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Abstract: Understanding the effects of reseeding on degraded grassland community characteristics and population niche
dynamics holds critical importance for grassland ecological restoration. In degraded desert grasslands of Ningxia, using
enclosure grassland as the control (CK) , we selected Agropyron desertorum, Agropyron mongolicum, Lespedeza pataninii,
Astagalus laxmannii, and Astragalus melilotoides as reseeding species. Six combinations of native grass species were
established for reseeding at a total Poaceae-to-Fabaceae seed weight ratio of 2:1. We investigated the plant community
characteristics and population niches in the desert grassland several years after reseeding. Through comprehensive analysis of
plant community characteristics and niche dynamics six years post-reseeding, we found; 1) All reseeded combinations
exhibited enhanced quantitative vegetation characteristics compared to CK, although CK maintained superior species
diversity indices ( Margalef richness, Shannon-Wiener diversity, and Simpson dominance indices) except for Pielou
evenness. 2) Niche width values exceeding 2 were observed in >50% of species across all combinations except A.
mongolicum+A. laxmannii. Despite prevalent interspecific resource competition, treatments showed reduced proportions of
species pairs with significant niche overlap (Q,, = 0.5) relative to naturally enclosed grassland. 3) Interspecific association
patterns varied substantially among combinations. The A. desertorum + A. mongolicum + A. melilotoides combination
demonstrated predominantly positive associations, whereas A. desertorum +A. mongolicum + L. potaninii showed primarily
negative associations. All combinations contained more negatively associated species pairs than positive ones. 4) Structural
equation modeling revealed that soil available phosphorus, total nitrogen, and pH drove community structure and niche
differentiation through both direct and indirect pathways. Spatial heterogeneity mediated diversity patterns via resource
partitioning and competitive interactions. Based on integrated assessment of community characteristics, niche dynamics, and
species interactions, we recommend A. desertorum+A. mongolicum+A. melilotoides as the optimal reseeding combination for

restoring degraded desert steppe ecosystems in the study region.
g deg PP y y reg

Key Words: reseeding; community characteristics; niche width; niche overlap; interspecific association
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PFT R R A 45 A RS RE R 7EIR AL A A8 R GRS s B v AW B % 3 o 0 o ] 1 5 4 D03 ] 5 2
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FEFEA H B BRILZ AN, # M AT LB AS M0 9 A S A B R S 0, 0 B8 P L 1 i 4 TF
FErpt AME SR S B A S, B (Stipa sp.) 1 2S00 BE B 2 R0 & 0,798, 1 B AL 45 5 ( Seriphidium
transiliense) WA= 250 T FEAEXT R ESMORIANE 5444 T 4354 1.037 .1.101 F1 1.070, KR K25 A T FE R
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BT e i 5 RUAE S R GG DI RE S AR (AL BE R, Oy 7 B Jo) i 1 B XGRS 05 e [ A8 2 1 s o 42
HEIIE T RE,

1 RS

1.1 WSS IX AL

R DX T 7 B R B 7 B K DU e B i B AR 2 LN B 5l (37°04'—38°10'N, 106°30'—
107°41'E) . AT 5, 8 T WA B RGBS AR BR 9.4 C AETRFE A R 167 d, 457 2K & 289
mm, 7% & 72400 2890 mm,, Mo PE NS+ B O VD IE A M PR R T R, 40 A ) R
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Table 1 Reseeding grass combination treatment
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Grass seeding rate

ab 3 e
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#H Enclosure CK
LA SMN
Grass combinations SMS

SMC

MN

MS

MC

RARBEN L B 5 b

33.33% VA VKA + 33.33%5% VKL +33.33% 4K T
33.33% P UKHL + 33.33% 5 i VKR +33.33% 10 FTHE

33.33% Vb A UK RE+33.33% 5% 1l VK +33.33% FORHRR B R
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66.67%5% 1 VK #E+33.33% VP FTHE
66.67% %% T UK EL+33.33% B AR 2 1
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Table 2 Soil physical and chemical characteristics of each grass combination treatment

®2 BEMASTEBUIHE

+ E AR R BEFIZH A Grass combination
Soil physical and chemical properties SMN SMS SMC MN MS MC CK
Hor i
LEEA 0.39 0.25 0.22 0.31 0.37 0.42 0.02
Soil total nitrogen content/ ( g/kg)
TR
17.02 11.4 12.27 13.47 15.1 15.62 14.87
Soil alkaline nitrogen content/ ( mg/kg) 0 6 3 513 56 8
9 v =X
AR 23.83 32.08 37.03 31.96 38.7 3.1 71.44
Soil available potassium content/ ( mg/kg)
TR
0.1 12 12 12 .14 .1 2
Soil total phosphorus content/ ( g/kg) 8 0 0 0 0 0-15 0.28
B A A
AR 0.81 0.88 0.99 0.8 0.85 0.82 0.71
Soil available phosphorus content/ ( mg/kg)
Gy =N
j:l%%/ﬁ *}Uﬂi‘ﬁ, - 3.56 2.41 2.22 3.11 3.23 3.87 2.42
Soil organic carbon contents/ ( g/kg)
j:u'f H
j:.ii pH i 8.45 8.52 8.48 8.65 8.56 8.49 8.6
Soil pH
etz iE
146.50 117.08 140.91 142.6 115.95 111.63 89.33
Soil bulk electrical conductivity/ ( mS/m) ? o o o
W kR
ii@ak%‘ 11.36 9.70 7.30 10.42 9.29 10.51 7.51
Soil moisture content/%
TREE 1.29 1.32 1.32 1.32 1.33 1.26 1.30

Soil bulk density/ ( g/cm®)

FP &K IERE R 0—40 em L2 FHME (10 em H— 2085 BCEFHME)

1.4 a5
141 YFhEEEITTHE
YR E SRR .

IV=(Hr+Cr+Fr) / 3

PV FORHEE, Hr FoRM L, Cr Fon X6 B, Fr Fs AR

1.4.2 YFhZFEMEITE

Y Z A B R P Margarlef =& JEF5 %L (S)  Shannon-Wiener Z £+ (H) | Simpson L34
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FEMS PR R VR = 1,24 VR > | i FHY RS R IEEESS XY VR< L BRI BE VA 22 (R RSS , MIYIBETR
AR IEIEZY IR ANIBRSE . LA, i T i ] A4 1E 156 235 A G 1B 235 ] LAAH B3G5 , b g it w(w =
N x VR) HE—LH % VR (H-5 1 B B FRIE . 25XG0s (V) <WXG o IS, I 1) J0 40 35 TE IR E, 5 S22, W0 vl £ A i
FRRGENE
1.4.5 PRl
FIFH A K55 (X2 ) Fl Pearson FHOCHE TSRS NI R R IRZ5 M S AP [RI Y 2x2 FIIKER  4Eit a,
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it Excel 2021 FAFXEE A 700 A5 B B K bRl iR 22 A0 2R, R T SPSS 26.0 4 Xof il i R AIE 1 4 Fh
ZREVEVEA TR 207 225301 (One way ANOVA) J5 {3 Origin 2025 2K PF4: &, FIF R 4.4.2 11 spaa fI1H5
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2 HRE5SH
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WL VA VKR + 5t VKR + VD THE (SMS) AL BREE V& b I A Wi e K, V0 AR DR + 521 VKR + VD 4 TRE (SMS) Ab B
5D A UK+ 52 1 DR+ RORARAR 355 (SMC) AbBRF I w5 2 /AT, TRV~ 47 1o 5 e v S 52 ol UK R +2F
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B I 5 VD AR UK+ 52 DK+ AR B (SMIN) VAR DR+ 58 7 DK R+ VD AT HE (SMS) DL R Vb 2R KB+ 587 vk
F+ B RHRIR B B (SMC) Ak FH ) DU A 49y Tl 22 45 1 8 8038 3 5 T 4G 2 b R AR A A0 R (5 KR + A AT
(MN) S VKFE+PATHE (MS) (S KR+ FORBAR T R (MC) ) o ST, #ME 5 & L B Fh 2 PR 4L
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e AR A EEA — 3, 580 UK REAE & AL B rh B AR S R (H YD AR DK FCAE SMN 5 SMS b b i K
PUR AUAE SMC ZLFE A H B,

A 2507 B8 JBE SR A R AR B SR AR 00 %) 2 W00 L4 S 1, 3R 3 AT % [ 3 7 b ( CKO) 7E N, B4k
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*ME R G Reseeding grass combination

E1 AEEMAESEDBESFE
Fig.1 Species quantitative characteristics of different grass combination plants
ARV KE FhE R BERD 2 A b B e A A AE A7 AE i 25 22 5 (P<0.05) ; SMN; 33.33% V0 A2 UK HE +33.33% %% 1l UK +33.33% 4+ k4 1 ; SMS ; 33.
33% VP HE VKR +33.33% 5¢ 1 VK B +33.33% VD FTHE ; SMC 2 33.33% VD AE VKR +33.33% 5 1 VKR +33.33% B ACIR 3 £ ; MIN £ 66.67% 5¢ i VK H# +33.
33% 4K F s MS 1 66.67%%% 1 VK EL+33.33% VM4 THE ; MC. 2 66.67% 5% 1l 1K B +33.33 % FLARBRAR HT1E ; CK RIRES MU T F M

7 2 4% b PR Fh BT 57.14% 69.23% .50.00% ,53.33% .33.33% .57.14% . 75.00% , i FU I MS Ab B4k | 45Kk
F]50% V) b, ATUL 25 AL B RE  Ah I RE S AT S A AR GEUR X T AME AN BR U AR VKR AR &
YA S AL B b YRR A O A PR B I
222 EBNES

& 4 BT 7R, 4 b B b g Fi 4y 5 48 8 Fh % 91 (SMN) .91 (SMS) L 120 (SMC) 120 (MN) .78 (MS) . 105
(MC) \136( CK) 41, H¥ ALK 240 (> 90% ) PG A FEAEA S S 5 AR A EE S (Q, =0.5) AT 435Il
7275107 93 .68 .83 124 £H £ i Foxd AL i 79.12% 82.42% 89.17% \77.50% 87.18% .79.05% 91.85% , NHMEF
R AIRAE S AL P B R A S AR LB B b B R ( CK) ot B R ) B e B A B
2.3 FME TR A XA YRR E] C FR I R
231  EREBRZE M

N 4 Fr7R ,SMN (SMS \MS Ab# 77 25 LR VR 439328 0.13 ,0.39,0.50, ¥1/F 1 {HAUAT SMN &b 2 i) £
it WARTE AN (N) <WXZ X A, 6] SMN SMS | MS Ab By i) 5 6 6 45 56 22 {HAUA SMN 4b B
TN 2 RSG5 [ B, SMC \MN \MC Kz CK A3 77 22 38 VR 4350128 2.52 1.66 ,1.54 3.32, 1] SMC ,CK &b
PRI ST W ARTE AN o5(N) <W<X} o X EI A, BEE SMC \MN \MC J CK Ab38 i) (i) 22 IEBR A5 G &R | H:
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Table 4 The overall association of species in different grass species combinations

AME R A J5 2 WH(VR) K g (W) X2l K 55 2
Reseeding grass combination Variation ratio Test statistic X? threshold Results
SMN 0.13 0.63 (1.15,11.05) T IRE,
SMS 0.39 1.94 (1.15,11.05) AN RS
SMC 2.52 12.58 (1.15,11.05) RS,
MN 1.66 8.28 (1.15,11.05) ENTE AN S
MS 0.50 2.50 (1.15,11.05) NTE i
MC 1.54 7.71 (1.15,11.05) PN e e
CK 3.32 13.28 (0.71,9.49) ITE N
1.0 F

Axis2 (22.33%)

-12 1.2
Axisl (45.62%)

E 5 AEEMASEDFEHZHEMESMFESHEREF RDA SiTHEFE

Fig.5 Plant community characteristics and niche characteristics of different grass species combinations and RDA analysis ordination of
environmental factors
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