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4K 268.1 km, IR 6 263 km®. BRI LAE JE 75 2
R G, PRI B B, WA A, TE
WA, RECEREM. FEJETrE LR AT R, K
Hrim A, TERBOMIRE, fEiE T H SRR . Gk
AL R A T A B VS KRR, 8 IR T RO B
A, FEVRMHE, ZHEPYRKER 2763 mm, &
ANEFEKEDN 1211 mm, O KFEKEDY 511.7 mm. F I
A EMRAR AL (Food and Agriculture Organization of the
United Nations, FAO) #£## ] Penman-Monteith?? /A 2 it
HWBUE R A BURISE, ZFE TP EEBKE
N 1105.6 mm, fH/MNEEARBKEN 9782 mm, HRAH
TEZRBUR RN 1 243.5 mm. BRI 4 2 A DU R4S
TRty E, EAEUEFEAE, KEF (Shpa
grandis) « % (Leymus chinensis) TEV& & £ BB
TR

1.2 HaHmigREHE

JUMERAE R AT Re AL B BN . IR A
VIREVE AR K SE I A B, B e R A E 1:100 75 138
FME (HEXFE &SRB 2 8RHE P o,
http://westdc.westgis.ac.cn, 2016) , THEIFHEEH & pRin]
IR 12 AR 38T Hh, 4 AT i R AR R R A s 4
&, Kot 4 bR, R b, de AR p g
KA W X TR AR LA, a4 HA M AR X el AR
RIS R, AT 15 A B AR )R] AL SR AE A 55 AN CE]
D o Horb, S ST 74.30%, AT BCKEE A
344 LRb b BRI 15.35%, MMBCRFE A 7 A
b RIS TR 4.93%, ATBCRFE A 6 N BB b I
JOTHIAR 5.42%, A0 GCRAE S 8 AN, R LRk /AT s FE 5
K, WO R BOH R N . FIH &EKEN 4 (Global
Positioning System, GPS) KB RAE & iR & 26
B o MERE L M BEE AR A A E B s AR A (Digital
Elevation Model, DEM ) %t # it & 3% &
Chttp://www.gscloud.cn) ; A ZEI KT H KA G R+
40 (http://data.cma.cn)
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Fig.1 Distribution of sampling points and soil types in study area

1.3 IUREE

TDR I TEARE S 2 5, I JROR ok R e 24
Xf TDR #7238 . BENLERRE &, FIHBESN 28 cm,
F9 45 em W EBIECERS, SRE 3 ANER A A
oAb e R 3 E, SRlETE 3 MRS AR
R, JBIEMTEIRE) MRS KR, RET K
R, R AR RS E e, 7 AR A A
JRITHL, i ig)zE, PR e A A E LA T, K
NMEN 2% TDR M (K 2a) o HAENESIEK, Rild
ZEHRIA RSB H, U R A Cak B AR
A, REik A EREK, EIMKEEHEKBHE
MIEE 1 R\EE 2 RFIEE 7 K, (/587 4MHE TR 2L 5 TDR
AR 100 cm® BIFRTT, 43 5105 A A 38 5 ACIRE R
15 ecm AT H IR S KR, [FR R B ES8RE
Psht. shtarmses)E, BT, M. H20RE
Je, i 2 mm 55, f#FEE SYMPATEC St Tkt ki
J£4¢  (HELOS-RODOS) Wl i H ki 4%, 4R 45 3 [ il
(USDA) Rig kil /bt fl /L3t . B+ TDR &
15 em AP BEUMARL SRR, MR ZE, BRIRIE
WEREREE 3 K, FIAMAJIERFEN, EH. KT
FE3 K, HopE 2 AN TIKE 7 R E 2 600, M5 HCE
Bt . XL HTERI5 A 27 40 TDR JE UG EAG 5 % B FR
T B P ISP AR AR S K A, Ha R ZE R4 % Vi
P BIEE A 81.2%, R (R IZEAK A3 MR DA 8 AR
AL ) BT A ECI A5 R A ke 1 LR EXCEL
AR, PRI AR E LA (B 2b) , WEAXR
ERBII>T9%, WERERL, HwbdfrifE 2 My
fiFektE (1) ErrsEiEs, HEXCE TRE g
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IR, TDR M5 A HIRARIS KRB & T 3A 1A
PRI SRR G KA, AT R b K A D R
KA TSmO B 3 B SR A JEUIR 7 [ 5k
W = HAT AR FGE M TNER AT, PRAE 1 358 A 35Uk

Analysis, PCA) , ;2 WHAEL RS, FEHT
HAmmIRELE . 2RV, R BRI RS 15
)AL O ST P A2 = R B ST vt
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DCA) 1533178 b FE KR i KAE <3, SR o3 B ik
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BAARAE K AR R BAR g, MmN (B
W RS SRR K (E R R,

BT Z g, FIH PCA XH#REAR BT [
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AR B S AR B (A )R & s ANOSIM. 234 F T4 56
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a. REHE
a. Calibration device

20 Z IR R SKRH 999 EFFK% (Monte Carlo) FfiAl
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" 7Syl FUHI SPSS Bt 2 1 5 2 Mok i £ MK 4 10 42
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FHER B KR
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b. FELS

b. Calibration results
M B 2b B x fh IR E K SO TIEN A,y B IRA RS K
IR (TDR) &
Note: In Fig.2b the x-axis is soil volumetric water content which was measured
by the ring knife, and the y-axis is soil volumetric water content which was
measured by the Time Domain Reflectometry (TDR).

B2 HERASM (TDR) R KELFELER
Fig.2 The Time Domain Reflectometry (TDR) calibration device
and calibration results

FETHIFRIX 0~180 cm 2V JE ) 135K 70 %l ,
KRG MG F RS B KD G FHFEE (R D
AR FER, 8 710 AR, 0 L3RRS KR 5
KA HIAE 100~120 cm, 7 30.65%, H/MEHILE 0~
5cm, N 1.02%, BAIERIER; 3K o W 2 A
0.26~1.62, FKHHIEIELM L, FrEEZ K THME,
UEEER—0.18~2.96, K HHEHRE /- A BCNBENY, AFIEARME
M ZH (Coefficient of Variation, CV) FRFE, MEH
TR, KRR REE KGN, TT
REVR 2 T HOK A BER G 2 85 NI SR,

1.4 HURBRSHFAE

B MR SRR Z oa gt ot b s H B
s AR R AR R A 52 B AR AR B A R AR AR
PRI LIRS . ST/ 4T (Principal Component

TNz s P R AR R DR L R A AN [ T 22 S Bk, AR
RE Ky B RS AR T FT/R SRS K—Hr
KR (K-S) finst RRY, A ENRFEE R 13K 75 H
PIRMIER 734 (P>0.05)

F 1 TRRELIEKRS G FIFE

Table 1 Statistical characteristics of soil moisture at different depths
+ERE 17K 43 Soil moisture
Soil BMA ToN TEIE & e BRAK CV R BTERE KO KA %
depth/em  \finimum value/% Maximum value/% Mean value/%  Skewness  Kurtosis Coefficient of Variation/% K-S test
(0,5] 1.02 12.97 7.86 1.62 0.88 80.92 0.172
(5,10] 1.21 15.71 8.76 0.50 -0.38 35.89 0.119
(10,20] 1.16 18.08 7.84 0.26 -0.18 59.63 0.074
(20,30] 1.52 21.36 7.60 0.46 -0.29 78.07 0.122
(30,40] 2.60 20.28 7.38 0.55 -0.64 83.42 0.127
(40,50] 2.14 18.18 6.47 0.56 -0.63 86.48 0.138
(50,80] 1.44 16.05 6.42 0.36 -1.52 86.24 0.176
(80,100] 2.18 21.74 7.31 0.68 -0.43 85.79 0.130
(100,120] 2.64 30.65 8.23 1.59 2.96 85.46 0.185
(120,150] 2.18 28.43 9.59 1.00 1.48 71.67 0.124

(150,180] 2.51 29.28 10.29 1.08 231 62.87 0.128
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FIANATRDO, R 39K 3 B2 B R KRN o BT
WA I KRR —,  HFBOKTE DS (A A A 5], i)
HEIRIX 25 ASRFE SRR SR, TR B 4
—10 H FARAPE K &0 PR i 2 B 17 T3 T 43 AR
FIKERI KR KH logistic HFEW G HHKR, AL
R, 2 AMFERCR A (B3b) « a1
FIZH a=1.74. b=21.50. P=3.10 M x,=398.72, Fikz\l
& (D Fir

y=b+(a-b)/ {1+[(x/xo)]} (D
Xy N 4—10 A RBEKE, mm; x NEEEFY
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b A TIBARFE KB M I R BATE ], %: xo 5 RAF R bE
JKEIME 392.05 mm FE5 5.
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7—10 H, BFFIX 4 Fh g R AR KR EH
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R T K L P T e AT I 1, 33K o0 SIS R A I
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a. Changes of mean soil volumetric water content
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b. P REAR S KR EBKEIIR R
b. Relationship between mean soil volumetric water content and precipitation
e B 3a b, BURRRAE AR R BRI R, AR BT
FEaRFoRRAME. T g BV BOKNE, oRor
WE, * ForRfrRiE.
Note: In Fig.3a, the abscissa from right to left indicates from upstream to middle
and downstream, which the horizontal lines indicate the minimum value, bottom
quartile, median, top quartile, and maximum value from bottom to top, and o
represents mean value, * represents outlier.

CIIENCES: SR EDES: SIS R T E
S FLEFA
Fig.3 Variation of mean soil volumetric water content within
different soil type profiles and its relationship with precipitation
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Fig.4 Variation characteristics of vertical profile of soil moisture in different soil types at different periods
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TR AEK TR (8 A) MARRMRE K, M
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AR W N BE, 338K 2 78 S 1 52 B A AR K B B 5
WA BER s H T A0 AR B Rk MR A 22, H AL 4 IX 380 3
BRERMK, FEORE LIEKD 52 BB RERMTE
Wi, & AR, WO ROV R R 2 38K 5, A KER,
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2.3 TEKSTRMIMNEZIEF 2
23.1 BAEREHHE T RIS

WIE PCA 3k73 3 MILE 68.50% 5 4H {5 B F MY
Horr, FERE4r 1 (Principal Component 1, PC1) [FIfifERE 2
N 40.00%, F 4 2 (Principal Component 2, PC2) Ffi
BN 15.60% (& 5) , BEEASREUN 2 s 5 R ah A% &
AHRMEROR, BA — e AN
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Fig.5 Principal component load diagram of potential
environmental impact factors

PCA 4R EW (£2), PCl BEHEIR. WIEZ
Bk RIBAEM S ENE KGR, Kok, My
FERVR R IE 04T, TEIEZEBUR 2R A . 38 B
I R A K AL A 2 (R bR A A KBS, BT 484 5 A Al 0o o
KB EE A BCAE L b T 78 A 8 el 2 Vs % 4 o M T 1)
WA RN, KL AR, AR P Bk
AL TR, YRR NI Bt BUAR A R B AT AT
TR P 25 A R IK A 1 TE AR, B A EREINRE T
b, IEAEZEHUR N 3K 78 e v ) DRI I, F 2
SECET R AR AR I ABNEA, HoR b E =,
BN o 7 R, WM IR — KR RGP
IK—RE YRS GG IR B B P,

Fx2 BENEZWEFERS S

Table 2 Principal component analysis of potential environmental
impact factors

A5 4> Principal component
Variables 1 5 3
R Altitude 0.832 0.177 0.183
W FE Slope -0.486 0.263 0.603
W1 Aspect 0.421 0.334 0.715
HEH R -0.344 0.719 -0.040
Vegetation height
AR
Aboveground biomass 0-509 -0.476 0.232
b 25 BE
*E&“”E 0.782 -0.406 0.224
Vegetation coverage
[%7K Precipitation/mm -0.436 -0.214 0.165
/il Temperature 0.804 0.287 -0.266
AR -0.818 -0.394 0.222
Potential evapotranspiration
HFIEAE Characteristic root 3.604 1.40 1.161
fift B2 Interpretation rate/% 40.00 15.60 12.90
1 S5 522
FPURRE R 40.00 55.60 68.50

Cumulative interpretation rate/%

PC2 456 T b m A FAEY) B NEE, B
TE— R b S MR o) 43K o0 78 ST G e, R o
BEFESE —F i L RIEF A, B R R
AR et M 3t b A P B A AN [ A X 22 52 L 25 PO A
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Analysis of soil moisture variation and its influencing factors in semi-arid
steppe watershed
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Zhang Lu', Zhu Zhongyuan®**, Zhang Shengwei'*>, Wang Huimin®
(1. College of Water Resources and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China;
2. Key Laboratory of Water Resources Protection and Utilization of Inner Mongolia Autonomous Region, Hohhot 010018, China;
3. Data Research Laboratory of Inner Mongolia Autonomous Region and Large Agricultural Applications, Hohhot 010018, China)

Abstract: Soil moisture is an important part of the lithosphere-biosphere-atmosphere-hydrosphere, and which is the main
limiting factor for plant growth in watersheds of the semi-arid steppe as well. This study aimed to explore the characteristics of
soil moisture variation and its potential environmental impact factors. This study had a significant effect on maintaining steppe
ecosystem health, such as promoted the understanding of the eco-hydrological cycle of grassland and degraded grassland
restoration. The Xilin River Basin located in the middle east of Inner Mongolia was chosen as the study area. The experiments
had been performed in May 2019. Two meters of soil moisture detection tube was buried at each sampling point after
removing the ground cover and floating soil. Besides, the soil moisture measurement depth was set from 0 cm to 180 cm. Soil
moisture data were observed by using the Time Domain Reflectometry (TDR) at 55 sampling points from July 22 to October
20 in 2019 after the soil layer was stabilized. Three replications were performed at each sample point. Such a soil survey was
conducted within 3 days by twice a month in July and August, and once a month in the remaining months. Meanwhile,
vegetation investigations were executed once a month, including vegetation height, vegetation coverage, and aboveground
biomass. Besides, 3 original soil samples were brought back from the field for calibrating the TDR in the laboratory. It was
indicated that the TDR was reliable with guaranteed that the soil moisture data used in the calibration formula was ranged from
saturation to dryness completely. Based on the observed soil moisture and affiliated data in the field the characteristics of soil
moisture changed in the vertical profiles, as well as its potential environmental impact factors were analyzed and compared
among 4 soil types by using Principal Component Analysis (PCA) and Redundancy Analysis (RDA). The results indicated that
the soil moisture in the Xilin River Basin was low overall. The changes in soil moisture at different soil depths over time were
similar in kastanozems and arenosols while they had a great difference in solonchaks and phacozems. Moreover, the soil
moisture content of Phaeozems, Arenosols, Kastanozems, and Solonchaks increased sequentially of the basin. The variability
of soil moisture in each layer was greatly affected by the soil type, and the variability weakens as the depth of the soil layer
increases. At the same time, great differences in the variability of soil moisture among 4 soil types were found after the
changes in soil moisture in different sampling periods were compared and analyzed. PCA indicated that 3 principal
components containing information such as altitude, vegetation height, and slope, etc., which were sufficient to explain
68.50% of the soil moisture variation where PC1 and PC2 accounted for 40.00% and 15.60% respectively. In detail, the PC1
included altitude, potential evapotranspiration, air temperature, and vegetation coverage, and the PC2 integrated information of
vegetation height and aboveground biomass, and the PC3 was slope and aspect. Consequently, the meteorological factors that
affected soil moisture evaporation, vegetation factors, and slope and aspect factors were summarized as the main potential
environmental impact factors of soil moisture variations in the Xilin River Basin. Altitude and vegetation height was defined as
the key above-ground potential environmental factors driving the soil moisture variation by RDA. Meanwhile, the impact
factors that affected soil moisture changes at different depths were different. The results of this study were conducive to
understanding the soil moisture conditions and its distribution of different soil types in the Xilin River Basin, and also would
provide data and theoretical support for the study of eco-hydrological processes in the semi-arid grassland watersheds.
Keywords: soil; drought; water content; grassland; Xilin River



