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shrub-encroached sites in desert grasslands. Species niches and interspecific associations within the A. scoparia
community were analyzed using niche width, niche overlap, detrended correspondence analysis (DCA) , variance
ratio, chi-square testing, association coefficient (AC), Ochiai (OI) and Spearman rank correlation methods. The
results reveal an A. scoparia community consisting of 17 herbaceous species and 3 semi-shrub species,
predominantly from the Poaceae and Fabaceae families, highlighting the complexity of the community composition.
The importance value and niche width of the A. scoparia community exhibited significant changes with both
parameters gradually increasing as the degree of shrub encroachment decreased. In plots with moderate shrub cover,
A. scoparia displays a high niche overlap with most species, particularly with Salsola collina (0.87), suggesting a
strong similarity in their resource requirements. The DCA ordination results indicate clear clustering of species
distributions in the plots, while the species distribution in less encroached plots is relatively more dispersed. No
significant positive or negative associations were observed in the communities of heavy shrub, moderate shrub, light
shrub, and shrub-free grasslands. The results of the chi-square testing, AC, OI and Spearman rank correlation
analysis were consistent, reinforcing the overall pattern of weak species associations, low independence and an
immature community structure. In conclusion, shrub encroachment alters the species niches and interspecific
associations within the A. scoparia community in desert steppe ecosystems, contributing to the instability of the
community. During ecosystem restoration efforts, it is recommended to select species combinations that exhibit
positive associations with dominant species such as A. scoparia, thereby fostering a more stable community
structure. This approach will enhance the ecological stability and recovery of the grassland.
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Table 1 Species composition and important values of the A. scoparia community in different shrub plots

A Yrkh LR E G [EEA T Importance value
Life form Species Species abbreviation Family HD MD LD CK
— A MBS, collina Se #FL Chenopodiaceae 0.45 0.38 0.23 0.25
Annual 1) R % Setaria viridis Sv RAF} Poaceae 0.10  0.04 - 0.04
PR3k FE Chenopodium acuminatum Ca Ui FH Amaranthaceae - 0.03 - 0.13
% UK#E B. dasyphylla Bd R} Amaranthaceae 0.31 0.11 0.23 0.05
PEHL Tribulus terrester Tt PEHRL Zygophyllaceae — 0.05 0. 04 0.07
W H3 5 Euphorbia humifusa Eh KBl Euphorbiaceae 0.07 0.02 0.03 0.04
— AR R AR WEBE A, scoparia As 45F}t Asteraceae 0.17 0.21 0.39 0.26
Annual and biennial 'y 4% 25 AW Melilotus albus Ma H Bl Fabaceae — — 0.22 0.14
LA S &\ Lappula myosotis Lm L 5F} Boraginaceae 0.10 — — —
Perennial HUIRWEAE C. ammannii Cam JiE4EFE Convolvulaceae 0.07  0.09  0.05  0.13
V2 Allium mongolicum Am H 4P Liliaceae 0.06 — — —
o ¥ Rehmannia glutinosa Rg % ZF} Scrophulariaceae 0. 02 — - -
¥ S. capillata Sca RAFL Poaceae 0.09 - 0.06  0.12
A Incarvillea sinensis Is 5% Bl Bignoniaceae - 0.13 0.12 -
&9 Cynanchum chinense Ce B Rl Asclepiadaceae — — 0.08 —
I8 BY 3% Peganum harmala Ph 1 4B} Nitrariaceae — — 0.07 0.24
B Bt F 5 Cleistogenes squarrosa Cs RAFL Poaceae — — — 0.10
AR T L. potaninii Lp 5l Fabaceae 0.09 0.08 0.11 0.28
Subshrub Wik O. aciphylla Oa B} Fabaceae - 0. 20 — 0.11
EINk C. komarovii Ck B F} Asclepiadaceae — 0.18 — 0.22

TE: HD: 5 EEE AL s MD : i BEE AL LD - 52 B AL ; CK R L — B8 . T 1A .
Note: HD: Heavy shrub;MD: Moderate shrub; LD : Light shrub; CK: No shrub; — : No data. The same below.
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Table 2 Niche widths of species of the A. scoparia community in different shrub plots

Y Levins 2 254 % & Levins niche width Shannon E 250 % £ Shannon niche width

Species HD MD LD CK HD MD LD CK
¥ EE A scoparia 3.88 4.36 4.77 3.91 1.46 1.58 1.54 1.46
WEFHS. collina 4.67 4.31 4.16 3.99 1.57 1.51 1.53 1.39
MBS, viridis 2.23 2.91 — 1.47 0.94 1.21 — 0.50
¥ S. capillata 1.60 — 1.00 1.00 0. 56 - 0.00 0.00
LR L. potaninii 1.25 2.27 1.00 1.00 0.35 0.95 0.00 0.00
& L. myosotis 1.80 — — — 0. 64 — — —
RMEE C. acuminatum 1.00 1. 00 — 2.56 0.00 0.00 — 1.07
RIKBERE C. ammannii 1. 00 1.91 2.00 1.20 0.00 0.79 0.69 0.31
WH 5 E. humifusa 1.00 3.46 2.79 2.66 0.00 1.41 1.06 1.12
VWA A. mongolicum 1.92 - - — 0.67 — — —
EKEE B. dasyphylla 1.96 3.52 2.53 1. 60 0.68 1.32 1.09 0.56
i R. glutinosa 1.00 — - — 0.00 — — -
BT, terrester - 2.58 2.09 1.72 - 1.00 0. 89 0.75
fiis L sinensis - 2.00 1.00 - - 0.69 0.00 -
Wik # O. aciphylla — 1.00 — 1.00 — 0.00 — 0.00
Z N3k C. komarovii — 1.00 — 1.00 — 0.00 — 0.00
G908 C. chinense - - 1.00 — - - 0.00 —
Y 4% P, harmala - - 1.00 1.00 - - 0.00 0.00
FIAERERBE M. albus — — 1.00 2.00 — — 0.00 0. 69
B F 5 C. squarrosa — — — 1.00 — — — 0.00

Xt AR, 78 T VE AL RN AR E AL RE 0 B S e R AT REBR T B RIS L E AR S E A
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Sc (084 ) ) Sc 1087
&% E Ak HD w1 #E A K MD
Sv 061|063 Tt | 065 058
Sca | 043 051 097 Eh |/ 085 0.60 085
Lp | 029 034 044 | 043 Sv 1079 046 078 097
Lm 055 048 041 028 089 Bd 1073 070 074 067 067
Ca | 037 045 091 095 0.12 000 Is 060 046 0.16 036 045 0.74
Cam | 037 | 045 (091 | 095 | 0.12 | 0.00 | 1.00 Cam | 049|064 021 025 023 070 071
Eh 074 051 026 000 000 045 000 0.00 Lp |(074/1074| 021 051|039 0.19 021 037
Am 068 (075 022 0.00 0.0 037 0.0 0.00 083 Oq | 038054 (069 034 021 052 0.00 000 0.00
Bd | 039 067 0.00 0.00 000 000 000 000 000 044 Ca | 057 025|000 034 043 031071 008 030 0.00
Rg | 012 |10.60  0.00 | 0.00 | 0.0 | 0.00 0.00 000 0.00 055080 Ck | 057 025|000 034 043 031|071 008 030 000 1.00
As  Sc Sv _Sca Lp Lm Ca Cam Eh Am Bd As Sc Tt Eh Sv Bd Is Cam Lp OQOa Ca|
[ |
1.0 -08 -0.6 -04 -02 0 02 04 06 08 1.0 1.0 -08 -0.6 -04 -02 0 02 04 06 08 1.0
Sc 092 Sc 093
: 2 R ) 5 E M
M ML LD . Kt Mk CK
Sca 068 035
Tt 0.77 0.66 0.89
Lp | Q| 035 @Y Sv | 0.63050 0.53 0.14
Cc 068 035 (1.00 | 1.00 Bd 031/0.16 0.26/0.31/0.23
Bd 059 070 000 000 000 Ca 073 0.69 0.55 0.71/0.04 0.34
Ma 0.57 072 0.70 0.69 | 0.00| 0.22 0.44
Eh| 058 071 0.00 000 000 034
Ck 0.19/0.51|0.18/ 0.00| 0.00 0.00 0.06 0.71
Tr| gd | Q89 | 0.00 | 0.00 | 0.00 | 035 |\ Oa 0.19/051 0.180.00 0.00  0.00  0.06/ 0.711.00
Cam | 042 045 0.00 000 000 068 053 036 Cam 0.23/0.56 0.191 0.02/ 0.00/0.00 0.14/0.70 1.00 1.00
Lp |0.12/0.00 0.00/ 0.00 0.24/(0.95| 0.17| 0.00 0.00 0.00| 0.00
Ph | 030|030 | 0.00 | 0.00 0.00 086 000 021 071
Cs 0.12/0.00 0.00/ 0.00 0.24 (0.95 0.17 0.00 0.00 0.00 0.00 1.00
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Fig.1 The species niche overlap values of the A. scoparia community in different shrub plots
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Fig.2 The DCA ranking map of species niche similarity of the A. scoparia community in different shrub plots
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Table 3 The overall species associations of the A. scoparia community in different shrub plots

Jib ¥

Treatments

JER
Variance ratio (VR)

g gt i

Test statistic (W)

Rl A

Threshold values

Results
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BN LD 0.44 2.22 (1.15,11.07) AN I 2 R 4E Not significant negative correlation
KM CK 0.51 2.57 (1.15,11.07) AN 8 3% U B 45 Not significant negative correlation
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OB B RS T EE AR K TEAE  HB BT % Y %
£ BB R A .
2.6.4 Spearman FkHH A 55

1 OTfE /N T 0. 25, R WM B Filix

JUA~ Yy ] BB 245

RN, A

UN1E 6 T 7 g Spearman Bk AH A 560 45 2R , F R BE AL RE v 2L AT 38 X 1 Rl 5

RS AR BB — 0. 87~0, Al 6 A BUEIR R E , 27 X W R R IE A M R B 0. 11~1. 00, Hrp g sk - 22



10 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 10
As As
4| s Mk HD o | s R ML MD  ° O1=0.65
e T i 40.45<01<0.65
= 0.25<01<0.45
L A o Sca 9 e A Eh * 01<0.25
[ A o o Lp o o o o Sv
o [ o A A T o o o o o Bd
. A A A A . Ca A A [ [] A A Is
[ A A A A [ o Cam o A [ ] A A A o Cam
A ° A L] . A (] L] Eh A A - o A A L ] A Lp
[ [] [] . . A . . A Am A A A A A A . . . Oa
[} A ) . . . o . . A Bd A A . A A A A A A . Ca
° A ° ° ° ° ° ° ° A A Rg A A ° A A A A A A ° o Ck
As % As .
T s WML LD o | s & #E MK CK
c
o o Eh
A A Sca
A o o Tt
A A o Lp A [] L] L] S
A A o o Ce [] . . . A Bd
° ° ° . ° Bd o o o A L] A Ca
[ ] A A L] ° A A Ma
o A ° . . o Eh
A A A . ° o A A Ck
A A o ° o o A Tt a A A . . ° a A o | Oa
[] A ° . . A [ o Cam A A A [] ° ° A A A A Cam
5 a - & - N = A a Ph A ° . ° A A A ° . ° . Lp
A ° e . A A A . . . . o C:
A A L] ° ° A A A A ° Is
A . . . A A A ° ° . . ] o | Sca
A . L] . . A A A . . . |MH A ° ° ° A A A ° ° . ° o | o |Ph

Bl 5 JEEEERENEEMLEE M b Fh T8 T AR & oI+ 5 FEE

Fig.5 The interspecific association of species of the A. scoparia community in different shrub plots OI semi—-matrix diagram

IR R T A6 1 FE DG ZR B0CH 1. 00, 2 BH 19 5 22 8] A7 76 M 3 ) 1E A 560G 21, b & i 5 0 0 ) 2 B A G R B0k 0, %6
W R % 22 1] 35 A7 AH 56 56 2R, IE S0 SE XEB0AY LU 0. 71, S SE X80 e 4, X 5 K B 45 SR — 3, TP E
b 5% B E AL IR T AR RE b 5 0RO 09 X B0 i A 28 .40 R 59 X, AH G R A —0.97~0, —0. 87~0,
—0.79~0, 2 1EAH A X B0 A 33,22 81 36 X, Hrb AHSC R B0 1. 00 f9 X5 $ 0 i A 1.3 F 7xF , AH G R ECh O
(X 050 AT 5 AT 1O XE o R 1R B v TE AR b2 T A S B 22 A, HL A 8 S 67 4 DGt 880 o P 34
X5 2 R — B
3 itig
3.1 FREMMAMEFTHELEZHEDN TRl LS HE

HEE BRI W Rl RV TR T R P A A A AL S R AT DL it R A B T N g g R IR R
REJ7, 3% YR S i B W R e BE VA oD b S RPE T R TT AR ) R O RN VR 1 B8 )RR S B IX 4
Az ISz ATl AN A S LR A A, — BT 5 2 A 8 43 A 8 B K, AT LA N A [R) AR 85 AR Ak B 5 A I R T
DEAERS B B A TR 0 A SR8 VR 5 Z RIS I S isg > . AR T B B RIS UK
2 25 Rl B AR T A N A A U R DRI T VB R T VR SR I A R B ORI SR £ 0 A E B R X
MBI ST 45 SR8 — B BE 3 TE LR B A B AIG , 4 76 785 110 o 0 (3 7 2 5, T 4 6 0 o 2 {0 S PR I 9 L (R 7
T TE AR Hb b, T 3 1 EE B SR A A AR . B G 1 D D) T O i AR B Y B AIS L R B R AR
SR, RIS N i 1Y ' IR IR, 35 PR SR T B AR VB D P R T S DL A R AE S R — B i Ab,
T B B 2 A R RT DA O i A AR I, DT U0 5 A S AR BB B SR A A T T A
BT I Y B Kt 5 S BR AR 45 AR AT & o 38 % 16 D0 T W P a1 B2 (B K, A A B B R A A o
T SR TN S 8 G R 1 A R A R A ) o e A R v L AE AR S A S R, wﬁ@%i?&fzmﬁfﬁiﬁﬁzrﬂﬁﬂk
2t %f [ AH 5656 F L 36 T BB 23 32 B WD A3 A ARRE R IEA VR BSR4

A 25T AR AU A= 25 007 T B T LA et A D A B A S AR iﬁmiiﬁﬂ“ﬁ;ﬁ . BH 4 o ) %o A B3 9 U
(4 A 25 55 RBRARLBL , 56 4 T Rt R AR S 20 0 A IR SE R B, DCA HEJT B AT LA S B ) o 78 25 i) 43 A 6 B OG &R L 2



534 B 10 W Fll2F 3 2025 4 11

&Mk HD rh B E 1L MD
@ o - 0@ 0® o
oo e ®°0

000 wn || a er o
) 0.4 021 | 0.13 | 0.00 | Cam .. .

Am

0.8
-041 | Bd

0.12 | -0.29 | Bd

-0.40 | -0.54  -0.40 Ca

-0.40 | -0.54 | -0.40 | 1.00 | Cam

0.71 | -0.18 | 1.00 | 0.00 | Ck
0.2

079 | 073 | -0.40 025 -025 Eh || .
012 | 046 | -0.62 | -0.40 -0.40 | 040 | Lm .
Lp

-0.62 | -0.34 | -0.62 | 0.40 | 0.40 | -0.40 0.50

-021 | -0.29 | 0.18 | -0.92 | 0.18  Eh

044 | 0.61 | 059 | 0.61 @ -044 Is

-0.2

o o
o B
3 e

-0.97 | 019 | 0.05 | 0.9 016  -030 Lp

040 | -0.54 079 | -025 -025 -025 -0.40 -0.40 Rg 04 0.00 | 036  -0.25| -0.54| -0.25| 0.18 @ -0.41 -0.56 Oa

-
S

. | @

-0.22 | -0.87  0.67 | 035 035 -0.71 -0.78 -0.11  0.71 -0.6 -0.10  0.87 | 0.00  -0.15| 0.00  -0.10 0.29 -0.95 0.71

&
@
&
y
&
3

-0.62 | -0.52 -0.62 0.79 | 0.79  -0.40 0.12  0.88  -0.40 0.11 Seca 011 | 036 | -0.55 036  0.76 @ 0.15  -0.11 -0.18 | 0.05 Sv q

-0.8
-034 | -0.24 -0.86 073 | 0.73 = 0.00 034 | 0.80 -0.54 -0.21 0.92 Sv -0.79 | 0.49 | -0.56  -0.65 -0.56 0.49 -0.46 -0.58  0.56 | 0.47 | 041 Tt
1.0 1.0
B EEWEMAL LD RUEME CK
- 10 ib
« Q0@ 000000 -~ @e® o -0[@ [0 [o]®
: v mu 0000 0000
[« o@c0@® @¢® °0:0 c00
040 022 Ca ] [ [ ) o . .
o5 02 cam () . C M ) ‘ O 06 | W
022 062 o1 caon @) © oeo@e Ty )
071 -071 -041 Ce . . . . b o4 0.00 -0.40 -0.35 0.79 Ck .. ) [ ] . 04
i | i | o | aea || e . . . . . o 035 079 0.00 -0.40 -0.25 Cs ... .‘. o0
% ! ‘ 02
-0.10 022 -0.20 -0.22| 0.00 -0.71 Eh . [ ) . .‘. [ )
000 035 061 -025 073 I |
Fo -035 079 0.00 -0.40 025 100 -0.71 Lp ‘. ..‘. O 0
071 071 -041 100 -0.54 -025 Lp . .
-0.58 0.00 0.00 032 0.61 -0.41 0.58 -0.41 Ma . [ ) . [ ) .
0.2 -0.2
I
035) 000 | 041 -025| 0.36 | 025 -025)| Ma . ‘ 0.00 -0.40 -035 0.79 1.0 |-0.25 0.00 -0.25 0.61 Oa C X )
071 071  0.61 -0.25 -0.54 -0.25 -0.25 -0.25 Ph :i 04 -0.35 0.79 | 0.00 -0.40 -0.25 1.00 -0.71 1.00 -0.411-025 Ph ." . -0.4
0.11 -0.50 -0.45 0.12 0.40 -0.79 0.89 -0.79 0.65 ‘ 040 079 Sc .
080 020 -029 035 -021 000 035 -0.71 -035 Sc 0.6 06
0.35 079 0.00 -0.40 -0.25 1.00 -0.71 1.00 -0.411-0.25 100 079 sa (O @
071 071 041 100 -054 025 100 -025 -025 035 Sea . 7 T
0.8 045 0.12 067 -0.62 -0.40 040 011 0.40 -0.65 040 040 -0.12 040 S () 0.8
-0:67 | 005 | 1030 [ <0:54 | 0.661| 036 | 054 -0.73.| 0.00'f 0871 054« T¥ -0.15-0.06 0.56 -0.29 -0.54 -0.54 0.62 -0.541045‘-0.54 0.54 0.29 | -0.54 034 Tt
-1.0 1.0

6 IEEE B ENEE MY o ) T Fh 8 Spearman Bk 8 X 40 36 3 45 B B
Fig. 6 The interspecific association of species of the A. scoparia community in different shrub plots Spearman rank correlation

test semi—matrix diagram

A5 2 R PR AR I (0 Y R AE HE R P P AR AR LA . DCAL R T PR3 R (B s A5k PR3 R 7 A S R b o5 4
G L, RO AR A AN (S AN B R Y A 7 T, I T RE OIS A S R T E R VAL S RN SR ER . DCA2
%%T%ﬁZI‘ﬁJH’\Jﬁ%%%,i?‘&&*ﬁ{uﬂ@%ﬁdﬁ”ﬁ%ﬁ%,?ﬁ?ﬁ?%’ziﬂtﬂ%EE@%%%%O U SR — Wy (e 5
eof o 0 S Mz, AT RE 2 S BT ST e R LA T R A At 0y o ik el w3 A R 6 /N . DCA R 45 R
I TEERE v RE MR B ARRE M b, W o A S T R B, S A A 0 G S R B B R A
b i A T A T HE Y BB R X R IR TR R v b o U T s, A R A R Y ﬁmﬁ,ﬁﬁfﬂzﬁxlﬁlféﬁ\
PORE L TP RS E AR A o T — 282 250 5 B B /N 0 R, AR R TEAE A A1 AR DU O3 A e HE P PR JRL 343X RT e
S N E AT 52 2 A PRI S 4 TR 7 %%%Egﬁ%ﬁzrﬁﬂ%fﬂﬁﬁ?ﬁﬁ’ﬂi?&ﬁi%,i‘%'ﬁii%%ﬁlﬂz
[ 477 50 0 SR B B8 R S 4, 3K M S 4 1T RE S B0 IR A0 O 24 TR A RO 0 ) R 2L RN A A . AT L AR
GEURAT BRI PR 26T, R HE DAL M 9 Wy o 23 A5 B D R, (R A S B S O W A o A, 7 HEF B h 2 i
B2VB 7/ RL G Tt o 5 UK VSR VU = ST ¢ 2 Pl A o [ D e S WAG ER < (RSP NINE SR i o ot S e T | K U 5 S N
SEHE M EINK A KRR FE R W], 2R 2507 58 B2 B R (BE/IN) B W b 1 1 5 HC At 0 o 6y 2 265 07 T 8 A 38 A X 5
CRAR) ™ o A B 5 v A= 3567 98 L AR 0 B 8 5 0 6 3% b B 2 0 25 K B A5 W b ) Planka A= 2507 7 & 46 Y



12 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 10

B o AHARAFEFE) A, A0 R VE AR RE M v 2 Sk i B2 AR IR E A 1 A 25 A B BE AR B A A & (E N 1. 00,
e S, A — YRR i A A S A 0, 40 8 FE i AR A b v A 2 R R0 25 DK BT 20 b A S HC A
TENALHFE B A 25 R B . X R BB PR Sk 8 A R b PN A R A, 93 AR S AL AT, R /N B AR B TR I B A
TRERSERAES, X 54585 W W BEoT 45 R, i 0T W AR S A 98 B S AR A A R R A AR
BRI B RIE B
3.2 KRR EMMOH I P R E B K A AP R IR L A A

ol ) 30 445 ek A B T S 05 X 40 o ) 3 0 R A o 2 T A R L OG AR R B VR ) TR 0 AR RO A R . —
Pk Ut TR T TR ) 0 B A2 T R LA™ A, e ) G R A AT 3R B kg A I 6 B T IR 4 T B o TR 1 R Y OE
0] & J | THF V& 1) 45 AL R ) RE 720 T 38 i, 0 R 22 ) I A BLVE St ) T IEBREE 0 ACHIF o 45 SR 28 W6 94 90 o 1) 1) A4
G FRAE P L HE AR b b SR 0 S TR IR TR R RN R AR M rh O OR B3 K A R BT Ak s s
Py Rh I B TR 25 06 R L IX 5 2 WTHE 55 7R T 5 55 1L MR R i AR o R (RIS MR S A5 R — B TR
TR L AR 0 B s T I E R VE AR RE M AR R AR E L H i TR R AT B L A B S L B A AT ) 2 () Y S
FU, RN FAIRGE R o XA TE G IR ) ] B AR (0T B v 2B G R | I o R AR R B L T L SR 4 T T R
A BB 22 W O B T I DL S b 5 o 7 R EEVE DAL i v, BE B T N0 AR G, RO R K A3 TR O3 1 v A AR A B
W S I, RV R ) A e SRR SR RN B RS . A B EE AR D R A A )
PRI C R N 2. — I, HE YRR AL T — i B A Wb T AN TP Cln LT sh s S )
3 — 07 W0 B E S A AR Y AT REAE B IR A ] b B TN DT — 2D AR T IR ERAS B A b R Ak
HEVR ERER 25 PE 2R 10 38 IR TR S, 3R TR 12 W BoE v AT A 75 3 25 28 Al v, W) ol 18] 4 A1 858 R BRI, T 7% 25 4 1 A F
FE o T AE FE R VE N ARRE b b E N T RN P AR B L R TR AR R LA SR 1 - HE K 4 RN SR Ay WOCRE T, T L ek
AR SR A R B AL R oA K TR DL RO B ARRAE . X R IR B AR Ak 2 X R T VR 1 4 o 2 AR
FNGEHE 7= A S, i g B v M AR AR A AR R IR s G TP A T 3. IR A  BE TR P B A AR 22 ) A DR B 4 R
L, 22 K540 Fol ) 00 R AR T DA 9 0 S 4 IR 0 1) SR B 2 R T2 o X R B IBE &5 OC R R I L B T B T AMBRE M B
5 143 A 30 L AT R 4 /) L (A A A AL BE AR AL TR 2P R TR B TR X R R R rh AR K 2
R, 3 ¢ B E B VE A 80 T BV 1] LATE AN £ S 0 R R e I AR 38 R G 7 I T

A58 T A IR IS R EL(AC) (DR Z % (O1) Ml Spearman A1 A 56 4 Fl 5 32 X AS [v] DA AL F 1 v 4
T HE VA Pl ] A R 2 5 R UEAT o0 M7 5 IR S BRI A VE — S (AR BRI I8 S A7 A — 2822 57 R VE ML A
by oA 5 45 SR B 45 6 8O 55 X, T Spearman Bk A GG 56 45 S 671 AH JC X RICR 59 X, 3R A G e R B T
FIAERE Ty o & A AEAE DB AT 108 78— R b SR IR R IR 25 Pk 01k — S i ) £ i 55 (% L, I Spearman
A S 50 ) 56 T 9 b 22 B 5cds o UL, 25 2R T 5 5 vk mT LAAS B B AT SR S5 R W Rhoxt ] 2 Bk AE R
Yy Fp BLAT AH LAY AR 25 2A R A AR B S 0 IR R R A R AR R A AR R M v T S RS L 2 Sk I FE RAR K i
TE EF 28 N AR A 1 5 5 07U 45 W00 3 BH 9 ot 2 B AS [R) A 3 07 | A 9 DR R A B ek dn R I AR
R R B S B NS VKEE B S MM R A

Zx L PTIR Wy ) 08 A ELAE AN AN SZ B8 V% R A 52 ), 3 5 SRR AR AR B VAR OC o MBI & A= T g S B0y
ol i) DA B0 1) B 0 OC R 1) B8 G 5 5 MR DT A 0 02 2 A AR A A8 3R B Vi A e RN 2 AR PR R B F S
TE T BEVE MERE s rp b (] 0 5 5 5T R BANME A B T 28 s 4 TR 0 AR R A i AE R R R R
TE ML b, 55 4 56 RAR SR AT B2 TR e W) Rl o3 AT AR VR 25 A 1 = R R o BRI, B 60 98 DA AR 1) B b A 3 R
Gt , N 2 B BR IE RS OC R (AN HEAT AL A, LA TERE 95 10 RS T R 2 R M A

4 G

AT 1 X6 AN ] FE DA AL S W A T v A ) b A S S R R TR IR 45 B TR 3BT L 45 HE LR 4598 BE A2k
AR T P L IR B T AR Bl A S L AN AR (B IR ZE 4 S B VR AL TR E RS o B TE AR JEE 3G, B 0
PRER G5 1R K A T 78, 4 6 T8 FIOR 22 M0 o 14 20 25 0 T B (BB s, o R B T M X B B AR R A A fiE



34 B 10 Fll2F 3 2025 4 13

i fie Pk HC BRI AR S A S RE AR e o DRI, Ol T AR R B M A AR AR G AT O B S B A L A R R R R
%%%ﬁwﬂé,uiﬁf‘ﬁﬁi&%iu% LE PRI A ik

£ % 3k References:
[1] Bai Y F, Cotrufo M F. Grassland soil carbon sequestration: Current understanding, challenges, and solutions. Science, 2022,

(2]

[7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

377(6606) : 603—608.
Van Auken O W. Shrub invasions of North American semiarid grasslands. Annual Review of Ecology, Evolution, and
Systematics, 2000, 31(1): 197—215.
Knapp A K, Brigss ] M, Collins S L., ez al. Shrub encroachment in North American grasslands: Shifts in growth form dominance
rapidly alters control of ecosystem carbon inputs. Global Change Biology, 2008, 14(3): 615—623.
Marston C G, Aplin P, Wilkinson D M, ef a/. Scrubbing up: Multi-scale investigation of woody encroachment in a Southern
African Savannah. Remote Sensing, 2017, 9(5): 419.
Zhang D, Hou C, Ma W M, et al. Study on soil enzyme activities under shrub encroachment gradients in alpine grassland.
Acta Prataculturae Sinica, 2023, 32(9): 79—92.
KA, BER, T, A5 i SR B R [ AR BE N SRR IR ST . LA R, 2023, 32(9): 79— 92.
Zhang Y W, Chang X F, Zhang Y W. Spatial pattern of shrub patches in a grassland fenced for a long-term in Yunwu Mountain
on the Loess Plateau. Acta Agrestia Sinica, 2023, 31(12): 3802— 3808.
SRIESC, WG, ST RS R B R A A (] S A AR R B, 2023, 31(12) @ 3802—3808.
WenY Y, ZhuJ, Wang H, ez a/. Population characteristics of Caragana microphylla and the influencing soil factors in shrub-
encroached grassland of Inner Mongolia, China. Chinese Journal of Applied Ecology, 2024, 35(6): 1525— 1533.
SO, ORI, F, SF L NS HE AL R/ XS L AR AR AR B G R s e Y L 0 AR A AR AR, 2024, 35(6)
1525—1533.
Silva F H B D, Arieira J, Parolin P, ez a/. Shrub encroachment influences herbaceous communities in flooded grasslands of a
neotropical savanna wetland. Applied Vegetation Science, 2016, 19(3): 391—400.
Bao D H, Sun X M, Zhang Z M, et al. Effects of shrub encroachment of alpine meadows on vegetation community strueture and
soil phy%icochemical properties. Acta Ecologica Sinica, 2024, 44(14): 6208—6218.
B, Fh/NIR R I L AR S i FE ) E MBS R IR S AR Y S . A A AR, 2024, 44(14)
6208—6218.
Soliveres S, Maestre F T, Eldridge D J, ez a/. Plant diversity and ecosystem multifunctionality peak at intermediate levels of
woody cover in global drylands. Global Ecology and Biogeography, 2014, 23(12): 1408—1416.
Zhang J M, Zhu N, Cai Y R, et al. Effects of Caragana microphylla on herbaceous community characteristics. Acta Ecologica
Sinica, 2023, 43(21)- 8830—8839.
aRELEL, BRUE, #EF %, & NS L (Caragana microphylla) BT B AR BETEFEAE 52 . AR F W, 2023, 43(21) .
8830—8839.
Liu X L, HulJ, Zhou Q P, et al. Effects of typical shrub-encroached grassland on vegatation characteristics and soil nutrients in
the Zoige Plateau. Acta Agrestia Sinica, 2022, 30(4): 901—908.
XN, WA, RS, G A K i e I R R i O X AR R A R b SR B SE I L M 4R, 2022, 30(4) -
901—908.
Ding Y, Liu X W, Guo L, ez al. Effects of shrub encroachment on soil organic carbon, nitrogen and phosphorus nutrients, and
enzyme activity in Loess Plateau. Bulletin of Soil and Water Conservation, 2024, 44(5): 243— 250, 261.
T XM, B, A B U N ARG SRR BILIR | SO IR G S BRI PR R S R L K b DR FRE A, 2024, 44(5)
243—250, 261.
LuY, WuW P, Zeng Y. Niche characteristics and interspecific connection of dominant plants in the oasis desert transition zone
at the northern foot of Tianshan Mountains. Journal of Desert Research, 2024, 44(2): 254—263.
pe, RITV, B R IR Sk YN T I P O S 0 A S O R A S A RIS . PRIV, 2024, 44(2) : 254 263.
Wang W Q, Zhang F, Li S'Y, et al. Impact of warming on species niche dynamics in early-stage degraded desert grassland
restoration. Chinese Journal of Grassland, 2024, 46(8): 80—87.
EOCH, sk, ZEERTT, A B R A BRI R A I R RS AR R AT ST . R R RSB SE AR, 2024, 46(8) : 80—87.



ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 10

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Cheng Y S, Wang T Y, Xi W M, er al. Ecological niches and interspecific associations of dominant species within an
endangered Gymnadenia conopsea (L. ) R.Br. community. Plant Science Journal, 2024, 42(4): 444—453.

Rk, EENE, BNR, % WEHY TSR Z YR ISR IR R AP R ES . AR 23, 2024, 42(4)
444—453.

Zhang 1. M, Lan B, Zhang D S, ez a/. Niche and interspecific association of domimant herbaceous plants in the water-level-
fluctuating zone of Fuling-Fengjie section of the Three Gorges Reservoir. Acta Ecologica Sinica, 2022, 42(8): 3228 —3240.
WORE, 22U, WKARTE, . ZWOK R B — 2T BOW %O L A S AR Y A A A S R RS T T . ARSI, 2022, 42(8):
3228—3240.

Li X H, Jiang D M, Alamusa, ez al. Comparison of seed germination of four Arzemisia species (Asteraceae) in northeastern
Inner Mongolia, China. Journal of Arid Land, 2012, 4(1): 36—42.

Singh H P, Kaur S, Mittal S, ez al. Essential oil of Artemisia scoparia inhibits plant growth by generating reactive oxygen
species and causing oxidative damage. Journal of Chemical Ecology, 2009, 35(2): 154—162.

WuH M, Yuan R X, Zhang X, ez a/. Variations of the chemical components in different processed Artemisia scoparia Waldst.
et Kit. Journal of Anhui Agricultural Sciences, 2017, 45(35): 111—115.

R, AW, K, A T A RE S R RS R B RO RE, 2017, 45(35): 111—115.

TuY, LiuY S, Zhu Y J, et al. Effects of shrub encroachment in Xilin Gol Steppe on the species diversity and biomass of
herbaceous communities in shrub interspaces area. Journal of Beijing Forestry University, 2019, 41(10): 57—67.

PEUHE , XUHE AT, AP, A5 . B MRS 8l s J5EJHE DA A X R A ) by 0 A T 9 ) o 2 R R RILZE T S L G MOl R
2019, 41(10): 57—67.

FangJY, Wang X P, Shen Z H, ez a/. Methods and protocols for plant community inventory. Biodiversity Science, 2009,
17(6): 533—548.

Tt BRF WER, L MYBRE S AN EEAE IR MEORENE . Y Z A, 2009, 17(6): 533 —548.

Zhang L N, Zhu G Q, Yang K, et a/. Niche and interspecific association of main woody plants in Myrica nana shrubland in
central Yunnan, China. Chinese Journal of Plant Ecology, 2022, 46(11): 1400— 1410.

WEG, REH, B, F . W m W TR Y LA S R RS AR SR, 2022, 46(11) 2 1400—
1410.

Schluter D A. Variance test for detecting species associations, with some example applications. Ecology, 1984, 65(3): 998—
1005.

Xu M H, Liu M, Zhai D T, et al. A review of contents and methods used to analyze various aspects of plant interspecific
associations. Acta Ecologica Sinica, 2016, 36(24): 8224—8233.

IR, X, B, 55 MY R R AT N A5 R TTFR . A5 2# 4, 2016, 36(24) : 8224—8233.

Zhang J L, Ma K P. Spaa: An R package for computing species association and niche overlap. Research Progress of Biodiversity
Conservation in China, 2014, 10: 165—174.

Kang R L, Liu W L, Xu D M, er al. The distribution pattern and intraspecific associations of Agropyron mongolicum
populations in desert steppe. Acta Ecologica Sinica, 2024, 44(21): 9910—9923.

REan e, X e, VP&HE, 5. SRR SN DK RERNRE A AR R R R OGRS E AR, 2024, 44(21): 9910—9923.
Zhang J, Zhang B G, Liu Y, er al. Distinct large-scale biogeographic patterns of fungal communities in bulk soil and soybean
rhizosphere in China. Science of the Total Environment, 2018, 644: 791—800.

WuH F, Song L J, DuF, e al. Niche of main populations and environmental interpretation in grassland of Loess Plateau hilly
region, China. Chinese Journal of Applied Ecology, 2017, 28(11): 3494—3504.

Fe U ORWIR , kRO, A5 BT b PR DX REH SR AR A S R RS . N AR AR AA R, 2017, 28(11) 1 3494—3504.
Chen I, Chen G L, Song N P, ez al. Response of photosynthetic characteristics and water use efficiency of Artemisia scoparia
to rainfall chances in Eastern Ningxia desert steppe. Acta Prataculturae Sinica, 2022, 31(10): 87—98.

R, B i, ARTDT, S L 7 EUARHS T B IR T T OGS R AN K 3R AR K AR AR B e By . Bl AE AR, 2022, 31(10)
87—98.

DuZ Y, Xing W L, Xue L., ez a/. Niche characteristics and interspecific association of main plant species in antimony mining
sites of Karst rocky desertification area, Guizhou, China. Acta Ecologica Sinica, 2023, 43(7): 2865— 2880.

Fhe g, SCEE, BEse, 45 WEETRR A AL BT XA A R W R AR S AL R AR B AR R AG  AE SRR, 2023, 43(7)
2865—2880.



34 B 10 Fll2F 3 2025 4 15

[32]

[35]

[37]

[41]

[42]

[43]

[44]

[45]

[46]

Zheng X Y, Zhao C, Liu Q Q, et a/. Niche characteristics of understory herb layer in a mature Chinese fir plantation. Chinese
Journal of Ecology, 2018, 37(2): 332—338.

FBLERH , B ab, X, A5 AR N TN T BA RS AL . BI85, 2018, 37(2): 332—338.

Jian X M, Shui W, Chen Y P, ez a/. Interspecific relationships of dominant species in the grassland community of moderately
degraded tiankeng of Yunnan, China. Chinese Journal of Applied Ecology, 2018, 29(2) : 492—500.

A /NBC, BUAR, BREB, . = FE v R AR Ak 0 M 0T RR SR T b A W B O BRI R 1 0 FR LR AR A 2RI, 2018, 29(2)
492—1500.

Chen L, XinJ N, Su'Y, eral. Effects of heterogeneous habitats on community composition and niche characteristics of different
plant populations in the desert steppe of China. Acta Ecologica Sinica, 2019, 39(17): 6187—6205.

WAk, ST, 9RA2, AR SRR B S AR A A v LR R A AR S A B R L AR AR S, 2019, 39(17) : 6187 —6205.
JnL, LuY, MaH B, eral. Numerical classification and ordination of the desert steppe plant community in Etuokeqianqi, Inner
Mongolia. Acta Prataculturae Sinica, 2022, 31(4): 12—21.

G, BB, LM, AL NS ST O R A A M R I R B S S HERE . R, 2022, 31(4): 12—21.

Liu XY, He D, Tian W B, ez al. Patterns of species associations in woody plants in forest communities of Putuoshan Island,
Zheiiang, China. Chinese Journal of Plant Ecology, 2017, 41(12): 1219—1227.

XUFT, AR, BSOSO, S . WV BE LD B BRPROR AR ) B A 8] OCIBAR Jey . A AE A4, 2017, 41(12): 1219—1227.

Niu H H, Chen H, Fu Y, er al. Ecological niche characteristics of desert plants in the eastern Qaidam Basin. Acta Ecologica
Sinica, 2019, 39(8): 2862—2871.

AR WRME, ATRR, 45 SRR TR A A S LRI . AR, 2019, 39(8) : 2862—2871.

Yao S, Guo Q Q, PanJ W, ez a/. Dominant species of shrub grass community under forest during the development of Pinus
massoniana plantation niche dynamic analysis. Acta Botanica Boreali-Occidentalia Sinica, 2021, 41(8): 1417—1424.

WA, SRR, A0, AF L DRMATHMA TR PR MR LS AR BB BT . PR AE R, 2021, 41(8)
1417—1424.

Zhang D M, Zhao W Z, LLuo W C. Niche and interspecific association of dominant plant species in saline-alkaline soils of desert
steppe zone. Chinese Journal of Ecology, 2018, 37(5): 1307—1315.

TKRARM, BESCR, BRI ST A R R RO L A A A S SRR IR, L AR R Ak, 2018, 37(5) ¢ 1307—13165.

Liu R H, Chen L., Tu H R, ez a/. Niche and interspecific association of main species in shrub layer of Cyclobalanopsis glauca
community in Karst hills of Guilin, southwest China. Acta Ecologica Sinica, 2020, 40(6): 2057 —2071.

XL, BRIR, TR, AR HEMCA T IS R RE R R R B R AR S L S Rl R RS . AR AR, 2020, 40(6) @ 2057 —
2071.

Tu H R, Nong J L, Zhu J, et al. Interspecific associations of main species and community stability of Myrsine seguinii
community in Karst hills of Guilin, southwestern China. Acta Ecologica Sinica, 2022, 42(9): 3688— 3705.

UL, RIAWN, R4, . BRI B R REVE SR A Bl ] OGRS R E T . AR, 2022, 42(9) : 3688—
3705.

Yan X H, Tuo H H, Li M H, et al. Interspecific association of plants in the process of the subshrub expansion in typical steppe
of Yunwu Mountain, Ningxia. Acta Agrestia Sinica, 2023, 31(1): 230—238.

RWTHE, ATAT, BRE, F . TE IS 0 A B R R Y5 G AR v A R R4 ME B ST . B AR, 2023, 31(1):
230—238.

Peng HY, Li X Y, Tong S Y. Effects of shrub encroachment on biomass and biodiversity in the typical steppe of Inner
Mongolia. Acta Ecologica Sinica, 2013, 33(22): 7221—7229.

WAFHE, BN, MAE . NS IR NGRS AR i FE Y 2 R RS2 . A SRR, 2013, 33(22): 7221—7229.
Guo Q, Wen Z M, Ghanizadeh H, ez a/. Shift in microbial communities mediated by vegetation-soil characteristics following
subshrub encroachment in a semi-arid grassland. Ecological Indicators, 2022, 137: 108768.

Guo J Q, Chen J C, Huang X, es al. Niche characteristics and interspecific associations of the dominant species of the
communities invaded by Alternanthera philoxeroides. Ecology and Environmental Sciences, 2021, 30(8): 1607 —1616.
PR, Wk, A, . BRE T A RMEE BB A SRR BES UF Y . A AR IREE A, 2021, 30(8) : 1607 —
1616.

Jiang N H, Zhang S H, Zhang S H. Interspecific associations and environmental interpretation of the dominant species of the
communities invaded by Ageratina adenophora in Ailao Mountains. Ecology and Environmental Sciences, 2022, 31(7): 1370—
1382.

FeMh , BRUEN, TR pR . R Il 2R 2 R T B R Rh (IR 45 M PR B A R . AR ASIRE A, 2022, 31(7): 1370—
1382.



