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Response of soil moisture of typical vegetation to individual rainfall in Beijing

mountain area
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Key Laboratory of State Forestry Administration, College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China

Abstract: In order to reveal the response process of soil moisture of different vegetation types to rainfall of different
intensities in Beijing mountain areas, Platycladus orientalis, Vitex negundo var, heterophylla shrubland, and native
grassland were selected as the research objects. Based on the continuous observation data of rainfall and soil moisture from
June to October 2022, the response characteristics of soil moisture to different rainfall events were analyzed. The results
showed that: (1) during the observation period, the rainfall events in the research area were mainly consisted of light rain,
with the total rainfall of the light rain event accounted for 14.78% of the total rainfall. The response depth of light rain
events to soil moisture could reach 40—60 cm soil layer. The total rainfall of moderate rain, heavy rain and rainstorm events
accounted for 85.52% of the total rainfall, the response depth of moderate rain, heavy rain, and rainstorm events could
reach 60—380 cm soil layer. The replenishment effect of heavy rainfall was more obvious. The greater the rainfall, the deeper
the soil layer that could be replenishment by rainfall, and the better the soil water replenishment effect. (2) The average
soil water replenishment rate of the three vegetation was in the order of native grassland > Platycladus orientalis > Vitex
negundo var, heterophylla shrubland, it indicated that rainfall had the best replenishment effect on native grassland. The
active degree of soil layer had influence on soil moisture of vegetation. The more active the soil layer, the greater the
fluctuation of soil moisture. The average soil moisture variation coefficient of the three vegetation types was in the order of

native grassland> Vitex negundo var, heterophylla shrubland > Platycladus orientalis, while the average soil water storage
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capacity of the three vegetation types was in the order of Platycladus orientalis > native grassland > Vitex negundo var,
heterophylla shrubland , indicating that Platycladus orientalis had the most stable soil moisture. (3) The soil moisture in
each layer of the native grassland and the Vitex negundo var, heterophylla shrubland profile decreased gradually, while that
of Platycladus orientalis increased, indicating that the distribution of soil moisture profile was influenced by vegetation
types. The average maximum replenishment rate of Platycladus orientalis, Vitex negundo var, heterophylla shrubland, and
native grassland occurred in the soil layer of 20—40 cm, indicating that rainfall had the most obvious replenishment effect
on shallow soil moisture, and the replenishment effect on 0—40 c¢m soil moisture was better. The results further explained
the law of water movement in the mountain ecosystem of Beijing, and provided a basis for the ecological environment

construction in the fragile ecological zone prone to drought.

Key Words: Beijing mountainous area; vegetation type; soil moisture; rainfall
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TG I b 1 DXORE U ] R A el SR F 521X, DA JR) SR DA e R b M R IF 5 X 52, R o0i 1
AR ST 0—80 em 37K SR MLALEE , LIS A AL R L XK A SRR FH AR g B (R A ik b
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PRI T RO AU . AR 12.5°C, AEBIRTEZE B 1900 mm , 4E-F- H4 B3 78 600—700
mm,, FFAKEZENTE 7T—9 A0, b AERKIE R 70% LI BN BFSE X ZR AR B 7 55 %A 96.4% , H 5 AR
F B KK ( Oplismenus undulatifolius) S B EL 5 ( Pennisetum alopecuroides) JE =% ( Lagopsis supina) ,FK T
HENF A 1A (Armeniaca sibirica) 38 5% ( Vitex negundo var, heterophylla) 1% JLZE 3k ( Grewiabiloba) , T8 K &£
B M A1 AR ( Platycladus orientalis ) | I8 #5 K ( Pinus tabuliformis ) | ¥ B2 Bk Pk ( Quercus wvariabilis ) . ¥ #4f
( Broussonetia papyrifera) 55, 1IEIAUMEAS 1, L2 K2 HIETA SRERZE .
1.2 W57k

2021 4F 5 J 43 S AEDUATAE i R S0 AR b 372 7 M A e UL RU R 4, B EmSO0( Meter Decagon , USA ; H
JE . £3% ) BUE R AR A STE 7K 43 S8R [ 8 AT BAE AU AR AR 1 m A0 1A R IR A0 50dls . A
TRAEGE— B 2 TR e ) 1 AR S /K R AR, MR Sk SR BRUAE B 20 em — J2 A 1507 20, W43k 19 A1 i
VRS04 (10 em 30 ¢m 50 em 70 em) , 2021 457 H 20 H % 8 A 10 H 7E 8 I [ 5 FRM 2 el ik Bl A 361
SRMEIN T 3 RO RIS AR e A TR R A AR MBS DL AR 1 R A )2 - LA B
# 2, ARWFGRIER 2021 4F 6 H 1 H—2021 4= 10 A 15 HAE Ry W I 30, B RN B 55000 o U5 F 22 067 3 4Lk 1)
HOBO-U30 {43 (ONSET,USA) .

R1 FEHEHHEREHE
Table 1 The basic characteristics of different plots

ey eaoen  pgm DR R AR, s
Sample plot Soil type  Soil depth/cm densilz ( b’k/hn};) thicknessy/cm Slope/(°) Aspect
N]Tzz&gmslan d Bt 80 0.84 — — 15 FA 3
IR AHEN
Vitex negundo var, 1 90 1 3900 4.32 15 9135
heterophylla shrubland
g?jsda dus oriongalis #t 95 0.87 2050 2.09 15 B3
R2 FEEHZEE LB HERK
Table 2 Soil mechanical composition of different vegetation types
= | iy
fiﬁﬁﬁ pe ii?; 0—10 10—20 20—30 30—40 40—350 50—60 60—70 70—80
depth/cm
JE ik 2.88% 5.26% 2.61% 4.36% 3.58% 3.23% 2.55% 2.36%
Native grassland By 48.58% 49.37% 43.02% 52.14% 66.92% 74.39% 61.27% 43.57%
bk 48.54% 45.37% 54.37% 43.50% 29.50% 22.38% 36.18% 54.07%
F- 4R a a b a a a a b
FIZRHEN Kk 0.56% 1.15% 0.82% 0.63% 0.65% 0.70% 0.62% 0.44%
Vitex negundo var B 25.40% 35.47% 31.30% 30.67% 34.03% 34.31% 35.92% 34.85%
heterophylla shrubland B 74.04% 63.38% 67.88% 68.70% 65.32% 64.99% 63.46% 64.71%
LA b b b b b b b b
ik ik 2.26% 2.55% 2.05% 2.83% 2.83% 1.78% 3.12% 2.49%
Platycladus orientalis i 49.06% 58.37% 63.77% 61.94% 59.69% 50.03% 62.21% 57.87%
WL 48.68% 39.08% 34.18% 35.23% 37.48% 48.19% 34.67% 39.64%
A a a a a a a a a

Hiki (<0.002 mm) , BPAE(0.05—0.002 mm) , B4 (2—0.05 mm) ,a fCFEM P+, b FCERD T+

1.3 Bfisb B 55
TR T 24 h (9 RE R A A 19 U S (g 7 =070 e R R R A 1A e /K S 30 b o,
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24 h BEW R 4 G/ (0.1—9.9 mm) FIFT(10.0—24.9 mm) KR (25.0—49.9 mm) \Z& N (50.0—
99.9 mm) " BT RGHE S HHOK S ESLZS W, A3 /INET PR RR 2 R R P A AR K SR
it R I | K A AR R b SRR K B AT A (] A 0 e S A S A 3 X R R WY
HRBR TR AR

ASW, =SW, ... = SW,, (1)
At =1, —t, (2)
At =t .~ b (3)
_ASW,
V= AL (4)
W=23 6.4 (5)
o, ASW, HBEFIX S 0 JZ2AAMA R (mm) |, SW,,, WRERS S @ 12)2 St K R E (mm) | SW, , JFER

WIS 0 )2 B3GR AR ; Ar, IIETRIG S | J2 BRI R, o R TF AR BRI, o, R RFRN G 5
i )2 EHEOK A TFFURAE K AR Ar, RFEWE SR 0 )2 HHOK MR BIEE R, ¢, WG EE @« )2 50K
A3 IR BN AE AR T 3 V A 33K AP AD A% W S 0—80 em TIEAE/KEE (mm) | 6. 4 HIEK /1B IR 28 45 )2
TS K (m™/m™) 5 &, AN ZRE (mm) AR 4 2R R 20 em, 2231 80 em,

FIFH Excel \SPSS 20.0  Origin 2021 3B HE 4743 B S il 1, A R 28 0 28 24 BIEAR R £ )2 R[]
REBE 5 K R T 22 Sk e, B3 /KA P<0.05,

2 BEREH o O

21 A 5 ~ W | E
TEEIMR] DI IEAT 34 W MEmI i, kel B 5 N

BESILS I LA AR PR S EE 100 2

AN, PRI P BRI R R UCR 58.82% 5 | / l, 2

1 17.65% ; B RTRICHIA SR REAY SR B, 51 . 7 7,

ST Y 39.59% F1 28.75% , it %5 [ TR 2 7 25 AL 1) L S

TG T I B R 3 | T R 5 L 5 PRI Rl vt

22 EHOKS AR Bl WA

221 Z:E“;%Fﬁ$ ﬁ: i l%@]( %&ﬁé 'pC #?E Fig.1 Rainfall level characteristics

R T ARG A I T 7K 3 0 A [ e TR 44 P o 3, 35
IR AT 24 h FIRERN IS 24 h PN TGRS 9 DU S SRR RN EA T 4308, e 9 A 26 H /.9 A 14 H A,
7 H21 HRKWE 9 H 4 HAZR, XX DU 0% i AT 3985 K% W5 & 2 oK B3 S 7KkR it 175047, il
2 AT, P37 RE TR T 0—80 em 42 3K 3 AR 2, H R4 T, MR JRISSHE A 37 e b 1) WO i 4= 8
KRG WG R E KRR 2 S N T BRI BTN S A 398 5 7Kk 3R B 7 e TR S 280 1) 184
KEB KGR, DWHEAEEXT 0—60 cm )2 LK HITENG, 45 L JEFH LK KRR
5.55% .2.66% .0.35% .—0.10% , K/IMEKIK N 60—80 cm<40—60 cm<20—40 cm<0—20 cm; R KRN 2
IR 0—80 em )2 IR 3 AT FE P I S AR D, & )2 3 K KRl 14.80%,7.39%,
8.74% ,6.03% , K/IMKI N 60—80 cm<20—40 cm<40—60 cm<0—20 cm; K FFH 4 + 2 V-1 3K 43 1
K& N 34.46% ,31.50% ,16.80% .7.89% , K/IMKIK F 60—80 cm<40—60 cm<20—40 cm<0—20 cm ; 7% W ZF 1
P&+ 2 K KRR 65.23%,53.51%,29.29% ,20.18% , K /MK 60—80 ¢m<40—60 cm<20—
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40 ecm<0—20 cm; & FERTHAE 1K A E 38 KR 2.11% 9.24% 22.66% 42.05% , K /MR R/ INFE < il
<KWI<ZEM , MIAE JAISRTHE N 375 b A DU 37 [ o 2 o2 H 8K A K 0 25.54% ,17.84%,21.38% , K
IR R 25 HE A< <A

— T A kR — A AT R K A kR

—O— M R AKE  —e— IR A kR

—A AR ERAKE  —O— MR LRk AR

+394, 7k 2 Soil water content/%

10 20 30 40 50 10 20 30 40 50
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N\ AN jmm]
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g N T
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) 0 T T T 10 T T T 1
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Fig.2 Soil moisture content of vegetation in different rainfall events

2.2.2 A2 KB CRAE

& 3 AT, = PR g 2 A A DU 7 S R 8 W v ) 3K O R IR 25 55 0 2 AT R RE A 5 L ) -1
T IK AN 18.13%—35.81%, T IR G K FA 7 RN 4.50%—12.95%, Tt B b 1 35 5 K R B {H K
28.48% , 4% + 2 T IS KRR/ IMEIR N 60—80 cm<20—40 cm<40—60 ecm<0—20 cm; I 55 A e 5 7K K4
{BH 20.10% , 4% +J2 3B KRR K 60—80 em<20—40 ecm<0—20 ecm<40—60 cm ; MIAH 13 & k%
PIE A 33.84% , 4% +)2 HIEH ACRKAMEIR N 0—20 em<20—40 cm<40—60 cm<60—80 cm ; A I 55
P Fie b - 38 K St i 9 RN 60—80 em ,40—60 em ,0—20 cm, F-¥ +HEE KR A AR T R EOH
G350 9.41% 8.09% .6.92% , 7% 5 FRBEE K/ IR hy 37 580 1 > 00 S5 HE A ST, 2% B =l Bl 245 780 v 5 5
1) I E KR B i I, 4% T2 2 BN BSE iR A, SRS T2 IS KR R R )2
TR A S B L 1 o 5 | TR R SE e S B E s a3, AR SR AR S5 RECK/INRI 43 T 45 IR TR BR A5 )
(25 REL CV=30% N AE)ZE ,30%>CV =20% A ER)Z , 20% >CV = 10% A IR TEER)ZE , CV<10% R AN R 8
2P, FEEH 20—40 em 2 FUHT 0—20 em +J2NKIEIRZ , KA+ RS T EZ .,
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Table 3 Soil water content characteristics of four typical rainfalls under different vegetation types
A+ 357K F Soil water content/ %
s SV Fay— =
Vet Do MRk e EERE R
Minimum Maximum Average value of variation
Fi R 1 0—20 26.40 42.62 34.04+3.06Aa 8.99 AHXS FE J2
Native grassland 20—40 20.29 36.50 26.72+3.46Bc 12.95 VLI N
40—60 24.18 34.25 27.83+2.03Bb 7.29 AHXS FE J2
60—80 22.00 28.67 25.33+2.13Bd 8.41 AHXS F e J2
R SRHEN 0—20 16.20 23.80 19.88+1.43Ch 7.19 ARXIRRE 2
Vitex negundo var, 20—40 15.56 23.10 18.92+1.55Cc 8.19 AHXIESE 2
heterophylla shrubland 40—60 20.10 26.01 23.46+1.65Ca 7.03 ARXIERE 2
60—80 14.93 20.89 18.13+1.80Cd 9.93 AHXS Fe e J2
ik 0—20 22.66 42.65 30.93+3.65Bd 11.80 WAR R
Playcladus orientalis 20—40 29.20 39.53 33.93+2.31Ac¢ 6.81 AHXS Fe e J2
40—60 31.51 37.48 34.69+1.59Ab 4.58 AHXIERE 2
60—80 32.36 38.64 35.81+1.61Aa 4.50 AHXS Fe e )2

RNRV/NG FEERIR TS KR TR bR 0] 22 50 W3 R RS 5 BER R 1385 K TR A [F) A % 9] 22 57 .3 (P<0.05)

2.3 BHUROAMAFRE
231 AR S LK A AR

A 3 4 &S w2, 49K G5 X A (] R T = 42 1 o 7 A JEE AN TR) /N R S v AT 4 i 7
(7.00 h) >HIZHEI(5.50 h) >TEHHL(0.50 h) , FE 5 H - K I3 #M 5 3H H (0.41%/h) >HISHEMN (0.27%/h) >
MIFI(0.19%/h) o LEFRRFAFr IR 25 HE K 43 i B (20.00 h) >UA1(19.00 h) >TiHHb (8.50 h) |, Fii b
N R (0.66% /) > M (0.63%/h) >HIZHEM (0.36%/h) . 1E KT F A, I0) 4 K 53 1 Bz i<
(8.00 h) >flF1(7.00 h) >FEEHL(0.50 h) , Fc B+ HEK 43 A K (3.99%/h) >MHA(2.89%/h) >F 4 HE M
(L.71%/h) o FERFSEAEH DA 73R IS (5.00 h) SR (1.00 h) >TEFHL(0.50 h) , Fii 5o i - K
AN R (.47 %/ ) > (6.78%/h) >FRIZCHE N (2.94%/h) 767N [ J& W9 = 14 v, A 1 357 o 97 B4
(9.50 h) >MIF1(8.63 h) >FEFiHh (2.50 h) , Fe Bt -1 12 + K 73 4 45 5 (39.86 mm ) FIAP 4534 (3.13%/h)
SMHA(36.66 mm,2.62%/h) ST HE(23.28 mm, 1.32%/h) , MIFA FAI S TE DA 57 B b B - 357K Wi 37 Fp G
FH R BN IME RIS TR TR > SRR > /NI > 28 T, 37K 43 %0 45 1 TR 25 3003 B R B /IMIRUR by 2% T > K RS > H R >

/J\ﬂﬁo
24
i
2l 22 i
N X

—_
(=)}
T

LSR5 w1 IR

Response time of soil water/h
%)
T

N
T

.

(=]

/NF T KT #W
[ TR 3} Rainfall event

B3 7[E RIS A5k 53 i R B

Fig.3 Response time of soil moisture under different rainfall

events

R Y

Soil water replenishment/mm

120
(I3
LA I HEIN

100 - RN A

80 | I §

60

40 z

20 F

0 xS E 3

/NF T KM W FH

[ 7 Z¢F Rainfall event

B4 FEBEREGHLEKIMGE

Fig.4 Soil water replenishment under different rainfall events
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232 A L)Z BRI HMAHE

2 4 T, /NF SV P B 0—60 om FHI 4% =0 -
I 0—40 cm MR 0—20 em HERFHERIZERIF S S0 i
AEAMAEI, SRR 0—20 em HEHHOK K2 |
AW e PR FTE HE L 40—60 em  FRI 25 TE A 20—40 em %é ] i N
W01 0—20 em IR HHOKSIRIRAL, TR Ak XE |
SYAMA AR MEY g 0—20 em>20—40 em>40—60  HE Y[
om FIAMA TR RN 0—20 em> = 2| 7 T%@
20—40 cm; "RV KR BRI FF T =R H 0—80 cm 0 Lz [N
R S 5 2 I, R B 8 020 em B
J2 UK SRR, 60—80 cm 20 B ik, 9 2 :
H - HE K A 2 MY S 0—20 om>40—60 om 5 REMRMEHLEAS A ES

Fig.5 Soil water replenishment rate under different rainfall events

>60—80 cm>20—40 cm | Z5 9 A 1 2 3K 53 4b
YRR/ IMKR IR N 0—20 em>20—40 cm>40—60 cm>
60—80 cm AT A=K 43 M A/ IMR IR H 0—20 em>40—60 cm>20—40 em>60—80 cm; KR FH i
b S HE NS )2 K ANA R K IME RN 20—40 ¢m>0—20 ¢cm>40—60 ¢cm>60—80 cm , MIFH5% +
JZ B3R AR R R/ IMKIR R 0—20 ¢m>20—40 cm>40—60 cm>60—=80 cm; Z& W S i b5 1+ = +
K AR TR IR A 20—40 em>40—60 cm>0—20 ¢m>60—80 cm, il 45 HE A4S 1 2 4 SEIK I3 I 45
FRIMER K 0—20 em>20—40 cm>40—60 cm>60—80 cm A4 + 2 4 HE K I3 #h4 E F AR /IMK IRl 20—
40 em>0—20 cm>40—60 cm>60—80 cm, £ 1 I, 32 7 A 1 )2 0 = HE K 43 ma g B R/ IMK IR Ry
60—80 cm>40—60 cm>20—40 cm>0—20 cm, TIFK M 2K /MEIR H 0—20 em>20—40 cm>40—60 cm>
60—80 cm , KM HE TR K /IMKIR K 20—40 cm>0—20 cm>40—60 cm>60—80 cm ; 7] 55 #E A + 2 1) + 38K 43
Mg 17 B K R/ IME TR K 60—80 em>40—60 ¢m>20—40 ¢cm>0—20 cm, + 3K /04 K /IME IR N 20—40 em>

F4 FELETZEARSIGEE
Table 4 Characteristics of soil water replenishment in different soil layers

/N il N 2l

Light rain Moderate rain Heavy rain Rainstorm

R KRR/ em

Sample plot and soil
per WIRL AMA AMA R AR AR WM MR RMA WRL W A

depth/cm K K . R
(NN i AR K L BRI s BRI s R

FEEL ;L Native grassland

0—20 0.50 2.86 0.32 5.50 8.12 0.34 1.00 20.98 1.45 0.50 32.10 3.21
20—40 5.50 1.72 0.11 8.00 3.92 0.14 1.00 23.02 1.59 0.50 31.34 5.70
40—60 7.00 0.68 0.04 12.50 5.82 0.23 1.00 14.40 0.99 1.50 19.00 3.45
60—80 - - 12.50 4.06 0.16 1.00 0.80 0.13 15.50 20.23 2.25

FI 2 HEIN Vitex negundo var, heterophylla shrubland

0—20 2.00 1.98 0.21 16.50 5.56 0.20 7.50 7.14 0.46 1.00 15.20 1.32
20—40 6.50 1.83 0.17 20.00 3.24 0.14 7.50 11.76 0.71 3.00 15.00 1.20
40—60 - - - 20.00 2.82 0.09 9.50 8.18 0.44 7.00 12.16 0.74
60—80 - - - 21.00 1.94 0.08 10.00 7.06 0.37 9.50 9.72 0.49
fi#4 Platycladus orientalis

0—20 9.50 4.62 0.28 16.50 8.98 0.35 7.00 29.48 1.97 2.00 39.92 3.33
20—40 - - - 23.00 3.46 0.13 7.00 11.02 1.47 2.00 20.62 4.12
40—60 - - 25.50 5.76 0.20 7.50 4.78 0.64 2.00 11.94 2.39
60—280 - - 29.00 3.06 0.11 7.50 3.28 0.20 2.00 12.74 0.43
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2570 JAE = 44 %

(1) AR5 DL ] P 70N RRT 2028 1) A TR o B ikoR ol 14.78% , Hr R KRR 2% R (R R R 2 TRl 85.229%
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