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Abstract: Characteristics and soil physical properties of plant communities undergoing desertification in steppes located in
north central Ningxia, China were studied. The investigation was carried out to probe the responses of plant communities and
changes in soil physical properties that occur during desertification of steppes. It was found that the dominant species in
steppes with potential for desertification were Lespedeza potaninit, Artemisia scoparia Walds, and Pennisetum centrasiaticum.
In steppes subjected to only light desertification, Pennisetum centrasiaticum and Sophora alopecuroides were dominant. The
species Utricularia australis and Corispermum hyssopifolium were dominant in steppes experiencing moderate desertification.
In steppes subjected to severe desertification, Agriophyllum squarrosum, Aneurolepidium dasystachys and Utricularia
australis were dominant, and in steppes with extremely severe desertification Agriophyllum squarrosum was dominant. When
such grasslands experienced intensifying desertification, their biomass, Shannon-Wiener index, richness index, and ground
cover tended to decline. The biomass of grasslands suffering light desertification was 23% higher than that of grasslands with
potential for desertification. As desertification proceeded, the soil bulk density and coarse sand content of grasslands
increased but their soil moisture and clay-silt content tended to decrease most significantly. The desertification of grasslands

caused the soil to form a coarse texture and thus increase its bulk weight, with the consequence that soil moisture and silt
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content tended to decrease. As desertification intensified, these changes made the soil more susceptible to erosion, so that,
directly or indirectly, the productivity of such grasslands inevitably must decrease. Therefore, the desertification of steppes
involves progressively less retention of moisture and fine soil particles, leading to desiccation and erosion of the soil,

changes in plant species, and inevitable loss of productivity.
Key Words: desert grassland; desertification; soil moisture; soil mechanical composition; biomass
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1.1 SR HENL

AT XA F 77 B 1% A X B A S g ic A A (37°497 N, 107°30" E) (1) 14K 1411—1435 m,
IR T T R AR 8.2 °CL7 H () PR 22.4 °C L1 H (@) FHARR-8.7 C;
=10 CHFERE R 2751.7 °C, KT R 280 mm, W EEEPE 7—9 A, i 24ERK R 60% L L,
HAERRAZ R K AEZE R 2710 mm, AELFEWI N 165 d, NP REZEF TR HE AREH X 2.8 m /s, KK
(KGE>17 m/s) HECkh 24.2 41,

IR SRR 22 01 65 1l ) 88 ey S Y bty A s AR b I g O R AR RS A (IR KA
) IO 518 i 0 o S T4 2 1 1 e = WL P e € 4 s | 115 o ) AP o 97182 E A L =23
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¥7 4% ( Caragana korshinskii) , il (Artemisia ordosica) S5HEA , T B AN YA 3 B 32 (Salsola collina) , 111773
(Ixeris chinensis) , V. F1 % ( Pennisetum centrasiaticum ) FI4-#{F ( Lespedeza potaninii) 2% .
1.2 PRI RERE

BT A SRS 22 TR T AN [ b 30 28 AU AR B 268 0 K W1 o Ak A AL R W T AR AE S R G 2R,
VDM TR AT 7R R R I R [ VD e (M) AOTS AR AT VD e | 2 M 3 Ak i B S SR IR XUk oK ek 22 5 A
JFETT 365 5 P - S 2R R b R 2 sy S5 KL A, R e TR A4 1 P S Bk ) R R B R Rk . B AN RIS 5
WA AR [ o 1 B R ) A T S B R R AIE 1) — R A7) Y A8 ok AR 0 i 3% Al o AR A b 3R A [ E D e
(M) —F B VD e (3h) —F R sh ) o () — i shid o () R sh ST,

TEIXAE S ()B4 A1 25 AN TR e AL B 00 A 2 7 AR A e (9 4 7 P S 35 B A b e ) (R 1) LT
HFFE DX 35k P BEREAL T AN RV AL B B (R W AR VD Bk (K, R VDB ) B2 B2 VD 4k (LD, [ Yo i) (i
VEAL (MD, [ 2 Vi) TRV EAL (SD, 2 s vb b ) R BE VDAL (VSD, 3 shvb it ) B A R BURE 3, LA
TRAEVDIEAL (CK) VR R | A3 Ah A 8 i B 3 4> 50 mx50 m (0 552 BURE X | AN VD AL BIURE Ml ] #b 7 5 R 055
FRMFFEA 3, RAE S HRA BN 1 PR,

F1 EMREASRIEH
Table 1 The grading index of grassland desertification

VIR B bR LRRAE R 5 Hh R B

Desertified stage Landscape characteristics Vegetation cover (%) Surface crust

WAEV AL CK WY HEEETF S % >70 HRFE B BRI S B
BREEVWEAL LD WU A 5—20% 60—75 20% LA L+ R el ah B

TRV AL MD TV A 20—50% 45—60 30%—60% 4= W4 Bz il +- 4
HEEVPIAL SD WMWHEFKT 50 % 10—45 30% B T2 W) BEGS K A A Wy 2 Bz
WV EEAL VSD M58 PR IO 6 0—10 TG4 e o A A Ry E R 45
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SR, 105 C AT 30 min, 7 65 °C N LT FREUH Y3
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65 °C Tiﬁ?%ﬁ%ﬁ%i&?ﬁz%%o Fig. 1 Location diagram of study area
YIS o Z2HEMEFEE0%E ] Shannon-Wiener 221

FEEL.

S
H =- Y PInP(P, =n/N)

i=1

Yo AR ] Pielou 384K .

http ; //www.ecologica.cn



4 A E = 36 &

E=(- i PInP,(P, =n,/N))/InS

FEERECR=S
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FEA 9 em ARBHICER ZAEM B RIBT R4 0—10 em ,10—20 em ,20—30 cm 1 30—40 cm 3L &
AS/NEETTN S Bl IR A T, e A TR AR G PR L & R AT 33 S K S AL A Bl . - S LA 2
R L BT, 45 K SR FH T | 3 R A T 5E
1.4 BdE500r

K HI SPSS(17.0) Geit oMk A wh SL 3o s 647 73 Ar o MR AR AN A= ) 5 R ] One-Way ANOVA J7 vk i
TP R Ty 22007, 56K 4 25T AU HER FHRUA 2 7 225007, T A B0 ¥ R LSD ikt i 2 L
%, H Pearson #15¢ REHEATAH I HT

2 EREH

2.1 A[FEVHEALBY Bt i ) 2P R a5 B i AR AL AR

U TEACKT SR AR DR 0% 22 e 5] BE A BE R B 2 (P<0.05) o Bl G R b VD AR BE A i)
T Z2 FEPE RIS 5 B S AN R AR A 3 (3R 2) o IIRHEYD AL BE (R BEAL ML ) B0 22 P B B
(Ashib i) |, WFh Z K60 Shannon-Wiener $8%0H1 1.55 F &3] 0.18, Y Fh 5 FE 35 50k 0.50 FR&3] 0.26, M
AEVBEAL T BB BEVD B B (R FE VDb ) RN E BEN 23 B2 13, R R T 77% ; N BEVN AL B B
SR BEVDEAL WA BN 13 B2 2 BEUTAE Y W) A A b o B b VDAL R B A3 i B

R2 ARDRUHBREMERBERHE

Table 2 Community characteristics of grasslands in different desertified stage

UEALR B TRV AL BRE AL TR AL HEW AL e BE VB AL
Desertified stage CK LD MD SD VSD
N
SZLﬁ? ﬁ}ﬁ\fﬁ_z ind 1.55+0.67a 1.08+0.07a 1.50+0.45a 1.29+0.33a 0.18+0.18b
annon-Wiener index
B R e
fif;‘faﬁ; 23.0+0.71a 12.0+3.54b 13.0+£0.71b 9.0£1.41c¢ 2.0£0.01d
ichness index
5] g
FJ/_JE*D#Z 0.50+0.22ab 0.45+0.03ab 0.59+0.16a 0.59+0.19a 0.26+0.26b
Svenness index
TiJE (%) Coverage 74.02+4.50a 71.75+2.90a 57.26+7.54b 43.741£4.99¢ 6.63+1.64d
e o 1 e )
( Lespedeza potaninii) | ( Penniset ( Urriculari (Agriophyllum Yok
P F4Fp T (Artemisia en.mfe um rLcu‘rma squarrosum) 5 /
R . . centrasiaticum) australis) S (Agriophyllum
Dominant species scoparia Walds) | - . R ( Aneurolepidium
- . 5 55 F ( Sophora S ( Corispermum squarrosum)
HAY 4 5 ( Pennisetum . o dasystachys) .
alopecuroides) hyssopifolium)

centrasiaticum )

[FIF7 A [R) FRE R A RS BAL B BRI 7R 0.05 KA 5 TE2E 5

T BB ( Setaria viridis)

Tl o R AR AR DA 38 R GE PR B A8 A Y B AR/ R IR . DV E VD AR I BB B Vb B B
AR P Y 74.02% T FE R 6.63% , HL A B AL FR BE A IR, AR AR S M O WA E VD TR BY
B R L) AR - ( Lespedeza potaninii) J& B (Artemisia scoparia Walds) F1H . F ¥ ( Pennisetum centrasiaticum )
R HEFR B B VA S DA Y (1 SR 2 AR AR LR SR YT 5T ( Sophora alopecuroides ) NG F | o EE
VDTSR LA P 0l 0] 322 DA — SR SR R AR ) Ry LT,
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2.2 RIRIVS ALY B AL YR 7% A i AR AR AE

AN [FI VD EAL B B o oA MR V5 2 i AR A B35 (P<0.05) | VS TE VDAL oy B S b W e V5 b 1 2B Wi
SRR A R LR BV ALY B (R 3) . SISV IR B B MR T AR A LA, TP R SR R
W BE VD AR B Be B b AR ) A U AR ) 2 B R B (P<0.05)  Hirh Hb AW 4 AR T 20.92%
51.29%H1 94.43% , b AE )& 40 MIFEAR T 62.55% 64.25% F1 98.39% , K & Wy L Wy 1 43 W AR T 38.74% .
39.98% Fl1 96.74% , T FLUDEALMEAE P75 1 T A= 9 (R AR P0 Fe 128 i i A8 A A T B &, Ve VD s
AR B B R 1 AE ) E AR B VD AR B B S M RAAIR T 23% , 51 TE VWAL B B AR A I5 S A R
rhRE R B VD IR B B R MR MR T AR R AR T 47 % ,56% F1 97% , LI v AL AR BE 1Y)
T B A Py e A S B K

R3 TRDEUHREMENEEEMETURIE

Table 3 Change of plant community biomass of grasslands in different desertified stage

[ My Biomass BTEV AL REETEAL FhEEVb AL VAL e BE Vb AL
- CK LD MD sD VSD

3 BN 2
o f‘_ﬂ:%g/(.g/m ) 58.33+8.26b 79.41+8.78a 46.13+11.05¢ 28.41+1.37c 3.25+0.77d
Aboveground biomass

= 2
iﬂ?ﬁi%g/('g/m ) 117.37£13.99b 155.58+69.11a 43.96+16.75¢ 41.96+22.27¢ 1.89+0.96d
Belowground biomass
/3 = 2

*ﬁ/ﬁ%i%ﬂ/(g/m ) 41.12+2.35b 45.04+3.95a 25.19+2.25¢ 24.68+0.86¢ 1.34x1.41d
Litter biomass
4 =X 2
BADIRL (g/m) 216.82+19.90b 280.03+73.94a 115.28+30.04¢ 95.05+22.78c 6.48+0.19d

Total biomass

G5 A ) 5 B R AN R BAL B BRI 7R 0.05 ARSPAFE R T2

2.3 RIRI VB B B A 18K 43 S H TR B4 A RRAE

B VD AL R E (R I, 0—40 em £IES /K E 2B WA AT (K 2a) . 5288 P AR E
TP AL B Be B 0—40 em 35K & I TEVD ALY Be s dth 53 3 T I T 7.03% ,25.27% ,28.20% F1 28.21%
BB R R VDAL B BE 0—40 em THIES /KRN ZEFARE (P>0.05)

B2 2 R BE A3 I, AN TR) VD A o B b - 385 K B A Ak 34 B 2B i ( P<0.05, 1] 2b) , HLRl A 2
JEE BG4 358 5K S S N, BEE BB AR B AR A R VAR B B Rl 10—20,20—30
F130—40 em HIEEKEYRFFAERE,0—10 em IS /K E 2 SEREAUE M 78 5 5 1 AL B Bk 2]
e/ IME AR VAL B 0—10 em 35 /K & LU FE VD BIALBY B N T 9.85% , HH. = A B 3% (P>
0.05) .
2.4 AR[RITS AL B B B b A 3R 25 5 HLR A 2 AL A A

ARV EEAR B B R 1 - 3845 F AL ZH A 22 5 10 2 (P<0.05, 8] 3a, 3K 4) , Rl b v A0 AR B2 09
JE) SRR R R R B VD A B B e b S R LUV AR VD AL R A BN T 1.30% . 3.58% 4.23% Fll
4.68%, TETE BB PEEVOEAL M BE R 0—40 om T3 ZR E S T VDAL AR B VD AL B B 22 S
(P<0.05) , 17 5 B2 AR B VD AL B B 0—40 em HIRAREXER AL E (P>0.05) , BEH FHIVD AL (1)
TR B2 RE R RE T R R VD AR B B b ORI AR B i H W AR VD AR B BE R ML BRI T 4.07%
30.85% ,35.40% 1 40.36% , 1 ARV RL ARG Ry s 1) & 15 73 50 T 5.43% 47.10% \54.45% 62.54% 11 20.76% |
80.28% .89.27% 94.81% (% 4) ,

B 2 URBE A3, AN AL B B i - 325 T AR AL A R[] (R 3b) o TR VD AL RN B VD Ak
B B e b S i B A )RR AR N 2 e RS B 5, 10—20 em HIERE/NTHE L2, HEVE
AR B VD Ak B B e+ 3R 25 B 2R R 2 R 4, 30—40 eom HE A E S HE R
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Fig. 2 Changes and vertical distribution of soil moisture in different desertified stage
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Fig. 3 Changes and vertical distribution of soil bulk density in different desertified stage
ARG FBERR A RS BAL BT BEEITE 0.05 /K122 5% 035, A Al /N5 BER R R ] 2R EITE 0.05 /K122 5 i 2%

5 (P<0.05) . B LIRIRBERIGIN, AU B4 R RE VDAL I BeRs b - ORI AL 55 2 24 S T T
B T+ AN RL R R AL L 0 BRI 3 (P<0.05, 38 4) , B F BRI B Vb Ak B B e - HERE 20
KL S SIS BB 2, M0 - Anwb R A by b 5 e RS S e 3

x4 TRDBEUMBRE TIBEVAM AR BTN
Table 4 Changes of soil particle size distribution in different desertified stage
HUBRLH AL (%) Soil particle size

BB B + 2 (em)
Desertified stage Soil depth M®RL (2—0.1mm) YHRbRL (0.1—0.05mm) FhiRYRL (<0.05mm)
Coarse sand Fine sand Clay+silt

TRV AL 0—10 54.47+1.96Ec 41.14£2.19Aa 4.39+0.25Aa
CK 10—20 60.35+6.58Eb 36.83+5.81Ab 2.82+0.78Ab
20—30 64.69+2.61Ea 33.05+2.83Ac 2.26+0.22Ac¢
30—40 67.38+4.26Fa 30.52+4.07Ad 2.10+0.19Ac¢
0—40 61.72+5.64E 35.39+4.63A 2.89+1.04A
BREVEAL 0—10 57.19+1.56Dc 39.73+1.10Aa 3.08+0.47Ba
LD 10—20 60.831.22Db 36.54+0.93Ab 2.62+0.31Bb
20—30 67.39+1.72Da 30.68+1.56Ac 1.93+0.16Bc
30—40 71.52+0.81Da 26.94+0.92Ad 1.5420.11Bc
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s L o . HUIRAL L (%) Soil particle size
Diﬂﬁf 'i;e iifift;m) MK (2—0.1mm) HES KL (0.1—0.05mm) BBk (<0.05mm)
Coarse sand Fine sand Clay+silt

0—40 64.23+6.44D 33.475.75A 2.29+0.69B
P RV RAL 0—10 78.87+1.75Cc 20.40+1.44Ba 0.73+0.33Ca
MD 10—20 81.26+1.19Ch 18.28+1.34Bb 0.47+0.15Ch
20—30 81.97+0.65Ca 17.6420.81Bc 0.39+0.16Cc
30—40 80.94+1.13Ca 18.54+0.87Bd 0.52+0.26Cc
0—40 80.76+1.33C 18.72+1.19B 0.57+0.14C
WV EAL 0—10 80.40+2.37Bc 19.16+2.16Ca 0.45+0.21Da
SD 10—20 83.44+2.54Bb 16.25+2.52Ch 0.31+0.03Db
20—30 85.46+1.51Ba 14.30+1.54Cc 0.23+0.04Dc
30—40 84.99+3.32Ba 14.75+3.33Cd 0.26+0.00Dc
0—40 83.57+2.28B 16.12+2.19C 0.31x0.10D
B AL 0—10 86.29+0.05Ac¢ 13.52+0.15Da 0.19+0.04Ea
VSD 10—20 87.28+0.47Ab 12.59+0.47Db 0.1320.01Eb
20—30 86.27+0.49Aa 13.59£0.47Dc 0.140.01Ec
30—40 86.68+0.21Aa 13.18+0.21Dd 0.15+0.01Ec
0—40 86.63+0.47A 13.22+0.46D 0.15+0.03E

/NG FRFIRAE 12 FIHE 0.05 /K B2 Rk, RS 3R ARV BLEAE 0.05 /K B2 54,

2.5 AFTHEAL B B A R D) ARV AR 5 e BRI A AR Gk

RIPIREVE A AR5 e PR PE R A ORI A 3R 5 b, 3RS KR ANRRE R Bk 32 5 My i = &
FESEH, MW RE AR i b R RSB AE W R I 2 IE AR 5C (P <0.01 ) 5 A T FOML D R 24 5 4 o 2 T
JEFRAE MR A . R AT A, ISR DR, RRPRII 3 A G (P<0.01)

3 iTFig

B AR VDA R I R P A A A 5 T REIR AL B o EOULRIEURS AR IR A AR AL R VDB R R ) — P
FHAE, MR VDB BN R A S RGN RESUE i FZMEES AW b, B A R b V0 B AL R B ¢ i
FEVR 28K Hh 2 2 ke T ] B, 24 5 BE AR, ALAE e B2 Wl | , Fe v D0 4 b 28 1 i 1) B — | EL A =
AR E A S SR RO R R 28 S = B i A, IR AR 5 T R IR e AR A R e, PR 10 7
PEUE T2 R SR NE S PE RS B | (AR BN V0 A 3 DX i 5 IR e T 2 A A5 0T, Akt /v
ARV BEAR Y BEX R 38 5 A AR 35 A SRR v R TR g — AR IS5 A A FH I, AN TRI 2 TR i 8 ML F)
PEXI AP T 50 13 AT W R L B 7 (1 25 A R D) B 0 S TR R E (¥ 5 15 EL R G v B (b ) 36 AL
TP Y I AUk 7K e 3 A P T 32 0749~ S8 U 2 R 3 2 18 T3 REL A 55 25 55 Wi 9 DX BB R RR A 1 38 7% 5
FEIR, REMBAR A ) R R A A R G A AT RE Y 25 G TR BL, JRAR A A 2 R P R AR SRS % L R 1
FHI =4 R A it 3 B2 S AR R K S s 7 KA SRR AT AR R BROR
BRI DI R AR R AT ol A B s PP TR i K A e G R L R ASVE A
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