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Dynamic Changes of Soil Moisture in Sandy Lands in
East of Yellow River in Ningxia

Zhang Weifu, Zhang Chengchun, Ma Siyi, Zhan Xiuli
(College of Geography Science and Planning » Ningxia University , Yinchuan, Ningxia 750021)

Abstract: [ Objective | The dynamic characteristics of soil moisture in sandy arid lands were analysed to
provide scientific support for desertification control. [ Methods| Sandy land (mobile dunes. semi-fixed dunes,
fixed dunes and shelter forest) in east of the Yellow River in Ningxia Hui Autonomous Region was selected
as the research object. According to data from the positioning observation and automatic observation
systems, the soil moisture distribution characteristics of sandy soils (0—150 cm depth) were analysed.
[Results] @ Changes in soil moisture content in the different plots showed a consistent pattern with time.
Changes in soil moisture content could be divided into three periods: the soil moisture accumulation period
from April to May, the soil moisture consumption period from June to August, and the soil moisture stable
period from September to November. @ The soil moisture content in the 0—10 cm topsoil layer was
significantly different in the three periods, whereas the soil mositure content in the 40—150 cm soil layer did
not differ significantly. @ The topsoil (0—20 cm) was the active layer of soil moisture, 20—40 cm was the
subactive layer, and 40—150 cm was the stable layer of soil moisture. @ The soil moisture content between

the different plots was as follows: moving dune > shelter forest (Salix matsudana s Populus bolleana s and
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Pinus sylvestris forest) > fixed dune ( Hedysarum scoparium forest) > fixed dune (Calligonum

mongolicum and Caragana korshinskii forest) > semi-fixed dune (C. mongolicum and C. korshinskii
forest). @ The soil moisture content in different terrain parts decreased from the slope bottom > slope
middle > hill top. [ Conclusion] The vertical distribution and stratification characteristics of soil moisture
in the sandy arid lands in east of the Yellow River in Ningxia are clear. Changes in soil moisture content
are not only affected by rainfall, vegetation type, and vegetation distribution patterns, but also by the
microgeomorphology of the sand dunes.

Keywords: soil mositure content; dynamic change characteristics; fixed sand dunes; sandy land in east of the

Yellow River in Ningxia Hui Autonomous Region
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Table 1 Basic situation of experimental plots in monitoring experimental area
. . X X FiAE 4B/ o
(<€0.002 mm)  (0.002~0.050 mm)  (0.05~2.00 mm)

MD  WiEhb R 1203.22 — 0 — 1.88 12.00 86.12
FD, [HZEWE 1205.35 VPR AP ALK 51.33 1.51 1.85 11.51 85.60
SFD  REEVE 122631  PEE M 35.52 1.85 1.72 10.92 87.36
FD,  FEW i 1160.46 LMK 63.91 1.77 2.07 14.30 83.38
SE Bifk 1159.51  SHI B FE sk 46.80 6.67 2.18 14.03 83.79
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experimental area from May to October 2023
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Fig.3 Changes of soil moisture content with time in monitoring experimental area from April to October 2023
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Fig.4 Changes of soil moisture content with depth in monitoring experimental area from April to October 2023
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Fig.5 Changes of soil moisture content with terrain in monitoring experimental area from April to October 2023
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Table 2 Vertical profile difference statistics in monitoring experimental area

+ZRE /cm

FE 4 4 = p1E
0—10 10—20 20—40 40—60 60—100 100—150
MD 0.9340.34 1.88+0.69 1.85+0.74 1.57+0.72 1.66+0.58 1.77£0.38 >0.05
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SF 0.7040.59¢ 0.9940.34" 1.16£0.2945¢ 1.6741.02%° 1.81£0.5948 1.9040.55* <<0.05
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Fig.6 Difference between plots in monitoring experimental area

3.0 a
2.5¢ I T a
£ 50 [ [
g2 [] a
® 1.5¢ T
%}? ' b i \
T Lot i
0.5} l
0
R *® H ® *®
o v\»g\g}ﬁ ‘@V‘\W‘ﬁ © ;\é&\"g‘%’ %W&W
7 FEN W E iR I A R ) T B AL 1) B
Fig.7 Differences between different terrain parts in

monitoring experimental area of MD



104 7K R E

544

A A g e T A3 A K AR AR, R B
A5 HF M I ST b A R R AT A 25 S (AR AN )
A SRR b A 18 5 K R B S Rl 25 Sk
T BT B S K R T AR A AN B B, R A7 R Y
L R ) Rl ol w108 L9151 /R A T AN I s B S
oL ESOKBAENFEER S ZEZLMT B, LIESK
St AT AR A v Y YD e R )2 A K
FER OC R % VI, B i 2 R 2+ 3% K &t i
R VD o R R K N 22 A W 2 B 1 R
PRI £ Ky R AR R R KT
35.0 mm FEN FH A A BEXTE E VP B 60 ecm KA T + )2
TS KR HEAT AR T PO A L R B S
BV HIHEER R, 44.60 mm DA EREF AT DL B 3
110 em )2, A G X FER EL LN 8 F, 0 |k
— 2 T BE A ) 1 RS e 5 BOR R HA R i B K
REF7 BRI T R HEAK A 1 B X A5 R 2 1
TOKERKBIARA B, Y A 50 A
B AL AE B 5 T AR O AR 3R E XS T A IR o 25 R
PR A 3 T T X R R S LA/NEE Oy 32,
I AEBEAR R XK S T B AR AE AR R )R
RSN A R ET R e I AR N K ron R D2y
BER S MR 50 A0 B0 TR S A AR 2R 6T = K 43 11 T
BRHEE Fyam ', Fie BE A K 43 A8 S5 R BOR = K 4y 5K
DA CIEL 8D, AT D4 % B 1 Vb B i L300 18 40 R 7K 43 1
BRJZ (0.5<<2F S R B<1.0) . /K43 K BR 2 (0.3<< 7%
SRE0.5) KRR E R (R RE<0.3),
FD,,SFD,FD,,SF 7£ 0—20 ecm + 2. R &2 AN T
0.5~1.0, J8& T /K4 iG K )2, FD, , FD, £ 20—40 cm
+E EFRABNT 0.3~5.0, 8 TR KIERKE:
MD,FD, ,SFD,FD, 7£ 40—150 cm 1+ )2 .78 55 R 54
INCONT 0.3), )8 TR - & 2. i SFD 16 20—
40 em L2 EFRZEAN T 0.5~1.0. 8 TIHERZ. M
5 e+ S KA S R A BT UL I, SFD 1
KBRS AR B R AR M S AR RO X U
AN [ b T2 35 7 61 58 3 A = 48 B /K AR A R, R B
T HEE KRR B (1.23%) > (1,09 %) >
FeT00(0.84 %), 3X 5k Bk 55 |l ik p2 4800 B A
i S I S 2 SR — B0 B S K R B A
PN TR o 32 PR Ry B I Ak T I 1 b, R A 25 A
V17 N s o e BRI N2 o =< I [ 5 ) 7l A D ]
R, AT IS KT AR ) g K
FH A MD(1.61%)>SF(1.59%)>FD, (1.11%) >
FD, (0.85%)>SFD(0.81%) , 3% 53k A& #2155
A 2590 — B0, MD 3B B AL , B 85 Ry A B
ERYP L ESKBENGERESELEMT B, L5

7Kk AR A R b R s BLAR SF SRR RS N T
TR P 350 32, L J0 %) 8 YR 45 5 - 8 5 K R A T
e [ 5 A S U R, {H S K B R ER TR sh
frsFD, HIE& /K& B % & T FD, 1 SFD, #H] FD,
LA T i B A A o 288 L A, T o A Bl A Sy 3
SFD A 4 8 35 B #5 AKX T 4 58k oy 78 & 1 2 i )
AN R e v B K R AR E Y B
B KRR Y AR T X BTN R LU/ R 3=
T b AR B 2R 6K a3 1 WO i A A 4 B S K AR
B VD . ALK B A X B 1 v b R R TR 9%
PEVD Fe - HEK AR ST 458 A — 30 X S s AR L B
SRIFHCMH BN = A C

TRAK
0.2 0.4 0.6 0.8 1.0
O j ! M O '
30
g om”
J?E( 60 | PR
‘\:& '
K 90}
H — RV E
--o-- [HEW L
120 —— FEED R
--m- [HEY E2
—e— [k
150 L

B8 TtHESKETRAYEREMNTL

Fig.8 Variation coefficient of soil moisture content with depth
e rIIRY4 S
4 45

(1) 5Ky BA W R/ 45 2 LRk, 4—5 A
HAHEK SRR L 68 A R MK A AR, 9
11 A 9 23K - PR A E A iy 0—10 em H 35K
22 F U, 40—150 em /R BHEEIKEZE R AR,

(2) 3ok oy B AT U] 3 B AR AR ARAE , 45 MR IR S
A3 O3 BRJZ U BRZ FIRH X B8 5E JZ 5 F 18 U0
I 7 0 P 48 5 K S B 2 TR B A B B S R
J U/ B B B bR R K R B R TR Y 3
L AE 0100 em 5 BLZEHTIE KA #, 100150 em
REFREE

(3) AFFEHI LS KEEZRDE. RAN:
T Bl > B 4P K> 5 v e =2 [ 5E v s A [F)
T BRA AY K 22 S W3 RN IR > Bk
> Th

2 % LR (References)

(1] #& kA, MR k. T 5 N R vl 9 X+ 35K 43 3
BB ] o B P, 2013,33(2) :568-573.
Huang Lei, Zhang Zhishan, Chen Yongle. Probabilistic



5 43

SRYERR S 7 R VD B3R o dh AR AL

105

(2]

(3]

(4]

[5]

[6]

[7]

[8]

(9]

modelling of soil moisture dynamics in a revegetated des-
ert area []]. Journal of Desert Research, 2013,33(2);
568-573.

RS AR A% SO S B A VD L 1 K A IR R
B B A AR LT 1K b R FFiE A, 2022, 42(1) : 77-82.
Terigele, Feng Wei, Yang Wenbin, et al. Dynamic char-
acteristics of deep soil water leakage in Otindag sandy
land [J]. Bulletin of Soil and Water Conservation, 2022,
42(1) . 77-82.

Cheng Yiben, Yang Wenbing, Zhan Hongbin. et al. On
change of soil moisture distribution with vegetation re-
construction in Mu Us sandy land of China, with newly
designed lysimeter [ J]. Frontiers in Plant Science, 2021,

12:609529.

Song Shanshan, Liu Ben, Wang Jingjing, et al. Re-
sponse of soil moisture to rainfall in Pine Sylvestris in
the Mu Us Sandy Land [J]. Environment, Resource and
Ecology Journal, 2022,6(2):119-127.

A WAL, MRk 5l 7R IR ol R U0 VR R % 1 E U e -
Bk o3k 28 AL RRAELT ] - 54 . 2016,53(1) :117-126.
Zhu Hai. Hu Shunjun, Chen Yongbao. Spatio-temporal
variation of soil moisture in fixed dunes at the southern
edge of Gurbantunggut Desert [J]. Acta Pedologica Sini-
ca, 2016,53(1):117-126.

B % ATRRAR R s R AR B SR D AN IR B 2R A -

Bk 53 2 245 B RS oK ¥ ma iz [T, K AR FE 05, 2023,
30(6):133-142.

Hu Anyan, Fu Wendong. Chen Yunfei, et al. Soil mois-
ture dynamics and its response to precipitation in differ-
ent cover types of the Mu Us sandy land [J]. Research of
Soil and Water Conservation, 2023,30(6) :133-142.

F IR, 25 B 5 Wk Mg, 45 B B Z VI E (Artemisia
ordosica ) BEV% T 3R K r Sh A FFAEL) ] AR B VP 35, 2015, 35
(3):674-682.

Yu Xiaona, Li Engui, Huang Yongmei, et al. Soil mois-
ture dynamics of Artemisia ordosica communities in the
mu us sandy land [J]. Journal of Desert Research, 2015,
35(3):674-682.

REF5 TN A BUR AT BRI R K £
KA AT AR AL R s ) 4 A R AR L) ] T B K% IR 5 R
2016,30(10) :138-144.

Zhan Xiuli, Han Lei, Lai Rongsheng. Seasonal variation
and spatial distribution characteristics of soil water con-
tent in shallow aeolian sandy soil in east of Yellow River
in Ningxia [J]. Journal of Arid Land Resources and En-
vironment, 2016,30(10) :138-144.

FEFISR, SR 7 S0, %L B S RV AR R 4 A [ A 1
BET RHEOK A RE A HT L] T B X B 535, 2010, 24
(2):177-182.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Cui Ligiang, Wu Bo, Yang Wenbin, et al. The charac-
teristics of soil water in different vegetation coverage on
the southeastern margin Mu Us sandy land [J]. Journal
of Arid Land Resources and Environment, 2010,24(2)
177-182.
EFEHE N4, BRI R AR B RI0 AN IR 28 BLYD B 4 %
K 53 i) 23 S AR ARAE B HOBR 58 52 ) R [T ] K b AR e 2
R ,2020,34(6) :125-134.
Wang Yuxiang. Liu Tingxi,» Duan Limin, et al. Tem-
poral and spatial variation characteristics of soil mois-
ture and environmental impact factors in different types
of dunes in Horqin [J]. Journal of Soil and Water Con-
servation, 2020,34(6):125-134.
AT IR 23 BT SRR U0 L XOR [R) 28 B vt 4
HOK o AT HT L) 1K AR5, 2010, 30(3) £ 31-35.
Li Yanqing, Zhang Tonghui, Liu Xinping, et al.
Change pattern of soil water content in different dunes
and grassland in Horqin sandy land [J]. Bulletin of Soil
and Water Conservation, 2010,30(3) :31-35.
E T N AT S = N N A LR i) R 4l ol w7 s = L
ARG REAE A )], 4. 2011, 43(3) 1 392-397.
Alamusa, Zhou Lifang. Spatial variation of soil water
storage(SWS) on active dune in Horgin sandy land [J].
Soils, 2011,43(3):392-397.
N A T XS IR 3 25 W 30 % 11 0 9 K bk ot - 8
K3 25 B 2SR E LT ] Bk P ARl B 4. 2022.,50(6) :6-11.
Sun Xuebing, Jiang Shengxiu. Zhao Peng. Temporal
and spatial variation of soil moisture in typical sand-fix-
ation shrub at Minqin oasis fringe [J]. Shaanxi Forest
Science and Technology, 2022,50(6) :6-11.
TLACEK , TR AR, R A, 55 B 5 R Vb b md 4 A W) 3
T F MK 3 i s AR A [ ] v [ ¥ iR, 2015, 35(6)
1612-1619.
Wu Yongqiu, Zhang Jianfeng, Du Shisong, et al. Tem-
poral and spatial variation of soil moisture in dunes with
different vegetation coverage in southern margin of the
Mu Us sandy land [J]. Journal of Desert Research,
2015,35(6):1612-1619.
] XS AL, AE N T VDA X K Ay
A K oA [T P Y5 . 2015,35(4) : 942-950.
Wang Yanli, Liu Lichao, Gao Yanhong, et al. Dynamic
and spatial distribution of soil moisture in an artificially
revegetated desert area [ J]. Journal of Desert Research,
2015,35(4) :942-950.
X R U M R ACTHE A R K A3 i 25 AR A K 2R
OB AR AE DT 5 (DL LR W0 - W ok °% , 2021,
Zhao Xin. Spatial and temporal variation of soil mois-
ture and evapotranspiration water consumption charac-

teristics of typical artificial shrub in Mu Us Sandy Land



106

K - PR R

544

[17]

[18]

(19]

[20]

[21]

[22]

[23]

(D1
2021.

Liaocheng, Shandong: Liaocheng University,
Yang Wenbin, Tang Jinnian, Liang Hairong, et al.
Deep soil water infiltration and its dynamic variation in
the shifting sandy land of typical deserts in China []J].
Science China Earth Sciences, 2014,57(8) :1816-1824.
MRze 52, B0 B0 KL A B AR BLYD IR N T 4 XOR [)
TSR 4 MoK 43 T A 5 0 i Jz 3 2 8l A A
(R X B IS R85, 202236 (4) : 126133,

Chen Jiajia, Huang Lei. Jia Hongfei. et al. Vertical
variability and dynamic simulation of soil moisture in
different artificial vegetation arrangements in the Teng-
ger Desert [J]. Journal of Arid Land Resources and En-
vironment, 2022,36(4) :126-133.

AT AL  FETIF 2, T U 005 o 56 v JE v b Vb A 9 1 R K
r ik 28 A8 SRR LT K B R EF I 4R . 2023, 43(2) :23-33.
He Xiaofan, Tian Lihui, Wang Haijiao, et al. Tempo-
ral-spatial variation of soil moisture content of different
Hippophae rhamnoides communities in an alpine des-
ert [J]. Bulletin of Soil and Water Conservation, 2023,
43(2):23-33.

RE H R A R TR X VA 3 3K 5 VD b R 2 - K Ay I IR 2 B
IR SZ D). 52 R A - 9 58t ROl %, 2022,
Terigele. Effect of rainfall on soil moisture and deep
leakage in the Southern Edge of Otindag Sandy lLand
[D]. Hohhot, Inner Mongolia: Inner Mongolia Univer-
sity, 2022.

Rk, £k, BT F. B YRI5 &5 w bk
SR IZ B IR RHEXT L T]. P E Y88, 2022,42(2) : 69-76.
Liang Hairong, Wang Tao, Yang Yu, et al. Compari-
son of deep soil recharge characteristics between Mu Us
Sandy Land and Hunshandake sandy land [ J]. Journal
of Desert Research, 2022,42(2):69-76.

B, S BB AR T E LI B M B SRV
b A A R A K 43 2 A B X R R 4 [T ). T R X
Wi ,2024,47(4) :648-661.

Cheng Long, Wu Bo, Jia Xiaohong, et al. Dynamic
change of soil moisture and its response to rainfall dur-
ing the growing season in Mu Us Sandy Land based on
continuous observation data [ J]. Arid Land Geography.
2024,47(4) :648-661.

B, L U G, AR T OO AT A% B L Vb Ak
HR G S AR AR 1 52 R [T ] K = PR FEBF 5T L 2020,
27(5):106-112,

He Shuai, Wang Xiaojiang, Hong Guangyu, et al.
Effect of rainfall on characteristics of soil water dynam-
ic in Caragana microphylla sand fixation forest [J].

Research of Soil and Water Conservation, 2020,27(5) :
106-112.

[24]

[(25]

[26]

(27]

[28]

[29]

[30]

e I, BEOHE S, S 32, AL L 2 A R TS [ VD 4R M AR
AER S S B I PR 1 B I B A ES I A S 5 2 o
2023,25(7):187-196.

Hao Xuting, Huang Yaru, Ma Yingbin, et al. Study on
soil moisture dynamics in growing season of sand-fixing
Haloxylon ammodendron forest in Ulan Buhe desert
[J]. Journal of Agricultural Science and Technology,
2023,25(7):187-196.

Fu Chaofeng, Zhao Jingbo, Mei Fanmin, et al. Vertical
distribution of soil moisture and surface sandy soil wind
erosion for different types of sand dune on the south-
eastern margin of the Mu Us Sandy Land, China [J].
Sciences in Cold and Arid Regions, 2015,7(6) :675-686.
EL B AR, B AR SN DR R R
TR a2 S AR AR LT ] R IXF 5T, 2020, 37 (4)
881-889.

Wang Bo, Duan Yuxi, Wang Weifeng, et al. Spatial
and temporal variability of soil moisture content during
vegetation succession in sand-binding areas [ J]. Arid
Zone Research, 2020.37(4) :881-889.

Yu Xiaona, Huang Yongmei. Li Engui. et al. Effects
of vegetation types on soil water dynamics during vege-
tation restoration in the Mu Us sandy land, Northwest-
ern China [ J]. Journal of Arid Land, 2017, 9 (2):
188-199.

HEOGT, ERIL, XU R, % B 5 R 1D HhAg 58 R Ak 1
oK 43Xk AN () e T A% R Y [ 0. oK A AR R E 4R
2021,41(2):76-83.

Hong Guangyu, Wang Xiaojiang, Liu Guohou, et al.
Response of soil moisture to different rainfall patterns
in Hedysarum leave in Mu Us sandy land [J]. Bulletin
of Soil and Water Conservation, 2021,41(2) :76-83.
ZE SR XWHE Bt VI & 55 5 22 1 YD 58 1 A Vb o
Fe ()3 786 4 J2 A 3K 53 B 25 A% JR) B HE 0 B T A2 Ak 1
BELJT.7K PR 4iE 41 . 2022,42(6) £ 39-46.

Li Xinle, Liu Yajing, Sun Fei, et al. Spatial-temporal
patterns of soil water in clay layer at inter-dune area of
Nitraria tangutorum and its response to rainfall chan-
ges in Ulan Buh desert [J]. Bulletin of Soil and Water
Conservation, 2022,42(6) :39-46.

[EIR X S RN PN A SRR 1 o ) e PO W4
T e TR 0 o oz [ ). T 5 X B IR 5 R B L 2016, 30 (4)
85-89.

Yan Deren, Huang Haiguang, Hu Xiaolong, et al. Soil
water dynamics of sand fixation vegetations and the
responses to precipitation [ J]. Journal of Arid Land

Resources and Environment, 2016,30(4) :85-89.
(FTHEF 116 7))



116 K A DR I AR #A
logica Sinica, 2014,34(22) :6538-6547. %R .2022,28(3):727-735.

[26] Rong Qianggiang, Liu Jingtao, Cai Yanpeng, et al. Yu Hang, Gao Ruoyun, Yang Wenjia, et al. Carbon,
Leaf carbon, nitrogen and phosphorus stoichiometry of nitrogen,and phosphorus contents of leaf,root,and soil
Tamarixz chinensis Lour. in the Laizhou Bay coastal and their relationships in dominant herbaceous plants in
wetland, China [J]. Ecological Engineering, 2015, 76 dry-hot valley [J]. Chinese Journal of Applied and En-
(8):57-65. vironmental Biology, 2022,28(3):727-735.

[27] 4455, 288 Lt @, % I h B R B X 6 Fh E 2 A [31] Eh KBk, Bhapk, ¥rokid, & b E AW AR &L B 1k
MR C: N = PALS i Ry R LT ] A4 Ak T a0 2 AR AL R S R LA A S R
A .2013,37(4) :317-325. 2015,39(2) :159-166.

Niu Decao, Li Qian, Jiang Shigao, et al. Seasonal vari- Ma Yuzhu, Zhong Quanlin, Jin Bingjie, et al. Spatial
ations of leaf C : N : P stoichiometry of six shrubs in changes and influencing factors of fine root carbon, ni-
desert of China’s Alxa Plateau [J]. Chinese Journal of trogen and phosphorus stoichiometry of plants in China
Plant Ecology, 2013,37(4):317-325. [J]. Chinese Journal of Plant Ecology. 2015,39(2);

(28] BRIEFE . FOUA B Bl bk, 45 BT A [ i 34 8 1 4 40 159-166.

Ui N 7 AR 2R A = L 1590 e = 1% M T B A I M [32] Jackson R B, Mooney H A, Schulze E D. A global
4% ,2018,38(1):273-281. budget for fine root biomass, surface area, and nutrient
Chen Xiaoping, Guo Binggiao, Zhong Quanlin. et al. contents [ J]. Proceedings of the National Academy of
Response of fine root carbon, nitrogen, and phosphorus Sciences of the United States of America, 1997, 94
stoichiometry to soil nutrients in Pinus taiwanensis (14) :7362-7366.

along an elevation gradient in the Wuyi Mountains [ ] ]. [33] Agren G 1. Stoichiometry and nutrition of plant growth
Acta Ecologica Sinica, 2018,38(1) :273-281. in natural communities [ J]. Annual Review of Ecology,

[29] FEHLIWALZ, 5k B T, R R 0 U HoAm AN T AR Evolution, and Systematics, 2008,39:153-170.
Yp—1 4 C NP A2 AR . A Ak 4 i, 2023, [34] Takashima T, Hikosaka K, Hirose T. Photosynthesis
43(1):162-169. or persistence: Nitrogen allocation in leaves of ever-
Wang Kai, Xing Shiqi, Zhang Risheng, et al. Changes green and deciduous Quercus species [J]. Plant, Cell &.
in C.N,and P stoichiometry of soil and plant of poplar Environment, 2004,27(8):1047-1054.
plantations in Horgin Sandy Land [J]. Chinese Journal [35] Ojeda ] J, Caviglia O P, Agnusdei M G. Vertical dis-
of Ecology, 2024,43(1):162-169. tribution of root biomass and soil carbon stocks in for-

[30] bl o 305 2. T AR EARMEY M A . age cropping systems [J]. Plant and Soil, 2018, 423
MRS B AR S it ORI 55 (6):175-191.

(L35 106 )

[31] kkpR BT Bt E4A . F. BY RV ITE B & A 7 41 [33] KA %, MW B, F BRI AR LA
NI ) e R R TR I I O s S JUFE A b+ HE K 43 3 25 [T ] AR e Aol K2 2 4R
2008,15(1) :96-99. 2010,41(6) :73-78.
Zhang Jinhu, He Kangning, Duan Yuxi, et al. Study Zhang Youyan, Zhou Zefu, Cheng Jinhua, et al. Soil
on the spacial and temporal change of soil water con- moisture characteristics of several types of shrubs in
tent under different plant coverage on the southwestern different anchored dune positions in Maowusu sandy
edge of maowusu sandy land [J]. Research of Soil and land [J]. Journal of Northeast Agricultural University,
Water Conservation, 2008,15(1):96-99. 2010,41(6) :73-78.

[32] ZRW, T XK, 552 T B8 4 DOR [ Al 9 26 2 [34] SRBWE BRI AR EIGKHE, S 0 e DI B K & 5T

Xf K a3 B 52w [T ], P91 Rk R 2% 2= 4, 2019, 37
(2):177-184.

Luo Mengjiao, Ai Ning, Liu Changhai, et al. Influence
of different vegetation types on soil moisture in the
semiarid loess region [J]. Journal of Sichuan Agricul-

tural University, 2019,37(2) .177-184.

KPR A 55 AR AL R AE [T ). T 5 X #F 55, 2020, 37 (6)
1427-1436.

Zhang Yuanhao, Alamusa, Yin Jiawang, et al. Spatial
and temporal variations in sand dune soil moisture con-
tent and groundwater depth [J]. Arid Zone Research,
2020,37(6) :1427-1436.



