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Study on the controlling factors of soil moisture distribution under two typical
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Abstract: Soil moisture is one of the most important factors in terrestrial ecosystems. Adequate knowledge of its spatio-
temporal variability is critical to many scientific and practical applications. We explored the factors controlling moisture
distribution in soils under typical land-use types (i.e., bamboo forest and tea garden) in a hilly region of Taihu Lake basin.
In situ soil moisture measurements were made at different depths, and these were classified as dry or wet conditions, based
on the precipitation during the previous 7 d. The main controlling factors were identified by using the classification and
regression tree ( CART) method. Canonical correspondence analysis (CCA) was then applied to quantitatively analyze the
relationships between soil moisture and environmental factors under different land-uses at different soil depths. The results
show that; (1) the relative influences of elevation, land use, and soil thickness on soil moisture distribution were larger
than those of other environmental factors in most cases. Together these accounted for more than 50% of the total variation in
soil moisture. However, their relative contributions differed between dry and wet conditions. (2) In dry conditions soil

moisture was mainly affected by topographic indices such as elevation, slope, topographic wetness index (TWI) and profile
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curvature. Soil thickness and clay content also significantly affected soil moisture at 0—20 and 20—40 cm depths,
respectively. The main factors controlling soil moisture in dry conditions varied with soil depth, but not with land-use type.
This finding was different from that of a previous study, in which the study area had similar landforms and climatic
conditions. This may be due to the effects of spatial scale. (3) In wet conditions, topographic indices and soil properties
were the main factors controlling soil moisture in tea gardens at 0—20 and 20—40 cm depths, respectively. Both
topographic indices and soil properties were the main controlling factors of soil moisture in a bamboo forest at these two
depths. It is noted that the relationship between soil moisture and environmental factors at 20—40 c¢m depth is more
complicated than that at 0—20 c¢m depth in bamboo forest. In contrast to dry conditions, both soil depth and land—use type
had a significant impact on the environmental factors that control soil moisture distribution. This study is of great relevance
to the sustainable utilization of water and soil resources and to the management of water and fertilizer in agriculture in this

region.

Key Words; Taihu Lake basin; soil moisture; environmental factors; main controlling factors

K I e Bl A 2 AR G R B R — | U s AR S AR 22 A S R U A B
XS, KA LR R L P Y SO R i S R L R A AR A
ARSI 5 LU, VR D — i 2 K B, 3K 703 aod 4 | MU ER 3R JZ K 70 MBS B R o7 S — ) — R X
ELER (SPAC) Z [ A OG22t T AE A2 BROK AR PR A 2 T OCHEE T 0 BRI, 30K S i I 23 1 R 7 1
Herr: OKSC A A A TG R T RO R AR Z BIBTSE

THOK 2 | 2R ORI - M D7 SR 2R R R 2, ARG M FE TR, K
G ) 43 A = B A2 ) - SO T S 5 T E TR 2 D0 SR B I D R A AR, B
FEX IR IO 55 18 R0 o R T S Y ) A8 Ak, = 3K 735 o A e 23 20 A AR e L4 ol PR 3R AR AR R AN AR
670 AN, BT EA AR S R 2 T 5 )2 MK 4 1 I 2 AR AR 17 % 2 B K 43 1 B
FEMAZ I DG TRAFRVT AN [R5 3008 | - 28 BRI 1 J2 VR BE 2 AR R 13K 43 B 22 43 110 5 1)
5 R AR A L A

FURIT, B A 56 E K o 5 R T R AOWTFE B AR Ry JL T R X U R B R R X, WX 2&
SO DUV B A X OB R TR ], T IR B R K G A AT TR A R R AR A H T
T 2 Y AR DX I TR K 2 ()28 S S LS R A - Z IR S 2R o R , A7 SRR IR e e X - K o 5
LN TR R RO e = . R oK PR 5 8 R AL R H 45 5, 3K 7 oAl A i g o 28
FeEh A I BRI R 2 1 JUHIR AR B A 28 U TR ) 7 B, A VAC A e DXOMR s e R e I KR
el R4 Fh ety SR R A NE B K 3K SO B AR A 2512 XK PR i i T AR, TR o, B 7
OB L5817 - i S 37K 73 I 2 A% Sy (Al R 3R, X T2 XK BT 5 R TRl R I 4
HHEA BRI E X,

1 #MR57EE

1.1 RS IXHELNL

WIS XA T A S P 35 B i eV X A LU 28 (31°227 N, 119°03" ), %X & T #y 2 R k
PUZEA B ARSI ET R A 1100 mm, BAENAMBCAYS T 60 % TE 4—9 1 OGIEFE R AE R 15.9 °C,
5T X IR TE 80—90 m JEFEIN , Ak b 2 VP5IL i AR pa A AR {34, R R DU R o 3 RN AR
A3 A R S B A R (B 70 %) B S EAUROR S A Y (2 13 %) , HJZEE A 18 cm 3 86 cm AN, %S
) 22 FRAR K, Hb A2 AL S R A% B e Ll X 3 R AR A BRI E 0.02—19.5 ° i IX ROk ik, 3228 4 MR 26
ARG B AIAS

http ; //www.ecologica.cn



34 A B b8 W a2 B o ) 7 s TR S Y 3

1.2 B E S EE R

EFFILZR T PR BCZE B (10 4R ) MR AT AR (30 4
Az ) AP - SR AR MR A 1 77 A KA
Wk Herp 2R B 39 A, Ak 38 A~ (1), TER
DURE G4 %8 PVC H2 NG, R R TE - 1 K o3 A% I s
( TRIME-PICO-IPH ) #ll 5& A [R] TR E (0—20 em FI 20—40
em) HIEKAY IE HIA 2013451 H9 HE 11 A 13
H, 312 %, Hodr 5 1 d) A ORISR PR 220
T3, R AE R AR AR SRR TR BE AL A S5 i
B E S T 2R B A R oy [ S0 = KT i
2 mm i , #] ] Malvern Mastersizer 2000 JtH7 B 4 &
IR S E DR (0.05—2 mm) kL (0.002—
0.05 mm ) 1%KL (0—0.002 mm) & &, M Hh, AR
1 :5000HBIE 1A= 58 1 m 43 3 A 0F 5 IX 850 oo A A A2
(DEM) , A ArcGIS 973 [] 43 B b 412 BUA5 W i)
= S VA 1L S e S A A5 AR T - = O %/ 0 A - RHEA — 0SmERL
(topographic wetness index , TWI) | & £, 3% B F1 ] i

B1 #MRRUEREVNESSHTREE
[ﬁI%o Fig. 1 Schematic diagram of the study area and sample

1.3 W5 point distribution

FIFHDL SR A v A 43 25 [ A ( CART) A5 R AHF 58 A
[ TR A T 3K A3 A5 (52 i R 2| A OGS0 7 Clementine12.0 #0452 i, CART f ' T 1984 4F 4%
W )2 N BB TR R A A3 2R [l AR R g e i AR N RN A2 I T U S R | 1R B
AT A FE B A B A8 B B J 43 T R B ST Y A B TT DA HE A5 AR R AR B A P B TR
CART Hréy A% g 1t 78 5 m] DU 7 AR ] D2 RE Y . A CART BEAY 73 5l A [ s 30 25 4 S50
By - K A SRy DR AR e o O O A RS R AR B AR A DT R B4 B35 PR X 3K 4343 2 1
AEXT BTRRR

FIFH SIS X N A3 BT (CCA) T30 87K o3 W A S5 EA T HE T 20, A5 B L i 48 Jmy 5 IR B R 7 X R
FIRUF I, A A3 HT7E Canocod. S BAFH SE L, CCA X 44 2 J0 EA%HH BE 43 M7 , R 36 T X6 43 Hr & Je i ok ) —
FRHERF 71 K X A7 5 2 os MU B A 25, B — 25 S S 3RS AT [lH . CCA R F4rbrid
WIREVE I 2 A S M SR R I 6 R T AR R 78 - 5K 2 it 55 4 Ry S 3R B IR - 56 R 05 T 2 g 1T
iz P S BRI A T 9 A5 2 SO L AT PRI E SOk 2 BRAMZ O I 75 WA B JE R, e A
WFFE Ay 3K 3 B B AR B R s A RS PR TR B . 3K A AR R R PxN 2, Horp POl SRR IR B
(FE12 %) N M WEIAE B H o SR AR QxN 2, Horp Q IR IR AR

2 ERE5S

2.1 FRAME AT LK R

HRAETT 7 REEFI /DN B 12 IR K -85 7 i, 43 ISR 38 00 T SRR G0 R v R 10 (3%
1), HAPBERSMAAE 2013453 H27 HSHI0H SH1BHSHISHM7TATHES R, AF7TRET
FEURDE , (EHAERA S, RO SR EAUZ KSR | 3857 3] 4 R F 28 RUR 30RO VE T, ATk
L I TR R AL 1) A HESF- 2 5 KB A W T T AR B (24 2 %) X AT RE R R A AR i 3 A A S T A BE A K
R b A ZE LA, DT B G b 2 K U, AT AR BB A7 & ok 0.42 (R L) , BIR T ASIRAY 0.51, S 80M

http ; //www.ecologica.cn



4 A E = 36 &

Foft b M A FHE B A L AR SR BAFAE 25 5 . RIS 76T 5T 2R 020 em BRI L3P &K R
KT 20—40 em FHE RS FEOIRE,0—20 em WV -85 K B 5 20—40 em FEAREF-5K
W6 1o

F1 FRMEREZFGHTEMDBAANTESKE

Table 1 Soil water contents of two land uses under different precipitation conditions

B 7 KFEWE/ (mm) + 358145 7K Mean soil moisture (e¢m®/cm?®)
H #1 antecedent precipitation
Date index during the 75 0—20 em Z5PE 20—40 cm VIR 0—20 cm Prdfis 20—40 cm
previous 7 days Tea garden 0—20cm  Tea garden 20—40cm Bamboo forest 0—20cm  Bamboo forest 20—40cm

2013-01-09 2.3 0.11 0.12 0.23 0.23
2013-03-11 1.6 0.10 0.12 0.21 0.23
2013-03-27 18.1 0.12 0.11 0.25 0.25
2013-05-10 61.4 0.13 0.13 0.27 0.29
2013-05-13 44.0 0.12 0.11 0.25 0.24
2013-05-15 36.7 0.12 0.12 0.23 0.22
2013-07-07 63.9 0.15 0.14 0.29 0.27
2013-07-31 0 0.09 0.10 0.18 0.21
2013-09-17 0 0.07 0.08 0.13 0.15
2013-09-26 9.8 0.07 0.08 0.13 0.15
2013-10-18 1.2 0.09 0.10 0.17 0.19
2013-11-13 8.6 0.08 0.08 0.13 0.15
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Table 2 The relative contribution rate by environment attributes to soil moisture in different periods

FHXT BTHR# Relative contribution rate( % )

WM F )
Environmental factors BB TR TR
Whole period Dry condition Wet condition

3 FFHZER Land-use type 27.2 6.8 32.3
Y5 Slope 5.0 18.8 2.3
7% Elevation 35.3 38.2 8.6
TR E F5 %X Topographic wetness index , TW1I 3.9 6.8 9.6
T R Profile curvature 8.1 7.3 5.5
ki Sand 0 0 2.3
HyRE Silt 0 2.7 8.6
HikL Clay 5.2 6.8 20.2
+JZIE S Soil thickness 15.3 12.6 10.6
ST Total 100 100 100
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Fig. 2 Ordination diagram resulting from CCA on soil moisture with environment attributes at different depths in the bamboo forest and

the tea garden during the dry condition
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Fig. 3 Ordination diagram resulting from CCA on soil moisture with environment attributes at different depths in the bamboo forest

and the tea garden in the wet condition
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