0.2 3.6 1.2
D 13.6 14 0.2 3.6 1.0 I 7.2 5 0.2 2.4 1.4
E 4.6 4 0.2 3.8 1.2
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Figure 4 Changes of sap flow velocity under different rainfall events
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Figure 5 Changes of daily cumulative sap flow under different rainfall events
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Table 3 Path analysis of sap flow rate and soil water potential

EEESEREER )
4% /mm et HESEREREL

Pswio Pswao Pswao Psweo Pswso B
Pswio 0.393 — 0.275 0.362 0.329 0.146 1.113
Pswoo 0.196 0.137 — 0.171 0.145 0.083 0.537
6~8 Pgwao 2.108 1.944 1.842 — 1.927 1.079 6.792
Psweo 1.235 1.035 0.916 1.129 — 0.903 3.983
Pswso 0.359 0.133 0.153 0.184 0.262 — 0.732
Pswio 0.656 — 0.460 0.605 0.550 0.243 1.858
Pgswoo 0.020 0.014 — 0.017 0.015 0.009 0.055
8~10 Pswao 2.169 2.000 1.896 — 1.982 1.111 6.989
Pgsweo 0.956 0.801 0.709 0.874 — 0.699 3.083
Pgwso 0.087 0.032 0.037 0.045 0.064 - 0.177
Pgwio 0.192 — 0.135 0.177 0.161 0.071 0.544
Pswao 0.095 0.067 — 0.083 0.070 0.040 0.260
10~12 Pgwao 1.089 1.004 0.952 — 0.995 0.558 3.509
Psweo 0.031 0.026 0.023 0.028 — 0.023 0.100
Pswso 0.001 0.000 0.000 0.001 0.001 — 0.002
Pewio 0.221 - 0.155 0.204 0.185 0.082 0.626
Pswo 0.036 0.025 - 0.031 0.027 0.015 0.099
>12 Pgwao 0.505 0.466 0.441 — 0.462 0.259 1.627
Psweo 0.540 0.453 0.401 0.494 — 0.395 1.742
Pswso 0.702 0.260 0.298 0.359 0.513 — 1.431
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Table 4 Principal component characteristic value and contribution rates in environmental factors

WrBt By RMEE ST RITSTiR/% [f1dEs ERr O FHMEE TR RITSTiR/%

1 42.1 42.1 42.1 X 1 9.9 62.8 62.8
. R
KR iy 2 28.9 28.9 71.0 2 2.6 233 86.2
3 1.8 16.5 87.5

AEJE I T YR K BARET, Vom0 i 5C P AL A BRI R, i A B K, &K R
R IIE B A T2 a s, Horh, SRR (> 12 mm) BV I R R A2 4 8~10, 10~12 Al
6~8 mm [ VPR R R, FLARBIR B s, PR AR S o R S A AP IR B E b . ACBIFSRY
T A RGO R AR AR R EIAE 7 A Z S REE A A RS BRI A R El s L3 — 5
1, B REH TS R T R kAR B2 ) 52 21 FOC IR B SR R R s, 5 —Jr i, YT
AR TR R T IS AR ES , XS K Ay sR AT, DA 75 0TV 0 3 1 e AR o [ R 1,
3.2 BEMEN KX DI R R R R RN

ARG, 10~40 om + )2 KA N HARLRIZL, 60 5 80 cm + )2 HHUKHE K Hife,
AR B, 3X 55K 15 A5 WESE R IARE T-A Pinus sylvestris var. mongholica BT 1 HE 7K 3 A5 A HLHEAH
ol BT RXIEREEK TR, H TN AR, BN SKETE S 23R 78
K MR SR 2R R R, BTLL 10 em +)2 R HK B AR RIS .+ HEK AR Ab X e T 4 s 25 A8 4k
EATWGRAMER, B TREWETRX, P TRX K EEMAERZ —, Ik 3K
P B I AR S . BRST I BRI S C A T A9 H RO R AR 2« g AUk, nTREE:
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Figure 7 Load analysis diagram of environmental factors before and after rainfall
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Table 5 Stepwise regression model of sap flow rate and environmental factors

BBt B4 /mm 1=y R’ P
6~8 y=41.228-0.333H3g—9.046Dypt0.511T, 0.826 0.000
" 8~10 y=26.032—0.110Hz+0.009R 0.811 0.000
355K
10~12 y=84.661—0.697Hr—19.646Dyp+1.453T,—1.194 Ty, 0.894 0.000
>12 1=58.655-0.264Hy 0.789 0.000
6~8 y=11.216+0.339T,, 0.523 0.000
8~10 y=98.810+1.117Pgy40+774.279 Psweo 0.831 0.000
R f
10~12 y=14.026+0.343T;,(,+0.004R 0.742 0.000
>12 y=22.726+0.546T, +0.100R 0.731 0.000
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7K A3, 3G T 5 AR B, NI 28 s 1 FH s BE R AR, I LR RN A 25 188 in - 38 v iR 7Kk o
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AR 5% 39 S VRIS [ A2 SRR S i i R 2 5 AN [R) 4 )23 - K A At I A G, DT % SR RRT T 5 1=
SR A B R X VR R (R 52 0 o ASBIFSE rh B RN SR BE KT 6 mmeh! B, ROV R 2 57 B
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