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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

Wk H I : 2024-05-17; &1 H . 2024-09-18

BGWH . EE ARG TRBITHE (52060018); M5 HIG XA TR H (20206G0078); W5 Hif X H
RBIILE VI E (2021BS03019); 5T H A X B E K LT (2020ZD0009)

YEH®iAr: #MIL (ORCID: 0009-0008-2311-0874), Pk, W54, MSHEAMBEBEIF & 5K L5 . E-
mail: sunkai@imau.edu.cn, JEEMEH : LK (ORCID: 0009-0005-1654-9182), ##%, 114 FIili, M
HHRMZEITT & SAEEHFSE . E-mail: peizhiyong@imau.edu.cn


mailto:sunkai@imau.edu.cn
mailto:peizhiyong@imau.edu.cn
https://doi.org/10.11833/j.issn.2095-0756.20240359
https://doi.org/10.11833/j.issn.2095-0756.20240359
https://doi.org/10.11833/j.issn.2095-0756.20240359

2 RN/ NI NI e 14 20244 X A 20 H

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 Pg, in 20 and 40 cm soil layers (P<<0.05), and was more directly
influenced by Py, in 40 cm soil layer. There was a significant positive correlation between the flow rate of S.
psammophila with larger diameter and Py, 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 Py, 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 —2.525¢ 1.592 »5 60 —0.098 —0.200 —0.107 a 0.028
=)
20 —0.280 —-1.590 -0.574 b 0.299 80 —0.200 —0.500 —0.216a 0.051
1= 40 —0.300 -5.320 -1.309d 1.401 10 —0.284 345408 —53.757c  91.449
60 —0.098 —-0.200 —0.104 a 0.021 20 —0.098 —38.295 -7.239b  10.839
80 —0.100 —0.490 —0.177 a 0.070 35 40 —0.100 —5.200 -1.133 a 1.638
10 -0.496  -10319 —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 —0.297 a 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

) KRS8 B2 /(mm- h™") ) RRT 58 B2/ (mm- h™")

FEMEEME MR /mm  $EE A /b FEWZEME MR /mm  FREEE] /b
BME EBRRE  HE BME BRKRME BME
A 14.4 9 0.4 4.0 1.6 F 10.8 8 0.2 42 1.5
B 18.2 5 0.4 11.2 3.6 G 9.4 2 32 6.2 47
C 3.7 6 0.1 1.0 0.6 H 5.8 5 0.2 3.6 12
D 13.6 14 0.2 3.6 1.0 I 72 5 0.2 24 14
E 46 4 0.2 3.8 12
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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
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Table 4 Principal component characteristic value and contribution rates in environmental factors
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KR iy 2 28.9 28.9 71.0 2 2.6 233 86.2
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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 EVEp s R’ P
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" 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

Uiy NIV ;. Hy. 25 SAHXNREE s Dyp. MIFUKIRIEZE; T, 28BEE; R KFHIESEREE; Ty 10 om 1)2 HHEREE; T 20
cm )2 HHEREE; Powao- 40 cm )2 HHEKE, Poyeo. 60 cm 12 387K B

TV B O B0 T, FRBER I X I KB, LR BRI AL B R ek K S
Wk, IR 2RISR k7 %, XEFHIREAT 10 mm TR, & R%0DHNRTTE R
fLI “ L BINLL . KGN H BRI RS T B0 RIS, o AR PR A L
K AYRENT, S T SRR | DT P SR R0, I FLMERAE S L3 P Bk o
B OUHOK AR, BRRE SO S, W TR AR, SO S PR
e R,

RBFFE I SN Y IR T 5 20 1 40 em 1 J2 L HEK SHISCHE R 5 . 5 40 eom £J2 HHEAS
BB BERK 5 T S K VD IR 15 60 1 80 om 42 - UK EAHE T BT, 2 80 em
R ORI EE RO . BT i TR A A ) R KRR S ek v
AR KA EE0, - B RANG - UK SRS, FFIALE R - UK 2 R, T L3RR 2 4
KSR, TR, B X I MK S (T
33 BETIRIS R AS R 3RS B 7R FI L

FRARBIFGE 3917 V0 WA 8 B A W3 4 5 R ] 2 K 8 5 ARG, AT % SRR R I
MK 545 R A TR R A (B . S DR T W SR KT 6 mme b B, DR L 4 A
CH R T Al 24 8 Sk LA S Tl PO e 5, AR T M K SRR 3 B2, S A
TR IE 3 A SSRGS KA SRR ), TS BRI, BE b, M B S TR
EHOK S BN B RAR R, T G DI FEAK W A LB e



10 WroIL R R K A R 2024 4E X H 20 H

5 FE RN S SR EE R, ANATRR I TV HIDE A B, FRAR T s e teah, BT IR R TR
HRAFEETREF RITTTBREN 71.0%, KL HF TTRORUN 16.5%; B 5 80K b4
R 231 DRk = ik 62.8% . UM I TR I8 22 R T, FEMJS 10 5 20 em 1) 3K
PO MR R W i BN T, X5 5 RSP WV Hippophae rhamnoides X [ TR (1 7 25 S AH
le BTN, KT 2T 2SR R Z MK EZE, NI SR 26 EK Mo B/
MANFE IR 2 EHEK Ay, JFHOINR RS 3 ARk 22, SO B E R £ 232 10 5 20 em 41+
K B2

4 i

AR ZE, ARBRFIPUIBSRRTTE R AERA RN, 5—8 H, SRR E R H 22k
PR COANE” ol g R, B 9—10 A S N K 5 B H RIBOREARE TR BT, Hit
(ARSI -8 o N P Y W T R R R R S e SR SN ) IR S e/ U |5 & ST R B S
L g RIEIZR, NS SR ) Y SRR AR R A VDA R R N R AR A
RKIETHRAGEREGRE T, BTG N LKA T B2, VIR T3 A R A2 Sl LS AR
o RN TR SR BOR AN . X RIS N YPHIAS R ) )R RO AE 52 AN R PR3 A 5

B
o urﬁ‘l o

5 5F ik

(1] 2R3, BRit, #0500, 45, E AR A S R G BUROL (1] R AR S R G0 5 P41, 2022, 2(5): 32 — 40.

NIU Xiang, CHEN Bo, GUO Ke, et al. Quality of forest ecosystem in China [J]. Terrestrial Ecosystem and Conservation,
2022, 2(5): 32 — 40.

(2] shih, PNIL, Bk, S T 5ok TR XA R K M RE LSS [T]. /K R ORRFIFST, 2024, 31(3): 239 — 246.

HAN Qingchi, SUN Kai, PEI Zhiyong, et al. Comparative study on water holding performance of typical stands in arid and
semi-arid areas [J]. Research of Soil and Water Conservation, 2024, 31(3): 239 — 246.

(3] BKoR, Hedee, SRR, 55, AR RARIBLR TS RO AR IR SRR R IR T B0 7 (D] Wi AR AR R o4l 2022,
39(6): 1238 — 1246.

ZHANG Rong, BI Huaxing, JIAO Zhenhuan, et al. Diurnal and nocturnal changes in stem sap flow of Robinia pseudoacacia
during growing season and its response to meteorological factors [J]. Journal of Zhejiang A&F University, 2022, 39(6):
1238 — 1246.

[4] DI Nan, YANG Shangjin, LIU Yang, et al. Soil-moisture-dependent nocturnal water use strategy and its responses to
meteorological factors in a seasonal-arid poplar plantation [J/OL]. Agricultural Water Management, 2022, 274:
107984[2024-04-17]. doi: 10.1016/j.agwat.2022.107984.

(5] E—0, MR, HMEA, % T 50 A [k = AR 25 00T 08 1 R0 I 3 8 R ik 22 5 (0] /K L ARFR WY, 2023,
30(5): 234 — 240, 249.

WANG Yixin, FENG Tianjiao, XIAO Huijie, ef al. Characteristics of sap flow rate of Niraria tangutorum under drought
stress and diflerent plant height and basal diameter [J]. Research of Soil and Water Conservation, 2023, 30(5): 234 — 240,
249.

[6] HONG Liu, GUO Jianbin, LIU Zebin, et al. Time-lag effect between sap flow and environmental factors of Larix principis-
rupprechtii Mayr [J/OL]. Forests, 2019, 10(11): 971[2024-04-17]. doi: 10.3390/f10110971.

(7] &8, VPR, T 98, 25, BN B A N TR B FEACRAIE B 3RS AR (1], W AR 722412, 2020, 37(4): 646 —
653.

WANG Zhichao, XU Yuxing, ZHU Wankuan, et al. Characteristics and driving factors of nocturnal water consumption of
Eucalypt usurophylla plantations in Leizhou Peninsula [J]. Journal of Zhejiang A&F University, 2020, 37(4): 646 — 653.

(8] R, mk, wdlh, 45, B TAAHEORAIE AWM B ik (1] WiTLRAMOR 22741, 2022, 39(2): 456 — 464.

SONG Bohua, GAO Ge, GAO Shan, et al. Overview of the methods for sap flow measurement of standing tree based on
thermal technology [I1. Journal of Zhejiang A&F University, 2022, 39(2): 456 — 464.


https://doi.org/10.12356/j.2096-8884.2022-0066
https://doi.org/10.12356/j.2096-8884.2022-0066
https://doi.org/10.11833/j.issn.2095-0756.20220159
https://doi.org/10.11833/j.issn.2095-0756.20220159
https://doi.org/10.1016/j.agwat.2022.107984
https://doi.org/10.3390/f10110971
https://doi.org/10.11833/j.issn.2095-0756.20190531
https://doi.org/10.11833/j.issn.2095-0756.20190531

5 41 B X ) N AR YD TR 0 b S ACHR B 14 157 K R i A 3% 11

(91 SER AL, AIGElK, 1S4, 25, 3K 70 e A DX AR S - R SRR (SPAC) HhoK 3B BE s [T]. 1 FH A 25
2¢412, 2020, 31(3): 829 — 836.

DANG Hongzhong, QUE Xiao’e, FENG Jinchao, et al. Effect of soil moisture on water potential gradients in the soil-plant-
atmosphere continuum (SPAC) of apple orchards in the Loess Plateau, northwest China [J]. Chinese Journal of Applied
Ecology, 2020, 31(3): 829 — 836.

[10] A%iH, 2TFHE, XI55, 5. @A IR UE SR A UK SRR (7], BRAR S 3R8E2A 41, 2021, 41(2): 113 - 123.
YU Xiao, LI Kaiping, LIU Ziqi, et al. Water characteristics of the soil-plant-atmosphere continuum of Pyrus pyrifolia [J].
Journal of Forest and Environment, 2021, 41(2): 113 — 123.

[in] 3ok, Mo, ettt 4F. 5 RIS TR L] AEASIRIESR, 2019, 28(1): 48 — 56.

PEI Zhiyong, HAO Shaorong, QIAO Jingwei, et al. Characteristics of stem flow of Salix psammophila’s branch in Mu Us
Sandland [J]. Ecology and Environmental Sciences, 2019, 28(1): 48 — 56.

[12] XUFERT, A, Re, &, 3225 AV RIR IR (Haloxylon ammodendron) T[RRI AR AF S LRSS IR s (1], H E V>
5, 2022, 42(5): 195 — 203.

LIU Yali, BAI Jianhua, XIONG Wei, et al. The characteristics of branch nocturnal sap flow and its environmental driving
mechanism of Haloxylon ammodendron artificial shrub in the Ulan Buh Desert [J]. Journal of Desert Research, 2022,
42(5): 195 —203.

[13] HAYAT M, IQBAL S, ZHA Tianshan, et al. Biophysical control on nighttime sap flow in Salix psammophila in a semiarid
shrubland ecosystem [J/OL]. Agricultural and Forest Meteorology, 2021, 300: 108329 [2024-04-17]. doi: 10.1016/j.agrformet.
2021.108329.

[14] Do, LK, BYZR, &8, SRR ] ROBE R #0858 N 5 YD M 2830 5C R 19 22 S0 (0] 1+ 5 KB IR 5 3045, 2020,
34(3): 152 — 158.

HAO Shaorong, PEI Zhiyong, DUAN Guangdong, et al. Relationships between environmental factors and Salix
psammophila’s sap flow at different time scales [J]. Journal of Arid Land Resources and Environment, 2020, 34(3): 152 —
158.

(150 XUSCHR, ik, Bz AT, 55 YA 7 LB A i 28 A b 2520 Y5~ [/OL] . rf K R FREE (Thes0), 2024
[2024-09-09]. http://kns.cnki.net/kcms/detail/10.1449.5.20240529.1454.002.html.

LIU Wenjuan, PEI Zhiyong, CHEN Hongwei, et al. Nocturnal sap flow variation characteristics and main influencing factors
of Salix psammophila branches in different directions [J/JOL]. Science of Soil and Water Conservation, 2024 [2024-09-09].
http://kns.cnki.net/kcms/detail/10.1449.5.20240529.1454.002.html.

[16] fRoEHe, IMRF, T MR, &5, 1 T DX Y [ 0 3 AW AL 20 285728 e S CHF BRI A - g me 1z (0] A2 2852741, 2008,
28(3): 895 —905.

XU Xianying, SUN Baoping, DING Guodong, ef al. Sap flow patterns of three main sand-fixing shrubs and their responses
to environmental factors in desert areas [J]. Acta Ecologica Sinica, 2008, 28(3): 895 — 905.

[17] PET, FBEIL, XIRIE, 4. B SR UM RAIE X HS PR g iz )] 52 XHEE, 2021, 38(3): 794 — 801.
HONG Guangyu, WANG Xiaojiang, LIU Guohou, et al. Characteristics of Salix psammophila sap flow and its response to
environmental factors in Mu Us Sandy Land [J]. Arid Zone Research, 2021, 38(3): 794 — 801.

[18] MEINZER F C, JAMES S A, GOLDSTEIN G. Dynamics of transpiration sap flow and use of stored water in tropical forest
canopy trees [J]. Tree Physiology, 2004, 24(8): 901 — 909.

[19] B8, Shsfiic, e, S5 JE TR AN Fr /K 34 5 (g YAoK 23 RIS 237 (0] AL sthRll 22441, 2019, 41(11):
87 —94.

YANG Ruizhi, MA Jingyong, LIANG Chunxuan, et al. Analyses on water use characteristics of Salix psammophila based on
sap flow and leaf water potential [J]. Journal of Beijing Forestry University, 2019, 41(11): 87 — 94.

[20] #7588, KA B R VDo FIYD I ZE IS R i 52 (D] bt Jbatholl k2%, 2016.

YANG Qiang. Effect of Rainfall on Transpiration of Artemisia ordosica and Salix psammophila in the Mu Us Desert [D].
Beijing: Beijing Forestry University, 2016.
[21] X%, Tk, TEARAR, S5, K = A DORRBRAN TR0 9 2= 15 ARARRAE (0] b DK R AR FFR, 2013, 11(6): 66 — 73.

LIU Xin, ZHANG Jinchi, WANG Chunlin, et al. Seasonal variation characteristics of sap flow of Quercus acutissima in the


https://doi.org/10.1016/j.agrformet.2021.108329
https://doi.org/10.1016/j.agrformet.2021.108329
http://kns.cnki.net/kcms/detail/
http://kns.cnki.net/kcms/detail/
https://doi.org/10.1093/treephys/24.8.901

12 WroIL R R K A R 2024 4E X H 20 H

Yangtze River Delta [J]. Science of Soil and Water Conservation, 2013, 11(6): 66 — 73.

[22] sk, Eii, B, 45, WL E XN TARFI R A K 2= R HOK SN (0], K B IRFrEAR, 2023, 37(3): 181 — 189.
ZHANG Yi, WANG Yusong, WU Yuxin, et al. Dynamics of soil water potential in growing season of plantation and
grassland in Bashang Area [J]. Journal of Soil and Water Conservation, 2023, 37(3): 181 — 189.

(23] SRR B FURBHA AR KBNS [D]. b st hEREEBE R, 2017.

ZHANG Chencheng. Study on Soil Water Effects of Returning Farmland to Forest on the Loess Plateau of China [D].
Beijing: University of Chinese Academy of Sciences, 2017.

(24] PSR, BXSCE. 2 DR S U0 S0 B A S KO K O L] P IV BE, 2002, 22(4): 359 — 362.

HE Zhibing, ZHAO Wenzhi. Variability of soil moisture of shifting sandy land and its dependence on precipitation in semi-
arid region [J]. Journal of Desert Research, 2002, 22(4): 359 — 362.

(25] B L, W/ vl g, WRIEAR, 45 8RR 0T 1 A 35 R e RS it S HC RS 2 1 e 52 ) (0. /K R A 45527041, 2023,
37(4): 284 —293.

WEI Luanwei, CHEN Zuosinan, CHEN Shengnan, et al. Effects of rainfall on sap flow and its environmental controls in a
riparian poplar plantation ecosystem [J]. Journal of Soil and Water Conservation, 2023, 37(4): 284 — 293.

[26] BOSVELD F C, BOUTEN W. Evaluating a model of evaporation and transpiration with observations in a partially wet
Douglas-fir forest [J]. Boundary-Layer Meteorology, 2003, 108(3): 365 — 396.

[27] SRERER, TROCHE, Phefte, 25 RENEEMRZE RO s D], Rl Rk, 2023, 40(1): 169 — 178.

ZHANG Jinchun, XU Xianying, SUN Xuebin, et al. Dynamic changes in the sap flow of Haloxylon ammodendron in the
Mingqin desert region [J]. Pratacultural Science, 2023, 40(1): 169 — 178.

(28] F5EE. BRI X AR ARZEREFEAK . A3 S A KRAFHERFZE [D]. 22H: H Rk K2, 2019.

ZHAN lJing. Study on Transpiration Water Consumption, Physiology and Growth Characteristics of Walnut Seedlings under
Simulated Rainfall [D]. Lanzhou: Gansu Agricultural University, 2019.

[29] EBERBACH P L, BURROWS G E. The transpiration response by four topographically distributed Eucalyptus species to
rainfall occurring during drought in southeastern Australia [J]. Physiologia Plantarum, 2006, 127(3): 483 — 493.

[30] 2R, MR W], REE, 45, BT A Fr e DCIR SRR rh iR R0 RS YU Xof e R Ik ofr g g 17 (] 107 FH A 252741, 2017,
28(11): 3469 — 3478.

LU Senbao, CHEN Yunming, TANG Yakun, ef al. Sap flux density in response to rainfall pulses for Pinus tabuliformis and
Hippophae rhamnoides from mixed plantation in hilly Loess Plateau [J]. Chinese Journal of Applied Ecology, 2017, 28(11):
3469 — 3478.


https://doi.org/10.1023/A:1024148707239
https://doi.org/10.1023/A:1024148707239
https://doi.org/10.1023/A:1024148707239
https://doi.org/10.1111/j.1399-3054.2006.00762.x

	1 材料与方法
	1.1 研究区概况
	1.2 测试项目与方法
	1.2.1 液流速率测量
	1.2.2 气象因子监测
	1.2.3 土壤水势测量

	1.3 数据处理

	2 结果与分析
	2.1 气象因子变化特征
	2.2 土壤水势变化特征
	2.2.1 土壤水势时间变化特征
	2.2.2 土壤水势空间变化特征

	2.3 沙柳液流变化特征
	2.4 沙柳液流速度、降雨量与土壤水势的关系
	2.4.1 降雨量与沙柳液流速率的关系
	2.4.2 植物液流与土壤水势的关系
	2.4.3 降雨前后液流速率与环境因子的关系


	3 讨论
	3.1 生长季沙柳液流动态变化
	3.2 降雨量和土壤水势对沙柳液流速率的影响
	3.3 降雨前后液流特征对环境的不同响应

	4 结论
	参考文献

