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PR B B (Astragalus melilotoides) (1175 3 (Txeris chinensis) WA T (Lespedeza bicolor) .75 5.1 (Sophora al-
opecuroides )%,
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Table 1 Species composition and their importance value of plant communities under different
thickness of sand on abandoned cultivated land
AE Y B V% 2 B # A Importance value Pl I

Species composition 1 I m v Family Genus
(1% Pennisetum centrasiaticum 0 0.008 0.019 0.026 KAFL Gramineae WEH]E Pennisetum
B35 F Setaria viridis var. major 0 0 0. 009 0 KAFL Gramineae MR H)E Setarla
HEF Sophora alopecuroides 0 0.288 0.270 0. 404 Rl Leguminosae B8 Sophora
K BT Lespedeza bicolor 0.334 0.216 0.101 0.104 7 F} Leguminosae WA T J& Lespedeza
FARMRBETE Astragalus melilotoides 0 0.031 0.123 0.056 F R} Leguminosae WIEE Astragalus
WE B & Oxytropis psammocharis 0 0 0 0. 047 SR} Leguminosae B S8 Oxytropis
K IO4% Gueldenstaedtia multiflora 0.040  0.024 0. 006 0. 007 & B} Leguminosae KIT4%)E Gueldenstaedtia
P g5 AE Thermopsis lanceolata 0 0.018 0.028 0 R} Leguminosae WAL JE Thermopsis
WEE Artemisia scoparia 0.547  0.405 0. 396 0.351 25 R} Compositae R Artemisia
W P53 Txeris chinensis 0.020 0 0.013 0.027 258} Compositae WS Lxeris
XA FS 2 Scorzonera divaricata 0.179 0 0 0 258} Compositae A& Scorzonera
Pif R Z2 M0 I 4 Heteropap pus altaicus 0 0 0.008 0 %R} Compositae WA )E Heteropappus
#33% Corisprmum chinganicum 0 0 0 0. 280 #Fl Chenopodiaceae B 52 g Corispermum
FLI K Euphorbia esula 0 0.031 0 0.023 K#k Bl Euphorbiaceae  K#kJ& Euphorbia
W& Polygala tenuifolia 0 0 0.019 0 £ &Rl Polygalaceae & )& Polygala

N AB.CIMESRK ARRNKETF+HHEE
R B AR VI X EE R E T
OGS A L R 1y 3% (B 7K 48 0 2 AE L 4 2 S e 2R B 4]
B C AR T KR T B . BUHRE . WY
B4 T AR 1 o BT T B R O )L WA
TR B U/ i RS W T [ B — 28
F S B R ARt B G R T ) R R
WRE . AL B PRk e f A iR AE AR T
PIRI BRI IEI DG 2 3 MM A BE R E T2
A AEA R REBE I TR SR G 2 P i L 1 5 W B T
IS B T AR SC B IR 7 5 M B I . U]
PR AL UD R (9722 Ak » F7 B IK A 0 b T ) b A A S
(O 22 iR TR o

2.3 HMMAEL LRI E T4 RDA 547

R2 FRABLVEETHFHMENSHEREY

Table 2

The diversity index of plant under different

thickness of sand on abandoned cultivated land

ARBEWEEX F e EE ZREPETR# ¥ 2] B R R
Area of different Richness  Shannon— Wiener Evenness
sand bed index index index
thickness (R) (H) D
1 0.32+0.05 0.13+0.04 0.11+0.04
Il 0.5540.30  0.172£0.07 0.11+0.02
Il 0.80+0.12 0.33+0.15 0.17+0.08
I\ 0.79+0.15 0.40+0. 28 0.22+0.15

122 3 Al AP VR L Z B PE S 0~10 cm A1 10~20 em +3EIREE B F 19 RDA HEFF 45 5 b it 2 A~ 4E)F
bRy AE{EL 2> 31 D8 0. 825 A1 0. 174 AHW) v M ZREVE S IR BTN 1 2 A HE B A A SR 2 O 10T 2 A HEF
GRS AEAE o5 BVRRAEMELRY 99. 9000 BT 2 A1k 7 it % 490 i B 58 AR O 2R AR R o LA B A R R BR BT B U5 22 #9199, 900
TR v S ZREE IR M0 20~40 em R ERREE I 7~ RDA HEFF 45 R L i 2 A HE 7 SR A (8 20501 2 0. 739 Al
0. 078 MW HETE ML ZHENE S L IEIRBT N1 2 > HE Py fil A9 AR S 23300 O 0. 952 1 0. 651 il 2 A~ HE 5 il 4 AL (L
W ERRIE R 81. 7000 . BEMOKRTE ALY REE S ZREIE 52 LIERR T R T 1] ) RDA HE7 RO W8T

0~10 cm T3 SHEY RDA M (R 4505 1 HEFP 2 We 1 1 e 4 Eh W R 55 R A7 AL Bk 19 742 1k
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o B3A I T LT AR O R R My 1O P 713,
—0.5616,—0. 5491 F1—0. 37065 45 2 HE 7 il £ % /o
ST S P LIS A 5, 305 HE T whmREE | B ) kom| C

KZREHN 0.3846, 10~20 cm 13 54 ¥ RDA 43
B, 565 1 HF il 32 S R w1 A Bk R S AN A ALK
AR X 2 AN 55 1 HET Sl A D¢ R EUr
R —0. 8680 Fl —0. 443055 2 HE/F 4 2 e T
A A RO A Ak ke e H5 R Rl A OC R B
0.3297, 20~40 cm HHESHEY RDA 734 .55 1
HE e b 2 28 Sl 1 AR IR A I A ALk AN 4 3R
AL X 3 AN 555 1 HEF Bl A A O R 2
43 901R 0. 8679,0. 7833 1 0. 6724555 2 HE ¥ 4 3= 2
Bk Y 3 pH AR AR e, 5 HE R Sl AR OC 2R B
10,3354, LRAHTULI B MO B LA S Fig.1 PCA ordination of species importance value
A2 AL ) 22 LIRS A 10 O 0~10 em L8 HARBREE A, melilotoides FLR K E. esula. ik P. tenuifolia,
) 4l B R B AN TG M HLAKR 510 ~20 cm 3 HH TS, alopecuroidess 18 P. centrasiaticum 3% C. chinganicum .
() - HERR BR 55 A ALK AT R0 520 ~ 40 em Hriy £ WBHT O. psammocharis. X104 G. multiflora, S E# A. scoparia,
HEBETR AT 3R E A HLBE . 2 F pH. 0~40 em + Pl b 4E T, lanceolata, /R EEAE H. altaicus, XA S. diva-
2 R A T b4 8 ) R A LA 4R ricata, 83 ¥ S. wviridis var. major  \WT3E 1. chinensis, AT L. bi-
VER M AT bR A A
pH JUAEAS [ 4 )2 22 B0 X0 A8 B ) AR XA

FEAR B - IR % AF W B 7 B0 A S 35 Mk RS, O R 1) 38 B RN 52 R & (Monte Carlo permutation
test) A5 56 43 B A 45 PR X AR ) 52 ) Y 0 . IR AR L0~ 10 om - 38 4 RNk R B L [ X5 A A B v M L
R AE BE R RAE T (P=0.048,F=3.536; P=0. 040, F=3.798) , & XY Z 0 g B & i ik f
T HEIAEE R TR R R 73.800510~20 em - HERK R 55 X A W) BE T B L Z PR B3 PR (P =0. 020, F =
16.439) , Hoidk & A7 76. 220, 20~40 cm + HEORER 5 X AE W) BEVE R 2 HE R B E MR (P=0. 020, F =
12.568) , H. okt & 60. 1%,

#H2 Axis 2

1 Axis 1

1 YFHEZEREPCAHFE

®3 RDAHIF&HR

Table 3 RDA ordination summary

28 0~10 cm 10~20 cm 20~40 cm
Parameters Ml Axis 1 B2 Axis 2 Bl 1 Axis 1 B2 Axis 2 Bl 1 Axis 1 il 2 Axis 2
SF A 1genvalues 0. 0.174 0. 0. 17/ 0.73 0.0
FRAEME Ei 1 825 17 825 174 739 78

A BT 4> b Cumulative percentage variance

Y Fh B Species data 82.5 99.9 82.5 99.9 73.9 81.7
Py fh — R 55 ¢ &R Species-environment relationship 82.5 99.9 82.5 99.9 90. 4 100. 0
Py fh — BB A0 C PE Species-environment correlations 1 1 1 1 0.952 0.651
i R AE{E 2 F1 Sum of all eigenvalues 1 1 1

Fir A ML AR AE {2 Fl Sum of all canonical eigenvalues 1 1 0.818

A5 i B¢ Variance explain (%) 99. 90 99. 90 81.70

5 E B #5 Summary of Monte Carlo test

o —MLFE % P { Significance of first canonical axis 0. 002 0. 002 0. 030

JIi A MiE %l P { Significance of all canonical axis 0.002 0.002 0. 044
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R4 WEETES RDA HFHMBXEDH

Table 4 Correlations between environmental factors with the ordination axis

TS 0~10 cm 10~20 cm 20~40 cm
Soil parameters 1 Axis 1 B2 Axis 2 i1 Axis 1 B2 Axis 2 Bl Axis 1 B2 Axis 2
pH & pH value 0. 1360 0.1173 0.0213 0. 3041 0.1135 0. 3394
+ 343 Soil salt —0.5616 0.0736 —0.2936 0.1622 0.6724 —0. 3097
+ A ML Soil organic carbon —0.2993 —0.2750 —0. 4430 0.1430 0.4371 0.2524
+ 8 3G Pk Soil activated carbon —0. 3706 0. 3846 —0.3261 0.0576 0.7833 0.2533
+ A %W Soil available phosphorous 0.0208 —0.2029 —0. 3452 0.3297 0.0173 0. 1005
255 Calcium carbonate —0.5491 —0.1914 —0. 8680 —0.0160 0. 8679 —0.0443

2.4 3 5H4e RDA#HASA

WE 2 R AT SR ARER I 7 /N =R TR . ORI Sk MR SRR I — 5 IR 0 R B A R e K
i Sk 1 2 A HE Pl e f 2R e — IR T 5 HE I SR O DN I A BN AR SC R R . 0~10 em 422 RDA
FrE (B 2A) 85 JEAR 8 AR BOM I &) BEFR B0 5 T3 3 CBRIR S A MLOR AE PEA MLk S A G 5
pH {E AR R0 S IEA 2. Wy RDA 25 1 HEF il A2 B0 47, Bl 25 S 3 M 5 iy DR 4 9 4 6 R 18R 465 35 8 1 %
. Z R B IG . WEEE 2 HE P BN T B 1 B B A o RIS T B R BR W s BEE pH Y
R ) FEAR O Z R R B . HE R 5 R R W L BE G B0 VR L A3, g R R R RS - SR A R R
BT B8 2D . 10~20 em Fl 20~40 cm + )2 RDA HE/7 B (K 2B.C) , £ 65 FEF8 50 2 FEPEHR Ror 34 5]
RS WM N — kRS R A G, & 2B L iy RDACSE 1 HEF Bl A BI04 Bl A Bk IR 5 % 1 1)
K. ZREE e BB . 1B 2C v, DA B A0 L Bl A ik IR 85 % i I R 1K W b =F 8 AR B0 2 AR V4R BORN 1 &) 4
B, HEF S R R B E B DR EE AN 10~40 em 2 - 58 bR R 5 T AR U D R Y BEVE £ REPESS
Bghn. RDA HEFy B b w ) V& o3 A FEAE X R By < 3k 5 BUSI AL 7 -+ 5% B 8 V& 20 A1 T a0 0k R 85 0 AR 1 4 okt
PR BEER b O B R A T BRI PG DR R BE VD B R
3 iFie

Fr B A B R TR A R R EE NI R AN A A SR A S H TG AR g R g g
WFFT T, HEK o0 & i S8 S A AL L R A B B R R BRSO . IR N R R L
M A ) B S AL R A R K 4y R L IR L i IR BRI LR A Y SRR R
HEK Ay A HUTFNER 53 W52 A A8 S5 00 7 VA S 3 T v M R T AR Ak A I A S 2 B L R A AL Akl
TR Gy XEAE ) 53 A RV 2 AT 0 2 PR e . pl O T AN [R] 5 PR AR A (] DXL A (] Y B 5 R BE TR X A B Y 5
e AN [+

AHIEFE S XoF SR A W R T B L AR A S P R e 1) SR K T4 0 D 0~ 10 em 3P 4 ER ik
FREGH 10~40 cm TIEPAERIRES . T RURHE 2GR D EEN R, 230 5 B R 04 i F
255 AR 0 A 2 R G TR B R R 0 R ST S A ) R T R R O T A AR AR e AT
i b P A 22 L B i A KO BR ) SRR YT . RS X T R R A A S R AR S
58 B G B R FLUR R B IR M B A L FL R A i Ll S AR 2 L 8 5 USRS AR BN L X S AR
BPOREEAY 5

ARSI S5 R A R R B X AR ) E I AR FHOC R S8 X AE DATE R AIF I v i oK DL . B R S A 5 kR
B8 1) RS AR iR Al R B R AR DG B VD R R I B 3 )2 S I KUK A R AIE A 38R A e A Sy MR £ i
U6 A T RRAE L 2 Bk R 5 B 1 B W T AL VD BRI LA SO SR A ) b B B, R 2 A B R T K 4
A, LT A DR ) T v 18 0 A 2 R VD VR JE i T 1 3R 2 1 S B S Ak i 4
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Fig.2 RDA ordination of soil factors and plant community

ALK T+ E SR The plant community of Lespedeza bicolor and Artemisia scoparia. /N5 T+ EE V% The plant community
of Sophora alopecuroides and Artemisia scoparia. V35 G TRV The plant community of Sophora alopecuroides.

SOC: A #HLi Soil organic carbon content; AC; + 487G PEMk Soil activated carbon; AP; 43 (W Soil available phosphorous;Ca: i i 45 Calcium
carbonate; R: & i §§ 4U Richness index; H: F ¥k 4E 445 %0 Shannon— Wiener index; E: ¥5) 5% Evenness index.

A: 0~10 cm + 3 F S5 Y B HERF B Ordination of soil factors and plant community of 0—10 cm. B: 10~20 cm 3 K+ 550 ¥ 8 3% HE 7 K
Ordination of soil factors and plant community of 10—20 em. C; 20~40 cm + 3 K 7 54 9 1 7% HE)JF E Ordination of soil factors and plant commu-

nity of 20—40 cm. 1~12 N¥E %5 1—12 indicate quadrat number.

HEH IR B AR 2 R AR OB ok A AR A B R S R 10
5 7 027 4 B LSRRI . 2 ) X8 7 s - S P 2 ) 8 S o
RSP ISR T 8 O AR AR TR L R P . 0 5 AR 0 A P —
S I T M S4T30 S O AR T R 5 0 R 40 K R A
S BN DR R B AR TR S 0 4 %5 L HEE BV D T M R A S R 19 3 R 3 1L
58 0 5 300 2 A 4 A 5 0 5 o 00 0O o 8 3 0 R T AR I T
B R
4 i

Wit 5 U V5 BE 1) A8 Ak S TS R i B A M AR R T 0 A SR B e ik 5 BLWIR T R ) T R O
AR s — 4R A A D0 B A KA R AR T T X S B — R G 4 . bk A o e v RO 2 AR B
SRR 2 B 0~10 em HHERRBRES M4k (10~40 em +HERRIRSS & i, E8 LI FE W 7R LB B F
FHSENE . H9F 5 DX S B T A o i A 9 L P BT I B 2 AR ) 0 A R R TR R R B R R E R B R A
HR WP BEALY OSSR 2 SR BV IR RE P B 1 3R )R AR 85 DA T A L ] A O T B R
PR~ SR 20 X AR 1 B A 1 R T A B

o
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Redundancy analysis of soil and vegetation of recovered grassland on abandoned land in the desert steppe
WANG Xing', SONG Nai-ping', YANG Xin-guo', CHEN Lin', LIU Bing-ru',
QU Wen-jie', YANG Ming-xiu', XIAO Xu-pei*
(1. Breeding Base of State Key Laboratory for Preventing Land Degradation and Ecological Restoration,
Ningxia University, Yinchuan 750021, China; 2. School of Resource and
Environment, Ningxia University, Yinchuan 750021, China)

Abstract: The essence of desertification is that soil quality deteriorates. Loss of soil materials, soil physical and
chemical properties, deterioration of biological characteristics and the changing of soil structure are the princi-
pal features. The previous degrees and nature of soil desertification have important effects on the process of
vegetation recovery and the direction of succession after land is abandoned. To develop a deeper understanding
of the relationship between plant and soil environmental factors under different thicknesses of sand bed, we
studied the relationship between plant distribution, diversity and major soil factors with the changing of surface
sand bed thickness in space by redundancy analysis, taking a recovered grassland on abandoned cultivated land
in the desert steppe region of Ningxia as the test area. With an increase of sand bed thickness, the Lespedeza
bicolor plant community was substituted by that of Sophora alopecuroides, and the importance of L. bicolor
decreased from 0. 334 to 0. 104 while the importance value of S. alopecuroides increased from 0 to 0.404. The
plant diversity index of Margalef, Shannon— Wiener and Pielou were correspondingly increased: the plant di-
versity index of Margalef increased from 0. 32 to 0. 79, that of Shannon— Wiener from 0. 13 to 0. 40,and that of
Pielou from 0. 11 to 0. 22. The main significant soil environment factors affecting plant distribution and diversi-
ty were soil salt and calcium carbonate in the 0—10 cm soil layer and soil calcium carbonate in the 10—40 c¢m
soil layer. The change of soil calcium carbonate content on the surface represented the degree of desertification
and the stage of degeneration of the zonal sierozem. At present, the form of plant distribution patterns on re-
covered grassland in abandoned lands, was mainly the result of adaptability of species diffusing and randomly
competing under the given constraints of a specific state of soil degradation. The crucial factors were the direct
or indirect effects of surface soil environmental factors decided by sand bed thickness, although the direct action
of soil nutrients for vegetation were not fully reflected.

Key words: desert steppe; recovered grassland on abandoned land; sand bed thickness; redundancy analysis





