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Abstract; This article analyzed the effect of topography atiributes, vegetation type, rainfall and enclosing on the soil
moisture in grassland of the Yunwu Mountain. Results showed that the environmental attributes play controlling roles in the
spatial distribution of grassland soil moisture. However, the contribution of these environmental indices varies with soil
depth. The dominant controls on spatial variability of the time-averaged soil moisture changed from aspect, hill-slope

position , community types and enclosing in the soil depth of 0 —100cm to relative elevation, hill-slope position, aspect and
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enclosing for deeper soil layer of 100 —300cm. The dynamic behavior of influences of different environmental indices on the
layer-averaged soil moisture depends on several factors. In general, the correlation of soil moisture with slope gradient,
elevation, slope position and enclosing showed a more significant increase following a greater amount of antecedent
precipitation. It was observed that the influence of community types on soil moisture corresponds to the difference in
community coverage and transpiration, with a stronger influence in May and July when have a greater difference in
vegetation. The influence of aspect depends on solar irradiation, and is significant in July having intense solar irradiation.
Being enclosed for a long time, the grassland coverage gradually increased, and water holding ability is boosted up, thus
vegetation accommodation ability and redistribution ability for soil water are improved. Therefore, naturally enclosed

grassland controls effectively soil water transport from air to vegetation and to soil, thus improves grassland hydrologic cycle.

Key Words: nature grassland; soil water; topographic attributes; vegetation type; enclosing
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BHE6~114,357 (K1),
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Table 1 The characteristic of samples
28 2 J0s R 1 R 2 B3 R 4 B S FH 6 BT
Environmental factors Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7
3 B Slope(°) 10 ~20 10 ~20 10 ~25 10 ~25 10 ~30 10 ~20 10 ~25
1] Aspect Sunny slope Half-sunny Half-sunny Half-sunny Half-shady Shady Shady
slope slope slope slope slope slope
¥#§3% Elevation(m) 1950 ~2000 1960 ~2020 1950 ~2010 1960 ~ 2000 1950 ~2020 1960 ~2010 1945 ~2010
Stipa Stipa Ajania Ajania Ajania
PR Stipa Stipa bungeana + bungeana + sacrorum + sacrorum + sacrorum +
vegetation types bungeana bungeana Thymus Thymus Stipa Stipa Stipa
mongolicus mongolicus bungeana bungeana bungeana
HHRE
Length of sample( m) 240 240 210 240 240 240 240
£ A5 B Number of plots 8 8 6 7 9 11 8
2 ﬁﬁ&biﬂ 0% &% Related coefficients
e 3K BRI REF 2 APE, — o0 0 -0.10 020 030 ~0.40
Y :

KHERBRT, MWK IEES; K hERET, W
A IR R B AR IS, RS T
BrgE Biebnnt LK A0 ma, R r 2 007 (T Ky
Bt inat DK i, (R bRE 338k 4R
SN R TS K BHFE S B TR E KR, BT
E55 ~9 AREAREN L HK S TIE; J§ERE
B EREHLAY O ~300cm 337K B FIH1E,
3 ERE5SH
3.1 FEEENEEETEHEKE SRS HEMH
3.1.1 MRS KA L RNEETN

RIE R 5 7Kk 3 5 A0 3 Y SRR B B 2% R AN R
1 fim, AE T LB Y, H a7k R 50 R 2 R
FH%, ELFARE 26 2R A - 2 hn IR T 3% K, 78 140 ~ 300
cm HIFEFHR BB BENAKE, X5 Qu E7EH
TEREEMTREREHER" FERH TAPRR S
AR EREE, DB R BB, LR RS X #52 0E K AR K B R DL
K IEEABBERE(F2), HABLHANETEEABHEARR T,

£2 TEABESEHENTIRABENBENSEZHEMN
Table 2 The influence of elevation, slope position on soil porosity and soil steady water infiltration rate

—o— 34k Elevation
—— 3 Slope

+ 2 E Soil depth (cm)

Bl ARER AR ES TR S KRR

The related coefficients between elevation, slope and soil

Fig. 1

moisture in different depth

iR HefiL BELERE RBER
Elevation(m) Slope position Capillary porosity (0 ~80cm, % ) Soil steady water infiltration rate ( mm/min)
2030 _k3% Up-slope 60 0.47
1980 il Mid-slope 67 5.00
1940 T3 Down-slope 69 5.51

B 1 TR 3% 5 100 ~300 cm H3EEFKEBHEAR AR, HHXUFEE 2 RIMFEEEH K, H7E
HHEHIZ (260 ~300 cm) FB| BEHAKT X5 Qu FMHRLER AN B LR, FERE WA X B
=R, W LU TR RK A B X R AR A — E R EE A, BIEA R E & T, RE L
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Table 3 The influence of slope position on average soil moisture

—e— A7 Slope position —a— FEFE ] Community types
—=— A Aspect —e— #}F Enclosing

KR B 43 HFAE One-way Anova Fvalue
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Fig. 2 The effect of slope position, aspect, community stypes and

enclosing on soil moisture in different depth

F4 EEAXMNLEESAEHEE

Table 4 The effect of aspect on soil moisture

Pefu st ik T elH FHi% EBR A PRk B3
Slope position Up-slope Mid-slope Down-slope Aspect Sunny slope  Half-sunny slope Shady slope
0 ~300cm 11.26 £0.26  11.92 +0.31 12.43 +0.38 0 ~300cm 9.62 £0.36 11.88 £0.22 12.95+0.38
BA R A5 SE18 7K B Season-average soil moisture in one plot BA R BT 18 7K B Season-average soil moisture in one plot

0 ~20cm 16.24 £0.66 15.87 +0.70 17.47 £0.68 0 ~20cm 13.78 £0.99  16.69 £0.51 17.42 £0.71
20 ~40 cm 13.56 £0.50 13.95+0.55 14.15 +£0.53 20 ~40 cm 9.64 £0.32 14.48 £0.40 14.15£0.52
40 ~60 cm 13.53+0.48 14.18 +0.49 14.41 +£0.53 40 ~60 cm 9.85+0.39 14.5310.38 14.53 £0.52
60 ~80 cm 13.04 £0.41 13.79 £0.45 14.92 +0.83 60 ~80 cm 9.71 £0.45 14.30x0.42 14.69 £0.71
80 ~ 100 cm 12.34+£0.33  12.91 +£0.42 13.35 +£0.49 80 ~ 100 cm 9.80+0.48 13.02x0.30 13.84 +0.49
100 ~ 120 cm 11.57+0.33  12.58 +0.74 12.89 +£0.50 100 ~ 120 cm 9.47 £0.50 12.46+0.40 13.37 £0.57
120 ~ 140 cm 11.08 £0.31 11.68 £0.30 13.20 +0.84 120 ~ 140 cm 9.25+0.50 12.10x0.42 12.92 £0.46
140 ~ 160 cm 10.70 £0.27 11.64 +0.30 12.17 £0.41 140 ~ 160 cm 9.51 £0.48 11.46+0.23 12.59 +0.44
160 ~ 180 cm 10.27+£0.29 11.01 +£0.32 11.39 £0.34 160 ~ 180 cm 8.78 +0.44 10.83+0.22 12.15+0.43
180 ~200 cm 10.01 £0.28 10.81 +0.28 11.25 +£0.36 180 ~ 200 cm 9.56 £0.77 10.40x0.19 12.15+0.43
200 ~220 cm 9.36£0.19 10.61 +0.28 10.92 £0.34 200 ~220 cm 8.94 +0.44 10.03+0.18 11.70 £0.39
220 ~240 cm 9.27+0.18 11.10+1.11 11.06 £0.37 220 ~240 cm 8.95 +£0.40 9.85x0.18 13.12+1.76
240 ~260 cm 9.31x0.22 9.65+0.29 10.82 +0.36 240 ~ 260 cm 9.05+0.43 9.57+0.20 11.38 £0.41
260 ~280 cm 9.2310.21 9.5910.24 10.83 £0.36 260 ~ 280 cm 9.02 £0.41 9.47x0.17 11.47 £0.44
280 ~300 cm 9.18 £0.23 9.3910.24 10.54 £0.36 280 ~300 cm 9.10 £0.39 9.19x0.17 11.55 £0.45
BT S ) A #1554 7K B Month-average soil moisture in all plots BT i B #4 7K & Month-average soil moisture in all plots

5 B {3 May 12.94 +0.38 13.86 +0.42 14.91 £0.59 5 A 10.12 £0.31  12.11+0.33 13.67 £0.49
6 A 1} June 10.19+0.52 10.38 £0.41 11.46 +0.39 6 A 10.22 £+0.89  10.49+0.30 11.43 +£1.09
7 B4 July 9.70 £0.44 10.41 +0.65 9.86 +0.42 7846 9.29 £0.37 9.86 +0.38 12.28 +0.60
8 A4 August 9.10£0.30  9.14:0.67  9.95:0.45 8 A 9.22£0.87  9.11£0.29  10.7320.67
9 H {4 September 10.01 £0.40 10.03 £0.42 10.43 £0.57 9 A 9.59+£0.86 10.31+0.27 11.09 £0.52
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Table 5 The effect of aspect on soil bulk density, soil porosity and Soil steady water infiltration rate

3 W] Aspect . gi ] %%?Llﬁg ﬁ§ﬁ$ Soil steady '
Soil bulk density (0 ~80cm) Soil porosity (0 ~80cm, % ) water infiltration rate ( mm/min)

FHY% Sunny slope 1.10 46.20 5.55

22 fH 22 fH Half-sunny slope 1.14 46.57 3.73

BAYE Shady slope 1.19 54.45 2.57

MR RE RN K REFNEERER, B0 8K 00 E ERINA B8 W R
4T BCA R AR RR E DR MR R R UGB R B RN LR YUK 2. XEEEX 8K
B SRR YR B L R ETRNA R, B2 BaREREX T EEERABEY W, HEm
RS T IR R I 5. 780 ~200 em /2, R/ maF2 35 PR B KF , 78 200 ~300cm + 2002
BEAR /N, BAR B E KT, XEET0~200cm Z2HEYBREEIMX, EEKKFAHX, £6
BARTAFEBERAT HEPHESKENZR, RN IARREF > RERHF + 5 BE > 85 + RK
. HPYITE + RRHFHIELE 0 ~ 300 cm L2 M3 7K 28 L H MBS RN B 0115, 3= B IR S 1Y
R HHABE R, HFKE X, FNSITERENRE LB BZE, BELRE/ N ABBREMR, #m L
BEKEEDP(ERT), £0~140 cm 12, AR FHEN IREEN DR T HMAMHEE LR, X FEH
HFZEE AR AN BEE (F10) , THEB DR KGFEE , FI KERBTNER B SR, 2%
TEABRET,

F6 TRHFEXRMZEATRKSNER

Table 6 The influence of community types on average soil moisture

T ARES ARES + FHEF B + R FA
Item Stipa bungeana Stipa bungeana + Thymus mongolicus  Ajania sacrorum + Stipa bungeana
0 ~300cm 13.10 £0.26 11.55 +£0.45 9.8210.19
BA R 5 SE18 7K B Season-average soil moisture in one plot

0 ~20cm 19.06 £0.62 14.59 +£0.93 13.96 +0.60
20 ~40 cm 16.18 £0.49 13.11 £0.66 10.28 £0.27
40 ~60 cm 16.30 £0.46 12.98 +0.64 10.52 £0.28
60 ~80 cm 15.65 £0.45 14.41 £1.77 10.58 £0.28
80 ~ 100 cm 14.37 £0.33 11.66 £0.60 10.26 £0.28
100 ~ 120 cm 13.78 £0.56 11.24 £0.61 10.04 £0.28
120 ~ 140 cm 13.24 £0.56 11.16 £0.42 10.04 £0.37
140 ~ 160 cm 12.43 +£0.28 11.06 £0.42 9.90 +0.30
160 ~ 180 cm 11.84 £0.27 10.73 £0.45 9.17 £0.25
180 ~200 cm 11.40 +£0.29 10.79 £0.41 9.17 £0.23
200 ~220 cm 10.81 £0.24 10.69 +£0.45 9.11 x£0.23
220 ~240 cm 11.21 +£0.78 10.29 +£0.48 9.20 £0.27
240 ~260 cm 10.37 £0.27 9.98 +0.44 8.77 £0.22
260 ~280 cm 10.22 £0.25 10.10 £0.43 8.81 +£0.21
280 ~300 cm 9.85+0.25 9.96 £0.43 8.85+0.23
BT S ) A $4 7K B Month-average soil moisture in all plots

5 B May 14.70 £0.29 13.24 £0.71 10.66 £0.41
6 B4} June 10.72 £0.42 10.33 £0.49 9.5310.62
7 A4y July 11.32 £0.74 10.47 £0.73 9.52x0.31
8 A August 9.74 £0.35 9.53+0.69 9.29+0.44
9 B 1} September 10.67 £0.59 10.20 £0.58 10.05 £0.34
& Coverage(% ) 84.97 +1.45 81.31+2.48 78.76 £1.81
H: 48 Biomass(g/m?) 503.30 +£16.26 520.95 +36.99 526.51 £21.68
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RT TRBEREXTRFLREIEENBEE M
Table 7 The influence of community types on soil porosity and soil steady water infiltration rate

il EEILRE B WA Soil steady water
Community types Soil porosity (0 ~80 cm + 2, %) infiltration rate ( mm/min)
2= (G413 Stipa bungeana 69 5.65
A8 + &[R4 Stipa bungeana + Thymus mongolicus 56 5.40
A4 FE + B B Ajania sacrorum + Stipa bungeana 53 3.64

AT RBEFRKENEZRGZ —, K ARAHTAERRRERERZE, WA —ERE LK
BEWERRENKDEM0, REDESKE, WE2 TUR HETRRE TR T LESKEFEBRRE
5, HPHETRMAT 0 ~120em +EH TESKBILRHTEMSE N 3% ~5% , 78 140 ~300cm +J2F i 1%

~2% (£8) , XEERENERH TR TEME #8 HEEHNLEAANER

S B THFEKSES I THERR, T Table 8 The influence of enclosing on average soil moisture
THKGFAB; FlE BARKE BGOSR T LR iﬁfi Com) #% Enclosing U j;ﬁfing
PEBR, I T BEARERKTABER(ER) . 0 ~300cm 12.26 £0.20 9.93+0.29

3.2 %iﬁ'ﬁ?x‘fi%ﬂ(ﬁ%rﬁj@%%ﬂﬁ E‘Jé%ﬁj?& AR BT 18 7K B Season-average soil moisture in a plot
3.2.1 ﬁﬁﬁﬁﬁ'—ﬁﬁiﬁmﬁﬁlﬁjﬁiﬁ%ﬂﬂmé 0 ~20cm 17.47 £0.44 12.01 £0.62

20 ~40 cm 14.62 +0.34 10.30 £0.47

W 40 ~60 om 14.67 £0.33 10.96 £0.45

KRBT RN LR S 0% 142209 10.540.8
BEAEVRR. TRAENWEMEXRLOHEL, BEE 100 ~120 cm 12.85 £0.36 9: 87 0,33
St ZXREEYREREARNERXIRESEH  120~140 om 12.31 £0.36 10.29 £0.53
- - S e e " 140 ~ 160 cm 11.81£0.22 9.91 £0.39
By - 90, 48 T L 0 2 I D S A, P 9400 160 ~ 180 cm 11.13 £0.20 9.65 +0.49
EREHEEZEERMS, XA ELEE 180 ~200 em 10.92 £0.21 9.44 +0.32
R I O WS 1 %, AT SC, M-z 1046018 94031
2006-05-16 H I 2006-10-01 H 30mm BY[ER 5| T 240 ~260 cm 10:09 10: 19 8:84 10:29
2006-05-19 H#f12006-10-03 H ¥F3R A1+ K 4 FH 6 260 ~280 cm 10.06 0. 18 8.66 £0.29
R BZ R (& 3) , A 2006-07-19.,2006-07-20 ;;:i(;z;;@mi - 983 0. _119 o 31821*0- .

= onth-average soll moisture 1n ots

F12006-07-21 B/NFI SR T 2006-07-23 HFIH R 5 A 14.61510.28 10.72 £0.47
MREY, EXFHHEXRBRARBNBEEKTE. B sap 10.73 £0.31 9.71 +0.44
FEARNE KT EASG MEFEERD, AT 746 12.02£0.39 8.81+0.43
AR R R A+ KA R R, 8 A4 10.12 £0.37 8.23 £0.59

SRR SREC L TR BN L Rl 0912030 930208
B (4N 2006-07-19 ,2006-07-20 F1 2006-07-21 1] Co:elmge( %) 85.07 £0.99 62.38 +2.29
PR 2006-07-23 HEYM R REBFHR) o X FTHER iﬁ(ymz) 544.64 +£12.00 310.16 +21.01
FEATERRAR S, RERREEENMNE-ETERS

ﬁﬁ% %ﬂi’ilﬁ%@ﬁﬂbﬁ?)ﬁ‘m, lﬁlﬂﬁﬁ:ﬁ%ﬂﬁlﬁ %%T*ﬁ XTJ‘ Table 9 The influence of enclosing on soil porosity and soil steady
BRME KR, Qiu ZH Famiglieti 2% B T 4H R  water infiltration rate

15,10 BELEE FB K Soil steady
ﬂ¢ ° " . . _ . X ﬁﬂ%ﬁﬁ Soil porosity water infiltration rate
3.2.2 AR RIS E MR A 3K 2 25 ] Anaging measure (%) (mm//min)
ﬁ%ﬁ?ﬁﬂﬁl B‘Jéjﬁﬁjﬁ #'F Enclosing 65 5.65

B 4 @R T A0 IR R AL, _RHE Unenclosing 42 2.97

S¥IRER T B X R RA MR, FPRETR
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-0.70 —

-0.60 [~

-0.50

-040

-0.30 [~

-0.20

-0.10 -

FH32 &% Related coefficient

— A Rainfal —a— ;A Slope position

W T B a— i —a— HR[A] Aspect —x— FEE KA Community types
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Fig.3 The seasonal variety of influence of elevation, slope on soil

moisture
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Fig. 4 The seasonal-variety of influence of slope position, aspect,

community types and enclosing on soil moisture

EFE(T,8 A X HEBEHHEE (B 4), XR-HTERERKRBHEERA, AR 8
KB AR BER  FN 72 7.8 AAYE AR ER RN, B ERBR, AR EAKENAF
TBRE BRI 2 R

Bl 4 R, HERE A SRR HIREKERIRLE S A7 ArslB&KF. £S5 A,
ARFERE T HRBERZFBER(RERTZA F EHEKR) , X5HEERZF (R 10) RA BRI X
A5 Ay, AR FRABOVASE R, T HAOP AR & BN, XU ZN I 1R RN ER £
BRHEMERERE, EMER T ABER HKMNREFETHBERNES. 6 AllE, EEYER,S
MREERTEBA THEZS R 7 A PADvEYREE KB, R BERX IR, B T A FEYRZREE
REFER, N TR EFERHBER FENE T 2 MEE, 768.9 A6, MWK RKERER, &
BEBETRE, TR EER AL,

F10 FRFEXENEE

Table 10 The coverage of different community types

BEIE YA Community types 5 H May 6 H June 7 A July 8 H August 9 H September
2= (G413 Stipa bungeana 84.56 +0.85 85.23+1.31 85.91 +1.38 87.5+1.29 93.93 +1.32

%ﬁ% +RRSE . 76.18 +1.21 83.75+1.54 87.86 £1.35 80.71+1.34 90.00 +1.43

Stipa bungeana + Thymus mongolicus

ARAF + HEE 65.80 +2.13 80.67 £1.62 83.33+1.51 83.10+1.35 82.50+2.11

Ajania sacrorum + Stipa bungeana

4

B4 BR,7E5 ~9 Ay, HEHEGX TR R RA B0, Hr 05-19.,07-23 7110-03 E R ZR 2
FREE,EH T 3 WKW REREFEEITH . BN RER R E NS T E A MR =R
W, BRI AR , B LR TR G & TR T 3K R R

&t

THOKHE Y E KR EEREE T, RS RMERAS K FRR SRS
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REAEARSR B EAEPERERNE TR EZER R, R A RE &K E,
PR RE A B K BRI S AARTEEEREM. IRERERNSKETIEREAR L EFEREESR,
70 ~100 cm 1=, BGFV P EKERE A E R ZH A A HE RN N T HEBE W ERZE
1= 100 ~300cm , AESGEES BN I SRR S T IS AR KB A RAEREM. BT
FEEREN T 50K BRI , MR N R TR PR A i o AR ERSE R R 3K 0 == 8] 0 A B e 9 2
TRNFERRER . JE FAERASA S DRSS KBRXARB TR E, —BELT, DR
JE I P 3N P 75 16 S B0 R S P R WSO T B3 P T3 o ARV SR BN L I O e S
BEMABERG R, EREEFERN S AHMARBEREFERN T AR EBE, H HREE Y
WA R TR FHAR ST RO AR 4k, ZE R FHER R RN 7 A 2R EE . TR BRET, BB R AR,
HEKORK RS 358 , X 0K 7B RE D Wi B8R , AT BB 7E— E MR I b BGE 3K - o
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