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Niche and interspecific association of dominant plant species in artificial plant
communities, the coal gangue dump of the Ningdong coal base, Middle East
Ningxia

HOU Xiao-lei', WU Chun-li', DENG Ya-yuan', MA Wen-zhang', ZHAO Ting-ning' , ZENG Wen-jie',

GONG Zi-han', LU Zhi-yuan', WU Guo-wei’

1. College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2. College of Forestry and
Prataculture, Ningxia University, Yinchuan 750000, China

Abstract: Ecological restoration is an important part of mining operations. The aim of this study was to analyze the
plant community at the initial stage of ecological restoration in the gangue yard at the Ningdong coal base, with an
overall goal to establish a stable artificial vegetation ecosystem on the coal gangue hills. The aboveground vegetation
was sampled using a quadrat method, and the importance values of shrubs and grasses were calculated. The niche
width, niche similarity, niche overlap, and variance ratio were calculated. Chi-squared and Spearman’s correlation
analyses were used to explore the interspecific associations among, and correlations between, dominant species in the
plant community in the mining area. The results showed that there were 44 species of shrubs and grasses in the study
area, belonging to nine families and 36 genera. The main plant families were Poaceae, Fabaceae, Asteraceae, and

Amaranthaceae. The niche width and importance value rankings of shrub species were not completely consistent, but
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the overall trend was consistent, with Oxytropis aciphylla and Caragana korshinskii being the dominant species.
The niche width and importance value rankings of herbaceous species were consistent, with Grubovia dasyphylla
and Medicago sativa being the dominant species. The variance ratio of the overall association between shrubs and
herbaceous plants was greater than one. There was a significant positive association among shrub species, whereas
the association among herbaceous species was not significant. In conclusion, the plant community in the ecological
restoration area is in the early or middle stage of succession, with weak interspecific competition. When designing an
ecological restoration strategy for the Ningdong coal base, plants positively associated with dominant species should
be selected to form a stable plant community structure, thereby improving the efficiency of ecological restoration in
this mining area.

Key words: niche; interspecific association; dominant plant species; gangue dump; Ningdong

WA 4 15 A 25 5 81 M R b 2 R R P 5 T b G R P A P B 3 5 0 DX ) AL ) ) o A A A E AL
REVE A A 20 DR B A A OB o A 25 A o o AR B T W P 7 2 2 2 v A 2 0 R R IR A I RE 0

JE1) Bk 235 AR 26 O [R) 4 22 TR0 %) O 2R, 0 A7 A 4 I A2 35 96 A 400 T 5F 3 e o i) BG4 S 2 A O T 0 R B B, B I
1M G 1) TG R 00 4 AR B O BEVE RR M o IR 9T AR A 7 5 el ) BB 2 R AE T DA IR s RUBE T A 4 R 5 DR
I3 RO PR 558 (4 RE 0, % 00 B B B B B AR V8 25 M R M L E TR R E SIS B S A EE RN TRAE
AL b S H 2 R E S S TR AR R TR AE R O AR A b G BB RN A A SR B A O
M) S A A A 5 1) R LA R SOl ok R R T, b A A W A O S AR B BEH T 3 i b R )
(A 25 BERET

T AR e HE A VG G T R X, T R IE BT R O AR HEAT 5, b 1 AE B I R A Bk Ay I =
[ii) R, M ) 22 A PR AT, ol ) IO 55 ) B BE VR AR E M 22 . AT R0 XU K A2 0F 9% 22 A S [ A e 24 8 ) ik A
ORI BETE R ZRERE S BV S P RS E M AT R R T B T RE MR AT Y, G R R S 2o 7E B AR
R b IR ST AR /N DX B TR K TR RO G AR ) T R Y 4 O R S DL S M ) R Ol SR AR
AL AR R BUPL Sy 2R RE K SR PR 7 TR 5 B R Pk AR R AR T R PR S A R e R . T RO
TREDK, R R AL R ) T R IR AR SR A X DX R A T AR ROR VR B 2 A e ) g A R
DX P 358 0 0 30 A 0, 50 AR M A TR S T BT Rl b I A A 4 e T D KRB R B A S AR T DG &R . A B
5% K 22 R Ik S Bk TR 5 4 17 2 7 M 8 ) SRR A2 X T 6 A7 08 5 X 0k A 00 0 1) 2 A5k 021X, 4 5 AL 400 T 7 YR B
B R AR AWK 1 o R 3R WA WK S AE A8 A0 e B 0T, FE A R R b AR Y R G S A R A A K
S BTG S 7 A — s R, S X IR 45 M D BE SR s S A AR B B A R AR AT . SRR I A K
WA, N TR RE K 52 A L AR 52 O A T R 1 R S R AR S K ) T R R R il Sk 1 AT R M
2 RS AR 5T LA T AR e S b HERT 0% 5 ) N TR B R X G 3 3k X 40 ol A 2 A A R X ) DG B AT I 5T
SR XA R PR A LA R A 5 T A O 7 24 M IR AR ) B T H SR A B R B R E L S BB S P IR AR
ARG, VLT B X A B TR N B A
1 R 57®
1.1 AREBmL

WX AL T 7 E AR R BT T AR (B 1) o 7 28 4 ¢ 5 1l b 42 9 A 1 52 57 15 s Jt X, Ml 35 28 A8 DL Vb 8 e B
WIE 3 OB ROV 22 . IR 29 9 1270 m @ TR T 53008, T 50, AR P 3AR 10. 0 °CLAF ¥R K &
J9180. 9 mm, 42 4F H BRI B 2712 h, AE -4 X 2.6 mes 5 FE S R0 L e T 3 DR A o RO VD A AL O s R
B2 R TRATG A= RN RS 40 AR e 3 b IR 2 R DA TSR R Y SRRk A o R e HE R A R A
e BUR PEAT - M8 B HERTF 3 1 A S R R SR R 48 M — 7 25 3R - — SRR Y O ik 3R B FH K Sk b
IR BRI K, TR Z2 2R P HE B A A 40 >R FH 5 4 e



5 34 B4 1 ) B2 AR 2025 4R 3
106°10'00" E 106°20'00" E 106°30'00" E 106°40'00" E 106°50'00" E

T T T T T
z z
Y =Y
Bt s N
I I
& ﬁ\
z z
gt S
=} S
5 o
g N
z z HFFLIX Study area
gt 5 FH R E X
3 S Ningxia Hui Autonomous Region
| &

0 60 120
km
z 7
gt 8 20m
2 z
o “
£ m 10m
) 2l d
H ol
g m
z Z | 8 [d [d
st 3
b =3
g F
& & [
I I AV B RFE £ Sampling sites
Al A vy A 9 L0 20 AR A TR I 2
\ . , , , The survey of platform vegetation The survey of slope vegetation
106°10'00" E 106°20'00" E 106°30'00" E 106°40'00" E 106°50'00" E ﬁéi@&l‘k%% lg
=

1 R

Fig. 1 The overview of the study area

Schematic figure of plot design

H T OR G DR b o0 P 55 I3 GS (2019) 3333 45 s o b Pl 44, i P i1 B JEME B, Based on the standard map service website of the Ministry of
Natural Resources with the drawing review No. GS(2019)3333, the boundary of the base map is not modified.

1.2 HuEELHAE

T 20234F8—9 A , 44 8 6 AN T A &K
WK AR R R 2~4 B X (£ 1), & HERF 3
V6 B A A ORI . AR A B 3 R R ST
(P& i B ) 28R W8 FE M 254, F & bk 20
m X 20 m AT T R4 BT B E 10 m X 10 m
ARy TERE S FE DT IR M R AT 3 2 m X2 mIly
FEARRETT R34 1 mX 1 m W B ASKE Ty oE A7 8 4, BE
Vi UL L 15 (] s 8 25 90 5% 45 K 5 1Y 28 26 B AR LBk
FE B DL AR RS R R . b
JE SR 5 e BB 5 0 R A A R 5 o B Ry A AL D
F AR B 07 4 (85 M = R O Al ek H AR e A

x1 PAEETALUHELRBR
Table 1 Basic information of the investigated coal gangue
hills
i IX. 4 )i £ - itk 524 B
Mining Latitude Longitude Average alti-  Restoration
area (N) (E) tude (m) period (a)
1 38°02'23" 106°41'24" 1276 4
I 38°02'37" 106°37'34" 1292 4
I 37°5747" 106°43703" 1329 2
I\ 37°49'47" 106°43'16" 1376 3
Vv 37°55743" 106°31'28" 1339 2
37°59'31" 106°35'10" 1331 4

PLE RIS & L H A R A A A% B SRS 280 L 431 ) e fee T 8 AL (R 3 Phantom 4) 2 B 4714 R #5245, O F)
JHER AT Photoshop 1 €8 % 110 Rl v T 5504 A o 78 35 B2 A X 2 138 Oy AR W0 b 10 85 B o T A R 0 %5 BE L A A i

JEE AN i B TR 7 25 A AR ]



4 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 1

1.3 HKELAE

T IR AR Z R A R B — TR LR 25 R T R 2 109 R AR I &85 A0 ) (R I6 45 X i R e 0 0 A 7 A A5 67 SRR O AT (]
e PEAF ST . ® Z{H (importance value) B9 3132 208

HEE = (XS 9% B+ ARG v B+ AR 5 3 ) /3

A ST A AL 8 A S P8 B A IS AR AR AR AL R AR S T S RN A S A AR AL B B ) ) S T
TEWESE PR R TR Pianka A 507 S5 50 (O,) 55 Schoener Az 25 0 AH R 48 B0 (C,) 5 22 A7 56 8 R R Y Fh
JITRE R B4 45 206 UR R, SR FH Levins 48 20 Shannon 48 8Ok 73H 8 5 22 9 R b (8] 6 45 1 35 PEAG 965 1 5 25 1
Rk (variance ratio, VR)™SE , e i WAL 56 S B AR B 5 6 H R 7 K2 56 () F1 Spearman A6 56 Ff 5] B¢ 45 1 2% 1% |
o R R 5 L L VA A R T R X B 5 1 B S L SR B Yates 9 i £ R E 28 2, 1 Spearman Bk AH OC K 56 7E 5
B L b AD FE S8 A IR 5 Sk ) ol ) G I M A 22 S M £ b ] 6 4% 22 % (association coefficient, AC)¥5E
oK () JK 235 P 54 55, Sy b B S 0 i 2 AN H0 B A RE T B0 2 0 A AC i 5, R Jaccard 48 85 (J1) TH330%b 78 OC Bk PR
AN G R ) R R B AR AR R R AT .

Shannon 4 2507 58 £ (Bs) 5 Levins 4 &7 58 (B, ) :

Bs=—> P,InP,
i=1

BL=/2PU-Z
j=1

Ao P ACRY A AR BE IR j b i BRSO W R TR T A IR b A R LU - R DT B
A SRS B (Co) FAE B AL B4R X (O,

Co=1— %2] P, — Py
j=1
0,= E}’fﬂP,,P,y//zj’fﬂpgz > Py

X CuBIE [0, 1], CofEa A A LA R 5 O, B BIE N [0, 1], O, MK, A A & B . P, Al
Py 5 Ze7n Wb i VYA kAR BT IR A 7 A 0 B

P,=n/N
1 N 2 2
ST?ZNZ/\:I(T[ - f)
0.'=>" P(1—P)
VR =S5:%/0:"
W=VR XN

K SN EETT R B T 2 50,0 R BARKEAR 22 5 P o W A i BLAO AT s o R O BRAORE S RLE s TN 4
FET5 G I W R ECE 5 2 S R T T W R SF BE s N RE T80 S S BT A W R B8 VR J& BRI S5 (E s W K 50
VR i E R FE 5L

Spearman FAH C R B (i, £) KIS

34
s .7k =1- i‘:l
il 4) N'—N
di=x;— xy

A d i A RTERE DT j P AR R P 0 28 0 B s o, B oy 2 WU RV Rl R TEAE b I A P 2
RITKE () -
N (lad — be)—0.5N]'
at+b)(ct+d)(atc)b+d)

2

o

TR 45 R E(AC) -



534 B 1 Bl 2R 3] 2025 4 5

ad — bc

Mad = bebf, AC=——————

‘ (a+06)(b+d)

d— be
Wod < beAd=alif, AC—— 24 %
(a+b)(ato)

d—b
Yad < beHd < alit, AC=—"5_"2°
(b+d)(d+c)

Jaccard 8 % (JI) -
a+ b+ ¢

Ko a N FAY R R B TN E 0 S A A B ELRR B H B AR D5 AR c AP B B ELRR AN R Y
FETT K d WA ) 25 A8 H BB R T A4
1.4 HESATEHAE

K ] Excel Xif 50 AS 22 FlE AR )23 85 B8 S5 5048 47315 R T R 4. 2. 0 1 spaa  corrplot #2 ¥ i ) Origin 2021 3
A7 LTSRN ] B 25 P 3 B Je 2 8

2 HBRESH

2.1 BEEM AR

TARBRIEEF AL AL TR AEY R 445 SR8 T 98 36 J& , LR A B (Poaceae) . & F}
(Fabaceae) % F} (Asteraceae) . 5 # (Amaranthaceae) FH ) 4 F= o Hh a7 XHEARJZHIW) FP2E O F, LA SR IR
(Tamaricaceae) i £, A JZAEY) 357, LRARL [ GRE SR EFRHE N F, ZHEARAR N 10 48.6 % A Y 5
5. 7%, — A K TR TR G A5, 7% (£ 2) o 0 XM A I TR AE 58808 L (Caragana korshinskii) |
v B (Calligonum mongolicum) . UK ¥ (Agropyron cristatum) . 8 (Panicum miliaceum) . Bk ¥ (Cosmos
bipinnatus) AV (Artemisia ordosica) FFZE ¥ B (Astragalus laxmannii) 68 (Corethrodendron scoparium) =
4& (Corethrodendron fruticosum) | 21 1t 2 ¥ B Ml ( Tamarix gallica) . % 4 Wk (Apocynum venetum) | 3% 16 & 14
(Medicago sativa) i 8 5 (Elymus dahuricus) 7% 5.5 (Sophora alopecuroides) % 485 5 (Stipa breviflora) % ¥
FAHY) s & WA, 5 RN TR R B A Y AR LG A K S 2~4 4 S, 1S HE R W) R A 201 (Reaumuria
songarica) M (Oxytropis aciphylia) .5 % (Phragmites australis) ¥ 25354 5 (Halogeton arachnoideus) ) &

x2 HEYMBEEAN

Table 2 Plant community composition

=2 B FE YY) FF L Number of plant species
Number Family HEA 7k Herb
Bush —4F/E Annual - — 442 e 427k Annual and biennial £ 4/ Perennial JEAR Vine
1 B} Fabaceae 4 — 1 5 —
2 RAF} Poaceae — 4 — 6 —
3 4%}t Asteraceae 1 1 1 6 —
4 BiFL Amaranthaceae 1 7 — — —
5 MR Tamaricaceae 2 — — — —
6 Je T BEEE Apocynaceae 1 - - — 1
7 F 4l B Nitrariaceae — — — 1 —
8 #i 4 F} Cucurbitaceae — — — — 1
9 L Fl Bignoniaceae — — — 1 —

— : B4 No data.
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Table 3 The important value and niche breadth of shrub dominant plants

iR R EC] Yo fh M H: &5 96 Niche breadth
Number Species abbreviation Species name Importance value ( %)) Levins Shannon
1 OA Wik # O. aciphylla 25.5 8.47 2.32
2 RS I R. songarica 0.9 1. 30 0.39
3 AO HBWE A, ordosica 6.6 2.70 1.15
4 CK P ARG L C. korshinskii 22.9 5.79 1.83
5 TG LLAEZ RN T. gallica 5.9 1.98 0.80
6 HA R Haloxylon ammodendron 1.6 1.77 0.63
7 AV BATRKA. venetum 0.3 1.31 0.40
8 CF 28 C. fruticosum 6.8 1.43 0.48
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A VAR R R A 25 A T S S WIS () A A ol R X R B R S A R T B S e 2 AR R BT AR IR EE T
BEVREL AL Ty R RERE A AY AR o PR ) ) SRR AT LA JURP AT R < X B e B8 IR R AR AE 25 SR BB Y AT SE A Re
Jy AR AR, AT LA B R R FH S 4 S n A DL AR R R B VR SR A 28 AR (1B 3) A S ALAR L (Cy)
MEEME(O)HES ML N0 15F10.19, C,=0.504 2FxF, 5 7. 1%, LLRP FIH AR (0. 68) L1 48 22 K AR M Al
B A R (0. 69) X PR35 9% U5 75 5K L B AH L (8] 3a) o AR S E K 0~0.89,0,2=0. 50 R XA 34> : LD MR
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Table 4 The important value and niche breadth of herb dominant plants

M5 Yihdn s LR R L5 2543 58 BE Niche breadth
Number Species abbreviation Species name Importance value (%) Levins Shannon

1 PM B P. miliaceum 4.0 1.99 0.75
2 CAL #HC. album 3.6 5.42 1.98
3 GD FUKE G. dasyphylla 18.7 10. 84 2.48
4 IS LA Inula salsoloides 3.5 5.75 1.87
5 SC WEHS. collina 1.3 2.76 1.05
6 MS SEALETE M. sativa 18.4 8.88 2.35
7 (Y JRREHE C. virgata 4.5 4.26 1.64
8 CE 13 C. epigeios 7.6 3.65 1.42
9 SV MRS, viridis 8.8 4.52 1.76
10 CM St S C. o mongolicum 0.7 3.70 1.35
11 CAC M H C. acuminatum 1.4 1.82 0. 69
12 ce KOG C. chinense 1.2 3.57 1.42
13 LT FLE Lactuca tatarica 2.0 3.60 1.37
14 PA P3P, australis 4.9 5.45 1.83
15 AA W ALE Artemisia annua 3.6 3.76 1.55
16 AF &8 Artemisia frigida 0.3 1.99 0.69
17 AC B BR T Artemisia capillaris 2.7 1.03 0.08
18 HAR HZE# A% H. arachnoideus 1.2 3.69 1.46
19 SS W B 57 Sphaerophysa salsula 0.4 1.38 0.45
20 AM FORBRIR 3 E Astragalus melilotoides 0.4 1.15 0.25
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Fig. 4 The niche similarity ratio (a) and overlap value (b) of dominant herb layer

PM: # P. miliaceum; CAL: # C. album; GD: ZVK# G. dasyphylla; 1S: FFFh I salsoloides; SC: #EH S. collina; MS: 2L E T M. sativa;
CV: REH C. virgata; CE: #F3 C. epigeios; SV : FRE S. viridis; CM: 3l W 5E C. mongolicum; CAC: 2335 3E C. acuminatum; CC: R4,
J C. chinense; LT : 3L L. tatarica; PA: P55 P. australis; AA: ¥AEE A. annua; AF: ¥ A. frigida; AC: WHRE A. capillaris; HAR: 125504

W H. arachnoideus; SS: ¥7 55 S. salsula; AM: HARMARE E A. melilotoides. F [i] The same below.
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Table 5 Total species association of community in mining ecological restoration area

R T8 B4 it it o Wi A 4521
Growth form Number of ~ Variance ratio Statistic Marginal value Results
plots (W) (0. 95(df)* X 057
# K Shrub 18 2.03 36.46 [9.390, 28.869] i 3% IE K 45 Significant positive association
#1 % Herbaceous 25 1.20 29.96 [14.611, 37.652] A & 3 IE 45 Non-significant positive association

FLAR 20 Ff 0 A W) 2H B8 190 A B v A7 A TE AR 5C O R B R B 93 X, i b 48. 9%, TAAH G 97 X, i
51, 1%, IEfCHELE R 0,96, BE SRR EZ L R0, 04, BB EFACH L REMALE, 516 0.5%; B
FEIEM A 3 TR AL AR T T, L 6% BN W IE A A 884, 5
46.8% s AR FHF A CH 1X, 0.5 W M A 3XF, b 1. 1% 2 A F AAHSCAH 94 X, 5 1k
49.5% (Kl 5b),

* W35 IEAHOG Extremely significant positive correlation
4 W25 IERDC Significant positive correlation

1 5 8 - ’

1 B +]2 * AR5 IEAC Not significant positive correlation

_ +[+13 © 3% AHC Extremely significant negative correlation

& : = : f 5 o g AHIC Significant negative correlation
" _ T 6 - MR IS Not significant negative correlation
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Fig. 5 Shrub layer (a) and herbaceous layer (b), half-matrix diagram of interspecific connectivity values for dominant plant species
aldl # In Figure a, 1: A3k #i] O. aciphylla; 2: 2L R. songarica; 3: VP #E A. ordosica; 4: ¥ 25839 JL C. korshinskiis 5: 2046 ZARARM T. gallica;
6: ¥ H. ammodendron; 7: % #i Wk A. venetum; 8: £ %¢ C. fruticosum. b & In Figure b, 1: B P. miliaceum; 2: # C. album; 3: % K3 G.
dasyphylla; 4: BEF . salsoloides; 5: ¥ T S. collina; 6: LALE T M. sativa; 7: REH C. virgata; 8: ¥F 3 C. epigeios; 9: MEHES. viridis;
10: %24l B 32 C. mongolicum; 11: R3& W FE C. acuminatum; 12: ¥ 9 C. chinense; 13: FLE L. tatarica; 14: 7726 P. australis; 15: #AEHE A.
annua; 16: ¥ A. frigida; 17: BIBRE A. capillaris; 18: HZ25EE 5 H. arachnoideus; 19: ¥ 555 S. salsula; 20: FARBARTEE A. melilotoides. T

[7] The same below.
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Fig. 6 Spearman’ s rank correlation coefficients of
dominant shrub species

#, P<C0.05; **; P<C0.01; ***,; P<C0.001. F[d The same below.
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Fig.7 Spearman’s rank correlation coefficients of dominant herb species
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Fig. 8 Semi-matrix of association coefficient and Jaccard index of dominant shrub species
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Fig. 9 Semi-matrix of association coefficient and Jaccard index of dominant herb species
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