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Response of Soil Moisture to Typical Rainfall at Different
Stands and Slope Sites in Qiaoshan Forest Region
GUO Yixuan, LI Jing, XU Guoce, ZHANG Yixin, CHEN Xi, GU Fengyou, WANG Bin
(State Key Laboratory of Eco-Hydraulics in Northwest Arid Region of China »
Xi’an University of Technology, Xi’an 710048, China)
Abstract: [Objective] Rainfall is the main source of soil water supply. which directly affects the distribution
characteristics of soil water, and then affects the growth of vegetation, To explore the response of soil
moisture to typical rainfall at different stands and slope sites in Qiaoshan Forest region. [ Methods] The
Qiaoshan forest area on the southern Loess Plateau was taken as the research object. Through monitoring the
rainfall and soil moisture at different depths of typical stands (broad-leaved pure forest and mixed forest),
the response characteristics of soil moisture at different layers to rainfall patterns under different vegetation
cover and slope location conditions were explored. [ Results]1) Rainfall during the study period was mainly
concentrated in August, September and October, with the highest rainfall being 251.7 mm in September.
The seasonal differences in soil moisture in the same soil layer at different points were significant (»<<0.05),
and the average soil moisture in all soil layers was the lowest in summer.2) During moderate rainfall events,
only shallow soil moisture content responded to rainfall, and the response intensity of soil moisture content
to rainfall in mixed forest was greater than that in broad-leaved pure forest.3) In the event of heavy rain, the

response of soil moisture to rainfall was greater in the mixed forest than in the pure broad-leaved forest, and
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the response relationship was as follows: lower slope > middle slope = upper slope for the shallow layer,
and upper slope > middle slope > lower slope for the deep layer.4) In the event of heavy rainfall, the
response of soil moisture to rainfall was greater in broad-leaved pure forest than in mixed broad-leaved
forest, and the response relationship was as follows: lower slope > middle slope > upper slope for the
shallow layer, and upper slope > middle slope > lower slope in the deep layer.5) In the three rainfall
events, the supplement amount of the mixed forest was 1.55, 1.65 and 1.00 times that of the pure broad-
leaved forest, respectively. [ Conclusion] It is of great significance to study the response of soil moisture to

rainfall and the process of shallow soil moisture movement in Qiaoshan forest area for optimal allocation of

rainfall resources and sustainable restoration of forest ecosystems.
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Fig.5 Response of soil moisture in different layers at different points to rainfall under heavy rainfall conditions
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Fig.6 Response of soil moisture in different layers at different points to rainfall under rainstorm conditions
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Table 3 Soil moisture recharge rate after typical rainfall

SHEU AL R AR . A (113 D)
Rof T S A0 20 S B - K o3 PR AR 43 B A 38 B R IR
B, M 1 a 398 K o 1A FRUo3 B30t v 1 2205, 1)
AE A PR Ol 4 ARG . EAR XA B 7 € 2208 7 ZE AR
IE KL 10 em JERASRL T )25 6F 380 21 7 5 O
PRI HE TR 55+ R R AR AR . A AR X
ZHT PR T4 W o3 5 AE RS R TE R T 3R B R
2y 2 cm JERYJEFE T A T 5 R IR S5 5 5 R
JEE IR B (1 A SR AR 2 A (A5 M A Rk M A 0 4
. PRICHEBE 2 R AR R LA oK k& R+
SR o3 A7 AE VR A T TG - 498 30 13 48 0 5% K £ b 45 B
AR R R IEE KR B, £ 5K A R BL A BT
Kok T 2058 /0 B Bk 4 2B L AT AR5 45 i /KO

F AR TR RAE 0~1 m + 2 Ay B AR 1k
FERI RS REACG B, 2 g ks A 3 R A
R S PN S ) B O T A R et L B R
S+ B T B SR, O G T
EKAES MR . K R $ 5 £ kL
B 8) L F 58 XA [R) 4 J2 1) - S HLAG o ks
Fh 60% ~90%  7E 50 cm + 28y ki 5 b3 8 Al 5k
F 90 Y 2 A7 VR FE o 0~4 % K T HA + 2 8
D R, 38 K 43 PR B 43 08 3 FE 50em 8 A7 IR Ak

B 12 HAER/(mm e h™1)
MOWE/m ML M2 M3 BL B B3 Ti/MH.
10 1312 0.868  1.037 0.742 1320  0.381 ST
BE 20 0094 0031 0146 0129 0.379  0.207 ks |@ wmnr
30 0005 0006 —  — 0003 0,005 LAt @ :»
10 0857 0808 0842 075  0.664 1.130 ig . g %.ﬁ o
20 0640 0372 0574 0720 0432 0.734 oy | 20O :x
g0 OHS oIS 0l 026 0267 0216 e o0 © @ n
50 0046 0054 0200 0.014  0.020 0,050 . A .
70 025 0001 081 0.030 0.009 0,005 S = v 2 @ o @ ux
00 0519 0010 0008 0002 0007 — 2 -
10 128 1162 1037 092 1109 1291 M | # ® O : .
20 078 0394 0517 079 053  0.891 R ® " ® | &
30 0263 0150 0091 0504  0.343  0.637 B —
%I—-ﬁ -1.0 -0.8 06 04 -02 0 02 04 06 08 1.0

50 0.390  0.066  0.301 0116  1.293  0.112
70 0.281  0.042  0.230  0.109  0.030  0.028
100 0.311  0.012 0129  0.070  0.011  0.004

3 i
3.1 TEKRSGERSEORETHLIFE

KR — R K B R B R
2 9 7 1 - HE K S R B B B T A ARG L VR R 0
KA TR A A K T 10 T2 MK A R R4 i 1
R, HE (410 ) BT 78 T I8 K
MK B 2 B IR AR R T 1 d Pk
TR A B0 L B AR e T R K A R R

o x ox AIERIR p<<0.05,p<C0.01,
B8 ITEANGCRIBELEERNBXER

Fig.8 Correlation matrix between soil moisture and soil properties
3.2 sk R FR 53 Bt BE R Y NI R K B
ARDCAN ] 2= A S o (A RR 3 5 4 74 A e i 1]
A5 2 KON [ T A e 1oz ) 220 B A Z R
SR Ik T P WD 0 8 47 T i B 2 X I T I L
AR, FEO2E S EE R R R A L
SERIAL I BT 22 S R A IR 2R ROK AR, HL A ey
K I3 L R R W K o A B R — TR B R
TR Z R A S TR K I SR AL AR 2%

http: // stbexb.alljournal.com.cn



%13

0 SRS M LLUBR XA [ bR 43 R A7 38 7K 43 0] 3280 B T 474 i 9

BB R ENEH LR AE AR F K
HEAEF L KA KAE Ry 5 ) -+ K o R U B0
2 B R %o 3R 2 1 5 e TR TR A

R XA () A 9 7 55 5 1 T BT S AN TR) S 3K
I N BB OUAFAE 22 5 XERE RN (Y e B A BT 6] . AN ]
AL ) 3 BE A () S B0 T O 4 IS T 1) b 2 A% I A
XF 4 AR R AN [ L i — 2P g+ K AL I A
P B AN TR] 51 BRO'G RS AR 3 25 K A 22 S L 52 I b 3R K
I3 WY ZE AR » AT 52 ] 4 387K 43 a3 A7
3.3 BRI PR £ 8k 43 X B TR A M AL

R Hh 41 TR0 [ TR 2 F X 2 bR b - B K R [ RR Y
Wi 187 53 BT o 6 R R T I 50 T = 3K KT 8 R A ) 7 -
HEOK oy 2 R R R0 A X SR BN A R 58 KT R 4l
MR TEZR TG BT & TR 32 AR5 e i 2l bR 22 B AR
TR Uk BH T ] T 5 bR HE K OGT B T A i L K Y
GO0 T i 2l Ak, 4 B 3 R B — R
2 bR DX ) 25 S5 PRk 555 % e A i 1 ST RUAH ] . B
[EER N NN NN A o U1 e o = U1 e B ) 8
IR TR BN 3K 53 i S A AL A o W 3 5
Wi 5 A T e 18 38500 A G = K 4 B4 BT R R A
A A JZ KT R TR 14 o 7 A 3 K, R X R )2 K )
IRBA RO W A K Bl )2 0 IR s - HE KOG B W
F4) T 7 ST 5 1 R 5 A A

R A5 SR 3% I = A7 X6 AN (D38 7 114 4 97K X e T 1Y)
Wi 7 A3 AT VR JZ RN T >3 >3 |, 5 ] HAe
BN € 77K PO e ot 1) LY PO Y S N B A
- AR S 7R A 25 R oL, 3R W RE N v R S K gy
PR B0 5t A7 A B i AR X o R A 38 T - 18 K 43 1R
FROT B0 AT R 3 DT — 3% 1T 395 7S 39 35 Tt - 1 K
SR R AR TRE R I > Y >
Yo 5T S50 AT I8 T #E— 2 BF 58 i 3 AR
U5 R AT BB AN R 3 A7 3Rk 0 R R RRUT f
FLBGEE FORE 53 A 1 55 IR PRV B AP TE D B 25 5. 3
Y BRI 5 %2 B 3 P A A R K B D 45 e A1 L T B
FR BB & LR 80.73 %0 ~95.47 %% BRL 7 HEAY R 3.84 %%
~4.57 %%, AT BE S PR i X dnk 33K 2% AN [ b 45
4 45t

D) FE A A 25 AR AL R AE v, B T i S AR R 7E 8
A9 H.10 H.3H2H4,9 A MM R KR 251.7 mm, 4%
FER— R ORISR ETHEFEE <
0.05) s AN [A) 4= J2 P34 T K IMA R U TE L K

2)TE I SR o, v 2 - HE K o AR Bk B T
WA IV TR JE T IV o A AR R T KX [ D M) 7
R R AR [ ik, FE KR = 1, 2 Blobk 4y
TR )2 A FEKOGT [ RRT %) o 107 Sy - ) Y A8 AR > i i A

P> >3 b, TR)Z - HE KOG R W e R A B
i3 Rl N L Ry o N i e e N 2 - A
e, 2 B AR 2 A S X AR TR 114 ) 7 A o] I k>
EFRRNRASHR B T >Heh >3 b T2 - KX R 1)
M 1 A ol P SR> VR ACAR 3 B> >30T

3) B I TR B8 PR A JE 7K XoF I R 194 i 37 L 75 7K S 7 b
SR IO0 T it alibR, 4 R R a4 K B — A, 2
AR DX 110 2 5 1 D 555 o K A I 198 e 7 30 LA ), B AR R
FIJE .1 m 42 09 1 KB TR S AR 09 Kb 45 12 43 501
4l AR 1.55.1.65,1.00 7%, B3 E >3 F >,

S &k

(1] WEM MNP, HiF 5. KR 57K
Bl 2, 1999,10(3) :311-318.

LEI Z D, HU H P, YANG S X. A Review of soil water
research [J]. Advances in Water Science, 1999,10(3):
311-318.

[2] TAROLLI P, LUCAS-BORJA M E. YU G Q. et al.
New sciences and technologies in soil conservation and
eco-sustainability[ J . International Soil and Water Con-
servation Research,2023,11(2):412-414.

(3] SEALTE ARIZ MK BT UR | L K BT R 5 1 K 43 4E B
RS AR B P4, 2003, 18(5) :522-528.

GUO Z S, SHAO M A. Precipitation, soil water and
soil water carrying capacity of vegetation[]].Journal of
Natural Resources,2003,18(5) :522-528.

(4] & RECH & T RE T R X LK ERSE

AN AF X B S 35,2018,32(3) : 145-151.
XU ZY, ZHANG Q D, YANG L. Analysis of temporal
variation of soil water in a growing season in semi-arid
loess hilly area[ J ].Journal of Arid Land Resources and
Environment,2018,32(3) :145-151.

(5] WidR. okEM Ao, . T 5T 5 KB + %

7K 53 A Al B HXF W WA ) A JR) i R [ ) K AR R A
#.,2020,34(1):195-201.
GAO L, ZHANG SW, ZHU Z Y, et al. Soil moisture
changes in degraded grassland and its response to rainfall
temporal pattern in arid and semi-arid areas[]].Journal of
Soil and Water Conservation,2020,34(1) :195-201.

(6] aka4s, 22 il AR AR A 2 b i 5K DR S pons - 38K
SR ] AR S %M, 2011,31(23) : 7056-7066.
ZHANG ] J, LI H M, XU J J. Soil moisture dynamics of
water and soil conservation forest on the Loess Plateaul ] ].
Acta Ecologica Sinica,2011,31(23):7056-7066.

(7] WEHF AR, B L 8 B B v 8% D8 T R 4 3
K 5373 18] A S e 5wl R 1 L )L AR 28 2% 4, 2012, 32(16)
4961-4968.

YAO X L, FU B J. LU Y H. Spatial patterns of soil

moisture at transect scale in the Loess Plateau of China

http: // stbexb.alljournal.com.cn



10

P nt S N

%39 &

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[1

o

]

[J].Acta Ecologica Sinica,2012,32(16):4961-4968.
JEIG S BRI R, A =0 i X R 2 IR+ Bk
43 %k AN [a] 3 I A 2 Y e 7 LT 0. AR 3542 4R 2023, 43(3)
1267-1275.

ZHOU Y W, DAI C T, DU Y N, et al. Response of
soil moisture in typical tea gardens to different rainfall
regimes in the Three Gorges Reservoir Areal]]. Acta
Ecologica Sinica,2023,43(3):1267-1275.

T X BT T AL, AL R b & 2 K 43
X I T B SRR ()] A A5 27, 2023, 42(4) :56-63.
YUAN E S, ZHOU Q W, YAN W H, et al. Response
of soil moisture to rainfall in forest land in a karst region
during winter season [ ] ]. Ecological Science, 2023, 42
(4):56-63.

R RBOY, 2R, S OR R £ A 5 T R B
Xf 3 E K IR Z AR e [T ] oK £ R FEF 5T, 2023,
30(3):69-75.

WANG J Z, ZHANG Q F, PENG H, et al. Impact of
individual rainfall on the changes of soil water content in
deep layer of different land uses[]J].Research of Soil and
Water Conservation,2023,30(3) :69-75.

TRVLIE AR TCIR BT/, 5. 3 g i DG S Y 4 1 ThD - 4K
Gr s ) A AR T KB e ,2017,28(4) 1 515-522.

QIAO ] B, ZHU Y J, JIA X X, et al. Spatial variability
of soil water for the entire profile the critical zone of the
Loess Plateau[ J ]. Advances in Water Science, 2017, 28
(4):515-522.

KA, B SCHE L Bk SN LLBR MRCRE V8 S5 M RRIE 5
i Z2BEE AT OG5 & o M L) . 2R 28 52 4, 2019, 39 (1)
3991-4001.

ZHANG W W, XUE W Y, YANG B, et al. Differences
in community characteristics, species diversity, and
their coupling associations among three Quercus acutis-
sima forests in Qiaoshan [ J]. Acta Ecologica Sinica,
2019,39(11):3991-4001.

BV B SO, 4% R S5 () AR5 BE Xk A b XL AR AR
AREESE L B 5w [ ] 0 AR 25 4l 2016, 27 (1)
3413-3419.

HUANG C Z, ZHANG W H, LI G, et al. Effect of
thinning intensities on fruiting regularities of Quercus
liaotungensis forests in Huanglong and Qiaoshan Mountains
[J].Chinese Journal of Applied Ecology,2016,27(11):
3413-3419.

SIMONSON W D, MILLER E, JONES A, et al. Enhan-
cing climate change resilience of ecological restoration: A
framework for action[ ] . Perspectives in Ecology and
Conservation,2021,19(3) :300-310.

LIU Z, LAN J, LI W, et al. Reseeding improved soil
and plant characteristics of degraded alfalfa (Medicago

sativa) grassland in loess hilly plateau region, ChinalJ].

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Ecological Engineering,2023,190:e106933.

YE L P, FANG L C, SHI Z H, et al. Spatio-temporal
dynamics of soil moisture driven by ‘ Grain for Green’
program on the Loess Plateau, Chinal[J]. Agriculture,
Ecosystems and Environment,2019,269.:204-214.
VE/NBT L G U 20 o A) 5, 45 B 4 v Ji b IXObR b Al A 9% it
JE K L AR 8N BIF 5 ke [T ],k - R 35 BF 52, 2022, 29
(4):415-421.

XU X M. YI HJ, HE L, et al. Research advances on
water and soil conservation effects of forest litter layer
on the Loess Plateau[ ] ]. Research of Soil and Water
Conservation,2022,29(4) :415-421.

TR MG L SR A, AR R % I B B g A R SR MR A
MR R ROR R LT ] TR S A5,
2020,34(2) :175-181.

BAO H, ZHAO P W, ZHOU M, et al. Water holding
capacits of litters and soils in typical natural forests in
south of Da Xing’an Mountains[ ] ].Journal of Arid Land
Resources and Environment,2020,34(2) :175-181.

TR I X3 SC, R, L T R B K gipk +
S U L S AL AR AR B 5 A B SC R LT ] A A4,
2015,35(6):1779-1787.

ZHANG X X, LIU Z W, ZHU B C, et al. Humus differ-
entiation and correlation with other soil properties under
pure forest in semi-arid loess hilly area[ ]J].Acta Ecologica
Sinica,2015,35(6) :1779-1787.

K T P A, SR AL R 0 A M B S )
S M O K Ay R [T T 2 X BFSY, 2020, 37
(3):607-617.

GAO L. ZHANG S W, ZHAO H B, et al. Spatial
heterogeneity of soil physical and chemical properties in
degraded grassland and their effect on soil moisture[J].
Arid Zone Research,2020,37(3):607-617.

XU G C, HUANG M S, LI P, et al. Effects of land use
on spatial and temporal distribution of soil moisture
within profiles[ J ]. Environmental Earth Sciences, 2021,
80(4): el28.

IMHELL, TR P B A, 55 45 2 LU AS ] b 2 T8 + Bk
B H KU IR DI RELT ] K - fRFF27 41 2006,20(2) : 106-109.
SUN Y H, ZHANG H J, CHENG ] H, et al. Soil
characteristics and water conservation of different forest
types in Jinyun Mountain[ J].Journal of Soil and Water
Conservation,2006,20(2) :106-109.

XA o A, 4 )R T b DX A B K 43 % R T A
ARSI FE LT K A 27412, 2009, 40(7) - 822-829.

LIU HW, YU Z B, CUI G B. Pattern of soil moisture
responding to precipitation in humid areal J].Journal of
Hydraulic Engineering,2009,40(7) :822-829.
TEAFE BEE,FNERRE LRG0
KRBT L] P9 LAY 2 4] . 2001,21(1) - 1-7.

http: // stbexb.alljournal.com.cn



%13

0 SRS M LLUBR XA [ bR 43 R A7 38 7K 43 0] 3280 B T 474 i 11

[25]

[26]

[27]

[28]

LIL H, LIS Q., ZHAI ] H, et al. Review of the rela-
tionship between wheat roots and water stress[ J]. Acta
Botanica Boreali-Occidentalia Sinica,2001,21(1):1-7.
EEA S, A A, B XN AR 3R K
T S A BOKARBLLT T AR BE27 1999, 35(2) : 7-14.
WANG M B, CHAIBF, LI HJ, et al. Soil water holding
capacity and soil available water in plantations in the loess
region[ ] ].Scientia Silvae Sinicae,1999,35(2) :7-14.

SUN F H., XIAO B, LI S L, et al. Towards moss bio-
crust effects on surface soil water holding capacity: Soil
water retention curve analysis and modeling[J].Geoderma,
2021,399:el115120.

ZEESR RGEIL ARTE R B b B A DX IRE B e T P o
IR ] AHEHEHLAR T2 242, 2017,35(9) : 798-805.
LI1ZY, ZHAO X K, ZHU Q K. Effects of farmland
slope on soil moisture in semi-arid Loess Plateau of
Northern Shaanxi[ J].Journal of Drainage and Irrigation
Machinery Engineering,2017,35(9) :798-805.

B S SR A BT IGE R A B, S AN [ B T S BE R b at il X

[29]

[30]

AU A K 43 B 2 AR AL R AR LT ] K AR F5 2 3R
2017,31(3) :209-215.

HOU G R, YU X X, LIU Z Q, et al. Spatial and tem-
poral variation characteristics of soil moisture in typical
forest land in Beijing Mountain region under different
rainfall intensity[J].Journal of Soil and Water Conserva-
tion,2017,31(3) :209-215.

i HAE A AT L Ag T 52 T 5 X1 4= 3K 43 30
SEALI ]2 22003, 21(2) :149-156.

HE Q H, HE Y H, BAO W K. Research on dynamics
of soil moisture in arid and semiarid mountainous areas
[J].Mountain Research,2003,21(2):149-156.

4 EA, T4, % 08+ F R/ 5K S0
5 T BB 0 10 L A 25242001, 12(5) 4
715-720.

QIU Y, FU B J, WANG ], et al. Spatial heterogeneity
of soil moisture content on the Loess Plateau, China and
its relation to influencing factors[ J].Chinese Journal of

Applied Ecology,2001,12(5):715-720.

http: // stbexb.alljournal.com.cn



