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Soil moisture dynamics and deficit of desert grassland with anthropogenic

introduced shrub encroachment in the eastern Ningxia, China
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Abstract; In addition to global climate change, the anthropogenic shrub ( Caragana korshinskii) introduction in the eastern
desert grassland accelerated the shrublands encroachment process in Ningxia, which influence the soil moisture storage and
distribution. In this study, we aimed at understanding the soil moisture dynamic and deficit during the process of shrub
introduction. We selected different sites in grassland including enclosed grassland, grazed grassland, shrublands with
different planting years (3a, 12a, 22a) , and shrublands with different planting intervals (40m, 6m, 2m) and analyzed the
dynamics of soil moisture, compared soil water deficit index ( CSWDI) and plot compared soil water deficit index
(PCSWDI). We found that the soil water content of 0—200 cm soil layer of the shrublands with different planting years and
intervals were 7.80%—10.90% , significantly lower than that of the enclosed grassland and grazing lands ranging from

11.90% to 16.09% , especially in spring soil moisture recovery period. The effective water storage of 0—100 cm soil layer of
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the shrublands were less than that of 20.00 mm ( —16.98—18.69 mm) , which was lower than that of the enclosed grassland
(34.67 mm). Except the enclosed grassland were no relative deficit, the other lands were all relative deficit, ranging 6.69
mm to 97.16 mm. The CSWDI of different soil layers in different lands were 0.03—12.10, similar to relative deficit amount.
The changes of PCSWDI in different lands showed an increasing trend of the soil water deficit with the increase of shrub
introduction years and density. This study showed that the process of shrub introduction in desert steppe intensified the soil

moisture deficit resulting in excessive consumption and utilization of the deeper soil moisture.

Key Words: desert steppe; soil water; soil water deficit; anthropogenic introduced shrub; shrub encroachment
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Fig.1 Average precipitation of Yanchi County from 1986 to 2017 and the maximum and minimum air temperature in 2017
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Fig. 2  Location of the study area and the distribution of
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A3 R K A3 AT AR K B E 7 I, UL 3R BE A 0—200 em, £ 20 em H—)2, 3t 10
JZ,BER TDR 843 7E 4 A5 e otic 5%, & A W 1—2 vk, T 38K 4 shZ8 408, 76 DAL SIAE 4 T
2016 4F 6 J FH L08R 8 i B 52 1 TDR 39S ORI [A], RAE TR BE 8 0—100 em , RAERIFEH 20 em, 21t
340 AR, T K 7 B, RIERE L Z4E HHES K B R AL e MR =R, RAME Tk
(105°C ,24 h) 52 3 57K, SR FHER T 0 FH ) Rk e e a2

R1 FEER, EEEZEMSINTREEMIFR

Table 1 Introduction of process sample sites situation in different years and intervals of shrubs

R A R ZE 2 EEAEY
Sample type Sample situation Longitude Latitude Major plant
T (FY) . , , %E% A‘rtemisia scoprlri(.z . H i1 Pe:LLliselum cen-tr(.lsialicum N
HE 14 4F 107°14 37°53 WS Corispermum hyssopifolium F5 Aneurolepidium
Enclosed grassland
dasystachys
Jiﬁ(%i{ﬁ(FM) R 107°18" 37057 %%% Salsﬂicollina, WEE, A, 5 Glyeyrhiza
Grazing grassland uralensis , 3 5¢3%E Peganum harmala
FiHE 3a(NX3) N S h VK EL Agropyron mongolicum , 15 J§BE , B
H| 1 1 7021 ’ 70 ’ A ’ 9 ’ ’

Planting 3 years IFIBE 6 m 0 37750 #r4& Caragana korshinskii
*‘Fﬁ;—[‘lZa( NX12) 1 6 m 107°20" 37051 fFﬁ ¥ Lesge:leza potaninii, ¥ & &, 5 1€ 3 Stipa
Planting 12 years breviflora , 4 ¥

22a(NX22 . SN
i S [i]95 6 m 107°22' 37951 AERCT B A
Planting 22 years
A1 40 40 . s e
'mj, T"(JJ ) 1992 Ffif 107°21" 37°55' MBE BT Ak W AR Stipa breviflora
Planting interval 40 m
5] 55 6 6 e
FIEE 6 m(JJ6) 1994 Firkt 107°22" 37°51’ FRCT BT A
Planting interval 6 m
A1 2 2 d e e
FIEE 2 m(112) 1994 Fift 107°17’ 37°50’ R NS R

Planting interval 2 m

2.2 BdRSHITE
221 HIEfEKE
T B K RS B3 EOK A A B Ha R ARy .
M, xD, x h x 10
- 100
AP, WS 3K E (mm) M, 8 HIE S KE (%) D, HIERE (g/em’) ;h HEZEE (em) ;i N EE
31,
222 FRASFERAN[E] 42 3K T SR EE AN
) FH 387K 43 A 5 BFE 5L ( compared soil water deficit index, CSWDI) , WA BANRE AN [R] + )2 + 38K 43
M R

WS

Srf i A i 12 CP R HERERL S @ 2 MR SM RS ¢ )2 R WM SRS
2.2.3  AN[EVREHLE] 33K oA 5 R R PEAR
FEHb + 3K /A X 5 BRFE L (plot compared soil water deficit index, PCSWDI) |, 1540320 42 .
ko SWScp, — SWS;
=1 SWScp;, — SWSwm
k

U, SWSep, T HRREHER i +)2 HHERH/K &L SWS, REIbES i £ )2+ HEfE/K it SWS,, SRy PR S50 X R 1 -+
SER K Ik R A R

PCSWDI =
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2.2.4 HHEAR#IKE (effective soil water storage , ESWS)
A A R K B A TR K RN 2200 8 2 () ) 22 {8 T3S K AR T 2208 2 | T Rl K 2 Y
Wy Y soK Y S Ik, HHEA UK R (ESWS) £k R .
SWS, - SWS,_ . (SM, < FC)

ESWS, =
SWS,, - SWS,, (SM, = FC)

.
ESWS = ) ESWS,

i=1
A ESWS, N @ 24 80K 2 (mm) 5 SWS,, o8 H RNREZK 860 [ 3% K i (mm) 5 FC O H RTREK &
(mm)
2.2.5 HIEKATFIXT T B (deficit soil water storage, DSWS)
AR R
k k
DSWS = Y, SWScp, — Y, SWS,

S, SWSep, A Xt HEHLES @ 4 )2 T fg/K & ; SWS, A RRHLES @ + )2 itk s,
2.3 HdEI S 8T

K Excel 2007 %R UAREVEFT LA 4L ] SR A Origin 2018 il &, SR F SPSS19.0 #EA7 8K E )5 22 40 it
(one-way ANOVA) R e/ ik 2 2585008 (LSD) # 7 2 L («=0.05) . KSR EidiE A P31

3 ER59M

3.1 A[FEAERR R BEVE NG| 1 356K 43 38 B s S AR AL RRAE

Il 3A AT, 78 B U AN AR BRI A B | AL FE , +HEK T Hah A £, FY . FM 0—200 cm +)2
- HESE 2 5K 4050 13.42% F1 11.76% , .35 5 NX3 \NX12 \NX22 j# A + 36K 43 (P<0.05) , F-3) +
eSS B R 9.44% 8.78% F1 8.18% ; Horp £ FE L 0—100 em + )28 MA@ AL TARME, LS KRN
3.99%—11.54% , Wi %5 1 )JZ MR, 100—200 cm 1) K3 RIS, FY (FM 587K 53l 75 1 SRR B 1) 3
T B E RN (P<0.05) ,h 9.56%—22.56% , H. 1 & I T EL B2, 1 AS [R] 4F PR A\ Hh -+ 36K 43t 4 )2 1
HEIEANRE HESKEN 3.99%—10.23% , B KT FY FM(P<0.05) .

& 3B AT, B RO AS R ] R E A S | A B FY JFM 0—200 em )2 H HHEF &Kk E B 25 T

387k & Soil water content/%

4 6 8 10 12 14 16 18 20 22 6 8 10 12 14 16 18 20 22
S T T : : : : : : : :
0L AFAFERBIN SRR 40 ENE[EFEE PNy
oL —n— R o | —— HHEH

§ —e— JiltHicHt —e— JiltHict

= 80r —o— FhtE3 a 80 —o— ] fi40 m

_§‘ 100 L —o0— ﬂ*ﬁ;;a 100 b —o— ] 6 m

— —n harm

3 120t 22 a o | —— |2 m

% 140 | 140 |

I 160 160

H ool 180 b
200 200 b

B3 FHE-MH-AEENLSINITE 0—200 com L ETEAKSEEDS
Fig.3 Vetical distribution of 0—200 cm soil moisture in the process of shrub introduction with different years and intervals

P e p i D 2

http ; //www.ecologica.cn



1310 A E = 40 4

1140 J16 J12 +HEK A2+ IS K& A3 910N 7.68% 7.84% 1 7.78% ; Ferh A& REHL 0—100 em + 25 NFaE
AEFARME, FY \FM 1Y 387K 43 (9.56%—22.56% ) . 35 =5 F Ho Al A 5] 8] B A b (7. 119%—13.40%) (P<
0.05) , B £ 2 MR, 100—200 em (137K 43 52 05 sl 3 in HL 5 25 19 3 B sl 2, 1 S (7] [8) 3 3 A b 5 R )
AERRAE IR, TR 2 KA MG, 3 B S A B, WK F FY (FM(P<0.05) ,
3.2 AN[FEAERR EIEEHE NG | 46K 53 Z 5 AL RRIE

I 4A 1T 76 B RO AN R AR BR 5| AT ALK 4 i BT 0 35 25 5% (P<0.05) ,FY (FM Hli 1K
YA IIASRIA B TR B Z A KIS RERE AN (7—8 ) MRk R M AR SERG I Y AR Ak kA
AN TR FRVE A bl IR 2 3K IR 22, 1R R 25 - K R W AR A 55 , R B0 A AR 1) 38K 43, FY |
FM 78 3—4 H BRI 30K 35 0 ik B i s (E 16.09% F1 14.09% , 1 NX3 (NX12 5 NX22 ¥ 448K
o3t B/ ME, 5350k 6.99% (8.76% F1 7.419% , RINN F ZIR N5 B = T FERK M K #b e 221 s AR 1k
A5 REHb ]+ 88 K 25 B AEOR AR 3 A i FY S EARME NX12 H K35 A2 8.91%,, 7F 11 H Wb
(A 22 4.59% , ZZ(EIRA T 4.32% , 44 B BE () B = 8K 43 7 sh 4, i T b BB 9 28 KR R 28 % | 3|
ik 7—8 H B K W ERARME , AN FAERRBIAFEAG A EHOK R8T R E 25, i T HIEREZ
IKATHITEFE , (A 2 UK TR Z IR IR A 2%, 0K o B KT H R OBt (P<0.05) ,7—8 H
PUe B B RN, ¥ 2 BT E S BARZE T A — 80 (AR AR 5] A B HE A - 5K 7 B E RT3 F
AR L, 22(E 7 3.67%—T7.67 % i N,

—=— WEHH —o— P32 —o— FiHi22a —a— HfH WM —o— HJE4Om —— P2 m
—o— JitdkHT —o— FhHHI2a —e— Jilt 4kt —o— [HJi6 m
18 1 A FERRGIA SR 18 AFEABEG IR

3% 47k & Soil water content/cm
=

H 4y Month

B4 ER-BE-EASIANGELEKSFHHE

Fig.4 Season dynamics of soil moiture in the process of shrub introduction with different years and intervals

] 4B ] 0, R — il — R [R) [R]EE A5 | R v, 75 A [R) 1] B 3 A M 1= 38K o 7 e L 35
25 (P<0.05) ,3—11 J FY [FM 48 & /K G 38 T HABAE L, 43 5 7E 12.92%—16.09% . 11.11%—14.09% Z
], o FY FM b 3K 5 2 A8 34 5 IR 2R L 013 2 2 A T FE R AR (7—8 1) I Bk 2 W ACRb
FEHEIIA A A Ak A, AN TR] [ A b i IR 2 E KRR £ 1R 2 R K AR TSR 4055 , R BUA K
R K4y, BARTEHITE 9.39%—12.04% 7.4%—10.02% ,7.8%—10.82% ., A~ [m] [] P 7 DAl 4 $98 75 7K &
AR SAFEA AL, FEAE I (7—8 H ) IR 4 A THARMA, 43 3R 9.39% . 7.89% 8.45% , BlAEVENGI A%
BB NN, 3 K SRR AR 3, L B K T 3 M R O, 1 35 K 22 (VU AL T 2.629%—8.51% ;
FY 76 4 A 850K & ik Bl i (i 16.09% , B i 8] )28 38 1 58 5 /K 2 e BRI 5 B e T - 2% ; FML 7E 4
A Kok B e = {60 14.09% , BifFsf [ ()33 38 2 LA b A8 A6 722 5 002 106 2775 s A RRIEAR L, Y R B
FEBRWW KRG, B s A AR B3 M 1740 AYEZR N 50K 8 T 102 .06, B S K AR T
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FY FM HifH 5 HEAR I 532,
3.3 R[FMERR | [A]HEHE NG | A 58K oA X 7 SRR

ME 5 BfLAE H ASTRIAERR 8] R A 0—100 em 34K H7E 117.73—208.20 mm, {i& T FY (323.07
mm ) FIXF JERRE L/ FM (214.89 mm) , +HEAGRUAE /K 2R BUA . Bt AS [R]AF BR A0 BE 9 A\ 51 A 35 3 BLA ek /b
JEHETN, 1A R K R A 22a BOTE ML (NX22) Fl 2m [B]EEVE B (1J2) 0—100 em A 26t
KA THE 43900 18.70 A1 7.46 mm  (HPET FY(34.67 mm) fHKF FM(-5.12 mm) , NG| AT FEH
T AR T B R FY A0, A AR | T] PR E A B 4 A A AN [ B B 1Y =7 Bk, 77 i 7E 6.69—97.16 mm, JJ40
175 BB AR

C ) 3okt B BeazgokiE R B TR
350 1 350

— REFERGINTE — A E SIS R

g 300 300 -
B 250 250 -
E 200 200 +
5 150 f 150 H
<
2 100 b 100 H
% 50 50 H
2 oH 0 H
% =50 b -50

-100 | -100

-150 -150

HERM ot MkEi3a  MpAi12a APHE22a HERM ot WE4Om e m  HHHE2 m
AP Treattment

B 5 ER-BE-AEEMSINTRELEHEKESHR

Fig.5 Deficit amount of soil water storage in the process of shrub introduction with different years and intervals

CSWDI 1] BH#f 2 7 A b 4= 650 7L A [R] 2 R 3K 43 AH =5 SORE B, CSWDI AR AR , 26 B 37K 4375 Bk
F T E, FFE/ANT 0, TR BRI T 6 FoR AR FRAFERR A 0—100 em AN 4 )2 - HEk 4
AR BRI, HE 6A AT, LLB AU o X IR FY (9 CSWDI (B i 3148 K, 7F 20—40 em £ JZ CSWDI
R E] 4.10, 2 HOK & BT ZEWE , 250K 777 6™ H ;40—80 em 12 CSWDI {H°h-14.36—-13.11,
ANTEAEIK A5 8, RO 7K 5347 B AR 36 ;0—20 cm 1 80—100 em 824375 B, NX22 78 0—20 ecm + /)2 5 Rl
FEE, CSWDI {E 4 12.10,20—40 cm +)2 H KA 58, 76 40—100 em + 228 LA AN K FELE R HOK 43
ik, NX12 BR 40—60 em 1 J2AA7E R HOK 4375 B, R4 )27 SR B b B . 1 NX3 76 0—100 em 1)
CSWDI {H7E—-0.86—0.50 Z [A], /K53 7E 40—60 ecm 215 2N 7E, 7 SRR EE A XA K B R e, HIE 6B Al
H1,JJ40 7 0—60 cm FifiZ 2 URBE RS8N, K 575 SRR BEt Rl 2 380, 7 60—80 em 4b T %, {H7E 80—100 cm
QbR B K, CSWDIE R 2.84, 1 HE/K 4375 8K, JI2 7F 0—100 cm FHFR I N K537 8, JLHAE 0—
20 cm,CSWDL{E R 1.73 , ZWRE K T K& &, AF7E ™ E K 50 5 6k, 116 )2 0—40 em At CSWDI {E K
0.11410.21,40—60 cm K 5.11, 337K 53 75 Bk & Ay ™ 5, 60—80 em #2875 6k, 80—100 cm [ CSWDI {4
1.68, H 4K 4> 5 BV

B A HEIK 43 AT 75 s GE T A R RE 2 8] 387K 40 5 SRR BE A % L, PCSWDT R A , 6 W B
MK 5y 5 R R, 25 PCSWDI B /N T 0, W B 36Kk 0 A Frab 7e 2 . LA FM S X BEFE L, FY (1)
PCSWDI{EH/NT 0, AN [FAEFR (] #E PCSWDI B KT 0, RUENG I AT FIG I+ 5K 56k, B 7A A
[ 4FBR#E N PCSWDL{E AT LIE H, BEE N TR AR 938 i, PCSWDI 22 248 14 ka3 | 376 NX22 ik
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