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IKETE 250~440 mm ZiAy , EEAEPIET—I A, dide
AR KLY 60~75% ' s e K H KA 141.7 mm,
R AR R S, TIERA EEON X
b4 WIS XABAE 322y LB VDR, 46 (Hedysa-
rum scoparium) K AR i Bk (Amygdalus pedunculata)
LM (Amorpha fruticosa) . H 18 (Medicago sativa) .
V8 (Artemisia desertorum) g ¥5 (Pinus sylvestris)
H FEEMAEYIRD

1.2 KITTRMRE

WEFERAET 2019 4F 4 A 7ERRPT 44 R T AR 28
B L RIG TP IEMIEHD (109°52'97E,38°53/40"N)
HEAT , R A SRR LY 1 AW i Bk A
B U R L B TR AE R TSN 2, O HLL
RV b R0k BRAL BREAT SRAE , M AE AR e PR B AT
AL FAOE B s R AT RAE . TERSBRIE RS
FHEARS em BY T AWCHE - SERI AR & o SRAE RUHE
DUILFE 1, NBEAE L EHC 10 mx10 m 77 1
FLRURAE  RAERE ) 100 em £ 20 em 2 —4>+
SRR B RE D 3 W A, R A AR A 105
A, ZBRAT UL AR (B A AR R |
] 5258 2% {4 AR T, 23 Ji 3 0.25 mm Fl 1 mm
#H.

A AR IIEN T A A AR
100 em I+ HEF T, 73 57E 0 ~ 20 cm .20 ~ 40 cm
40 ~ 60 cm .60 ~ 80 cm .80 ~ 100 cm HUIR JJBE i , 4
MR EE = IR TTRE A 1054
1.3 W=D

{fi ] Walkley—Black J7 2 "/l & -+ 3 A MLk
(SOC) &t , FFf FH LG &% I E S (TN) &5
o 3 BH B BT b A I S (TP) AT Sk
(AP) & i™ eSS (NH-N) A AU (NOs-N)
F 2M KCI 2 BGHr it + 358 18 h 5 1l 22 , H-7E Alpkem

autoanalyzer(OI Analytical ) F#E4T L€ 70T
1.4 i+E SOCZE N+ 1# 7757154 (SNI)
14.1 SOCEE
SOC,=SOCXBDxTx(1-C)x0.01 (1)
A SOC KR LA PR B (kg m™) , SOC KR
FIAYUR S (g ke™") ; BDFRR HIERFE (grem™) 5
THERNTHEEE (cm); C TF/RKBFAAE>2 mm H 7 H
(%)
142 X3EHRH5IEH(SND) R LLNE RIS )E
JE RO FR 40 R - 1SR B BEAE , & 5750 K AR
P A HRIA R HI 0 53 A7 pR R
N(X) = (X, = X i) (X e = Xiin) (2)
o NOXO) IR TR R TSR 8 AR X RR & 55
A3 L A2 AR 5 X N X SRR 45
JEA TR R 8 e IME R R AE

sm=ime&) (3)

A n FoR BIEFRMEREL W R R & 570 K Y
R )i 5 N(XO) RN 5200 R s B FE(H .
1.5 #ES

18 3 SPSS 22.0(IBM, Amund, NY, USA) H1 Ff.[A]
EJ7 223 Hr (one—way ANOVA) A M fe /)Nt 146
5992 (LSD) , % 6 A T [E VO AE B bR BR VD b A 5 4>
TR B & R SR AT TR .l AL
G353 AT 3 B 6 FhAS [R] N T[] V0 4 4 1 1 1 5% 3
FREL.

2 HERSH

21 TERENTL
IR TR R B A,
AR T FEV A T HIRA EREE SRR E AR

1 ORI E AR
Tab.1 Basic properties of test plots

N TV 2 2153 BepE (o) 3 /m FPAEAFE R a
Xif HE(CK) 109°46'21"E 38°55'3N 11 1280 0

(R NVAAS)) 109°52'9"E 38°53'40"N 15 1258 14
LEREME(ZSH) 109°52'18"E 38°53'32"N 25 1249 14
HAE(MX) 109°52'23"E 38°52/40"N 8 1257 5
AEHE(HB) 109°52'30"E 38°52'38"N 22 1268 14
7HE(SH) 109°52'8"E 38°54'2"N 8 1244 15
KA B(CBBT) 109°51'59"E 38°53'9"N 18 1263 14
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Fig. 1 Changes in soil bulk density for different artificial
sand—fixing vegetation

b, v IS I RAR (A 1) o RE T D
PEIIREAR T IR R, G TV 1SS K. ETE
FAEBERE R 2 A B /)N, 20~40 em 12
A RN, 2 )5 WA R 3 A R Y
A IR 1.60 g+ om™ 2247, AL FEA
TREFLE 1.68 g-cm™ 2o fi o 6 Fh A T [ V0 A 1 (178 57
PEFB I —Fh 55748 S (HH B f A b AR S R
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FAR i Bk AR A | SRR AV A R A
R R HIEAE R E A (E D, ERZ
F3E(0~20 em) H, B FERE L) B F N, Hk
JEAC KR FEAR Bk, 5 5% BEAH EL 230 B AIG T 24%
7.8%F5.1% . T3 hME & FALEEFE L 7E 40 em £
JRAb K, 2 G RE A )R TR R N e AR

A6, 53 FE1.61 g-em™ F11.65 g-em ™ AL, FE
A+ HER R L, 5 X0 B A A AR e Ak Y 38
A AR, HBE A IR B A 3G N TG i 2 25 S A
ARLEFFTE 1.55 g+ em™ A2 47, HA 5 B AT & V0 A 9%
To i A4, B T IR B 3 hn A 1 i S
AL (HARR R B K-
22 TEFHTK

S3AT B S RV M [ T [ VR R v £
B m AL, IS A A 2 IR R A e
YT RERUE T, B B R VDb - R b T AR
IR o 6 BN [R] T [ VAR B 1l rp 4 855 4 41
FEAR B G R R R K2 138 (0 ~ 20
em) B3 5 TORR 13 (P<0.05) (1 2) . ARIAT
[ YA B T SOC TN FITP & B 4 5 35 i T4 Vbl
T AN F1 AP 5 535 2 F I T~ L (P<0.05) , TK 7%
W EZ, 6 FAFELA T E VR g A 1l SOC
TN FTP & fe AR bl + HEUR B A3 hnmipeA . el —
T JEANFN T [E VD AE 4 M 2 8] SOC TN F TP &
HAEAE 3 22 53 (P<0.05) , I HLFh 22 57 32 B 6
FEFR)Z . 0~ 20 cm L2 UM BRI e,
SOC TN I TP % £ 5 X B VD Ho AH E A3 B 38 T
177.6% . 125.1%126.9% . ¥t SOC.TN TP Fl TK &
WM, RS R FEF A AR, R
ST A E T RE b, S50 IRAR L, 6 FP T [ VA
AR BN T SOC FITN &8 .

AR T VDA A T Bl A 1 R A 15
AN AP & AR 2 I sh 284k, H AN I AP B L 5
AL o TEREARAEFI I X B VD b 1 AP 55 2
YT o MEB I E 257 . i B BRIV HIRFRIA
T VDA B b - R AR T , B S RV
M S EAZ TP & H7E0.16 ~ 035 g-kg ' 2

*2 AEIALREISHER T HIREERNRITHE

Tab.2 Statistical characteristics of soil bulk density under different artificial sand—fixing vegetation

N TR K AE/ (g cm™) e/ ME/ g+ em™) P/ (g em™) 5 R H Co Pt 2E
VB (SH) 1.69 1.57 1.64 2 0.03
HE(MX) 1.66 1.31 1.55 7 0.12
LM (ZSH) 1.70 1.59 1.66 2 0.04
1EHE(HB) 1.72 1.46 1.65 4 0.07
KA i Bk (CBBT) 1.65 1.49 1.56 3 0.04
(R NVAA)) 1.68 1.60 1.65 1 0.02
X} HR(CK) 1.69 1.55 1.62 3 0.05
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Fig. 2 Changes of soil nutrients in different artificial sand—fixing vegetation.
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T R R R BT RN 4 2 AR 1)
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Tab.3 SOC density under different artificial sand—fixing vegetation /(kg' m?)

TIEVRE fom XitHR(CK) REFHAZZS)  SEREML(ZSH) T (MX) TEHE(HB) UiESH) KA BE(CBBT)
0~20 0.19+Af 0.35+0.02Ad 0.42+0.04Abc 0.45+0.01Aab 0.49+0.02Aa 0.29+0.03Ae 0.39+0.03Bcd
20~40 0.09+0.01Ce 0.27+0.02Bc¢ 0.32+0.02BCh 0.32+0.01Cb 0.40+0.02Ba 0.22+0.03Bd 0.35+0.01Cb
40~60 0.14+0.03Bd 0.20+0.02Cc 0.35+0.02Bb 0.41+0.01Ba 0.37+0.01Bb 0.21+0.01Bc 0.39+Bab
60~80 0.13+Be 0.26+0.02Bcd 0.31+0.01BCh 0.24+0.01Dd 0.28+0.01Cbhec  0.27+0.03Ac 0.44+Aa
80~100 0.18+0.02Ae 0.28+0.01Bbc 0.29+0.02Ch 0.24+0.01Dd 0.28+0.03Cbe  0.26+0.01ABcd  0.38+0.01Ba
0~100 0.15 0.27 0.34 0.33 0.36 0.25 0.39

2 T BB ARV 4 (P<0.05) ,40~100 em + )2 H7,
555 B HE 45 T VDA B R b 1 SOC 2% 3 F
RN, O HAREA 3R LA AT E DA
W A B EES
24 TEBVKRBGERRREETH

- HE[E s nT D o A A AL i ik T
fE20 0 ARFSE P EE | m IR U T AR T
55 E PRI 2SR AH LA, E 0~100 em 335
7L A i B RN AE A B L SOC fif it Fe iy, 5 % AR
VO A A IR T 168.5%F1149.3% ., b3 FEHD,
SOC fitg i i fI%, 55 T RERR VD HAH L, Y0 RE L SOC fif
I T 69.9%.

ANTRIN T [ V0 HE Bk b B4 SOC i 1 Bl 75 T8 i
IR AS AL . AR B R Bz 1 AL SOC
SRR NE 3R, T SOC B it bl + 6K

x XfH(CK)

2:50¢ CK: y=0.0067x+0.0141; R=0.9931

778: y=0.4245In(x)-0.5218; R*=0.966
ZSH: y=0.4585In(x)-0.5533; R=0.9681
2.00 | SH: y=0.3942In(x)-0.5702; R=0.961
CBBT: y=0.5276In(x)-0.8008; R*=0.961

JEE B0 ) AR AR B ot FE AR VD s LA, At 6 Ffe 4 #6
AT LT 3 XA y=aln(e)+b TR, Ho o e 250
R T 0.96 (& 3) , 1 it BE AR 70 b T LA FH 26 bR 4
(y=ax+b) L, i RER = T0.99,
2.5 TEFSIBHETW

H T LAV B S RV IR RN T VDA
TSRS i, R R TR T 6 FR
[N T E Vg T 3SR e 8. s &
B R0 AN RN T VDA B 4 398 5% o 45 o]
H PEEUR 6 A N TV R g A T R SR AR
B, FL P TR R M 1 4 R O F8 B = R 0.65,
YRR T RARE D . T VD R b 1 357 43 Ak TG
K, Sk 0.35, HoAth A RN T [ Vb RE g 24 e 4 v £
B IKF- (R 4) . 6 R0 N T [E VDRI #E A - 56574
FRER R A - AL > > SR> 1 75 > K A

o FETHNZZS) w SEFM(ZSH) o YHE(SH)
x KAWBE(CBBT) o £ (HB)

+ HEMX)

A HB: 1=0.556In(x)-0.6115; R*=0.9728 X
5 150l MX3=03941In(x)-0.4693; R>=0.9727
o L
= A o
I 0
% :
1.00 | [e)
=
jm
X
0.50 &7
Vi
0.00 . R . i i . ; i A i
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W /em

K3 ARATE VA SOC R B

Fig. 3 Cumulative SOC reserves per unit area of different artificial sand—fixing vegetation
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Tab.4 Membership values and SNI values for different artificial sand—fixing vegetation

. shJm 3T EEL
A LA HATBUR o e pam R R (SND)
XFIE(CK) 0.01 0.01 0.06 0.78 1.00 1.00 0.34
FEFINZZS) 0.46 0.30 0.99 1.00 0.71 0.28 0.64
LR (ZSH) 0.70 0.21 0.75 0.80 0.25 0.01 0.55
HE (MX) 0.79 0.74 0.01 0.47 0.01 0.43 0.54
TEHE(HB) 0.82 1.00 1.00 0.19 0.54 0.11 0.65
PE(SH) 0.38 0.37 0.02 0.29 0.74 0.95 0.35
KA i BE(CBBT) 1.00 0.42 0.88 0.01 0.71 0.40 0.48
Be>1biE . TSRO W, P AR | AR P LA
L FARZ E RSB IEN K kA A8 7E
3 i g [ARAE S RS, - R R T AR Y 45

3 AZEDEHEMN TEZmMAEERR(RE.
BEm) RAER

TR EAR N IR A B, 2N
Jot R A A s A R 2R S VR T, X £
A BE R RIZ L (0~20 em) P LI
FHEEATREE O RZ PR AL,
HE TE FIAE R R P R R R R R B KA, HX)
MEFAB N T VPRI L, B R EAR . A
FEFRMW], FERR s v HRE R, L R FH 28 7 al LS
T JUHRREA ] DL AR A
PR AERE REAT RO VD M 1Y - S o

6 AN )N [F] VAR A o B A i ) 1
AR, 32O PO R i R AR AR Kk, B AR
W KA 2 AW I3 S I T BB A R A
WA ek BB s AN 2 AL, TR AR T 4
ST UGE TV RS Y . FEREA T b
AL S A i Fr) + A F AR, X b 3t - MY
o RRCREA , 35 SR HAS 2 N BE AN — L
DR A SE AV s B BE A R0 s 3254, A L
AEREFIEEREAR L A i WG X 0 3t 38 Y 8 R SCR B
U0 ANTRLN T [ VDA PO Ml P Bt o SR 14 72
P R A AN R R 122 4, PR AN [T [
DRI P RIBAR R I A FERR 2257

T IETR I R K B SER, SR K B
MR A KR & AN E MO PR £ 2
LR ST ) B , A A SR X A T A A B
ST E BT o ARBIEST AN [R50

FEEE BN 2 A U A ) EZRED, R
A T [ YA Bl e SOC FINTN A HE R bt 5 1 158
TRBE B 38 I ARG, 2B £ HER E AR AL 2R
503 LA SR R AR SOC 7= A= B s
SO RN T VR R v SOC 7 B i 1 K 28
ML, X 57 AT 45 R —58, SOC &R
TN 7K Y BB R 2 4 TN A E BB S0C
(A B BB DA R o A P R R X 3 38, R e AR A 52 R 6
Tl AT [ VDR RE L TN 5 1 1 28 Ak B 5 SOC &
AR A AR — 2, (B2 5 SOC B R R
GAHL, TN S B R RS AN,

T A& R M AN B i e (IR, 2O ARG bk
B E AR RIAE RN S o, JB A KA1, i B 7E
AR R AR G, oA KR B i BRI R
B350 o ANFELN TRV BT AP & s #f o
FEA, PR A A A K I 75 (R 28 LT 4ok U
T8 X S N R 45 R — S, e
BB 5 e R A R R e R
PR DA B S A SRR I 1l B R 1 R
W] - S X5 2 P14 VR R T A R i 3 S v TP ) 7 i
[Fi) B, 2 T S 98 T L 53 A R AR 1) B SR, i
FEERDH A IFERLIAD 0 3 iR+ & F
TR B HAIC, XoF Wl 1) W2 o 0 A A1, e DA 2 45 A
T VR REH T TP R AP & 7 SRR |
FIRRIEANA 2, e = LA

ZF L TIR IR B T A AR 2S R GuhE
PRI Ay S 57 A A R A T R A 7 AT AR 2R, O
Wit 25 AR 52 AT B () 15 I Wil o3 i, FLUR A 2
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i B Vb b v A= 49 KUkl 2D, PRI TR T [
VPR B L SOC & B 3 /= T b, 6 R0 AT
[ VA b 1) 3 A 22 P 2 S i
W3 RURFERE DR S W1, R A R T i DL
HRAR I £ A BRI RRS HIL Ry +
BERREF SRR EES . fER M+
HERATT, SOC B4 A FEAR K AR BE I 32 1l i 25 78
L3 45 R 2 15, AN [RIAE B S BN SOC it
PR R[] (R, AH H T Al T B YA B, v
T R 1 Y SOC i it eI, T AR A A P de vy, A
A 6 FIAE K 52 IS 70 v Y 3 A A 7 25 A1
B A R ™ EE, K SOC 2%, T 4B R A M
PR R RO B R , EMIAR R IR AR
TSRO RE, FECRE AR, il SOC
B DA KA AR R I I X S5V 2 B AT
LR —E . HHA T VR A L, AE
TR AV it A A b 7% - 35 5 B v, R A AV it B T
ek [ B R R IR, BARE% KAE AR IE A &
R R AT IYAE IR R I bl 2 A B A A AR B Y
B0 R T O AR I AS g A A Ak, B
KSR AE T3 PR B4 T e A
32 ARAIEDEE T EGNAE R

2% E MR RGE ML R LW, SOCHH
Bl % = SRR TR BE 3G I B A . 7R bt Ml i
WA R, F2AT R )22 AR K2
Sl PR, FEPEAG AN TR T VD AR B b 2 ]
SOC ittt 2 7547 I 2 M) o ), WA 201 2% 1 - R AE IR
i AERZBFIT S b, SOC i B ARk w) + 182
(AR ZH A A AN R A i = ARBIF5E HsE B 100
em 12X SOC BRI, 6 Fl A T-[E VD HE
T LA o % 45 ek B AL i 6 B VD H SOC
fifg i3t ] DA 3E A 2 pRESORADL , 33 2 PR A A ) B YD
M e R 55 L B R E AR fk SOC TE B
A Ak TFE 6 N T [ Vb HE g P R R R
BN, AR R RV P B /D, SOC & ik
BRI

1 F AR KT ML LA 2 2, R T
BN - ERE T B BEAR AN R, R b AR T TR
J7 1 FFE bR AL A AN AR [F] 22, SR 6 + 357 43 7K F
WATEE BTN B 2R X SR A S i 5+ R
BER—WEE TAENE . RFRIERTE SRV
H 6 B T [E VM AE B A BF RS 5, 2R FH 05 B

RIEAT 0T, AE R FEHB Y 3 R A0 48 B i, TE AR
WF5E Hh BE Y 6 B N T [E VDR L rp R R R b
Y SOC. TN P & S84 i F 4T, X EE S
U M RIRE AL B AT RO VD b AR el AT K
FIORFF SRR P T .

4 it

B U0 ) 17 T AN W) N T e
FEH B JC .35 25 5 0 - 3R 0 Il 45 AT e Dk A S Y
A4k, fEAE Ak HHESOC [ TN . TP\ TK LA S AP I AN
Py Ry o, FLUCRAR TR SRR L 1 A AR
Jdk o AN RN T R v e A b P B 1 AR B2 AR SOC
it 2 B R 1 1 A AR B % RERR VD s LA A1, oAt 6
Tl AT 1 70 A 4 AT DA S e X 8RR [ y=aln )+ 45
L, AR E 2 BR ST 0.96, A AT @ v»
A b b 3R A HR B AR Ak, 6 FOR TR T
VDR BRI R AEFE > 1 A > SRR > 1 758 > K A
BE>VE . 8 BRTR  TEARM S R B RV i
T R (R R AR LR AR T AS R
& KA AT E
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Effects of artificial sand-fixing vegetation on soil nutrients
in Mu Us Sandy Land

CHEN Wen', YANG lJing-jing', YUAN Yuan', ZHANG He', HAN Feng-peng"’
(1. College of Resources and Environment, Northwest A&F University, Yangling 712100, Shaannxi, China;
2. Research Center on Soil&Water Conservation, Ministry of Water Resources, Institute
of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of
Water Resources, Yangling 712100, Shaannxi, China)

Abstract: In order to explore the influence of different artificial sand—fixing vegetation on soil nutrients in Mu Us
Sandy Land, six typical vegetation types were selected as research subjects. The physical and chemical properties of
0-100 cm soil were analyzed, and the soil nutrient index (SNI) of different vegetation restoration models was
calculated by principal component analysis method. The results showed that there was no significant difference in
soil bulk density among the six artificial sand-fixing vegetation types, showing weak variation. The soil organic
carbon (SOC) and total nitrogen content in the surface layer was larger than in the bottom layer. There was no
difference in total potassium and phosphorus content. The SOC density of 0-20 cm soil layer is significantly higher
than that of other soil layers, showing obvious surface aggregation phenomenon. Except for the control of bare sand,
the SOC cumulative reserves of 0—100 cm soil layer can be simulated by linear function [y = aln(x) + b, R*> 0.96] as
soil depth changes. The SNI from large to small was observed as follows: Hedysarum scoparium > Pinus sylvestris >
Medicago sativa > Amorpha fruticose > Amygdalus pcdunculata > Artemisia desertorum. The results showed that the
soil nutrient status of H. scoparium forest was the best, and H. scoparium was the most suitable vegetation to be
planted in Mu Us Sandy Land.

Keywords: Mu Us Sandy Land; artificial sand fixation; soil bulk density; soil nutrients; nutrient index



