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. BT LLAC BRI R 7 AR A R TAUATIAR M3 TG (40 m x 50 m) BFFEXS 4, Al Diviner 2000 &% 1 44X 3% 1 o 30 S
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8Ky BEE B IR RS BB SWS FHiE i, F B MEEMIEE 0.5 m 5 1.5 m &b SWS 22573 i3 (P< 0.05) ; /KB SWS
WK TBEK(P< 0.05) , 2 BkZF A7+ SWS BB ILT L3AL(P< 0.05) , 7K - {755 TR it X 33 161 SWC B A 8 Jm A
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Spatial and temporal dynamics of soil moisture and its influencing factors on the

slope of Platycladus orientalis in Beijing mountain area

SHEN Hanyue', XIN Zhongbao'* , WANG Zhijie’

1 College of Water and Soil Conservation, Beijing Forestry University, Betjing 100083, China
2 Upper and Middle Yellow River Bureau, Yellow River Conservancy Commission, Shanxi 710000, China

Abstract: Based on the high-density observation method of soil moisture on natural slopes, this study clarifies the dynamic
characteristics, spatial and temporal stability, and influencing factors of soil moisture on the natural slopes of Platycladus
orientalis in Beijing mountainous areas. It is necessary to provide a basis for the assessment of the impact of ecological
restoration on hydrology and water resources in the earth-rock mountainous area of northern China. Taking the slope (40 m X
50 m) of Platycladus orientalis forest land in Beijing Jiufeng National Forest Park as the research object, 30 measuring
points in the natural slope were measured by Diviner 2000 and the soil water content ( SWC) above gravel layer was
observed from August 2014 to March 2016. The results show that the soil water storage (SWS) has visibly seasonal variation
characteristics and is consistent with the quantitative value change trend; the average SWC of different soil layers is in
intermediate variability and the SWC variability decreases with increase in SWC. Soil moisture has a high time stability
during the entire observation period. The No.2 measuring point located on the horizontal slope is the most representative of
the average soil moisture in the study area. With the increase of the distance from the tree, the SWS gradually increase. In

spring, summer, and autumn, the SWS at the distance of 0.5 m and 1.5 m from the tree is significantly different
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(P<0.05). SWS of the horizontal level is significantly greater than SWS of the steep slope (P<0.05) , and the SWS on the
downslope in summer and autumn is significantly lower than that of the upslope (P<0.05). Soil and water conservation

engineering measures have important influence on the SWC distribution pattern on the slope.
Key Words: Beijing mountain area; soil moisture; temporal stability; seasonal dynamics; micro-topography

THOK DS H5MEBRG  AB WK e Y ZE M DL R 1 T i R R O S R e
Pl — R INK SCORAZ 5 R A S AR B K At e B R e A K ) SR R R AEAR KRR v
THEBRGALMINEED TR TR A B SE00R 3K SO 9 S B, K4y St
AT HZ B R0, K 4 e B 0] b BAT 28 Sk, BRI T it ok ol 2 A X6 1 5 IR A B A A G AR & O
B,

Vachaud %5 1 YU H BB RS e PR RO, 15 HH 25 1) b A S O 5 A1) - 39K 43 st 1) | BN HR 2 I
1o BCRFEE AL, B G 3ok S ORI 5 7 e — s ) 7 3 S K B ARMR IR A B AT THE 59 — B T AR e AR AR 57K &
RIHEZS (0] A8 A% SR 22 30 LR B (] AN AR ol A8 Ak LA A e PR AR AR, 350 S8 LI et BB A R A5 X S8 - 35 £
ARG, PR 3E 3 53 BT K 43 0 e B0 P, & HH ORI AR b EL A S A3 A, X FE AT Ak 2> 4 K
3 W A TR Fsf SCRE AR AR S AR . I AR MR A & 29 5 | T4 2 15K b h, DL
TIE AT V228 56 396K o B5cdle 70, P R i e B AR S s R O 9 X0 2 39Kk 430 O ELAE B AR
et s T DAFH S RIS T K SCRRL Y A K ek T RS o R T AR R | A Bh TS 2 S R A - K 43
R Ji] S A PN K A A TR R AR AT S ER AR B e R X TR X Y d T
L XK BRI e ) 5 ARSI 12 e BRER SR RE IR O WL AR AR S | 2 HTE
it 2 3k — X 35 K o e oY

IR MBTE | ORI R, AR RIS ) A5 R R 5 AR K 4) . Feng S0 IAH B £ 18K 431
o0 7 4 o0 N i o 1 AN O i ¢ 0 N AN £ R 3w o D i 7 9 D O =18 2 0 1 NG N o
YA AT 5 MR s R R B R I R R 3 R B M R R K A AR Y S R N IR
Ji ) =5 A7 i I FRAS B AR VE ) R B S . 1988—2000 AE b 5t 1L XA # ™ H R Ak, 2000 4F LLJE SR BUK
A SRR S LR A TR R VR A e B BT B R I e i TR XA
XASIHR S T EZE,

R XA A A K TR 5 X, B i # A S e S e k. BHan, Jbatih X 38K
SR E A —S T 2561 K Sh 28 R DL R4 IR 7 A e 197, ORI o5 £ & — AW LR R
3 AN A, M AT AR 5t Ll X ke = 11 AR 3 T R v % B A s RGBS, A ( Platycladus orientalis )
SR AU T L X 53 0 R 0 B ARL B b AT AR A g SRR e 1) 3 T - K o3 0 S A AR A | I )RR P B
S R 2 B B S, AR AL 5t 7 LR 0 [ R R el AR MR AR T A X 4l ek AR T RS
B AT 0 K A RGO, B AE AR 5T LU DX T 3K o B[R] B A8 AR AR R AR 8 7R 3 1T - B K 4 B[]
8 PR AIE B X 22 DR 2R g 1o 1ok 2, 4R X6 0 5 1 X395 i = 387K 43k 25 s 25 K S i DR 2 A TR, S b ot
LU DX ARARAE 25 R G TR S K IR AL 25 PPN FMROK OC R A AL A BRI S %

1 M5 T®

1.1 R IXHEA

SIS A TG MO K 2 2 S B - 08 1L R e [ G AR AR A T, JE 2 390547 R4 116°28", R A Al
J& TAEAL B T 2P0 2 T R R Rl AU X AR 3R 11,6 °C L femy it 41.6 C, IR -19.6 °C,
AEZE RN 1900 mm , AE-E YRR AE 600—700 mm , Z4EHTE 7—9 H 1y, (5 &K T 70% LU L, Mg
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PRI L b 2 22 K WA s BEAE 100—1153 m ZIA) M A2 % 24 L3 B2 DL 15°—35° 28 3, oy 1l B i AR
(1 70.4% ., BFFEIX H-HEHAR #1200 + R Rl 50—70 em BOR )2 HIEE hER AR REET )R . H
1 7 5 R 96% , T TE AR B 2SR R N TR R SR R A AR, e MO A ( Platycladus orientalis )
WA ( Pinus tabulaeformis) 75 A ( Larixgmelinii) J& 28k ( Quercus variabilis ) %

ARHIEFE LARE U6 ) 52 AR AR N TEl A MRS T (40 m x 50 m) FEHB ARG 0T, A5 I T0 ) 3 IS A3 i, T
2014 4£ 6 5 HZE 6 J1 8 HEAT 1 HuJE I FIRE o ] 2 AR, ) A 0 1A A M T 4RCTE 158.1—178.6 m 2 (], 3
BEZAE15°VU I, G0 T AR S AR 0235 B AR o DA KBy BEIR (G2 3 H BEYE M 4 FRBOWIE . FEHL
AR LA, FEARA 289 Bk, ARAT B 1445 Bk/hm? SEXIRREIEE N 2.6 m, Hirp J42> 9 cm (4 F- 44k 6] B K
3.0 m, AR R HER ARG A T, RAESE A T 58 & 9945 % L% 3k ( Grewia biloba ) ) 2% ( Vitex
negundo) F4# ( Broussonetia papyrifera) SEHEA , FEAR TC A3 , MO V& W1 IR D
1.2 FE i S8R

T2 LA ) BIVA 2% 03 F AR IRT, PR 1A T K8 40 m x 50 m RSS2 7 ik 3—6 B E W
W RSAE WU A B 5 557, BEAR AR 4—T7 I S5A7 , 3 A5 1 TR 26 - 58K S 52 i, S 7] fig
FER — 5 2 DA AR A (0.5 m 1.0 m 1.5 m) WA & —4, Sz AN Tz, + )2 EE
YT A A EA B 220, KB AR B R AR S i T R RE, R IEK AR EE SR 70 em ; 3 T 1R BE
PR A T BEYE b A 2 AR, K o IR BE R 50 em 5% 60 em, HOWIZREE A BEBTZ DL A4
A+ I)Z . WIMEREE K 50 em 60 em 70 em 43 B4 10 4> 4 ANF116 A, FEATSE 30 AW 5407, LI A5 14
PIREES N 5.7 m, T 2014 4F 6 H 14 Sog lEPAME B TAE (£ 1,18 1) . ASLE: SWC AYHE HE T Diviner 2000
ASCHES SR T P 2 S B 2 - K 0 LM (BT B 4 10 em, HFAMULIN A 1] D 2014 4F- 8 A 19 H 2 2016 4% 3 A 31
H 00 38 ¥k, & H 2= /D 3k — W, Ze R 5 LA 2 7 R0, i P 0Ll (] B hn %%, KECS d
M —x

1 TEASUNEHSFEIZIT

Table 1 Distribution design of soil moisture observation points

wmass  ser om0 wwmr o | owmasT mws s U0 wwer

opsmauon Micro- 51(.)99, fo | Obsemation Lo O.bservation Micro- 51@ fo | Obseration L

point number topography  position 1ree/cm depth /cm point number topography  position ee/cm depth /cm
1 KBy 7 50 60 176.2 16 g Li/13 50 60 169.1
2 KB ¥ 150 70 176.4 17 i g 100 70 169.0
3 KEH L3 50 70 176.7 18 Gehih g 100 70 166.2
4 KB [-4 150 70 174.7 19 Bk g 150 50 167.7
5 KB i1 100 70 175.2 20 Bk L1712 50 50 168.1
6 KB b3 50 70 175.8 21 BE TH# 100 50 168.1
7 KB ¥ 100 70 173.0 22 BES T 100 50 166.0
8 KB I3 150 70 173.7 23 Zidt TH# 100 70 164.2
9 7S BT ¥ 3 50 50 174.2 24 e 38 o T 50 60 164.4
10 KB i1 150 50 171.6 25 BE TH# 100 50 162.6
11 KBy s 150 70 171.6 26 BES T 100 70 162.7
12 KB sk 100 50 172.1 27 Sy TH# 100 70 162.2
13 BEIR sk 100 50 170.2 28 it TH# 150 70 161.4
14 Wi g 100 50 170.5 29 Sy TH# 100 70 160.2
15 KB sk 50 70 171.9 30 Shih TH# 100 60 159.5

L3 Hriik
(1) SRR A P -3 5 /K 4 B AR BV Y S e o XA - K A it aa e 0y . R AR nF
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SWS=6-h-10" (1)
A, SWS 2+ E K E (mm) , 0 5 AR S K E
(%) ,h NEZEE (em)
(2) & a1t
BEAIL AR B A0 5 FORE EE , BDAR S Y KN, AT AR 57
FHCV BRI SHEA R

cv=" (2)

m
KA, m MEEARE I s IbruE2E MRS B 4y
K. CV<10% M FI25 2 10% < CV<100% Hy v 45748 &

N

o WP AL

P CV=100% R A8 Sk WRME
(3) BB Spearman A SR 530
FFHAES M Spearman AR CAS 3, 7T LLAS 36 A
[F] B[] /)N X SWC 25 [a] A% ey 9 — 5Pk s AH L1k 1 LEASRAURZES T
Spearman BEA G 2% r Wt Pk E X Fig.1 Spatial distribution of soil moisture observation points
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i1 3
n(n® - 1) (3)
A, n R SR NI SRR E R, A i FESR] 7 ORK, R, SIS ZER TR 7 ARk, r (BDBRHEIT 1, AR
A 37K 5353 TRV R PR AR
(4) M w22k O RN )RR P HE B (1Ts,) P

r,=1-

by=——— (4)
i
_ 1 m
j:g;‘gzj (5)
~ 1<
6, =—2,6; (6)
nj:]
1 < _
0-(85) = (‘Sbj _8i) (7)
n—1:3
ITS, =./8,> + o (8,)° (8)

2, j O IERTE], @ I EOEE, 6, | 6, 43 ISAETE] j IR i AR AR (R 22 | BB KA n S K 3 I
B, m RS RLEEL, 6, S BFSEIXNR] j AT IR, 8, .o (8,) 43I0 i DN ) ;A i ) - 03¢
FrKERPFEIAXRZE (MDR) SEIFEX MRS AIbRERS . EIAEX 22 HOARiE 251N DU () RS P ek sy . 38 1B
PR 2E T T 0 PR 22 (R LR NI 5 A PRI IX A - e ok &7
2 #R
2.1 KBS AEL

THOR ISR FN LML, AN SR, B HEE KR (SWS) FEEIEAK -, BB
TR K, FZE SWS HR/NEFER TR MG 2 R KANG , SWS B ET 2T, fk 2R 9—10 H ik 216 (H

ARG SWS B 1l 5, ~F- 34 SWS 5 FEK 1 A 47— 3, 1K 2B B sk (& 2) .
2014 2015 4F 12 H SWS 4351~ (78.2+24.6) mm ,(159.2+37.1) mm,2015 4t 2014 SEHE 0T 103.7% , £ WL
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Fig.2 Rainfall and monthly mean SWS

SWS. +HEE K E Soil water storage

FEA WD PN 35 /K& (SWC) B A T IETREE 938 A in (R 2) . 0—10 em 12 A9°F1) SWC 1K,
K 12.7+7.9% ;60—70 cm +)Z A4 SWC 5, N 26.4+8.9% ;10—20 em +JZ H 3K B i bt + )2 19
TR 37K A3 1 i A b H 28 X34 1 AN K, A8 i A 4.6% ;0—10 em ,10—20 e¢m ,20—40 cm ,40—60 cm
60—70 em HJEZAF SWC A BFMZES (P< 0.05) . AFIIH SWC H)-F-1728 5 R BN 38.4% , %)% (0—10
em) SWC Y748 7 ZEE K (62.2%) ,10—20 em 1 )2 + K 531948 5 R FGHR N3 33% , 0F 58 X AN [A] 1 )2
M E K IAL T AR S, S SWC 5728 5 REWARDCHE (K 3) R, 34 SWC s FIE 5728 5 R 8 R
L RYLRPEAR G Y ATSE X A SWC B m i, SWC Y28 SRR

F2 AELETH SWC HZEITHT

Table 2 Statistical analysis of mean SWC in different soil layers

+)2 HfH b2 AR RA
Soil layer/cm Mean/ % Standard deviation/% Coefficient of variation/%
0—10 12.7e 7.9 62.2
10—20 21.8d 7.2 33.0
20—30 23.4c¢ 7.5 32.1
30—40 23.1c 8.1 35.1
40—50 24.8b 8.8 35.5
50—60 24.6b 9.1 37.0
60—70 26.4a 8.9 33.7

[FF AR F R R 22 7 B3 (P< 0.05) ;CV . 2853 223U Coefficient of variation; SWC; 135 /K& Soil water content

2.2 THOKSI AR E P

HF 5 DX 2 ORI 0 PN AS () et [) B - 397K 4375 12 1) Spearman kA 56 28 B0 B4 ik 7 (35 3) , Spearman £k
AHIEZBLE 0.01 /KT B34 B AR BEBIRIFSE X N SWC ZERE AL N 8 B 458 s 1IN T R 1 . BRAH G 2R
BORT 0.8 BULLAI N 56.6% , KT 0.7 B LA N 86.0% , AT LI H 4 KB/ It BEE AR R 0.7 L E

¥ SWC [ PR A X i 2% (MRD) H/NEIRHE T (] 4) , #5R FLR ] F80E R RR1E . SWC B MRD 22 {8 [l
H-28.9%—52.7% , 25 W& }181.6% , W] LAFE H MRD () 3% 3l 785 Fil 45 K S 25 A0 X6 22 i An 1 22 F3.8% —
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16.9% 22 [, K 43 W0 153 5F- 851 4 X6F Ot 25 1) 1 25 /N T
10% , FL- R %0 0 22 B3 22 B F- 2 18 8.29% , 1] O
RSG5 K S IV RSE PR . JEF MRD 33 2kl 2 y=-0.14x+ 3457
T O(FE£5% 2 P HLMHEIT 0) B | 7T i A8 P 2 120906
HAG R X (-2 k43220 IR S 7T L
BRI 42 5 W7 SWC 95364 7 4>, X B R T
Bl 5 LTI 2 4.5 S0 A rh R R B Y
20 SN A BE LAY 21,22 24 S U 5 R i s [] 10
B MEHE B (1TS) (R /D 3K S 9 I T B 1 T e
SR EIN 27 T 7 AR A TS, & B 2 5 Mean SWC in full profile/ %
sl B HEURBPFE X AP T HOR I . B2 B SWC 5 E3 FHSWCHELERRHMXR (2014 4 8 1 19 H—2016 4F
WFEX -2 SWC B (8 5) B EMTRXFE 3831 1)
Y4 K4y Fig.3 Relationship between mean SWC and CV ( August 19,
2.3 B 2 2014—March 31, 2016)

8T AR 53 B A5 AR A L B s 1 4 A i Sy, g, Y Coctetent of varation
i M T A B DL R BT N R R LA
MR 03T 3 A T A DSBS SRS AULIN 53 A 8 7 5k AN T T K 435 ) A Ak B S R 2R AT
ST (R 4),

20

BREAM CV/%

80

60

ITSZ =4.7%
40 +

ITSZl =6.2% ITSza) =8.1%

20

2 417

5 22
g 1451024217 2975 285
26 ] 616
132019 2723

30 ITS;4=79%  ITS5=5.1% ITS»n=6.5% ITS;=6.1%

SRR ZE MRD/ %
|
|
|
|
|
|
|
|
|
|
|

0 5 10 15 20 25 30
FeJF % Rank

4 SWCHFEHHEMREMRKRESMNEEREEEH
Fig.4 MRD of SWC and ITS of representative locations

MRD: Mean relative deviation; ITF; Index of time stability

(1) b IEREm 25500 KT-By R BES b BEIR 4 MO T SWS fEAE .25 5% (P< 0.05) , /K-
B SWS i 2 5 TREIR , 7K - B 76 R A LI 9 - 2 &k i 4 L B/ B & 19 SWS 43071 4 (96.3+31.8) mm
(167.7+53.3) mm, (182.6+43.8) mm,(159.7+42.0) mm, &2 & T HEZ A SWS, 4351 i H140.3 mm 71.0 mm
72.9 mm 58.9 mm , fEIE XTI SWS EAT B B9S2 IR , KF Bt - 8K 4 B R RFER

(2)efi, e b5 SWS 29 AR Y DAY 53T Z M SWS fAfE 2R, BEMAE LAS
T Z B SWS AFETE R E 25 HHA 2 ASZ L3 B3 & F R A (P< 0.05) , B Bk ANZETT B3
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{EHY SWS 4351124 (158.8+48.8) mm . (173.6+39.4) mm,

YA SWS 435114 (138.3443.7) mm | (152.5+33.0) § »
i, (7 H TS5 B 20,5 mm 211 mim, X5
(3) VL AR BE B 25 ORGSR % 2 os
Big52 0.5 m 1.0 m 1.5 m AbR BEH BB BN, 5 45
SWS ATEHA %, RFF WIS E R E y= LISt 034
R AR, 4B AR 2 E SV MnAeE, S
HoAls 3 AT AL B REERS 0.5 m 5 1.5 m ] ik P00 s 00 253003
BB (P< 0.05) . 4 L BORELERT 0.5 m A LRI Memsere
SWS 234 75.318.6 mm , (142.8+44.4) mm . (155.0+ E5 #iF SWC ERRMER 2K SWC HILLR

34 9) mm. 1.5 m m\ SWS ﬁj\ jE;“J ﬂi] ( 95.6+ 34 9) mm Fig.5 Comparison between average SWC of observed plot and
SWC of ive location 2

(168.9£59.0) mm (179.3+50.3) mm, % & Tk B M of representative location

HES 1.5 m 4b L 0.5 4b SWS 435130 T 20.3 mm ,26. 1

mm .24.3 mm,

F4 20155 3 BZE 2016 £ 3 ARMEERT SWS HETEETL
Table 4 Seasonal variation of SWC under influencing factors from March 2015 to March 2016

%% Spring H % Summer % Autumn 27 Winter

AL brif briif biifi brifi
’ deviation/% ’ deviation/% ’ deviation/% i deviation/%

Wi i3 88.5a 27.5 158.8a 48.8 173.6a 39.4 151.1a 37.5
Slope position i 84.3a 33.8 148.2ab 61.5 164.7a 53.7 144.6a 41.7
T 84.1a 18.3 138.3b 437 152.5h 33.0 130.3a 28.5

ey KF-B 96.3a 31.8 167.7a 533 182.6a 43.8 159.7a 4.0
Micro-topography Gehih 87.0ab 19.7 147.7ab 48.9 165.8h 38.2 138.6ab 35.7
e 38 o 73.8b 11.3 129.4h 37.3 141.1¢ 23.1 126.8h 17.6

BEIR 56.0c 8.1 96.7¢ 29.8 109.7d 15.1 100.8¢ 11.7

=) 0.5 75.3b 18.6 142.8h 44.4 155.0b 34.9 133.6a 28.3
Distance from tree/m 1 86.6ab 25.5 142.6b 51.2 160.9b 42.8 140.7a 38.9
15 95.6a 34.9 168.9a 59.0 179.3a 50.3 154.4a 48.4

AR % F B I 9K 7R 95 53 B (P<0.05)
3 itig

Rk ot 3 T SR E UK BN . 2015 4F 8—12 A ) SWS L 2014 4E [R]HA 34 in 58.4% ,2016 4 3 A L 2015
4E 3 A SWS HAN T 77.2% ,2016 4F 3 HEL R L 2014 4ERTZRY SWS b, i T 2Rpot Bk BoA #R B 1
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