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il 22 S BR . it A SCLIRS A% BLVD IR 5 | i
DXOABTFEIX BT 1 AN [ B B B A T[T
MBS AR , 36 UE 50K 73 XoF AR AR N T bk
BIREI , WA 257K 0 | LSRR I | R SRR WO
KR T NI VD AR (14 A 25 A L], o XK
N TV e PR3P A B S SRS A

1 #RETE

1.1 #HREX#HER

WY X PR AE IR B AL A g Y IE (37°327 —
37°35'N, 103°38' —103°42'E) , {2 T 1] 74 & Jo§ 4%
Uit S AR YD IR R 2% L 451 730~1 810 m. XN
¢ J KBtk 5 , 247Xl 6 °C L, 2471
WK 4t 175 mm, H R K AL EE PR B 60 m. MBS
R HE R B VD Fr 2 [ A v B I R XL
T 4l 5 - HELLRYD 4228 3 5 A9 DA VD MR 9o 32
Hiu s AR R B AL T R A, A A A
L% K (Asterothamnus centrali-asiaticus) JGALEF 5
(Stipa breviflora) .5 }X Ji€ 4& (Convolvulus amman-
nii) . A | (Nitraria tangutorum) i & (Artemisia or-
dosica) .1V # (A. sphaerocephala) . V% 7 (Psammo-
chloa villosa) \J|3% (Cornulaca alaschanica) F1¥) K
(Agriophyllum squarrosum) 4§ . M 20 {22 80 4F A,
FEUE X 5E X VDAL A M B2 T Jé {64 (Hedysarum
scoparium )[R FEEM (1 650 #% -hm™) S EHEF H
SRV, IR T WA [R]85 B B A v A

1.2 MRF=E

1.2.1 #HiigE

TE A% VDR 2% (1) T IR LG vl L s
T (MS) FHb A PEAE B (NV) Sy %f B8 7 FH 23 [a) 408
i [] B 7 2, e B () P 91 A B MR 3575015 .25 4F
FEHE , ARRALE N T B VD AR R R B B AN
THUR B BOAE M N T [ V0 MRORE b ) B RS 120 Sy i 3
0 I, S REHL A IE 50~2 000 m, A2 388 S5 Re AR — 3%,
RIS, S T B U 0 52 0], 45 FF b e 2R 7E 1 28 L B
FEHI R R 30~6°,
122 HEHPE

FEAGFE N T VD ARAD REFEHE , 1525 31> 20 mx
20 m RHFETs, I A HE AR B IE B A A% 43 55 B AN
B AT s e | AR ICRE Oy, SR FH AR A 114
AT 400 4~ /INEE T, 4% 2 m [8] Fa 2 274 100 4~/)N

FEJT PR B —/INEE T N A RS A A i 28 B LA AR
B B AL IR 4

R 4 ) A 5 SR TR R A R R s
Vs DA Kb 0 56 i AR T B A4 A b 32k BBURR o BBk 3
PR, IT45 G R E - 35 %8 P 460 B0 s SR TR AR P T8 K
A R FREORE . SEES0 N T mx T m/NEETY, /N
FET5 PN M T DA B4 T A S 6350 43 FH 8 70 5% M 59
T AN T D A AR ) b AR )
FE 5 Rl BHZBUNE TS 1 om B R 350 AR & I 8
R SAEY IR . LR 2T E Y E A
A 80 °C 1 MEAF Mt T 24 h 2 fH & J5 BRI T

EL14]
JAREEEN o

123 TEA®E

T AR B I A %) [ s, 75 A8 LT VD AR AT
HERE b, 22 [ 5 7] B R B S0 A /INEE D7, T4 B 0~5
5~10.10~20,20~40,40~60 . 60~80 . 80~100 cm 4} JZ
Bt i (] 52 6 5 b 3 R G 1 o 3k I - 1
KAy PR TIEIN A A, By IR SCHOB R B (e
[ 7 MALVERN-S 21 ) | 5 4 38k7 B, 51 5% 12 4 41
AT 7 A LA 5 i, SR R 2F it o DG 20
2, & H DDS-2 B #5520 i S AU H S 3 A5 2
fhARbR
124 TEMFERE HES5LE

R IR R ZHT (4 ) AR T
[T Y0 ARG FEE M, 3 S BEFLIEE 104> 1 mx1 m A9
INEETT A ISR AE 0~5 . 5~10 cm T I3ERE f , SREEHE K
/N20 emx20 em. SRR S 0.2 mm /N W) - S5 i
W R, IR A E TR 25 em 248 20 em FOAE
L TR AT R 3R . K AR 18 B Be K P45
R % H WSS SRR R A O, X R
AFELE ARG, FERE A S A RN S BR 2

1.3 #HIESH

) FH Excel £l SPSS16.0 8 45¢ pl 45 4 Ab B AN 45
1145387, R Duncan [ &2 4% 25 5575 9E 1 T A8 A
[ VD RO [ 3 B B B A 5 B AR L 3K
O3 b R R I B T (@=0.05) o AR
P+ R B R RO A AR AT T bR R
Xof HERE Ml - S 1 PR B R R R AR A
DL K 55 b AR R AR R, IR %
FHERAL AR A 38 N i & A B TS R BGE R RO,
4 SBORE 1T FR A A b 5 4 A 1l 1 TR R B
J14 0~5 cm 1 )2 F1 5~10 cm 1 )2 + e R JFE Py #p
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v 40 %

(AN K% B O -m™)

AR N T8 00 R B X HERE: b A B 20 4
oy 2 B R EAR B TR SR R U5, A B I A S 4
SR8 IR BR[|, 17 Canoco #4138 X6 i
G305 1 (CCA) X AN 7] i 5 B BB A e N T [T 70 bk
FE MR GERE T R R BE IR 7 HEAT T HEP 20 #T
SENEETT AP 55 1 CCA —4E T

2 ERSHMH
21 #EEATEDHERETTRENE

s A% HLYD B g SR AL N T VD AR R i A v
FERE N TR T8 VD S AR W 0 AR T8 DA [ V0 AR
HZ TR G, RAR PSR ol — 47 A w16 >
A GERER S Z AR AR AR (R D wishth
FEEH A T2 — AR A UK AR R T
(R St 5 N B e R T L R = VR S

GERY/ DR A = A U= IR b VY 2 R (|
27.005 15 47 {J S Wy 802 Dy s ) e e (Seraria
viridis ) F1 18 J§ ¥ ( Eragrostis poaeoides) %5 R &, 1t
1 LN E] 3.00, O A B2 3 F 5 25 4R
P A e RLAE AT S N At e e A S A
ARG AEEREAIR RS o Bl IS ARAEBR p9 3%, 48
e N T VD ARl A= M R A i R 5
JE RS B SR R S G I BRI, A A DL 6
FREEIE R, 25 AR FOARAHY) 35 IR B sl i) [ 5 4F |
ISAERY 7048 1745 LA, T b 22 B8 LU 8K
KR, EMEE 2545, TR AL L HIE B X B e
SBTi & B/ R = PN B i A =B [ B R A R
AR S 5 MR PEAE AR LE , 25 4F A6 N T [E]
PR TR R AR i T B 2 e, A AR
JE AW A R T A YA B, A AR ) o
H i 21 30%, #EH A RIECGAE] 50% , i AEE AT
IE] PO ARTE S B AR TR — 2 KA A

x1 EEBEAIEDHEHESTECEHESRER)
Table 1 Vegetation succession of artificial H. scoparium sand-binding forest (Mean=S.E.)

MR Wb MS S4E 154F 254F Hy PEAE B NV
PR EL 3 9 10 10 15
(B K 4933 VE 4&% 27.00:{91% 19.0. W& 36.67 KRE lE 40.3&%% %%mﬁﬁ‘ss.%\

40.67 i 1333 72K 1333 47.67 26.27 KH19.33  JEAEEHE20.67

B A 585 B /% 6.14+1.50° 18.1142.44° 40.23+2.47° 36.44+1.86 35.48+2.24
TR /% 1.26+0.34¢ 5.22+1.55% 8.02+1.27° 8.96+1.85b 29.86+2.05°
AR/ % 4.89+1.51¢ 14.40+2.24° 32.57+2.38" 29.90+2.04° 7.73+2.11¢
Hi 2R (kg hm™) 91.9+78.7¢ 2095.0+668.9° 3790.4+645.3"  2305.2+275.6° 1484.4+426.5

R A/ (kg - hm™) 401.9£315.0°
Wb Z RTS8 (Shannon-wiener )

L5 VR AR (A

0.40+0.05¢

0.00 0.20

1667.8+£804.7°

0.85+0.06°

1944.0+602.4* 1720.0+299.8* 1711.3+417.4*
0.42+0.04¢ 0.82+0.06° 1.17+0.06*
0.28 0.50 1

[P AN ) NE TR 3R 22 57 .3 P<0.05.

2.2 AEZSIKCHIIRBhEA

AR N T 70 AR 0~300 em 2 + 38 7K 43 Fifi i
ARAE BRI I SR G 8 m . Horp, i sh v e 3K
Oy AT EAT , B KA F iR B 2.63% 5 5 A PR AR E]
1.73%, 15 4EFRAE 5] 1.22%, 25 4 IR E H1.71%, 73
W5 BT T AY 65.8% .46.4% .65.0% (E 1), M
W HJZUCRE , N T BV ARG X B sh v e f by
PEAE B 58 AN [F), o 60~200 cm 2 ¥k 38K 73 7
AR, XA R K BRI, T
0~60 cm ¥ )= T 3K 7 R AL R 2L, R 0.36%~2.84%,

It 5 PRATE IR 52 0 S B AT J 38 I i) A5 b 3, 38
BT BT T 5. 0~20.20~40.40~60 cm 14
KAy SR LR shTd o MS f i L S AR IR Z L 15 4F %
1%, 25 A BTk & H2 B3I sh b B, AR T
HHF PR (% 2) .

AN B BeAE B T B VMR b )2 0~5 cm
R K SRR 4R 25 S B B (1 2) , 8K oA
F5AE 7 Bt s MRAT BR 2 Wi 4 i, QiKW 418 0.1 MPa
B CRE S T 70 A H RIRE7K o) |, 25 AR R M Y 2 )2 35
KOS AT A R 1S 4F AR MS 19 3.4 /% 2.3 f5 AN
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Fig.1
300 cm of artificial H. scoparium sand-binding forest

L5 %, kst R 1 -k R G R SR TR
JZ T IERYFRKBE T I T REK R 2 43 ) IR 2
T TS AT KR Z K S B b
25, 51 RIS o A R X R R BORE
BT R E S (E 1), 5K 2R TR R
RIEARACNE U SCEREAR VY E LT IR RARAF}

Vertical changes of soil water content at the layer of

) DL B AR AR ) A K i A K SCHLR T e . S b
AR R L, AN [R] 380 B B N T [ V0 MR 3R 2
TR K RE B AFFEAR K22 HE , by P AR B 1 8
IR F3 247 0.1 MPa i} i) 387K 43 F 1 43l 25 .15
SAEFIMS 1 4.4.4.5 12.5F5F119.1F%5, W EEAE T
TRV X LR K

2.3 TIEFMTFEMRINER

TR N T VD AR [7) 8 5 o B 1l 4 3 7
VI o A B B 2 5 B 3 (R 3) L T ah v e 4
Rl F A E R > A 4 F, HL USSR v fnvb
K343 RN R 53.3% F140.0%. 54F
R T Y FRBOA B 8 Fh, VDK Fh TR
A R R T RN, RS R I
VRE R F b AT PR 23.9%, I 5 30.7%, 4
& 29.6% , V0 oK S HABAE M1 7 15.8%. 15 4F
R R R 7 R, A A AR I A
JRE T VAR I T S R, VD AN F A i JE
)R 4 ) B R TR Y 46.3%
27.2% M118.2 % ., 254F L3Rl T EE Y R B N 8
Fofr, 1 B SR, R B 65.7% ; I H IR, FL ] ik
17.6 %, HAWAEYIL 5 16.7%, V0K 584055 . K IR Hb
M PERL WA F P AP B 12 R, TN TR VD AR

x2 WEAIEDWEETEKSBSITHHEIR
Table 2 Statistics characteristic of topsoil water content of artificial H. scoparium sand-binding forest
P THT VR B /om it FEE iR BRAEHE%  BME BRME fi BE 3953 il
b EMS 1.77¢ 0.05 20.7 0.700 2.45 -0.68 0.40 E&
54 1.52° 0.05 24.8 0.54 2.28 -0.40 -0.32 LA
0~20 154F 1.05¢ 0.05 33.7 0.37 2.04 0.48 -0.23 EA&
254F 1218 0.03 19.4 0.9 1.89 1.14 1.12 IEERS
HHFPERTBE NV 3.38 0.09 19.2 2.26 522 1.04 1.38 REE A
b EMS 3.01° 0.10 23.5 1.1 4.44 -0.34 -0.08 ES
54 2.11¢ 0.10 33.1 0.9 4.11 0.43 -0.19 B
20~40 154F 1.48" 0.07 32.9 0.76 2.65 0.25 -0.93 IEA
254F 1.54° 0.04 18.2 1.16 2.13 0.55 -0.75 ES
A PERTBE NV 5.68° 0.07 9.5 429 6.94 0.02 1.29 XPEOERS
Hshid e MS 2.97° 0.11 26.0 1.3 471 0.16 -0.44 L&
545 1.87¢ 0.08 28.6 1.05 3.19 0.43 -0.47 IER
40~60 154 1.43F 0.07 333 0.67 2.69 0.61 0.2 B
254 1.59°f 0.05 21.9 1.03 2.58 0.8 0.63 B
HHFPERT BNV 5.59 0.08 8.2 3.38 6.48 -1.28 4.80 REGEAS

ARG TR EZE S B3 P<0.05.
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Fig.2 Topsoil water curves in 0-5 cm of artificial

H. scoparium sand-binding forest

FEHL, B TCHEARE Y I, 244 AR Y o
OB RGE WAEN. EHER T VD e
WU KA~ B3 I o AR B3 Iz sl I 7 25 4F
JETHAR VE VS ARSI & B R, 55
TE25 4P J5 a0, X AR Ak S5 b AR AR — B

TEFEN T E VDK 4 e P 5 b 1 A o e A7
Py I v AR B TSR 38 0, 5 4F 15 AR S W Fp 6
o, 25 AR YA 7 Fi, 2 T B Bh U0 B, (AR
T B AT VA B . R TR S 1A A A
B B e AT B 22 2 18 KR 0/ I AR A 3, oy
0.54~0.60, 15 4FAHRUM: e = iR 510 0.60, 1R+ P2
B ASAS AR g 1 sz e T My AR B ) TR AR AL, 3R B
TN T E VAR (E 3) .

®3 HBEAIEDHTEFHFENMEARREZTE (B m”°, FHEHTEIR)

Table 3 Species composition and density of soil seed bank of artificial H. scoparium sand-binding forest

H i A L MS S4E 154 254F Ho PERE R NV
—AEAREA
YK (Agriophyllum squarrosum ) ZRL 56.2+16.2 12.56.7 6.3+4.1 — 3.1£3.1
il (Salsola ruthenica) P — — — 59.4+59.4 50+34.1
A= (Halogeton arachnoideus ) ) — — — 6.3+4.1
AL (Bassia dasyphylla) B2 — 3.13.1 6.3+4.1 — 53.1£29.7
1} Ji§ % ( Eragrostis poaeoides ) ARAEL 3.143.1 12.5£8.2 484.4+110.1 21.9+7.4 46.9+21.9
) WL (Setaria viridis) RAF 6.3+4.1 81.3+64.6 284.4+141.5 9.4+6.6 15.649.3
F2 2L ( Chloris virgata) RAE} — 3.1+3.1 18.8+13.2 — 3.143.1
14 (Euphorbia humifusa) PN 6.3+4.1
5 (Artemisia scoparia) 458} 9.4+6.6 37.5£15.7
HSZ(Corispermum patelliforme) 2R} 12.5+12.5 56.3+29.0 3.1+3.1
ZARARAR
AL (Stipa breviflora) RAF} — — — 6.3£4.1 31.3+£7.8
TeTEBR T 5 ( Cleistogenes squarrosa) RAEL — — — — 131.3£117.3
WRMR (Melilotus Offcinalia) =x:t — — — — 15.6+9.4
W 52T (Sophora alopecuroides ) TRk — — — — 3.13.1
AR
i (Artemisia ordosica) e — 65.6+36.6 190.6+51.5 221.9467.7 —
Vb (Artemisia sphaerocephala) B} 75.0£36.2 84.4+48.2

24 TE-BRRFENERIER

B CCA 43 Mt 2 B, e AN]SR 55 A
+ 12 HE pH.0~20.20~40 .40~60 cm + 3K/ HE
555 VHE Rl S 0 2 E AR E G R (P<0.01) , 1 +
HewRn R AP A S A R 5 Lk

el S 2E SO SE S AR, DA AR 1 HE P R s 1
TG IKRIY TR MRS O (R 4) o A
2 HEP Al AR B B OO OC R, IR S5 2
HEF G AR S IR AR SGSE R L M Bk 5 28 2 HE
Jy il B S AEAR SR SC AR Ul A 5 2 e i B S
T IR AR RRAE . T R VDRL S 5 3 HE Rl AR
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Fig.3 Similarity between soil seed bank and standing vegetation species of artificial H. scoparium sand-binding forest

R4 BEATEDW®TERERFSOMHEEF Y
HXXR FEEMBREATE
Table 4 Cumulative percentage variance, eigenvalue,
species-environment factors correlation coefficient for
the axis of CCA of artificial H. scoparium

sand-binding forest

O 55 1HE 5524 %534
Jr il Jr Jrdh
HIEAEE/ (g cm™) 0.7829"  -0.4433"  0.1098
TR /% -0.0810 0.0395 0.4135™
WrRL B /% -0.5065" 0.3246"  0.0729
kL /% -0.4867" 0.3287°  0.1377
AL /% -0.7264" 0.2048 0.0370
R % -0.6064" 0.0257 0.1659
B 1 /(kg - mg ™) 0.1022 0.4178°  -0.2637
pH 0.8596  0.1885  -0.1018
AL 5%/(S - em™) -0.9062" 0.1890 0.1075
0~20 cm IR /% 0.7652" 0.1957 0.0992
20~40 cm 3K I /% 0.9110™ 0.1997 0.2168
40~60 cm T JE/K 435 5/ % 0.7695™ 0.2422 0.2196
LERNRIE 0.822 0.295 0.116
Yy 5 B OC R AL 0.979 0.871 0.794
SRRy 22 58.0 78.8 87.0

", P<0.05,",P<0.01,

W IEAEER 55 VHER 3l 26 2 HE il 0 B 3
A ZR  AE 423 18] N X AT [ Y PR 23 A 1Y
MRS o L HEP SRR AR (A R 0.822, i B Jr 223K
F] 58% , Y Fh 5 5 A A OC R AR E) 0.979; 55 2 HE
JF SRR EAE R 0.295, ff B8 7 22 20.8% , ) Fl 5 4 5%
AYAE G R EGA S 0.871, U TS T R EE K4

o3 F A G YR S ATAEAE R BV RT L OE R o
N TRV MV 5 - BT F CCA HEF fir
71N, AN TRITE B Be N T [ V0 MO 7 A5 5 (1Y) 1 BE PR 45
K7 4) . Sshid e g5 60 T4 1 HEP Rl i A
Uit , 3K Ay | A N pH g SAERE T
SET W AT A2, B BE ) R EK Ay
A A A pH IS AR AL T S AR RE DTN AE
W, ARG AR E N EIEAIUR 25 R
RANVS LS Bk S5 5 25 AR RE T T4 1 HEF S
T 22 Ui VRS 2 HE 7 Bl %) B o, B3R AL 2R

1.0
254
4 AP
Clsm M MS
soM_ YN W3 pou
. o g
= EC Sand SWIT'sw2
i £l S
Jevrny A/ [ ]
e A } o
o
® A o
154 A a A
o (2
A Siﬁ BK
-1.0
-1.0 1.0
SE1HET 4

BK, %5 ; Sand , VWKL &5 ks Silt, P RL 5 fik 5 Clay , BKL S 1 ; SOM,
AHLUBG TN, 2% AP, M8 pH, L3 pH{H; EC, HL 5%, SWI,
0~20 cm +3E/K 437 1 ; SW2,20~40 om +HEK 53 h
SW3,40~60 cm 3K I3 ik MS, i S 5
NV, i AR §%

4 AEHE N TIPSR S TR 5 CCAHEIT
Fig4 CCA two-dimensional ordination diagram for
vegetation samples and environmental variables of

artificial H. scoparium sand-binding forest
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B

N TS VMR Bh 3 A 5+ AT T CCA HE
e R sl shvb e AU S A b ok b A A
0L TR 1 HE R Sl A d A e, b AR T P B B
A4 38K o3 | e S R - 8 pHL, LS b o A
5 0~60 em + 3K KR oA Y (] 5) o [ E T
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Mechanism and dynamics for succession of artificial Hedysarum
scoparium sand-binding forests at the southern
edge of Tengger Desert

Ma Quanlin®, Zhang Jinchun®, Chen Fang*, Zhang Dekui*, Wei Linyuan®
(a.State Key Laboratory Breeding Base of Desertification and Aeolian Sand Disaster Combating / b.Mingin National Stud-
ies Station for Desert Steppe Ecosystem, Gansu Desert Control Research Institute, Lanzhou 730070, China)

Abstract: The succession of sand-binding forest impacts the construction effect of sand fixation forest. With the
method of substituting time with space, the artificial sand-binding forests afforested for 5, 15 and 25 years at the
southern edge of Tengger Desert were selected as a success stage series, and the adjacent mobile sand dune and
native vegetation habitat were took as the reference sites to reveal the ecological mechanism of the succession of
artificial sand-binding forests from the aspects of ecological hydrology, soil seed bank and soil-vegetation corre-
sponding relationship, which provided theoretical basis for the construction, protection and restoration of region-
al artificial sand-binding vegetation. The results showed that during the successional process of artificial sand-
binding forest of Hedysarum scoparium in the southern edge of Tengger Desert, the artificial population of
H. scoparium, pioneer plants Agriophyllum squarrosum and Artemisia sphaerocephala declined gradually, and
the natural dominant species changed from annual herbs to semi shrubs, then to semi shrubs and perennial herbs.

After 25 years, a relatively stable near natural sand-binding vegetation similar to the zonal vegetation up to 50%
was formed, which showed a trend of grassland desertification succession. During the successional process of ar-
tificial sand-binding forest, the topsoil water holding capacity increased continually, reaching 3. 4 times of that
of the mobile sand dunes after 25 years, which resulted in the shallow distribution of soil moisture and the
drought of the deep soil, driving the decline of the deep root plants and the development of the shallow root
herbs. A. squarrosum and A. sphaerocephala in the soil seed bank decreased rapidly and disappeared after 25
years; A. ordosica continued to increase and Stipa breviflora appeared after 25 years, which was more than 50%
similar to the aboveground vegetation composition, driving the artificial sand-binding forest to 4. ordosica vege-
tation with perennial herbs. With the succession of artificial sand-binding forest, soil bulk density continued to
decrease, clay, silt, organic matter and total nitrogen continued to increase, which was closely related to the
community and species composition of artificial sand-binding forest, and determined the succession stage and
species composition of sand-binding forest. Obviously, sand fixation and afforestation is a necessary measure
for ecological restoration of the desertified land in arid areas, which starts and accelerates the restoration and suc-
cession of natural vegetation. However, the zonal vegetation and soil habitat conditions should be fully consid-
ered in sand fixation and afforestation, so as to establish stable near natural vegetation quickly.

Key words: Hedysarum scoparium; sand-binding forest; soil water content; soil seed bank; Tengger Desert



