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Abstract: We selected plant communities in different soil types in enclosures and grazing lands on the desert steppe of
China to explore community composition, niche characteristics of populations, utilization of limited resources, and

mechanisms of inter-specific competition and co-existence, employing classical niche theory. A total of 42 species,
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belonging to 36 genera and 15 families, were recorded in 90 quadrats, and Leguminosae, Gramineae, Compositae, and
Chenopodiaceae were the dominant families. The biomass and density of vegetation in aeolian sandy soil habitats were the
highest, the niche breadth of annual plants was frequently higher, and the importance value of Artemisia scoparia was the
largest. The vegetation coverage and the niche breadth of perennial plants was relatively higher than those of the annual
plants, and the importance values of Lespedeza potaninii and Stipa capillata in sierozem soil habitats were the maximum.
Grazing decreased the number of species and the density of perennial herbs, while annual herbs increased in number of
species and density, and there was no significant effect on the density of semi-shrubs. As the dominant species in this area,
A. scoparia had the highest niche breadth and total niche breadth in different habitats. The niche overlap index of A. scoparia
and other species was higher in the grazing and short-term enclosure habitats, while the proportion of niche overlap index
decreased in long-term enclosures, especially in sierozem soil habitats. The degree of niche overlap index among species in
the weathering bedrock habitats was the largest, while it was the smallest in the aeolian sandy soil habitats. A. scoparia was
mostly distributed in the center of the DCA ordination map, indicating that it played an important role in the community,
had a strong competitiveness for limited resources, and showed good adaptability to the environment. The heterogeneity of
habitats was the key factor leading to the difference in community composition and niche characteristics. Therefore, the
ecological adaptability of species in different soil types should be considered in vegetation restoration and protection

measures in the desert steppe to avoid niche function conflict.

Key Words: desert steppe; heterogeneous habitats; community composition; important value; niche characteristics
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Fig.1 The number of species in each family in each plot
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Table 1 Quantitative characteristic of vegetation in the desert steppe of each plot

T HEA REE=VI/Ei A=Wy R W mE
Soil types Enclosure/ grazing Biomass /( g/m?) Coverage/ % Density/ ( #k/m?) Height/cm
Kb+ FHE=) JoEt] 128.51+46.92 60.20+14.66 570.90+347.74 133.87+36.18
Aeolian sandy soil K 141.60+41.09 48.60+6.09 304.60+137.18 126.17+35.77
gie B 118.52+49.85 41.40+4.87 450.40+91.33 87.45+15.46
ik 102.11+33.06 53.90+17.21 1021.93+335.10 87.19+25.18
HE 77.25+26.99 28.60+11.79 285.5+249.28 69.77+34.01
TRES A+ S3E=T) I 103.31+14.36 59.00+3.02 277.10+115.22 125.20+8.37
Sierozem soil K 125.24+44.27 67.90+7.99 255.60+66.21 173.07+43.38
T ®RE 75.59+22.82 38.00+11.77 337.80+149.21 111.33+42.46
Uk 101.93+19.31 45.60+8.51 681.90+360.06 64.03+16.40
Fa KA+ i5E=) HI 75.96+28.04 36.20+17.72 636.40+325.97 150.39+35.02
Weathering bedrock T HEE 47.43+10.38 32.20+6.01 394.20+131.06 108.47+14.62
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Table 2 Diversity index of species in desert steppe with heterogeneous habitat
e I/t FHIECS) SR KA ()
Soil types Enclosure/Grazing Richness diversity index Pielou evenness index
R iHE=) bz 13.07+2.99 3.97+1.06 1.5420.28
Aeolian sandy soil K 13.20+1.64 4.01+0.56 1.55+0.14
R R 13.80+2.17 4.16+0.83 1.58+0.24
i g 10.40+2.59 3.08+0.86 1.31+0.24
E:V;3 8.40+1.84 2.45+0.52 1.15£0.14
TRES 4 E3Ez) 3 12.00+1.41 3.72+0.42 1.50+0.12
Sierozem soil K1 12.80+2.17 3.94+0.75 1.54+0.20
T L35 15.40+6.58 4.67+2.15 1.69+0.53
g 12.80+2.17 3.93+0.86 1.54£0.25
HAERAGTIRR - E3Ez) 3 16.20+1.79 5.03+0.64 1.80+0.16
Weathering bedrock L e 15.60+1.14 4.80+0.56 1.74£0.17
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Table 3 The important values of all plant species in desert steppe with heterogeneous habitat

AR RS+ FEAENADTR L
Aeolian sandy soil Sierozem soil Weathering bedrock
o FHEE] T S3E=T) 1183 HlE
Plant species ; ; ; Total
Enclosure Grazing Enclosure Grazing Enclosure Grazing
KM RRE hEE EE El KW RE hE il pE
%%% . 0.484  0.386 0.495 0.459 0.094 0.230  0.315 0.36 0.487 0.262 0.195 3.769
Artemisia scoparia
L
. . 0.116  0.122 0.026  0.187 0.264 — 0.045 0.025 0.096  0.197 0.125 1.204
Corispermum mongolicum
FRF L 0.101 0.152 0.138 0.058 0.007 0.136  0.268 0.134  0.100  0.045 0.019 1.158
Lespedeza potaninii
GED
. . 0.020  0.017 0.013 0.027 — 0.288 0.143 0.092  0.029 — 0.005 0.634
Stipa capillata
}7):% 0.036  0.079 0.015 0.046  0.309 0.005 — 0.036  0.033 — — 0.560
Tribulus terrester
e
#ﬁﬁ TH 0.068 — 0.025 0.008 — 0.079 0.014 0.064  0.042 0.083 0.177 0.560
Cleistogenes squarrosa
wWET
. 0.063 0.105 0.047 0.118 0.016 0.038 0.033 0.032  0.033 0.029 0.03 0.546
Sophora alopecuroides
TS 2
PR R . 0.027 0.032 0.084  0.025 — 0.048 0.068 0.021  0.099 0.032 0.041 0.477
Heteropappus altaicus
0.028 0.023 0.045 0.044  0.007 0.041 0.018 0.04 0.048 0.033 0.090 0.417

Oxytropis racemosa
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17 WRAR A5 o S5 o0 A B 0 S V5 A A A v 2 R A A 25 8L Y 52 9
AP - RS+ BE WAL TR 1
Aeolian sandy soil Sierozem soil Weathering bedrock
o — — |
A T e s e B A
Plant species ; : ; Total
Enclosure Grazing Enclosure Grazing Enclosure Grazing
s K R bR W om0 K RE R il P
%]EE e 0.032 — 0.005  0.081 0.211 — 0.027 0.019 0.022  0.012 — 0.410
Setaria viridis
l ]é. L 0.040  0.064 0.033  0.030 0.081 0.019  0.021 0.013 0.015  0.021 0.057 0.395
Pennisetum centrasiaticum
i . 0.048 — — 0.004 — 0.1 0.074 0.067 — 0.048  0.044 0.384
Leymus secalinus
ﬁﬁ@l{kﬁﬁ . 0.024  0.037 — 0.030 — — 0.06 0.023 — 0.109  0.072 0.357
Astragalus melilotoides
ey .. 0.006  0.012 — 0.052  0.044  0.005 0.032 0.017  0.058 — 0.022 0.248
Cynanchum komarovii
R . 0.044  0.014 0.028 0.023 — — 0.025 0.030 0.026  0.034  0.022 0.244
Salsola collina
[t
it 1“/\.* 0.011 — — 0.031 — 0.017  0.007 0.062 — 0.037  0.069 0.234
Thermopsis lanceolata
PN EE
. 0.022 — 0.025  0.021 — 0.039  0.016 0.034  0.051 0.014  0.010 0.233
Gueldenstaedtia verna
2 1 3
. 1‘“Ll.l.ﬁ¥< 0.010  0.029  0.02 0.014 — 0.02 0.031 0.016 0.026  0.03 0.026 0.222
Ixeris chinense
LT
‘ L 0.029  0.03 0.036  0.032  0.019 — — 0.017  0.01 0.013 — 0.187
Cuscuta chinensis
Kk
N . L 0.013  0.02 0.023  0.022 — 0.006  0.015 0.021 0.024 0.024 0.012 0.179
Euphorbia pekinensis
ég—{/}(ﬁ 0.010  0.01 0.063  0.025  0.024 — 0.021 — 0.02 — — 0.173
Bassia dasyphylla
—
M - 0.021 0.023  0.005  0.024 — 0.026  0.024 0.014  0.028 — — 0.164
Polygala tenuifolia
KEFMREL
= féﬁ}ﬁﬁg . 0.057 — — — — — 0.061 — 0.042 — — 0.160
Lagochilus ilicifolius
s . L 0.028 — 0.023 — — — 0.038 — — 0.021 — 0.110
Incarvillea sinensis
#ﬁ?‘f[ﬂlﬁ — 0.051 — — — — 0.052 — — 0.004 — 0.107
Limonium bicolor
— Z1 L35
TR
Potentilla bifurca — — — 0.013 — — 0.072 — 0.017 — — 0.102
et . 0.011 0.005 — 0.015 — — 0.015 0.047 — — — 0.093
Convolvulus arvensis
b Lo 0.005  0.042 — 0.014 — — — 0.010 — — 0.015 0.087
Scorzonera divaricata
IR 4 %
Pk . 0.014 — 0.009 — 0.015 — 0.045 — — — — 0.084
Chenopodium glaucum
iR
. . 0.022 — 0.007  0.019  0.009  0.005 — 0.005 — 0.011 0.005 0.082
Euphorbia humifusa
R R
it .. 0.006 — — 0.011 — 0.013 — 0.032 — — — 0.062
Conuoluulus ammannii
i
I £ .. — — — — 0.041 — — — — — 0.014 0.054
Eragrostis pilosa
W3 IE
ﬁi/ ﬁ]% - — — — 0.019 — — — 0.019 — 0.015 — 0.053
Echinops gmelini
AE — 0045  — — — — — — — — —  0.045

Mulgedium tataricum
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AP - RS+ BE WAL TR 1
Aeolian sandy soil Sierozem soil Weathering bedrock
o — — ST
. T e s e B A
Plant species ; : ; Total
Enclosure Grazing Enclosure Grazing Enclosure Grazing
s K R bR W om0 K RE R il P
%}EE . — — — — — — 0.019 — 0.021 — — 0.040
Panzeria alaschanica
it 0029 — -  — — o001 @ —  —  —  — — 00
Peganum harmala
SHIT .. 0.021 — — — — — — — — 0.017 — 0.038
Cynanchum thesioides
3 o]
iR - - — = — = o014 — 0014 —  — 0029
Oxytropis aciphylla
I
& é 0.011 — — — — — — — — — — 0.011
Agriophyllum squarrosum
I B
Echinops przewalskit 0.005 0.005
h tFJL H . — — — — — — — — — 0.004 — 0.004
Erodium stephanianum
BRIEFE
kRS <0.001 — — — — — — — — — — <0.001

Neslia paniculata

“—" FOR MR LEZRE D P AR 3

LR BB ACROAS R WFTE XA LB 26 1F T R 2R AR R A Bl BT SR P A 2
(], Pyl i) A 05 2 D) — A 8 AR AR AR A RO B A T, OB AE T IE 3R o i 6 s SR s B2
R R FERE A S R — A A RO R A B, SR/ RS A5 A

IS8 SR A A T B e A e s U (257 N T e & e N e 8 (= I N T IR0 A S8 AN
FOR A & Fa WAL DU A B b d /. A Tz ) A A0 R AR, L A R LS Hon S B g i
Wit o T A AS R DU A DS b AR SR A R, Kb A K DTRR I, O e S B0 5 A Y
v T 24 A RO MR H U LU EE A R, T —4F AR WA A T 2
23 HEBNITERE

P A 5 JEE A 25 A T A (L g AL Xt 9 T B 1 ) DR 200 % 9 U5 5 4 55 D0 B e i R AR 4 L A
ALY RS WA SR Z RN A — AR 7E— R E LR B 1 W0 X $R 558 1) o SO A4 R FH 98 0 ) i
W A= A AR TE RIS IR B BE i, A S T

AN T A 5 e o o A A 256 T BEHEA AT 10 2970501008 3 B T > AR A > B E R > US> B> 220t
Ly 32> Ml B 7> RS BT R B i AE S 38 B3 AR S AL TSR HGE BT 10.00( K 4) o X EERIEMFFTIX )
2o A R MRz AR, AN eSS T XD e AR 35 v A 257 9 B e KA 2 B, HLUOR M B
HSE B b AR 8 P R BRI I B, LU AT K AR 5 Fa WAL DU L 8 B s deok, I
U BT R AR M B AR 220 1Ly S SRR TGk [l — Bl AN [ SRR AR R i A A5 SE BE AN
OIS AR B T A A A AL TE B AEAE IRAS H AT N fie i (4.74) D 4 (4.58) A A XALDTR 1 (4.50) Ik
Zo SRR (NS R SRR MU AR ) A8 XD AT A A S Ry 1 2 AR A AR (A
B (IR K K ASAE ) TEIRAS A AR B8 R AR AR 25 58 FE (AR A

LRGBS R R  F B AT AR 2SO0 BEHE A AR BT B e 3 B AT e ze 1 s 2zt
L ST R 28 M S A A ALY, TR AR T A S AL S BRI I B 5 L W i fe o R st
FIFAEE RO 6 8 PR AR 2S5 8 B2 A2 M /N B HAB P R e i) o — AR AR A (N 221 220 1y
SRR ZE A UEAL ) 25 2507 T8 BIRE WA | 2 AR B AR B 22 1 A 250 98 B2 ol B ARE R 3.74 S B 21 O
FEHLAY 1.80, T3] il 25 AR 1 K0S e AR 05 T B 2 AR A REARE 29 1 R 257 SEE (B KD 2R 355 WA
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17 3] WK A% o 57 o A 5000 e P55 SRR A 7 2 BRI R R A 2 6 1) 52 ) 11

POE =N

AR AR R AR A R4 T A A 250 B R 35 S R K, I SRR 4 SR A 5 DX R LA 3, 3085
XTI PR o AR A3 P AR G TR, v R A A A A R A R A T T A A TE AR (E B R U 2 A
SEEE A JLE KOS REANELE Y AR AL EE RN, Y90 0,100, 3R SE BY AR AL 5 B SEPREAR /N (<0.01)
W8I A ) AR A0 i B A AS , LA SRR PR R RS A, FE R TR SE b b T 4 4 gl 2 U R X
FEIX IR B A BR A, TR FH AR , X PR 58 038 7 B 14555 . X SRR 35 A (8 L | LA 25037 538 5 5 s
WA PO B IS — 2L,

*4 REEEAREESUMESAEE
Table 4 The niche breadth of all plant species in desert steppe with heterogeneous habitat

M+ TR T EEARE
Aeolian sandy soil Sierozem soil Weathering bedrock EELJM
Yyl , 5 Y 5 y - BT
o [l TR E3E=) T EEE | U4 .
Plant species : . ; Total niche
Enclosure Grazing Enclosure Grazing Enclosure Grazing breadth
m KW RE hE EE ml K RE hE il pE
%{% . 4.81 4.68 4.96 4.92 3.56 4.85 4.48 4.79 4.84 4.18 4.81 15.40
Artemisia scoparia
FHT o 4.07 3.53 3.11 3.09 2.00 4.96 4.44 2.88 4.53 4.40 3.37 12.49
Lespedeza potaninii
PR
o /A"’ﬂ’\ 2.55 3.48 4.34 2.90 1.00 4.42 1.00 4.49 4.74 3.89 2.69 11.51
Oxytropis racemosa
Bt
g . 3.65 2.95 1.78 4.64 4.21 — 2.83 1.77 2.96 4.65 3.96 11.03
Corispermum mongolicum
VLT
. . 3.68 1.30 2.91 3.78 3.14 2.96 1.98 3.57 3.44 2.61 3.89 10.34
Sophora alopecuroides
2 13
- Tlll H . 1.56 3.23 2.81 1.21 1.00 4.29 4.47 1.98 1.00 3.77 4.97 10.27
Ixeris chinense
ok ™
ﬁﬁ%¥$ 3.43 — 4.66 1.00 — 3.93 1.00 3.08 2.77 3.69 4.73 10.20
Cleistogenes squarrosa
H#
. L. 3.41 2.72 4.84 2.74 1.58 1.76 1.90 2.26 3.06 2.75 4.51 10.08
Pennisetum centrasiaticum
1 /K 7 Yia
B AR b2 . 2.28 3.80 3.12 2.00 — 3.54 2.63 1.67 2.46 4.68 4.09 10.02
Heteropappus altaicus
E
i . 3.41 2.87 4.57 3.34 — — 1.00 2.94 1.00 4.81 3.73 9.98
Salsola collina
e 4%
A . 2.12 — 3.74 2.39 — 4.04 2.79 4.24 3.84 1.74 1.00 9.22
Gueldenstaedtia verna
LED
. . 2.85 3.93 2.29 1.00 — 4.88 1.68 3.93 2.83 — 1.00 8.99
Stipa capillata
i . 1.79 — — 1.00 1.00 2.23 1.86 4.08 — 4.68 4.24 8.38
Leymus secalinus
[n =t
ol +/T+ 2.92 — — 1.35 2.88 1.74 1.00 2.44 — 4.40 3.92 7.96
Thermopsis lanceolata
24
RET L 3.51 4.85 1.87 3.02 1.00 — — 1.83 1.28 2.87 — 7.92
Cuscuta chinensts
Kﬁ 2.85 1.98 3.00 2.34 4.69 2.00 — 1.67 2.29 — — 7.78
Tribulus terrester
%:,EQE e 2.70 — 2.00 2.54 4.53 — 2.58 2.88 1.00 1.73 — 7.57
Setaria viridis
I
. 2.19 1.85 1.00 1.00 1.00 3.43 4.36 1.97 2.95 — — 7.39
Polygala tenuifolia
PN
1.65 2.46 1.00 1.30 3.25 1.00 1.00 1.97 1.00 3.63 3.41 7.33

Euphorbia pekinensts
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TS JRES Hem WAL L .
Aeolian sandy soil Sierozem soil Weathering bedrock ;t“lk{M
W = — e R
o il TR E5E3) A FlE :
Plant species : X ; Total niche
Enclosure Grazing Enclosure Grazing Enclosure Grazing breadth
s K RE bR EEE ml K RBRE R il P
A AR
AR S .00 3.23 — 1.99 — — 1.00 1.97 — .14 413 6.87
Astragalus melilotoides
% . 1.00 1.00 — 1.00 2.87 1.00 2.96 1.00 1.00 — 4.28 6.42
Cynanchum komarovii
i . . 2.78 — 1.83 3.12 2.94 1.00 — 1.98 — 1.00 1.00 6.03
Euphorbia humifusa
LR L. 1.00 4.21 — 1.41 — — — 1.00 — — 2.59 5.33
Scorzonera divaricata
%ﬂkﬁ 1.14 1.00 1.25 1.47 2.42 — 1.99 — 1.67 — — 4.32
Bassia dasyphylla
mE 148 — 297 — — — 10— R X - 361
Incarvillea sinensts
ek . 2.36 1.00 — 1.00 — — 1.55 1.00 — — — 3.31
Convolvulus arvensis
1K &
s . 1.00 — 1.55 — 1.87 — 1.89 — — — — 3.24
Chenopodium glaucum
(3 o]
iR - - - - = — 10 — 200 - - 3.08
Oxytropis aciphylla
HuAH I
2.72 — — — — — — — — 1.00 — 2.90
Cynanchum thesioides ?
R
HL R } 100 —  — 100 — 100 — 18 — - 2.5
Conuoluulus ammannii
it B
Panzeria alaschanica B B o o o - 1.89 o L7 o o 255
BRI
— — — 1. — — 1. — 1. — — 2.42
Potentilla bifurca 00 00 %
LB RIEE
CHTRIEL 100 — — — — — 18  — 100  — — 2.33
Lagochilus ilicifolius
b
g IJ% . — — — 1.79 — — — 1.00 — 1.00 — 2.28
Echinops gmelini
fﬁmm% — 1.00 — — — — 1.00 — — 1.00 — 1.73
Limonium bicolor
IR gEE
1. — — — — 1. — — — — — 1.
Peganum harmala 33 00 68
Yl
ik 131 — — — 10  — — — — — — 1.65
Agriophyllum squarrosum
[H]
WA - - - - w0 - - -  —  — 10 1.41
Eragrostis pilosa
@Efl:'JLl:H . — — — — — — — — — 1.00 — 1.00
Erodium stephanianum
J(‘J(%Q . — — — — — — — — — 1.00 — 1.00
Echinops przewalskii
FLE
— 1.00 — — — — — — — — — 1.00
Mulgedium tataricum
PR
kRS <0.01 — — — — — — — — — — <0.01

Neslia paniculata

M A A AR PRV TP A AR A 20 8 BE N B B A A DS Ok 78 3 Rl LSRRI T I 1 12
IEARRCR  E R ARt RPIEAR, Bl e Ud A 2507 9 B2 A BB R S A OGO 2R o Wl A= 25 0L 6 98 B AN o
FL{ELIA] A S 2 TEARSG, AR AR BRI i (P 4) o — oAb, J B (E R B Wl 1 2 2567 B S th B K
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w
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W

y=7.3489x +2.0563 y=8.6879x + 1.9451
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Fig.4 Correlation between niche breadth and 7V in desert steppe with heterogeneous habitat and the relationship of total niche breadth

and 1V
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Fig.5 Dendrogram of system clustering using niche overlap indices

S1. 4% B Artemisia scoparia; S2: U5 Corispermum mongolicum; S3: ¥ 3% Salsola collina; S4: $£ZE Tribulus terrester; S5: [ %L Pennisetum
centrasiaticum ;96 ; HERE Convolvulus arvensis; ST . 3544 Cuscuta chinensis ;S8 YPTE Agriophyllum squarrosum;S9; HIASJX Cynanchum thesioides
S10: J R ¥ Setaria viridis; S11; 22 W 11135 3% Ixeris chinense; S12: W W Oxytropis racemosa; S13; W5 Euphorbia humifusa; S14; 4 A% T
Lespedeza potaninii; S15: ¥ 5. F Sophora alopecuroides; S16: 55 VKZE Bassia dasyphylla; S17: %A BR ¥ B Astragalus melilotoides ; S18 : 376 75
Polygala tenuifolia ;S19: K I14¥ Gueldenstaedtia verna; S20: #5 #5 §ill Sk Echinops gmelini; S21; 54 ZBi 3% Potentilla bifurca; S22 ; # &1 - % 1¢
Thermopsis lanceolata ;S23 4R JKJiEAE. Conuoluulus ammannii ;S24 K& B F 5 Cleistogenes squarrosa;S25 : $i5E Leymus secalinus ;S26 : Kk Euphorbia
pekinensis ;927 : % K3k Cynanchum komarovii ; S28 : Y& W% Peganum harmala ;S29 : fi# Incarvillea sinensis ; S30: JK4%3E Chenopodium glaucum;
S31: FT/RZEMILEAL Heteropappus altaicus ;32 : IS EL Panzeria alaschanica; 33 : 3REEFE Neslia paniculata; S34 ; X AL 4, Scorzonera divaricata;
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