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FEE VAL P AR S et 1 Y - R A i LR B A B A IR U I AR A5 Al i KR, 78 B TR -
RGN EBSME . ZER GRS HTIT =4 T e AR R I 1a) 6 B R 5 25 2 H5 It e 3 76 B 3 i s i J i, ok )
—FisF 1] B PR AS (] 2B AR5 e 7= ) 2 A B R i e = R ABVGR . S5 T Ib, AR Bh Vb i B ] 3 o X R | Ve BRI A B 75 + 22 B VD B (et
Ws) EZFUBE+ N TR (Ws+H) FIJE LD+ AN TR B (Nn+H) 3 R [E BIR V50 XA I FERS 4R 38 5 B 9% 27 ) e 5 1+ 0
PRI, BF5E T SR A VDR it 52 0 Rl R T 8 R A 0 3 N AR AL R S A L S 2R, A1t 1) 26 S8 08 AT T 9
Mo ZERFR . (1) MG, 3 PR TP M RZ I T R Z AE AR JZHHEEOE R 2R o Ge+Ws BA 2K ZUER
AE, Ws+H Al Nn+H HEAR 2R RE BT 0 5, 1= 805 10, PR BERE A BRI OIR AR, 3 FA VIS e KR s 1 e etk &A1 A
BUBASE B34 0 R XF  HE K 4348 e 4 T30, Ge+Ws . Ws+H & Nn+H 19322 FIE8 K RARIE A T 37.99% . 31.37%
35.94% , (2)Z5AE 5 AR R I6 VD e 38 Ao L 42 5 M A RD B AR B () 2 A A R4 IR T W R B R 0 R R 3G e i 2
FEAR 137K 43 (P<0.001) (B REASTETR Xk 37K 20 B TG 52 WA FE N+ H AP OR 38 28 0UY , E AR R J2 H 398 35 0 16 m il T 2 0K
By, TR AR X R B BN AN TE Ge+Ws Hik B B K- (P<0.05) , RIS T | A2 FIH A 2 6] fE % 7=
HEPMNRISE R X FPOC RTEFHEMIR I Ws+H (P<0.05) J Nn+H(P<0.01) XKIGA R B EKY, (3) BRHE+ LR PRI EE
FRAREE YA ZREMR A = 5 T & H TR e A R AR R B X 22 BV B+ N TR S5 e B WD B+ N T A%
REAS R T S RS 1 A 7 T EAR RS R R R IR U i+ N TR, P A A SRR A, 48 TR K

SR SR LGN T P 5 IR VDI A TR 5 I IR T Ay R A

Effects of different sand control measures on plant communities and soil factors in
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Abstract; Desertification is the main cause of land degradation in the desert-oasis ecotone of the Hexi Corridor. Scientific
and reasonable sand control measures can effectively control wind-sand damage and then contribute to the reconstruction and
restoration of the vegetation-soil system. For many years, research on sand control measures has focused on the impact of a

given measure on plant communities and soil under different periods. There is still lack of sufficient understanding of the
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ecological benefits of different measures in the same period. In view of this, we took the inter-dune land of active sand dune
(Asd) as a control, selected grazing exclusion+wheat straw sand barrier (Ge+Ws) , wheat straw sand barrier+Haloxylon
ammodendron plantation ( Ws+H) and Nylon net sand barrier+Haloxylon ammodendron plantation (Nn+H) as the different
treatments. The quantitative characteristics of plant communities and the changing laws and relationships of soil factors under
different sand control measures were studied, and the ecological benefits of each measure were evaluated. The results
showed that; (1) in terms of vegetation, the number of the herb layer and shrub layer communities under the three sand
control measures showed an increasing trend. Among them, herb increased mostly in the Ge+Ws, while the shrub increased
mostly in the Ws+H and Nn+H; In terms of soil, with the restoration of plant communities, the three sand control measures
could greatly improve the main nutrients such as soil total carbon, total nitrogen, and organic matter, but at the same time
had negative effects on soil moisture, the water content of the surface soil under Ge+Ws, Ws+H and Nn+H decreased by
37.99%, 31.37% and 35.94%, respectively. (2) The structural equation model showed that sand control measures
indirectly changed soil factors by directly affecting shrub and herb communities. Increasing the number of shrub communities
would significantly reduce soil moisture ( P<0.001) , but the negative impact of herb communities on soil moisture was not
significant in Nn+H. Similarly, shrub communities were the main driving factor for soil nutrient increase, while the positive
effect on soil nutrients only reached a significant level in Ge+Ws for herb communities ( P<0.05). Under the influence of
sand control measures, the shrub layer and the herb layer had a synergistic relationship and this relationship reached a
significant level in the Ws+H (P<0.05) and Nn+H (P<0.01) regions where Haloxylon ammodendron was planted. (3)
The advantage of Ge+Ws lies in the species diversity and productivity of herb communities. It is suitable for areas where
native shrubs are colonized in active sand dunes; Ws+H and Nn+H can be constructing more stable and high-productivity

shrub communities, especially the Nn+H which produces better ecological benefits and should be given priority.

Key Words: desert oasis ecotone; sand control measures; plant community; soil factors; structural equation model

FERE T S I 2 Y R N R R R RO 5 BT v 45 R BRI 5 B3 18] AH 5 B ] 55 AT, # ot H
Tl 107 55 98T PR A5, PRI BK B 5 AR E AN ) B e AR S A T R AR A R Bk 2 R R TR AL
AR S BT TR I A 2B UR Y R SR A R AR ), DL SRR S LI I R A B TR
PR O PR BETE AL O S I O R At AR R G D MR R IR REE M R AR AL, H A
A RRIE A B T SRR R R IR B AR R AL R S A R B e S
PO ERAE T R R A 23 () P AT HES (A HE PP R REASAUSR — & M BRI RE R Mt o e A Wy i R
VA FEIREE B AS AR AL 73 TRDRERY | DA TAT 35 59 220 1 0 R LI 5 A 1) E RGO ELHE PR AR AE — 2 1 SR R
PR MEDUE A 55 I S AR R TR A TR R A LR OC &R o 4548 5 B A58 ( Structural equation model, SEM)
S5E T Hr RES AR  HT O 0 A, T () I B AN 734y 221 A8 i (] ) DRLR AL R R R A RGP 8 H 1K
FRIGFRAE L TR, 256 R FIHE P R gh ) Jr BRASTRY A B T R A A RV 5 R AR B e A
PRl S AU I Z RS R R

e LRI 3k VR Y S A2 e A AN S U b P o o s AR e ) S i 1) A S SR A X 32 I A A R S R
AN B ZRE Bh 1 5 7 0 e P 3o Ty AL DR T 1R A ™ B R o D BRI T R SRR B, B
PR TR, B I T 5221 5 X o W A B A —— L b VDAL, e A B e e i i Pt
HeFs SR M CHEE R Hah B RR S S b A i R S SRR B L 1 5 R R ) A AR ARG
FUM Ty T FRBUAE AT BAR RIIIR SRR 43 14 [ 25 5L 5, AR BT AR AL T AR KA R Y 5
— 5 TR SR TEAR YRR SR (e 3R R o 3 B B OGRS R 3 AR A T ) 2 AN T G A
P, 7R 3 HLRIAE REAS SRAE S B e M VDB AR B2, DR, sty - 3t A) 5 B A A v S BEL RS VD B A Tl 1k
SIS AL R BT A ROEAE

T G S JRR A B () SRR Bl M A X, AR T ISR N 1 VA )32 A A R X KU B A A A A
BEless RGO DA S 5 AP IFS R A R R G . 154 T LT ARk T RO B XV AL B iR
AR ARBL BT BB U R 45 A N TR B R R R A A it 1A T P R AT 2 A iR v
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Bt 15150 S e ) S AR AR T R ARARE (LD R A AT I AR A2 5 B — 3, I R X
TRARNE , st JRAGHE SN SR MR AR E R VDA RS L AR AT OGBSk YN AR W AR v D TR H) AT
FECAER PG E R 2T, E 20 AR RIS A I KB P RS, A AR R IRl AT 4k e Kb
RO AR R RS B A AR R Y TR SR Y S 2 T i NI R
SR 2 AR T DR TS (LN TR AR O ) B AR R K ™ R S
PTG, AEIR VDRI T T, AR R I IR R N R A R A AR AR A T TR
BALBIRTE R R RSB sk A YIRS S LN S A L A L OG R BT ST AR X b, AR T
IEPEARAGE R VDB BT IR U S ) B BERAE , WA Rl AR A F it A v 5 S IR ) S BB
M KB T5 1), A7 Bl T 0 e A A5 E AR SR AR A U AR B it . 28 T AN LATR] — f ] RUEE R, AN
U DX BN AR A AR 5 S T O B SR R | s IR S5 A5 D7 R B S GO ik IR Rt W e v i 24
I AR LR ROt e Y R2 IR, 1R BAAG LU R R0 (1) AR 5 R 7 A AR A 75 S5 R DA it 2 D)
AT (2) ANTRIRA VO it X 3 H8 PR 5 MR ) A v TB) A7 A ZE R AR AR DG P ey o 7™ A 1) A 250 A7
FEAEFIALE gy 7 ok SeRh g [R) R A R 25 4 5 T B A R0 B2 I R P, AN [ V3854 B ¥ 8 i 52 el 1 Ay e
V5 RN T 8 SCH, P N TR 100 AR A5 BRI S AL , DA T Ay T 74 A JR e T A A AR R T
AT BRI RE PG S g A B A B LR

1 #MRERHE

L1 W5 IX DL

AF 5 DXt Ak A 28 ¥ 7 2 DB e 2L TP R v DX B i T S 6 e S 5 T P AR 1 5 O b b B
AR 100°07'E, 39°24'N, F-XHEH 1400m , 2 X de 8 T UL R AR T R REE S0 Mk, & 9818 (BRI
IR 7.6 CAEBIREKE 117 mm  AE NSO, 70% Lh 1 BAE 5—9 7 4R 25 %% B3k 2388 mm, H R 3R
FU, HIRINECH 3045 h, TP TE Shii 2 HRIZL, 325 WU b AR G 3.2 m/s , e RN 21 m/s, Hi 3 2E
BRIV AR AR T sl v o 2 181 R s V0 by 32, W TS B 0 Al A R B S B, 28 R RSN IR e £, b
M PERE B ARG HE AR SRR R RO ST B ), BN % S W BEHOIR A A A% R, LA YL ( Nitraria
sphaerocarpa)) VP32 ( Calligonum mongolicum) %5 VKZE ( Bassia dasyphylla) V3% (Agriophyllum squarrosum ) Fl
253 1E B ( Halogeton arachnoideus) %1%
1.2 BRI SR AR

HFAM A S HE SRR T 2020 4F 8 A AEY) AR KN HEAT . LR ERR7 B ik 36 PN Ikl g i 5l b A v
PP (Y T Ak U P AT (39°21'49"—39°24'56"N, 100°0919"—100°12'08"E ) , 1 HUSZith A [] 13 V0 15 7t 14
b ST %, b LUK sh Vb B FelB] 3 ( Active sand dune, Asd) X B S7 b S0 AR — 2 S0 4F PR
¥I R 6 a IR E T + 22 B VP FE ( Grazing exclusion+wheat straw sand barrier, Ge+Ws) # B VPEE+ N TR K
( Wheat straw sand barrier + Haloxylon ammodendron plantation, Ws+H) . J& V> B+ A T #2# ( Nylon net sand
barrier+Haloxylon ammodendron plantation, Nn+H) A 3 Fhya v X 3k, i A e it DX 3k i 4 25 35 45 3 s
Dk T G R B e B ) i, Frh 22 By DB+ FE AR 3 B N AR X VDB ARAS 1.2 mx 1.2 m, B4R 1 R b 3R
R 20 em; JE R VDB N T AR ZZ B YD+ N TARMR DR L B A 3] VDB REA% 1.2 mx 1.2 m W) 4R Hh 82 3
FREEIRH 20 em, AR P) A B AE 25 1 R 1500 #E/hm® 76 B Fp Ak B DS P BEAIL 152 8 6 S FE i (100 mx
100 m) , IEABEREHD 24 A4, BAEEHLPIIRE 3 4 10 mx 10 m FTEARRETT , I HLZEHE AR J7 N e 8% 3 Rk R
KRFEN  TEHITEZ GR35I E 3 > 1 mx T m BYFAKE DT (BB Fexsd B P HE A 5 AR BOR 12
30k, MTEIZAE DT A ML EUCE FOARRE DT ) SRS REARKRE T 72 A FEARKEDT 216 4>, IHAERETT T A HEY)
PR R IC SRR SREAMEN( Z ) (WSS, TEEBDRIAR XML 1/3 A3 A,
F IS ) TDR-350 3K 43 S, 5 B )2 (0—20 em) HIES/KE (KRR 2 GFERHERZHEE
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Yy, HIAFR 100 om® BRI RINERJZE (0—20 em) 138 HI T HIRA F I E ; W0 AR 5 em 145, R4 0—
20cm RJZ I R GG BN, IR S Wy Gk Ak Bk S5 2% B, i 2 mm 0 J5 AT 4 38 2L M 5 DU
FE ) oA, 48 pH R FHHLAIIEINE (K H 2.5:1) 5B HLIT(Soil organic matter, SOM ) Jiy ] 5 #% & 871 - 7 2
A RE ; 26K ( Total carbon, TC) Fll4 % ( Total nitrogen, TN) , 2K Costech ECS4010 JTZ 43HT{X, 4K 8 4%
PR EA I E ) 5 4B (Total phosphorus, TP) 1 R T fift- 4086 BT L (6 12510 5 ; 3R B ( Available phosphorus,
AP) K FABR R S AR - SR BE BT He (3 1 5 % B0 ( Available potassium, AK) 5% FH ZBREGEIZ HR- KOG 66
ROGE AR IERE RIS 3 W, BOE B AE R M s
1.3 Hdiabrs b
1.3.1  ZHEEREAR

VI SR MR G A8 b SRAEYIFIERE Th OO0 S I RE ML , AR IR AT B2 501 70 TSR AR 2= A
A JE A& YRR Bl AR AR

FEE(IV) = (MR + XS B + MX 2 ) /3 1)

R H Patrick ¥ = & B8 ZC(R) | Shannon-Wiener Z2FEPEFE XL (H) | Simpson B HAEIRE (D) &

Pielou ¥J5) BEFREL () i BE I8 v VE AR R M REA R I Fh 2R AR T
R=S

H=- 2 P;n P,
o

D=1- P’
i=1
ot
~InR

b, S ONRETT IR, P IR D7 Tl i AOAR R B2
LA 00 2 2 REE BE A ISR R A Z AR 2 I 2R AR U |, BEE IS RO R R
R HHRARIT

TEVE £ & AR EU(Ry)
Ry =R, +R,
RETE ZREMERI S FEFR 50 Q)
Q=W, 0, +W,0,

KA, R, (RGP IZTFEHEARJZ T RIAZ Y Patrick YR8 BEFEE; 0, F1 Q, 0 BIERFRHEAR Z MBLAZ £
FEPEFEEL (135 Shannon—Wiener ZAEEFE %L Simpson A= AL HESEFGECH Pielou YISIFEFEED) s W, Fl W, RETK
TR E SR, B 0.5,

ZREEREGE T R 15 F T vegan” BT AL diversity PREFTS R AIMASA R 3.6.2 (https://www.r—project.
org/) (R,
132 JURAMT

TCAR 53 HT (Redundancy analysis, RDA) J& 8 1EXI FRARMART ¥ 2 o0 n 5 5 Flsr s B Al g & 1
e P AR i U U 4 i 37 745 b 43k 1) (e P DG 2R, AT BV ) S BRI FE R T ) 3 A RRAE 4 F
ST LAY B A DAy w1y A e A A, SRR O R B AR RS il i Canoco 5.0 FKPFiEAT RDA 7347,
1.3.3 45ty J5 PEtsil

I FH 45 #8) 7 BEAR A ( Structural equation model, SEM) #R 2N [RIVE VO H5 it T 8 FOAE H Bk 7% (8] 1) B A2 R IE
S REERIBKAR T R 15 “ Lavaan” F1“ semPlot” 2 5 60 A F B TE PRI AL BRI+ S /K R A pH
TRSE LI AZ i 5 ISR AR B, I LT Ak A e RBE A 6 A WL S Al 1 HER
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TR 5 AR TRTE SRR IR QAR 5 ) B EA 2 A 2 W 35 5 o S 2 B8 (ORI AR o ) 2 s R B T5 4
RN IR R T AL i 4T Patrick #0032 & BE 5 %0 . Shannon-Wiener Z2FEEF5 %505 Simpson Az A543+
B3 AW AR B SR AE B A3 Z A, W H 22 4343 ( Principal component analysis, PCA ) X ¥4 bi 7 A% & [
LI f5 A T A AN BT RFEE 1 28 ARz Aoy DR 1B DA 87 32 B 435 AIE 8 B4 7 RRAE A 4% LI 25 2 1)
B, I ARAS R HEFR Ay EATEIE A R BRSSO AR IR U BUE . ISR OC R IR VI It R A A A 2R AR
TSSO RHIE MRS DR ZRE | IR BKE  pH A H A4S A2 IR VDR it BB al ) B Y[R  AH
HRfFAEBRECR R E AR AR, Z)F iR (X)) Kgext 3 Fug v R Y SEM i
TPV IEAS YR T P>0.05, %240+, CFI Il GFI1>0.9; RMR<0.05, RMSER<0.08 I, SEM 2145
JLAFPAR S
1.3.4  Hitsrtr

K H SPSS 20.0 #EA7 BRI E 5 25081 (one-way ANOVA) | F LA E A [R)36 V018 it X Hp 4 398 R ke 9 R
TEBCE AR 0 25 5 05 M, 2 A R B /N i 35 P 22 530k (LSD) |, o BB 38 LAV 394 < b i 22 1 7 203
o WS EIEH R Al OriginPro 2018 £,

2 ERES

2.1 HHYIHEEECE SRR Y R 2 R
TRV AN TR M RS SRR AR A . /1 SR TR ERG Y T HE A2 A A 2 M RS B
MERAEFE LA . Ge+Ws, Ws+H F1 Nn+H 3 Fpfifit 5 A2 Z BEAK IR R 27.78 .19.89 F1 26.06, 8 Asd #2748 3%
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Fig.1 Effects of different sand control measures on quantitative characteristics of Shrub and herb communities
Asd: FEITP T Active sand dune; Ge+Ws: [BIF2 3 H +2 B VP Grazing exclusion+wheat straw sand barrier; Ws+H: Z BVP i+ A THAZ Wheat
straw sand barrier+Haloxylon ammodendron plantation; Nn+H: JE B VPRE+ A\ T AR #2 ; Nylon net sand barrier+Haloxylon ammodendron plantation ; AN
[ /NE FREFRIRTEAZ ) i 27K P35 5] P<0.05 5 AN RS R 378 RUAR 2 1] 1 7K P35 5 P<0.05
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(P<0.05) ; EKRZZ 3 BIA 11.17 20.56 22.44 , 7R 25 5 T JEAAR Y Asd(P<0.05) , HA)Z FIHE K )Z 35 FE (1)
AL 5 22 BERHIIT | BEAS 2 55 B v BMAR YK H Nn+H (12.78%) , Ge+Ws (11.56% ) Fl Ws+H (9.83%) , 5 Asd
(4.33% ) W 22 53K 3 1 K- (P<0.05) 5 #EAR 2 55 B2 A BIK3 51 & Nn+H (27.33%) , Ws+H (26.17% )
Ge+Ws(17.78%) ,'5 Asd(6.33%) I8l [l FEFFEAE i 5 22 57 (P<0.05) , HASJZ B BE X 3 Fhid b4 it (%) w1 A
F(P>0.05) ; Ws+H 1 Nn+H fIHEARJZ 5 543 510 94.33cm F1 86.94cm , P # 0] 22 F A8 2 (P>0.05) , {HY
BEFT Ge+Ws(37.22 cm) Fl Asd(32.01 em) (P<0.05) . 2387 AI4% 3 Bl U5 it S, 4B A v B0 e
TE I AR AR L,

YiFh ZREVE R RO BEVE S5 D RetE 2 2 e AR e MR B 28 A PEFR AR Y L 3R 1 OB T IR U it o B
TEVIFD ZREPERISE I . &5 FRT  WIFP 2 5 BE AT Shannon ZREPEFE RN A (LA 52 4 — B, YR ILH Ge+Ws
e, Nn+H 5 Ws+H K22, Asd FAI%, B Nn+H 5 Ws+H #b, ARSI R 470 32 & FE A1 Shannon Z2REVEFR BN
2R H B K (P<0.05) ;Ge+Ws, Ws+H FIl Nn+H A Simpson HEHE 5507 5142 0.845.0.759 F10.801, =
HRZESAW R HY R EET Asd(P<0.05) ; SHEAEFRRAEEE R Pielou 5] 5506 4 20 WS i
AU,

F1 AREGDEHEIT SRR M
Table 1 Effects of different sand control measures on species diversity index
GV Sand control measure

PR 7+ 22 B VD AR+ N TR JEJEb B+ N TR

W Z R N
Sjecies diversit mshib r Grazing exclusion+ Wheat straw sand barrier+ Nylon net sand barrier+

peces Y Active sand dune wheat straw sand Haloxylon ammodendron Haloxylon ammodendron

barrier plantation plantation

YR Species richness 3.670+0.62¢ 10.330+1.21a 6.670+0.82b 7.330+1.13b

) L
Shannon SHHRIEL 1.1140.345¢ 2.068+0.134a 1.5980.075b 1.7480.116b
Shannon-Wiener diversity index

L it Foe b 3
Simpson {5 FEAEEC 0.624+0.139b 0.845+0.028a 0.759+0.014a 0.80120.022a
Simpson’s dominance index
Pielou ¥J5] B 45 %

felou 1521 A 0.882:0.043a 0.888+0.045a 0.8460.033a 0.8750.039%

Pielou evenness index
F O A P (bR 22 31 R I 5 6 3 57K Pk B P<0.05

2.2 HERNTFAR L

ARV HE T SR TR AR 3R 2 R, 5 Asd M E, RZ2 LI EIKELE Ce+Ws, Ws+H K Nn+
H KUK T 37.99% 31.37% 1 35.94% , I B BE I8 51 i & /K F- (P<0.05) , HIEAEHLE Ge+Ws, Ws+H [
Nn+H 205 PR % 1,626 .1.631 F1 1.620 g/cm’, FFEREE IR A B E /KT (P<0.05) . 3 pH W MES
FOKE RAEEA—E RN Ge+Ws FEK(P>0.05) ,Ws+H K Nn+H 3R ## (P<0.05) . 3SR, -
B R Ak A HLTT A SO RO A s SR A — B, R Asd TP B AR AR, TE 3 A VDR I X 3 i
2 YR (P<0.05) |, BRI 5 AR ST , oAy TSR IR (E I T LT Ge+Ws, [HAHIE MR, S Ak Wk
XPIE VPRt e B AN, R A R IR TP R A KR T AR 2 3 Bk o (FL [ B X 4 18 25 J R 4% 2 597 4%
PR 77 A B B Y B 2R
2.3 PR S T RDA 28T

JUARAHT(RDA) AT EDULE A IR VPRS2 R 9 0 A S 4L, BF9E 3 EH, RDA 55 1 #liFnsE 2 #li
BB TR N 55.98% , BENSHORE B (1 S iy Fh /e 2R 58 o 1 A O HEFR IR R (T 2) , TR St
BRI RN, 4 A5 DB R BIER T AR S0 = MIE IRV, B B ZEZ PR
) DTRRRR BE R R, 3R S R R e A B R P T A OGP L 45 8 21 6 i Sk T4 14 7 1) AR SR AH L 19 1
SRR -2 B AR B 5 1) R AR B AL BRI 45 0 W6 (8 3 S T A 67 1 3RS WY R R 2 ALt B0 38 A oy
SrAnsAET . AT 2 AL s B A R SR RS G, RIS AR = R AL R TE S T o A
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X Ws+H S Nn+H ZEY)Fh 7345 F0 1398 K505 TAAAE o BEARUIAE SR8 1 1338 pH FId8o & i, AT
PRI IR AR ) 2R 5 AR B 5 25 UK B BV v A 35 0 EE 52 ( Setaria viridis ) | JEJE 5 ( Chloris virgata) |
¥ B3 (Salsola collina)  EIHEEF M HL 52 ( Corispermum lehmannianum ) 55 Z280E A ALY W) FELEF T Ge+Ws,
A XN TR AR AT TR A R R, S K R i I Y R R B T A DX
oA, & Ge+Ws I HEA BAEHNFE RS Ws+H & Nn+H S0 7 1), JE R T R 1Y % & ol s
THEARREVE S5 RNV P52 B A T R R

x2 ARGV EEN T IEEFHID
Table 2 Effects of different sand control measures on soil factors
VEVP i Sand control measure
FIRSH TR E YR A TR

Grazing exclusion+ Wheat straw sand barrier+

TR B+ AT et

Nylon net sand barrier+

T T

Soil factors

s

Active sand dune wheat straw sand Haloxylon ammodendron — Haloxylon ammodendron

barrier plantation plantation
+3E4 7K Soil water content/% 6.79+1.21a 4.21+0.90b 4.66+0.82b 4.35+0.59b
25 Soil bulk density/(g/cm?) 1.650+0.025a 1.626+0.014b 1.631+0.016b 1.620£0.019b
pH 9.06+0.19h 8.96+0.33h 9.23+0.17a 9.36+0.07a
4% Total nitrogen/ (g/kg) 0.09+0.02¢ 0.20+0.05a 0.16+0.03b 0.18+0.03ab
45H% Total carbon/ (g/kg) 1.1220.21¢ 1.81+0.39a 1.53+0.28b 1.79+0.33a
FHEEHLBT Soil organic matter/ (g/kg) 1.29+0.19¢ 2.24+0.51a 1.86+0.32b 2.09+0.30ab
4= Total phosphorus/(g/kg) 0.21£0.02¢ 0.30£0.04a 0.25+0.03b 0.28+0.04a
AL Available phosphorus/ ( mg/kg) 1.46£0.28a 1.51£0.32a 1.57£0.33a 1.49+0.51a

HHAET Available potassium/ ( mg/kg) 155.03+25.77¢ 176.78+24.89b 189.34+34.32ab 204.06+31.83a

2 OB P H (b 22 VAT )R [ 2 B 4 5 7K Pk 81 P<0.05
2.4 AHYIBREE R BN T A AT AR
2.4.1 ARSI AR

I E RS HT (PCA) A A R R AR 254 5 RS (SEM) UL A% 2 ALk R PR B 6 R (% 3) . 3 Fb
BRI , RIS 5 TP A ek | e SRR A AR Ay ) — 2 Horh HIEA LR 2
RN b ACE T T AR R AR T TR M R, U0 R SR A R % 22 B | 5 B s B 1 2 i oy
FE I ARV LI AR B 5 P2 i (FE AN A P8 B R AIE ) 76 SEM. TR A8 Ak & A F 52 ) Jy ] — 2,

x3 BEEMERSFRIER
Table 3 Expression of PCA for Latent variable
F 353 Expression of PCA
R+ NTHRIR

AR FIRE BT+ Z bR eV B+ N TR

Latent variable

Grazing exclusion +

wheat straw sand barrier

Wheat straw sand barrier+

Haloxylon ammodendron plantation

Nylon net sand barrier+

Haloxylon ammodendron plantation

3RS
Soil nutrient
TEARTEVE B R E

Quantitative characteristics of
shrub communities
BRI PO RHE
Quantitative characteristics of
herbaceous communities

Species diversity of the community

0.447TN +0.448TC + 0.453SOM +
0.411TP+0.399AK+0.258 AP

0.695SA+0.700SC+0.164SH

0.684HA+0.696HC+0.226HH

0.581R+0.599H+0.552D

0.447TN+0.467TC+ 0.470SOM +
0.424TP+0.423AK+0.024AP

0.595SA+0.587SC+0.549SH

0.671HA+0.668HC+0.323HH

0.586R+0.608H+0.536D

0.450TN+0.455TC+0.458SOM +
0.425TP+0.410AK+0.179AP

0.583SA+0.576SC+0.573SH

0.683HA+0.691HC+0.236HH

0.583R+0.603H+0.545D

TN: TSR TC, LW, SOM, HIEAHUE,; TP, +IEARE AK, M ; AP, T, SA, WAL, SC, WEAIGRE ,;SH.
AEEHA, FARZE  HC, BARERE ; HH, FASE ;R PFFEEBE; Shannon: Shannon ZHEPEFEEL; Simpson: Simpson 3 5%k
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RDAI (34.47%)

2 AEIRWHEET T ERFMEYEEAMK RDA HFE
Fig.2 RDA ordination diagram of plant community composition and soil factors in different sand control measures
Asd: WP Active sand dune; Ge+Ws; FIFZEE + & HIPRE Grazing exclusion+wheat straw sand barrier; Ws+H; 2 B FE+ A T Wheat
straw sand barrier+Haloxylon ammodendron plantation; Nn+H: JE B pE+ A T.#2# Nylon net sand barrier+Haloxylon ammodendron plantation;;
SWC. 13K, Soil water content; SBD: +3EZSH, Soil bulk density; pH: 3% pH, soil pH; SOM: +3EHHLET, Soil organic matter; TC
F LK, Soil total carbon; TN; F 34 %, Soil total nitrogen; TP: 3£ 8, Soil total phosphorus; AP £ 3 BB, Soil available
phosphorus; AK: 3EHMEN | Soil available potassium; Ha: ¥4, Haloxylon ammodendron; Cm: V03, Calligonum mongolicum; Ns: i ifl
H, Nitraria sphaerocarpa; Nt: HHil, Nitraria tangutorum; Kf; )TN, Kalidium foliatum; Ao: JYNE | Artemisia ordosica; Cv: FEFEE, Chloris
virgata; Sc: ¥ B, Salsola collina; Har; H25Eh/: %, Halogeton arachnoideus; Ep: 18 JB ¥, Eragrostis Pilosa; As: b3, Agriophyllum
squarrosum; Bd: 35 VKEL | Bassia dasyphylla; Cl. {BIBENH L, Corispermum lehmannianum; Eg. BPWE NIk, Echinops gmelina; Sv. Ji B,

Setaria viridis; Aa; FIREH Astragalus alaschanensis

P Z2 B f PRl 4 & B Shannon-Wiener ZHEPEFEELS Simpson A= S HE TS BIL A 2L | £ 000 A% 1 32
AT BB N IE , H ST T
2.4.2 FHYIREVEXT LR T B B AR

SEM WA VD15 it XA M R VR A7 AE FLHE M (1B 3) o Ge+Ws Ws+H Nn+H 3 F% 5 157t %o 8 AR V% %
HHERE P A RSN, BR U2 2R B YR 9 0.815,0.921 Fi1 0.945, #4353 P<0.001 By B KK, 3 Mt
X REATER FIRE = A T 4 ik 2 1 IERRUNE ( P<0.001) |, 42 R 5053110 0.773 ,0.693 J2 0.805, SRV £ i
FEIEARL, Py AT 3 FE VDS ™ A2 1 B ] SUist , B4 R B0 i BRI Ge+Ws Nn+H Al Ws+H,
T VD it 4 REURRE 532 T S A BT T A RN R AR 0 B ) A L 56 2R 1T, 3 R R I T, VR N A RV AR
TEERAE 1] AR D RSN |, %R 7E Nn+H (P<0.01) Fl Ws+H ( P<0.05) HikF] i 3K F

B 5 7 YA VD1 e 38 o A D RV X 3R A (R RE R, Ge+Ws Tt HER (P<0.01) FHEASHE VR £h it
FHIE(P<0.05) 5 L4537 73 0] 52 35 IE ARG BERRE (P<0.001) 5 EAREE (P<0.01) X L HEEKE ™A T
W B2 W TR0 . T3 Ak, SRR I B TR Z AR I3 S (P<0.05) . Ws+H 1, HEA (P<0.01) #F 5
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BRGNS 1 2 B i IR AT IR - B S K R A U A (P<0.001) , [RIES R BETE RRIE Y
M B8 pH I (P<0.01) . Nn+H H JEARRFE B AR S RIS | RIS /KEM PR MEtit
2K [A] Ws+H #2300, 1T A VR A Re e X - 5% 40 A B K S A2 AN W &), (A B N+ HL
ABEEBCRFFIE S T3 pH [RS4SR RECE IR 0.924 & (B AF7E A I8 35 1EAH G (P<0.001 ) , 1 -3 pH 14 3 Jin
ANFIF YR ZREE ) 4EHE (P<0.05) .

UEAh, 3 Bl it PR 22 B SR R I8 B R (A7 AE EE D PR RI RN , bR Ge+Ws A1, Wb Z2 A 3
TN AT P8 5 R 7= 2 ) B e Bl B

B + ZRpR
0.773 **% 0.649 ** 0.815 ***
R?=0.665 R?2=0.272
R . 0.165 . ;
>l RRBHEBURRHE [« HEARTHEBORIAE [
-0.315 0.247
0.399* —(0.722 sk
0138 ~0.406 ** 0.513 ** ~0.285
0.467*** TIEAE R2=0453 | +3554 T kg |R*=0.527 pH 0.288%*
R?=0.729 R>=0.606
-0.075 0.317* -0.156 0.028
b SRk
R?>=0.589
x*=10.27(df = 6; P =0.11); GFI = 0.985; CFI = 0.937; RMR = 0.053; RMSER = 0.071
FEDRE + NTHRR
0.693 *** 0.347* 0.921] ***
R?=0.356 R?=0.239
. y - 0.451* .
YTEARBEE R HE HEARTEE B FHAL
0.317* .82 %%
R?=0.705

LUELE 2503

R?=10.269

x*=11.87(df = 6; P = 0.065); GFI = 0.954; CFI = 0.869; RMR = 0.063; RMSER = 0.079
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JRIIDRE + N THHE
0.805 *** 0.547 ** 0.945 #**
R?=0.631 R2=0.792

0.689**

TEARTE R BURAFAE

FACHEE H R A

0.924***

0.189 0.717%*

R=0.641 R?=0.453

LULLEZ 0o

R?=0.413
x?=12.21(df = 6; P =0.057); GFI = 0.951; CFI = 0.887; RMR = 0.058; RMSER = 0.065

B3 AEIADEEDEYEE I8 E AR RN
Fig.3 The effect paths of plant community and soil factors in different sand control measures
Pl R AR AT SRR IEAR G, LT LRGN, #k BT bR b R R AL, 7k 90 SRR IR R AR, AR R 7 22
iR, + . P<0.05, * # . P<0.01, * # % P<0.001;GFl; $AALEEFEEL Goodness of fit index; CFl; HAHAFEEL Comparative fit index;
RMR; 5%2£3775 1R Root mean square residual; RMSER : {15223 75 4R Root mean square error of approximation

3 e

3.1 RV T A RS RO R S YR AR K

FHBEIR R A SR ORI BRI A SR R A R B 28, S BREAE T RE 75 T RS {11 AL
VR IR I A AR Z MR A A S R GO AR R R AR E M DGR AR 2 AT A
TEVE B IE (2L M ) R 2 T SRR RORERIE . AOFTE 20 6 a (IR, Ge+Ws Nn+H Fil
Ws+H 3 Bt DX N BEAR FIR A Z AV 10 2 B8 52 8 e BE B 32 TH I SR WA VOt A7 By TR i A 7™
TR o TRIE Ay ob 22 Rk A S 8 28 M, TR 3636 VD Tt REAS A 8Os B v 2 s e v s, DA
ZERACRFIE I VDR e MRARRIAR SR VORI S5 AL RS 1H) O 2R (I8 rh O F AN LI SR A A A
PEAIR U REE R B TR | BRICPEAR AL B AF A — L6 2 A NRIE . Ge+Ws W REA W) 22 B2 T b 22 A1
5T Nn+H 1 Ws+H (& 1.3 1), FRRT =J5 i 5N, — & [l Bl o fR R Ak & A9 0 i 40, 68 R A
YA LA B AT R RIS DA O ARASBHE B 5 —R BB G 1 R AR R TR, B T
DX PN 1 SRR = Nn+H FI Ws+H R85 X, BEA 1 BEVE B R IE B35 T Ge+ Ws, X2 AT R
FURLE TR 1 BV B, AR AR AR A8 D s L, R R A2 1 I ARTE AR P A, RO i A ) b 554
TR, O e , MR B TR Y A AR A R A BT RE 7, i i [ 70 7 XL ke i o 25 2
BIHE, R AP BLAARERE (AR AP REE A B TR REE PR 2 RE PR3 0 SR T A KA 1Y
Jin, g T R SR K S e 4, S BOR AT (R ZAEMEZ BRI
3.2 JRTDHEIES A 0 0

IRVPIR AR SRS AR AP MVER RIS AN . NP BT, I 5E X sh v b e ) b i)
JEAEFEACVDP3 AR A DN 3SR B = BRI LA B O BV N SE UK F . Ge+Ws X Ik
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t HEARRNE 5T AR — 2 (5 5477 S KPR PTG RE R 2 1 | 35 BE S5 3R pn e TH I, A 207
167, R SRR JE 5 ( Eragrostis pilosa) S5 ARAEL K g B3 AR P EFH L SL G2 RS 4 TE Ge+Ws
(B 2) , FATEYRENS K i A M5 AT, F 25 45 T Fl B0 3 s 1 5 BRI 46 07 100 T B A HEBR | DA K s ]
FEFIMENY = a2 PREE T8 | No+H Ml We+H X, A THRRFHE EZIR W FBZ — i N E W
i S AR AR AR VD B A A ], W EARRE TR rh 9 C A Fh  [RIFRE N pH 36 3%, 13 2530 AF w55 k2
SR A E AR 2 UL S 7 (1] 2) 3R KRR L IH N ARG Bk A e
3.3 IRV TR YRS S RN A RO A LG R

-5 SHEY RAEAE AR PR AR TP R AR LS T8 T AR 2 AR A R G T R A A e R U 3 A
-t HERG Y RBFTTAEE SEM B A VDR it BB P T AR R 3 e R R TR R i - R
XA T H - A A - 198 R G e R A e T A e ) SR AN R O 3 R DR X SR A T X
AR A S RGBS 0T (CANARAR FERAE) o SRS AR BN R R A AE B 2 e TR A
WEE T UEMLH] E Bk A TSR ST AR AR AT 5P R RS N AR A,
TAERGRA SR B ER | JE B YRR 0 S A, ABFTE 0 H X S8 45 8 XN A= 555
b Y 7 N Qi 1 e R W L1 w37 R 1 O B o N R A= R 12 0 W e B SR 85I N D o 7 L
XA B VR ARG R A A R, M e R R S, S A I e TR s 0 B ] o6
RO A R S L AR IR R S AR L R I S R B OC R b R T 3 S,
B VD BEAT BN E YA T AR VO T T S R ARV A 0 R R R e B R R SRR B
T, Bt T B0 3SRy O T E Ly A [ YD KOS AT 3 sl A 1T RS, 3
FEF X A R K 7335 12 Y S i R AR A A, TR AR B o = BV Ge+Ws N+ H AT Ws+H, T (X —
PRI Ji PRl — 5 T T R i 2 7 0 8 5 S Y Z8 B3O IR, 3R 2 - 8K 3 FE Al ) 2B A 7 b e R B T
FEUSS 5 53— NS5 IA U DX I N AT I8 B R AE 14 1 25 2 DDA DG, SEA R A KOR I | 322+ K 4y
TR, X AR R 2R P R R B IR IR E 1Y . DL B PIRNRRESA AT AR SEM P (BT 3)
FRENRAE, A 2R AV B TR TE 3 PR i X R B B AR L, SEM KW, 3
T it DX DA T AR i 0T L S8 4 1) T 1) 2800 S48 38 b K- S e R B fR s BIIR 3 HIJE Nn+H  Ws+H Fl Ge+
W, B R AR IS | OB T A PEFARD 5 K A RTRR FE AR XU T (R Y ] b o7 IR S AR SR TR
(AN ORL) T S T RS DL B MU 2 R F A 2R TR AR OK F T R R TR TR
FRURDUR ALY, A B AR RE 77 Ge+Ws RUEATMRRFIM , (B 25 BBl & 5 3% B Vb B, JF A p 7
P A Y R A5 RE AT I (0 B R A i G 0 , 03 1 SR R i (81 1 I8 3) o AR AH UV Rl
TR R4 o R AR A DX, XS 38 57 4 7 26 1 B AR ARG . (EAS DI B2, Ge+Ws T BUA 2% 4 5%
SR TR IR IR B i KO 3 5% K S P 35 S R ELS A i IR AR B T B R B AR S A
WIA H ER SE R R B UM G o TR VDl P REUAS 52 M i AR IR TR AR 5 R R A B ] () IR ] DG &R 1
HAPAERM AT R IR A No+H FI Ws+H X, 3 B b [ 24007 35 31 i 25 7K (18] 3) 31X — S5 R AF5 - B
Yo HPOCTF AN A (AN AKTR) A B TR B ] A O AR EAR AR R I R R
FELAS J22 (] B[R] 5 22 M) 8 ) =2 YT —J2 0 IAAG BT 38 AT D> 3 XoF e 3 e A A g ) 3 35 [ e o ok 7 24
TR RBE I AU, o T R Y TR R R A K R AR T R K 4y H— Ty T A
AR T 7K A3 25 H80K , 53— TR A 3R AR 0K IR 2 K S T K e &8 H ek — e it
JE BIRGE 7oK oy B Z XA BRI ST (& 3) | b 22 P R R R AT O A B R (A )
IR IMFAETE SR, 3 — B4 2 0H TR A PR 7 A 0 A 00 BADRON o R BIRIA ly , Z2RE
SRS RIS T A R D RE IR ZE B (An i T ARTR R iR MR AR IR A ) S s AL, P AR A ALk
A IR ¢ TR RE 5 TR AN [R] 1 23 0 R, DAAS ) (8 01 7 2 0 Aok S0, AR {6 5001 T T B R Ak, DT = 2400 7%
AP R
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e 22 B JE, No+H Rl Ws+H w3 pH PP Ah ZREPE R T R, IR R AR R T 5 W),
TEARTERL AR E T R BAR R AT AW A BLER ROV , 3R 73 B IRs S BUR B ) 10 - i 98 1 e i, A
TR - 3K 53 14 A B O RRARR , Pl b ™ A 1 A B T AR TR AR R AR A KR S 0
3.4 JRUPHEIE A AR A AR S S SR

IRV REEIE S BPPOT 5 LUE S0 O 5, I R S AL 38R . ARWFFE T, Ge+ Ws A T B AAEY)
VR AR KRO3[R A B T L3R 7 RO BT 5 SR, e+ Wis XA B FEAS AR ) AR Sl — 4R A O R AS B
FIEERE  AE7K 5332 BRAE BT e LU B SRR I AR B v, AN SR ISR U0 o Pl AR = LB e 14 [ VD A0 SR
RATIrAN, I, A5 FAR KB AR SRR AR S5 A I DA, RV 8 U0 B rp o A — JE 1 A R (T B3
LU ) BF IR I A8 5 TS B, B 3 S B R EA . No+H F1 Ws+H A di i R AR AR R, 1
HEH R RS (BRI ATEVE 5 Ce+Ws A AR EIDRCR . FIFEZ UMD B 5 AR H
TEAHZE G 2R G ANR YT , Nn+H BFV% E0E R AE A0 -1 8% 73 i35 i B2 S0 B W, mT B JSE A 7E T JE 0 I vy T
IRV TR, 5k P v b I S RS I SR MR B B S R T A VDAL, JE e v R 1 K S £ A
IRARXBR ™ H i, 7Evh B FE TR b No+H VAYPBORAF T Ws+H, T5 2B (102, MU AR Al A 1% A
3% pH T, ERBACREEE R, AR T AR E R A EE S T . LARAE ek P v AR
PR [+ o 2% B[] VD RCR R B2 A PR R 1, i TR A PR AR v 1) A A R PR R T Mk LA T b B3z 7K
SN 5 A A TR, TCIR i S b R A SR R (RS E UMD Al b N T AR I A AR Y
JEALB2ERE | HAER PR rp B T ARSI SE 0% B Wb

4 #ig

DA P4 72 JER R b i S o P Ao R A S sl Ee by i B BB T IR B 7 + A2 REVD IR A REVD IR+ N AR IR
LT UP B+ N TR 3 Bl A5 BE VDSt Xt AP0 B v A1 - S8 DX B S ), 2 kR 50 DD Mt 7 A2 9 2 25
B, BRI (1) BREE + 2 R vb i DN REAE YIRS ROR fee e | (B i A DA o 7K 728 A AR
) —AF A ARABEFNEERL ; 22 FEU B+ N TR S e e v+ N TAR M I 51 A SRR, R B i THEAR
TP RCRARAL , [R]I X AR AL SIS R PRI, (2) A IR E S, % T R SR,
EALH SR T — L B EALN , JEHSE AR R A X, F BRI R Z HHOK I FERER a4 (3) R
B+ A FUDBRAEE A R Z R DT AR OL S TR B 8 19 L3R 20K il BT IR s D A e A
TEA Y XI5 2 oy B N TARMR 55 JE Je YD B+ N TR BEAE R MR INHE A JZ A 7= 7, b st B O A 7 1T DA
V& e VPR N T AR AR R AR S AR AL ST

U el 2 SRR — DRI E Ay BT A AR S e AR SO S X R TG N 6 a, (LREIR B
S [ EE P 3 ot YR B XS AR B A0 L SRR 2 ) AU IR A . 48 Tk, 7 i 26 v DX o RS 0
AL S: N i €2 SE 7/ R S w2 7K = AN D L) e TIN5 Wi D o = N T R R ) Y N oS8 e SR .

5% 3CHK ( References)

[ 1] FlMe, T2, BEK, WA, RELL BRI TF W Y& B0E S R P W SR8 b 5 BRI g B, 2R 55441, 2010, 30(6) :
1638-1647.

[2] XiaY, Moore D I, Collins S L., Muldavin E H. Aboveground production and species richness of annuals in Chihuahuan Desert grassland and
shrubland plant communities. Journal of Arid Environments, 2010, 74(3) . 378-385.

[3] X0, Wwikil, 2R, B4R, 207, REH, 2. EAEE O ILE KB 022 547, 8%, 2019, 39(22):
8595-8605.

[ 4] EWUR, Bpge, THoF, B0, £/0%, D, AR, RRIFE MM B AL R A% 1 HEFREE PR 7 19 05
R . AERSAER, 2018, 38(5) : 1569-1580.

[ 5] Kraft NJ B, Ackerly D D. Functional trait and phylogenetic tests of community assembly across spatial scales in an Amazonian forest. Ecological

Monographs, 2010, 80(3) . 401-422.

AR B e i 2 ]

http ; //www.ecologica.cn



14 1] TR A5 ARV e Ak Y I P AR 7 S LN T 5881

[6]

[7]
[8]

[9]

[10]
[11]

[12]

[13]
[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

Zemmrich A, Manthey M, Zerbe S, Oyunchimeg D. Driving environmental factors and the role of grazing in grassland communities: a comparative
study along an altitudinal gradient in western Mongolia. Journal of Arid Environments, 2010, 74(10) ; 1271-1280.

AL R AT BAREUE AL, 2000.

RIS, WAL, TR, AR, RN, BT, AODR. ARIURE T LI 2 T MR SRR AR, AR AR, 2019, 39(2)
620-628.

Burke A. Classification and ordination of plant communities of the Naukluft mountains, Namibia. Journal of Vegetation Science, 2001, 12(1) .
53-60.

. Bt R A (H TR . Jeat: B, 2011

Virtanen R, Luoto M, Rémi T, Mikkola K, Hjort J, Grytnes J A, Birks H J B. Recent vegetation changes at the high-latitude tree line ecotone are
controlled by geomorphological disturbance, productivity and diversity. Global Ecology and Biogeography, 2010, 19(6) : 810-821.

Arhonditsis G B, Stow C A, Steinberg L J, Kenney M A, Lathrop R C, McBride S J, Reckhow K H. Exploring ecological patterns with structural
equation modeling and Bayesian analysis. Ecological Modelling, 2006, 192(3/4) : 385-409.

197, SfhzE, ek, TER, s BE R T RBIR R Y -1 C N P AL R ARE. B, 2020, 29(9) ¢ 49-55.
VIR, R, ik, BAR, SRR, AR, TS R R e A SRR Al A T AR AR B R AR SRR,
2018, 37(5) : 1349-1355.

T, TIRE, BAG 6. 00 V6 E R BEA M o 5 7 % R R Bl A, v IV, 2020, 40(2) « 222-231.

T3, BRI, AR, VRER. SR AR R AV E AR b YD A e 4 XUR P A, 22 N R AR AARBRE AR, 2016, 52(6) -
746-755.

FEW. FREAIG BT ARG A2 B0 R G UM AR ) R BT —— L [ 3E 05 2 T B3 B XY AR B 6 . A 2E i, 2016, 36
(22) . 7045-7048.

Li X R, Xiao H L, He M Z, Zhang J G. Sand barriers of straw checkerboards for habitat restoration in extremely arid desert regions. Ecological
Engineering, 2006, 28(2) : 149-157.

W], OO, SR ER . S X B Y YR ( Haloxylon ammodendron) ¥E7KEHIE. AR 2524k, 2007, 27(5) ; 1826-1837.

hF, AR, XRAR, BARIE, 255645, SN, A1 BEAR MM XU 52 m. K ORF52A41 , 2009, 23(2) ; 249-252.

Luo W C, Zhao W Z, Zhuang Y L. Sand-burial and wind erosion promote oriented-growth and patchy distribution of a clonal shrub in dune
ecosystems. CATENA, 2018, 167 212-220.

Li F, Zhao W Z, Liu H. The response of aboveground Net primary productivity of desert vegetation to rainfall pulse in the temperate desert region of
northwest China. PLoS One, 2013, 8(9) : ¢73003.

RAR. SRR S U ( Calligonum mongolicum ) 16 B A BE M. EVAEL, 2019, 39(3) : 136- 144,

AR DT, MROCIE, THE, B, SRR, BhEAE. ROV MR AR ) T T A0 R AR R R AR AR A e . AR 2SR, 2013,
33(13) : 4156-4164.

XK, BSCHE, o, TEBEaR L BRI A VD HERFIE B s 1] S B, AR AR, 2008, 28(4) : 1446-1455.

Zhou H, Zhao W Z, Luo W C, Liu B. Species diversity and vegetation distribution in nebkhas of Nitraria tangutorum in the Desert Steppes of
China. Ecological Research, 2015, 30(4) . 735-744.

Zhang G F, Yang Q Y, Wang X F, Zhao W Z. Size-related change in Nitraria sphaerocarpa patches shifts the shrub-annual interaction in an arid
desert, northwestern China. Acta Oecologica, 2015, 69; 121-128.

Luo W C, Zhao W Z, Liu B. Growth stages affect species richness and vegetation patterns of nebkhas in the desert steppes of China. CATENA,
2016, 137 126-133.

Kang J J, Zhao W Z, Zheng Y, Zhang D M, Zhou H, Sun P C. Calcium chloride improves photosynthesis and water status in the C, succulent
xerophyte Haloxylon ammodendron under water deficit. Plant Growth Regulation, 2017, 82(3) . 467-478.

Zhang G ¥, Zhao W Z, Zhou H, Yang Q Y, Wang X F. Extreme drought stress shifts net facilitation to neutral interactions between shrubs and sub-
canopy plants in an arid desert. Oikos, 2018, 127(3) : 381-391.

FEZERR, A, SRRL, ESRR, SROIE, F . A TR Ui S BORIMCE IR RV, 2015, 24(5) ; 44-52.
Zheng Y, Zhao W Z, Zhang G F. Spatial analysis of a Haloxylon ammodendron plantation in an oasis-desert ecotone in the Hexi corridor,
northwestern China. Forests, 2017, 8(6) ; 200.

Zhuang Y L, Zhao W Z. Dew formation and its variation in Haloxylon ammodendron plantations at the edge of a desert oasis, northwestern China.
Agricultural and Forest Meteorology, 2017, 247. 541-550.

T, T, PREEAR, RACHR, REL, XUREL. WEBERNAE RO ] P R S AL B A e i S K A A ISR s b B A A O A A,
2016, 24(12) ; 1623-1632.

http ; //www.ecologica.cn



5882 A E = 2%

[35]
[36]

[37]

[38]

[39]
[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

SCAE, SR, B, SRIEN. KRB AR P R S AR A B AR, B 2R, 2018, 27(10) ; 76-83.

Liu B, Zhao W Z, LiuZ L, Yang Y T, Luo W C, Zhou H, Zhang Y Y. Changes in species diversity, aboveground biomass, and vegetation cover
along an afforestation successional gradient in a semiarid desert steppe of China. Ecological Engineering, 2015, 81: 301-311.

Chen L F, He Z B, Zhu X, Du J, Yang J J, Li J. Impacts of afforestation on plant diversity, soil properties, and soil organic carbon storage in a
semi-arid grassland of northwestern China. CATENA, 2016, 147 300-307.

Zhang Y Y, Zhao W Z. Vegetation and soil property response of short-time fencing in temperate desert of the Hexi corridor, northwestern China.
CATENA, 2015, 133; 43-51.

A, B, TE, A/ME. EEERXND BT SR BT SR K O REHR, 2014, 28(1) ; 183-188, 197-197.

Zhang K, Su Y Z, Wang T, Liu T N. Soil properties and herbaceous characteristics in an age sequence of Haloxylon ammodendron plantations in an
oasis-desert ecotone of northwestern China. Journal of Arid Land, 2016, 8(6) : 960-972.

8- B R AT (BB =) . dEET: RO R, 2005.

Kinney T J, Masiello C A, Dugan B, Hockaday W C, Dean M R, Zygourakis K, Barnes R T. Hydrologic properties of biochars produced at
different temperatures. Biomass and Bioenergy, 2012, 41; 34-43.

Sy, XUEW]. AEREE SRR RN DT | o ZRERIIETTE ). A2 R, 1994, 2(4) : 231-239.

KR, Tah, BRE. E&2EARHT. Ok BF S8 JEat: Bt 2015.

R, WS, W, R, B, RECHE. TR /N RIS 7 O A S R G 2 T RE MRS . AR SRR, 2020, 40(23)
8606-8617.

Vittoz P, Bayfield N, Brooker R, Elston D A, Duff E I, Theurillat J] P, Guisan A. Reproducibility of species lists, visual cover estimates and
frequency methods for recording high-mountain vegetation. Journal of Vegetation Science, 2010, 21(6) : 1035-1047.

Wan W J, Hao X L, Xing Y H, Liu S, Zhang X Y, Li X, Chen W L, Huang Q Y. Spatial differences in soil microbial diversity caused by pH -

driven organic phosphorus mineralization. Land Degradation & Development, 2021, 32(2) : 766-776.

Schermelleh-Engel K, Moosbrugger H, Miiller H H. Evaluating the fit of structural equation models: tests of significance and descriptive goodness-
of-fit measures. Methods of Psychological Research, 2003, 8(2) . 23-74.

Shen H, Dong S K, Li S, Xiao J N, Han Y H, Yang M Y, Zhang J, Gao X X, Xu Y D, Li Y, Zhi Y L, Liu S L, Dong Q M, Zhou H K,
Yeomans ] C. Grazing enhances plant photosynthetic capacity by altering soil nitrogen in alpine grasslands on the Qinghai-Tibetan plateau.
Agriculture, Ecosystems & Environment, 2019, 280; 161-168.

Otto R, Kriisi B O, Burga C A, Ferndndez-Palacios J M. Old-field succession along a precipitation gradient in the semi-arid coastal region of
Tenerife. Journal of Arid Environments, 2006, 65(1): 156-178.

FHR, B, ENE, BREE, FEER, A, WS, Bha, X, Ml ARG Bos R A REE SR LR T RISCR. B
224, 2020, 40(19) ; 6850-6862.

KPP, izde. PIEESRESCREN TSR, HBR2 i, 2009, 28(4) : 622-628.

FICF, 30, X, HIOK. B A S R GAERE " ) 8 AT TR e . MR B, 2014, 29(5) : 541-550.

WIRT, BN, BfRS, MPAAE, EIRIR, SREIFE. IRBITE X A YR IR R E P S A S AN P A4, 2014, 34(12) .
2562-2568.

Zuo X A, Zhao X Y, Zhao H L, Zhang T H, Guo Y R, Li Y Q, Huang Y X. Spatial heterogeneity of soil properties and vegetation-soil
relationships following vegetation restoration of mobile dunes in Horgin sandy land, northern China. Plant and Soil, 2009, 318(1/2) : 153-167.

Miao R H, Jiang D M, Musa A, Zhou Q L, Guo M X, Wang Y C. Effectiveness of shrub planting and grazing exclusion on degraded sandy
grassland restoration in Horqin sandy land in Inner Mongolia. Ecological Engineering, 2015, 74. 164-173.

Zhu G Y, Deng L, Zhang X B, Shangguan Z P. Effects of grazing exclusion on plant community and soil physicochemical properties in a desert
steppe on the Loess Plateau, China. Ecological Engineering, 2016, 90 372-381.

Diaz S, Lavorel S, Mclntyre S, Falczuk V, Casanoves F, Milchunas D G, Skarpe C, Rusch G, Sternberg M, Noy-Meir I, Landsberg J, Zhang W,
Clark H, Campbell B D. Plant trait responses to grazing-a global synthesis. Global Change Biology, 2007, 13(2) : 313-341.

Jeddi K, Chaieb M. Changes in soil properties and vegetation following livestock grazing exclusion in degraded arid environments of South Tunisia.
Flora-Morphology, Distribution, Functional Ecology of Plants, 2010, 205(3) . 184-189.

Shang Z H, Deng B, Ding L M, Ren G H, Xin G S, LiuZ Y, Long R J. The effects of three years of fencing enclosure on soil seed banks and the
relationship with above-ground vegetation of degraded alpine grasslands of the Tibetan plateau. Plant and Soil, 2013, 364(1/2) ; 229-244.

Wu C Y, Deng L, Huang C B, Chen Y F, Peng C H. Effects of vegetation restoration on soil nutrients, plant diversity, and its spatiotemporal
heterogeneity in a desert-oasis ecotone. Land Degradation & Development, 2021, 32(2) : 670-683.

Schade J D, Hobbie S E. Spatial and temporal variation in islands of fertility in the Sonoran Desert. Biogeochemistry, 2005, 73(3) : 541-553.

http ; //www.ecologica.cn



14 1] TR A5 ARV e Ak Y I P AR 7 S LN T 5883

[63]

[64]
[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]
[73]

[74]

[75]

[76]

[77]

[78]
[79]

[80]
[81]
[82]

[83]
[84]
[85]

[86]
[87]

Yang Y, Liu B R. Effects of planting Caragana shrubs on soil nutrients and stoichiometries in desert steppe of Northwest China. CATENA | 2019,
183, 104213
FHARH, KNGS, WSV A T R b AR AR Rl 2020, 57(1) : 84-91.
MG, R, A, TKIELR, DAk, SRESC, R, DR, SUKIME. RENSINRE M AN TRREEE 5K L HTROCR. £
B, 2017, 37(5) : 1496-1505.
R, B, ST, B, EAME, SCE. 3006 H WA ) D R 2R B MR AR [R) A S5 g 7. AR 2524, 2020, 40
(3): 822-833.
Murrell D J, Law R. Heteromyopia and the spatial coexistence of similar competitors. Ecology Letters, 2003, 6(1) : 48-59.
FILE, XET, W, W3R, iz, PR B A S A e, Y SR, 2009, 17(6) : 579-593.
P G, ARDIR, BRI, A RREIMI AR N T - - L C N P (e R S BAE G R AR, 2018,
38(21): 7772-7781.
Aguiar M R, Sala O E. Patch structure, dynamics and implications for the functioning of arid ecosystems. Trends in Ecology & Evolution, 1999, 14
(7): 273-2717.
SuY Z, Wang X F, Yang R, Lee J. Effects of sandy desertified land rehabilitation on soil carbon sequestration and aggregation in an arid region in
China. Journal of Environmental Management, 2010, 91(11) : 2109-2116.
ZNIH, FEmeE, R, R, TR, ulOE. AR ARE TR P Rl RS . AR, 2012, 49(6) ¢ 1227-1234.
Wang G H, Zhao W Z, Liu H, Zhang G F, Li F. Changes in soil and vegetation with stabilization of dunes in a desert-oasis ecotone. Ecological
Research, 2015, 30(4) : 639-650.
Zhang G F, Zhao L. W, Yang Q Y, Zhao W Z, Wang X F. Effect of desert shrubs on fine-scale spatial patterns of understory vegetation in a dry-
land. Plant Ecology, 2016, 217(9) . 1141-1155.
LiYL, CuiJ Y, Zhang T H, Okuro T, Drake S. Effectiveness of sand-fixing measures on desert land restoration in Kergin sandy land, northern
China. Ecological Engineering, 2009, 35(1) . 118-127.
Fan B L, Zhang A P, Yang Y, Ma Q L, Li X M, Zhao C M. Long-term effects of xerophytic shrub Haloxylon ammodendron plantations on soil
properties and vegetation dynamics in Northwest China. PLoS One, 2016, 11(12) : e0168000.
TR, B, R, EA, i, B BN RO TR T R X AE Y O R AT S . AR S AR, 2013, 24(11)
3300-3310.
Bertness M D, Callaway R. Positive interactions in communities. Trends in Ecology & Evolution, 1994, 9(5): 191-193.
He Q, Bertness M D, Altieri A H. Global shifts towards positive species interactions with increasing environmental stress. Ecology Letters, 2013,
16(5) : 695-706.
Ffolliott P F, Gotifried G J, Rietveld W J. Dryland forestry for sustainable development. Journal of Arid Environments, 1995, 30(2) . 143-152.
Kidron G J, Gutschick V P. Soil moisture correlates with shrub-grass association in the Chihuahuan Desert. CATENA, 2013, 107, 71-79.
Zhou H, Zhao W Z, Zhang G F. Varying water utilization of Haloxylon ammodendron plantations in a desert - oasis ecotone. Hydrological
Processes, 2017, 31(4) . 825-835.
Hooper D U. The role of complementarity and competition in ecosystem responses to variation in plant diversity. Ecology, 1998, 79(2) . 704-719.
TN, TKRTE, BE R, SR EAMIONIO e — A7 T SC R IS 0. AR A8 241, 2005, 29(4) : 523-529.
Yu K L, Wang G H. Long - term impacts of shrub plantations in a desert-oasis ecotone: accumulation of soil nutrients, salinity, and development
of herbaceour layer. Land Degradation & Development, 2018, 29(8) : 2681-2693.
ZRH, VBT, AT, TPk, B TR KA ORI T PR R, PR BE 2, 2021, 36(2) : 130-135.

DAk, EAA, XUIRR, AR SR RTER AT &&MI&EEPE’J H. FRIXHEE, 2005, 22(4) ; 526-531.

http ; //www.ecologica.cn



