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Spatial and Temporal Characteristics of Soil Moisture in Typical Sand Fixation
Plantations in the Eastern Hobq
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(Inner Mongolia Forestry Research Institute s Hohhot 010010, Inner Mongolia s China)

Abstract : Soil moisture is a key factor for vegetation restoration in desert area. In this study, we took the
typical man-made sand fixation forests (Artemisia ordosica ,Salix psammophila ,and Caragana korshin-
skii) in the eastern margin of Hobq desert as the research objects, to conduct a continuous monitoring of
the soil moisture in 0— 180 cm layer at the top, middle and bottom of windward slope in the growth season
of 2017—2019 by using Trime-pico Soil Moisture Observation System. The objective of this study was to
examine the effects of vegetation types and environmental factors on the spatial-temporal dynamics of soil
moisture in desert. The results showed that the interannual variation of the average soil moisture content in
the study area was affected by rainfall, which is was shown as:2019(9. 7% )>>2018(8. 6%)>2017(4. 3%).
Because of the difference in vegetation growth characteristics, the soil moisture contents of the three sand
fixation forests were in the order of A. ordosica (7.9%)>S. psammophila (7.8%)>C. korshinskii forest
(6.9%). The soil water content of different slope positions is was slightly different. For A. ordosica forest
and C. korshinskii forests,it was in the order of are at the bottom>>middle>>top of the windward slope,

while for S. psammophila forest,the order was is at the bottom>>top~>middle of the windward slope; The
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vertical change of soil moisture in different areas was obvious, which presented the trend of first decreasing

and then slowly increasing with the depth of soil layer. The maximum value of water content appeared in

the shallow layer (0—40 cm) ,and the minimum value appeared in the middle and deep soil layer due to dif-

ferent rainfall infiltration and distribution of vegetation root system. The variation coefficient of soil water

in the three soils forests ranged from 0. 2 to 0. 4, the variation in shallow soil water was large, but it was

relatively stable in deep soil. There was a negative correlation between soil moisture and vertical coefficient

of variation. In general, seasonal change and soil depth had great influence on soil moisture in time and

space dimensions,soil moisture and vegetation growth interacted and restricted each other.

Key words: Hobq desert; artificial sand fixation forest; soil moisture; spatio-temporal variation
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Table 1 Basic situations of the sample plots
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Fig. 1 Variations of air temperature, humidity and rainfall in the growing season in the study area
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Fig. 2 Variations of rainfall and rainfall events in the growing season in the study area
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Fig. 3 Changes of average soil water content of three forests

5H 6H 7H 84 9H 10H

20174F 20194

M LIRS KRR N EFZE T, EEREN
JE R KRR E R R,
2.3 NI EDbH KD = ETWEFE

PRIAF 3 6 AN [] 3 R N T[] D AR AR P 35 4 3
oK EZ SR (8 3, X T ARG 2017 4F -5
T KRR VD MIAR = T8 AR > A 2K A X
AEA5y 20182019 AF M ZRIN Ky I 5 R > VD MIAR > F7 2%
R, 2019 A 71 78 AR 38 4 38 5 K A B R ORE, N
10. 7% o T REAK IR R SR S 185 1l IX. 1 HE K 43 32 21
AR AR A R T T B I W A ) 25 S R R R
KR EEHER (R FE R A B 22 e 1 2% Kl
Xt S 7K B A Al ke B G B

AN TR 3 ASE 118 235 T00) 3 A %o = 48 5 7K B 1 1) 7 Al A7
TEUA 25 5 (5% 2), 2017 —2019 4,3 Fi A T [# 70
R 9 5 K B TR AN [ 3 46 () 22 5 8 3 (P <<0. 05),
TH S ARFNFY S5 AR 34 1 5 K i SR R B i
DA JEG 38 = v 308 = T30, L ¥ib 78 A A A 45 PR3t XL B
JIG R A HE K a4 0 R TR 13, 696,13, 5%, i
VH WA U] 2 B - 3000 IR 3 JEG 38 > 0T 35 = v 38, 300 KUK
JICHB 4 1 & K & 43 0 T T00ES RO AR 2. 9% F
8. 1% . BK b A IR) LT[ v bk 4 438 5 K 8 B 75 1
DRI I8 e i T8 A X 45841

AR T V0 bk A 48 15 K 2 7R A8 fb B 2 (&

4), 2017 4F 3 B N T VD AR A 8 5 oK B IR R Y
FI R e /N G G718 1K, 2018,2019 4F U0 M Ak
BeE KBS S 2017 AR —3, B 3 a 8]
FIEE K E BT A B A 40~60 cm )21
T MO bR 1 Bk B IR AR L S 2017 48
WA AN T L 2 B0 3 b 32 2 (0~20 cm) 2818 1 K 7
PN I 1GR3 55 A TR AR B o KIS LT BE S AR )
EMEAE A X, 2017—2019 4F, 3 Fl A T [& ¥ K +
B K i RAE I AR Z 0~40 cm, T &5 AR
VAR /ME H AE 100 ~120 cm, #7 2 AR e /ME
HELAE 100~140 cm, #AK 132 0~40 em 11
Bk T AR LRI VIR > A Apk
Syl E AR FE 2 40 ~120 em, H TS K E AL
X1 )2 120~180 cm, HIE S /K BB WH T

= iy 0 B S 7 NI NS R R0 N 285 e oF 1 b &
WS Z BB AT T OB R Ty 2 4 B (R
3) o B AR AR X A 3 K Y 52 A ) B K OF
(P <C0.05) , & 22 B X 4 58 5 7K 2 1% 52 0 35 5 4
i F K (P<C0. 01, = 3% 2 BAE F Y 52 i 35 31
FIKAF(P<C0. 05) 5 H 4 2 B FE A 4= 48 55 7K &t 5% i)
AR B X A 5 IR R J2 R AR Ak A s (] A
23 [H) 4 B 1% e K A R R



o X PR S AR 5 AR B R AT E bR A B K 3 i as AR A R AR
K2 ARFKEMATESKETH
Table 2 Variations of soil water content at different slope positions
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B 9.45a 0.36 9.06a 0.35 8.56a 0.37
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Fig.4 The variation of soil water content with soil depths
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Table 3 The response of desert soil water content to environment factors
R 251 2% 5 df ¥r F 14 P
K E KT 1] Z AL 5 2.315 20. 645 <0.001" "
FE b 28 A 2 1.773 15. 817 0.001" "
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T H 5 1) B AE 4k 2 0.781 5.003 0.021°
+ 2R E 8 1. 695 10. 863 <0.001" "
Wi i AR AL X )2 R 16 0.156 2.974 0.019°
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Table 4 Changes of the time variation coefficient (time c_)

of soil moisture
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Fig.5 Changes of vertical variation coefficient (vertical ¢,) of soil moisture

25w

JE AT F5 U TR AR B [N T [0 b 4 398 25 K e
AR B (4T B SO [l R B T 22 80 140 B i
R 2s 25 5. 3 N T V0 bR T 35 48 5 K o AR B
AR B LT R G MRET BR RN EESR
18 T B, B 2R T i i DR 25 FIRK R e LR
WX BLAE 7 Ak 8 A . AN AR M 4 K B
PRRIN ME T, 9% > MR (7. 8%0) >F7 5%
6. 9%6) 5 H A58 55 7K o 359 2 300 XU IS5 o K5 7
M IR bR 2 ISR G K B S i
KA HPAE 0~40 em + )2 . E/MEFEF JE IR E
IR S VS O NS R % N B 5 i T R ¢
H0.2~0. 4,7 )2 LR AR SRR KL IRIZR N
R T OK P EA R RECN 0.1~0.6, IS
KRR, A TR S R O

e 1 4 HE 5 K 2 B A7 3 Xk A WL IR BE L e b
& T M R K S5 PR BT R I, S R
HE BB A e S T8 A IR B
o R NN U N o S0 - <o PO R 1K =

3

(2018.2019 4F) Bl | KT T 2447 (2017 F) . HH T
B TR 2 i W5 IX - MK 43 2 B A R 4 ok RN
2018 A A K B R X A A K 2 FARAIE T 7
SRR G s 1 B K G 1S T, 2019 4 B T RH X 38 i
NZ #2018 4E7K A B EAE T, LIS K ED
BRGEEAVHOMAE 3 a [HZE LT, &1 Rk
R AE TN TR E RGP A B
ERE X5 F A S5 % sk 2009 — 2013 4F
N T EV bR LK AR R R 45 R — 5, AR E
R 1 5% R A5/ W B A A R G2 L K AT TH AR R D
9 K R B 5 AR K W U R A K
2z U B T v AR B I R I, A B K S 0 FE R
e, R 3 ) 46 rp B RN ST SR Y R R s RN G L S
SN SR ZN AR A 5 02 o 0 - B K U B e
WA 5 A R 2 R A 0 4 3 3 92, % oK 43 19 7 oK
553 o 100 L FSF P9 686 T =0 A7 AR R A 22 TR Ot B K
iz W RE s o2 1B LR

WFFE A ], 78 T WA R AR £ 3 Fh A TV Ak £
S KR — W 25 50 AT R AR A (R
N T AR 2 4 18 5 K it 3 3k - VO WA = il 75



41 X

VA5 < PR A 55 7R B S AN T V0 Ak 38K o3 I 25 AR A R AR 7

v i TR K B S S Iy  e% 1
Fr 25 PR X 3 W R BN o S M W 22 S MR A — e AR I
0 A e KR B KN X 5 AR Y W B
4150 W, B. Yang et al ™ W RFIE 45 B — B, M
2 A3 A R AE 2% 2 W B A ) - A B i I B S
K 4y 25 18] 22 5 09 RN g X
W O AT AR R FEE DT 20~40.0~
60.40~100 cm /2, #7523 140 A JU
ST RNENERC T 3§ R NI oy =D Ol TR AR (YL
8 E A K SRR B e e T
LR RV AR Y L KT AP - HE S OK B O RN . T
MR AR A A R T R B A B I R R
T K AN S L R )2 K B R 25 1 AH X B
L T DU 2 R IR BOK i B AR
L T VMR B K o3 2% A (A K 32 3] — s B, 7%
R B SRR K BN 2 BB RO
WA BT, DA S &5 B Xk B T A% 3 43 B B8R R R
I 7E T AR VO M AR 3 5 K AR R A R, 7R
T AE A5y 5 T BT B 78 43 40 25 , 5 Bz X K 43 4B AN
R ut  E f K R A T R R
B S VDA R S 4 5 AR A K AR s 2R
BRI MO R B8 /N, R HEAS B A A B I, e+
HES KR ESY . B LLL B K D 45 TR BE A R R
T K2 R FUMGEE A B 5 T 22 57 A2 3 BOAS TR A 9 1
HE 7K 43 B ) 1 25 0] S P A BB R,

ol M T 113 A2 A X6 4= 38 5 7K B2 9 i g A A7 AE 22
S AR AKXk 2 [ 5 v F R S v R [R) 3E7
38 KRB TN A 0 IR RS R 2 A, PR L T
BN, B A Y R S MO R 3 07 4 B K oy
ARAAS B R A 4538 . ARBFIE & LR [R L T v bk
S KR TR A XU R 0 e v TS AR e S R A
%L 33X 55 AR 58 45 1 — 20 L IR R KU
TR AEF = v 35 R TOU S M A7 3, Y e R R AR
e T I 7K 2 VI 38 T ) 3% RS VL I - HE A
T 22 DG 8 ) S 147 3R 3 R RS 4 AR T T A AR L
T WA W) Z5 8 FE K /N, BT DL A K A
R F=

BRI AR RE LK SHEE RS
HEEL A L o AR R W) 7 b R AR - 3K o s
I3 A By A B K 3t X A B A A R R T AR B Y
R s i 295 B LA AR SR AR B iR i AR R A
MR - K 43 AF Tk 158 B A HE R B R R A
Y B A AT K B R R ) bR B R L R
VHE T A D S B R 2 A HE K A AR R
S FH L AR N T VD R T R LR R B R R AR S
REMRE .

S & Lk

(1]

2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

(11]

[12]

[13]

[14]

HU W,SHAO M G,HAN F P,et al. Spatio-temporal variabil-
ity behavior of land surface soil water content in shrub- and
grass-land[J]. Geoderma,2011,162(3) :260-272.
CHO J,LEE Y W. The effect of fractional vegetation cover on
the relationship between EVI and soil moisture in nonforest re-
gions[ ] ]. Remote Sensing Letters,2014,5(1) :37-45.
TRALAE A B e, AT RRART A B R K s
[E] 73 A % Jes B2 R LT ). PG U MR 24 B 2 40 . 2019, 34(5) : 17-22.
ZHANG L H,LI C L,JIANG S X, et al. Effect of soil crusts
on the spatial distribution pattern of soil moisture under
Haloxylon ammodendron Plantations[ J]. Journal of North-
west Forestry University,2019,34(5):17-22. (in Chinese)
K i B, R W] A AR A BB R 2 A 3K ) AR fb
fIECY]. ROk B3 ,2016,274(5) :58-65.
VOLPE V,MARANI M, ALBERTSON ] D,er al. Root con-
trols on water redistribution and carbon uptake in the soil-
plants system under current and future climate[ J]. Advances
in Water Resources,2013,60:110-120.
B RS A o S T N N R 1= K8 - R iR Y o e
oK 5rah A0, T, 2019,3(5) :54-61.
JAS B L PR, EARNE L AF R U 8 By 4 obR A L ok
SMEAELT ] Rl BE:,2017,34(12) 1 2437-2444.,
GU M H,XIE Z H,WANG C H,et al. Soilmoisture character-
istics of eight types of shelterforest in Kubugidesert[ ]J]. Prat-
acultural Science,2017,34(12) :2437-2444. (in Chinese)
EGEOR W M0 A, S B LR TS e R S U 2 U Aok I 1 A
K 5355 48 W A5 ) A RS A OC RO SE L], 74 Jb Ak B 4 4
2018,33(1) :1-10.
WANG J Q.HAN L,LIU W Y,et al. Variable relationship of
soil moisture and spatial pattern along desert oasis transition
zone in the tarim River middle reache basin[ ] ]. Journal of
Northwest Forestry University, 2018, 33 (1): 1-10. (in Chi-
nese)
ENTIN J K,ROBOCK A, VINNIKOV K Y,et al. Temporal
and spatial scales of observed soil moisture variations in the ex-
tratropics[ J ]. Journal of Geophysical Research: Atmospheres,
2000,105(9) :11865-11877.
IR B (e | VA I S = S S i /N B N/ 7 et
6] 43 A PR AE B AT L], T 5 DX B 5 #1458, 2019, 33(5) :90-96.
PN AN 7/ N S I N R 7 N S ok L O o e R
FRELT]. F 5 XK BF5¢,2018.35(6) :1308-1316.
TR AR e, 2R PE R - T 5 Y - K R Y 23 ]
G A R HCi T AR LT . I8 A 25 24 4. 2017, 28 (8) £ 2509-
2516.
ZHANG S P,SHAO M A, LI D F. Spatial distribution and
temporal stability of soil water storage in an oasis-desert eco-
tone[ J]. Chinese Journal of Applied Ecology, 2017,28(8):
2509-2516. (in Chinese)
LR, TRAEA, AL HERS 55 BRI M S ARG Y £+
BeAR oy 2= ARG L], E VP L, 2015,35(6) : 16121619,
B Y, BRSO IV L AL B R ID U M RR F A% (Pinussylves-
tris) AT [ V0 bk 722 5 A vh ) b 2 AR PR R SBEK 2 R LT .



8 PO AL AR Be 2 i 36 %
HE PP, 2018,38(1) :126-132. of typical deserts in Chinal[J]. Science China Earth Sciences,
(151 EA 1 . R AT 55 B ARG P iR v AR S BER M [T ], K 2014,57(8):1816-1824.
AR HFER ,2018,38(5) :174-179,188. [27] ZFrae ., B R 2 e AIRE . 45, T 52 T 5 X L iU W46
WANG R, YANG G ]. Evaluation of ecological benefits of WA A TR T sk R[], o [ v L, 2001, 20(1) - 4-
combating desertification in east edge of Hobq dersert[]]. 11.
Bulletin of Soil and Water Conservations, 2018, 38 (5):174- [28] ZHANG Z S.L1 X R,WANG T,et al. Distribution and sea-
179,188. (in Chinese) sonal dynamics of roots in a ravegetated stand of Artemisia
[16]  FHaA], x|S0 88, mHa LT, &, N T VAR 8 X 38K 4 sh 2 & ordosica Kracsh. in the Tengger desert (North China) [J].
Z5 [ A3 L], E YL, 2015,35(4) : 942-950. Arid Land Research and Management,2008,22(3) :147-154.
L17] ZEgroe ok, B 55, RE VD XN TAE B &R g A -7k 3 [29] TR, Bk, PRER, 55, LK 50 X B B RV il s %
IR A E LA SR L) ] B2 0 4 . 2013, 58(5/6) - 397- WAL ], TR XRS5 3R, 2015,29(2) :92-98.
410. YU X N, HUANG Y M,CHEN H Y, et al. Effect of soil
LI X R, ZHANG Z S, HUANG L, et al. Reviewoftheeco- moisture on community succession of Artemisia ordosica in
hydrologicalprocess andfeedbackmechanism controlling sand- Mu Us sandy land[J]. Journal of Arid Land Resources and
binding vegetation system in sandy desert regions of China Environment,2015,29(2) :92-98. (in Chinese)
[JJ. Chinese Science Bulletin, 2013, 58 (5/6): 397-410. (in [30] AmYLBL. B . 2200 5, 45 R S8 U M LR N bR - K 73 3
Chinese) A5 e HC e g T p e 9 7] AR A5 3RO 24 4R, 2019, 28(9) 1 1757
(18] oA 2= T 45 SO L 45 B 5 R VD MR 8 [ 10 AR R K 23 X 1766.
g 1 14 B 2 2 [, 7K A PREFE ST 201926 (3) : 101-107. YANG K Y,JIA Z Q.LI Q X, et al. Soil water dynamics of
FENG W,LI W,YANG W B,et al. Dynamic response of soil typical plantation in alpine sandy land and its response to
moisture to rainfall in Pinus sylvestris var. mongolica sand rainfall[ ] ]. Ecology and Environment, 2019, 28 (9); 1757-
fixation forest of Mu Us sandy land[]J]. Research of Soil and 1766. (in Chinese)
Water Conservation,2019,26(3):101-107. (in Chinese) (310 ZEHidR . R, Tl 55, VIR )E 30K 23 B 25 B R
IR 7 AUURE 8L = N 5 2 S N o = DS AN [ I ) 37 [T, 2 25541, 2019539 (15) : 5701-5708.
T A F 78 [T, HE B HE K 9] . 2018, 37 (Supp. 2) : 74-80. LI X L,WU B,ZHANG ] P,et al. Soil water dynamics in the
SUN Y,DONG X H,GUO L F,et al. Simulation of soil water shallow layer of Nitraria alba and its response to different
movement and redistribution under different rainfall condi- rainfall[ J ]. Acta Ecologica Sinica,2019,39(15):5701-5708.
tions[ J]. Journal of Irrigation and Drainage, 2018, 37 (Supp. (in Chinese)
2):74-80. (in Chinese) [32] LIUL C,LI SZ,DUAN Z H,et al. Effects of microbiotic
[20] skl ZE0roe ., B 46, U BN TAE B X A 28 & 25 1 T <2 crusts on dew deposition in the restored vegetation area at
[J] A2 . 2005,25:2484-2490. Shapotou, northwest China[ J]. Journal of Hydrolqgy, 2006,
(210 WM Q2R At . . 3K o3 Ak i) A2 At F 5 HE R [T, 328:331-337.
He AR, 2018,38(10) :3403-3413. [33] ZHANG Z S,LIU L C,LI X R,et al. Evaporation properties
LING P F,ZHUX,HE Z B.,et al. Research progress on time of a revegetated area of the Tengger desert,north China[ J].
stability of soil moisture[ J]. Acta Ecologica Sinica ,2018,38 Journal of Arid Environments,2008,72:964-973.
(10):3403-3413. (in Chinese) [34] ZHANG Z S,L1 X R,LIU L C,et al. Distribution, biomass,
[22] SRTTIE.HT) S SR AR AL A5, BT v iE 5TC B 4 U O U AR AR and dynamics of roots in a revegetated stand of Caraganakor-
(Haloxylonammodendron) #3 [X. + 3 & 7K 5 43 4ii 457 fE S 5% Wi shinskii in the Tengger desert, northwestern China[J]. Jour-
RZLT]. PHAE AR B2 41’k . 2019, 34(4) 1 16-25. nal of Earch,2009,122:109-119.
ZHANG K H, HU G L, ZHANG Y J, et al. Distribution [35] %AW, 30T XU, 45, 2 T 5 28 IO [l R 26 0 %) - 0
characteristics and in fluencing factors of soil water content in KA LT ], PO Ak K 4 2 4. 2019, 37 (2) . 177-184.,
the root zone of Haloxylon ammodendron in desert-oasis e- 191.
cotone in the middle reaches of Heihe River[]J]. Journal of LUO M J,AIN,LIU C H,et al. Influence of different vegeta-
Northwest Forestry University, 2019, 34 (4) :16-25. (in Chi- tion types on soil moisture in Semi-arid Loess Region|[]].
nese) Journal of Sichuan Agricultural University,2019,37(2) :177-
[23] MCCOLL K A, ALEMOHAMMAD S H, AKBAR R.et al. 184,191. (in Chinese)
The global distribution and dynamics of surface soil moisture [36] XIA J,NING L,WANG Q,et al. Vulnerability of and risk to
[J]. Nature Geoscience,2017,10(2) ;100-104. water resources in arid and semi-arid regions of west China
(247 Al sk X SR 2+ 5 X 20 U b S8 B A S R L under a scenario of climate change[ J]. Climatic Change,2017,
JK AT, v E Y, 2002,22(4) £ 359-362. 144(3) :549-563.
[25] B, EHOF. R4 %, AR AV 3R 2 3k 4y [37] SENEVIRATNE S I,CORTI T,DAVIN E L,et al. Investi-
AR TEL T, K AR 2R 3. 2007,21(5) : 106-109, 186, gating soil moisture-climate interactions in a changing cli-
[26] YANG W B,TANG J N,LIANG H R.et al. Deep soil water mate:a review[ J |. Earth Science Reviews,2010,99(3):125-

infiltration and its dynamic variation in the shifting sandy land

161.



