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Abstract; Under the background of global climate change, shrub encroachment, as a widespread ecological phenomenon in
arid and semi-arid regions, profoundly influences ecosystem structural stability, biodiversity maintenance, and material
cycling. As a dominant species in the Ningxia desert steppe, the community dynamics of Artemisia scoparia play a crucial
role in maintaining regional ecosystem stability. To investigate the effects of shrub encroachment by Ammopiptanthus
mongolicus on the community characteristics and soil properties of Artemisia scoparia, this study conducted community
vegetation surveys in the desert steppe of Ningxia, a typical arid region in northwestern China. This study established plots
with heavy, moderate, and light shrub encroachment, as well as control plots without shrub encroachment. Soil
physicochemical properties and enzyme activities were systematically determined in the 0—10 cm, 10—20 cm, and 20—40
cm soil layers. The results showed that compared with non-encroached plots, the herb density, vegetation height, and
coverage of Artemisia scoparia communities decreased with increasing shrub encroachment intensity, while the aboveground
biomass in plots with moderate shrub encroachment was significantly higher than in other shrub encroachment plots. The
species richness, Shannon-Wiener diversity index, Simpson dominance index, and Pielou evenness index presented a
decrease-increase-decrease trend with increasing shrub encroachment intensity, with the indices in moderate shrub plots
being significantly higher than those in other shrub encroachment plots. Soil moisture content in different soil layers was
significantly higher in plots without shrub encroachment than in plots with severe shrub encroachment, while soil bulk
density showed the opposite trend, and there was no significant difference in soil pH among different shrub encroachment
plots. Shrub encroachment promoted the accumulation of soil organic carbon, total nitrogen, and total phosphorus in
different soil layers. Soil C:N, C:P, and N:P ratios showed significant differences among different shrub encroachment
degrees. Soil urease, sucrase, and alkaline phosphatase activities in plots with heavy shrub encroachment were significantly
higher than those in other shrub encroachment plots. Redundancy analysis showed that the cumulative explanatory power of
environmental factors for the first two ordination axes was 65.57% , among which soil C:P, N:P, and sucrase were the key
factors influencing the community characteristics of Artemisia scoparia. In conclusion, this study revealed the effects of
different degrees of shrub encroachment on the community characteristics and soil properties of Artemisia scoparia in desert
steppe, elucidated the responses of plant-soil feedbacks to shrub encroachment, and provides theoretical guidance for the

restoration and sustainable management of shrub-encroached grasslands in northwestern China.

Key Words: shrub encroachment; Artemisia scoparia community; vegetation characteristics; soil properties
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Fig.3 The changes of quantitative characteristics of communities in different shrub plots
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Table 1 Species diversity changes in different shrub plots

FEHb S A Y R ZREVEFREL P e %L B e i 7
Plot type S Shannon-Wiener Simpson Pielou

HD 5.40+1.52a 1.17+£0.24b 0.62+0.07b 0.72+0.11a
MD 7.40+1.82a 1.49+0.36ab 0.69+0.15ab 0.75+0.13a
LD 5.60x1.14a 1.29+0.26ab 0.68+0.10ab 0.76+0.12a
CK 6.80+1.30a 1.57+0.08a 0.77+0.03a 0.83+0.07a
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Fig.4 The changes of soil water content, pH and bulk density in different shrub plots
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Table 2 The changes of soil physical and chemical properties in different shrub plots

FE b HY +ERE/em soc/ TN/ TP/

Plot type Soil depth (g/'kg) (g/ke) (g/ke) CiN P NeP

HD 0—10cm 3.02+0.27Aa 0.43+0.03Aa 0.29+0.03Aa 7.08+0.76Ab 10.59+0.67Aa 1.50+0.13Aa
10—20cm 2.46+0.05Ba 0.35+£0.04ABa 0.23+0.02Bab 7.12+0.76Aa 10.63+0.55Aa 1.51+0.23Aa
20—40cm 2.43+0.27Ba 0.34£0.05Ba 0.23+0.02Ba 7.25+0.34Ab 10.62+0.98Aa 1.47+0.16Aa

MD 0—10cm 2.06+0.11Ab 0.30+0.05Ab 0.29+£0.01Aa 7.05+0.89Bb 7.16+0.31Bb 1.03+0.18Ab
10—20cm 1.99+0.06ABb 0.25+0.01ABb 0.25£0.02Ba 7.93+0.30Ba 7.94£0.18Ab 1.00+0.06Ab
20—40cm 1.82+0.14Bb 0.19+0.01Bb 0.23+0.02Ba 9.61+0.65Aa 7.80+0.51ABb 0.81+0.03Ab

LD 0—10cm 2.02+0.03Ab 0.29+0.03Abc 0.28+0.03Aa 7.07£0.60Ab 7.23+0.81Ab 1.03+0.19Ab
10—20cm 1.97+0.06Ab 0.22+0.06ABb 0.23+0.02Bab 9.49+0.98Aa 8.75£0.90Ab 0.96+0.19Ab
20—40cm 1.68+0.01Bbe 0.18+0.01Bb 0.22+0.02Ba 9.35+0.31Aa 7.50+0.58Ab 0.80+0.07Ab

CK 0—10cm 1.91+0.15Ab 0.22+0.03Ac 0.26+0.02Aa 8.72+0.88Aa 7.28+0.53ABb 0.84+0.04Ab
10—20cm 1.87+0.11Ab 0.20+0.02Ab 0.22+0.03Bb 9.30+0.39Aa 8.48+0.54Ab 0.91+0.10Ab
20—40c¢m 1.41+£0.05Bc¢ 0.17+0.04Ab 0.21+£0.01Ba 8.82+0.85Aab 6.87+0.74Bb 0.82+0.27Ab

SOC ; -4 HLER Soil organic carbon; TN : 4% Total nitrogen ; TP ; 2% Total phosphorus;C:N:##%%( L Organic carbon ; Total nitrogen ; C:P . B Lt
Organic carbon ; Total phosphorus;N:P; AWML Total nitrogen ; Total phnsphorus;%ﬁkg?ﬁﬁﬂxﬁigégﬁ%( P<0.05)
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Fig.5 The changes of soil enzyme activity in different shrub plots
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Table 3 Community characteristics and soil factor redundancy analysis results

P%5 Content Hi—Hh Axisl 5l Axis2 55 = b Axis3 MU Axisd
FRIE{H Eigenvalues 0.4909 0.1648 0.0067 0.0007
Z31 )57 2 5THkR Explained variation ( cumulative) /% 49.09 65.57 66.25 66.32

PeSE ZEU R-squared 0.8575 0.8169 0.2970 0.3344
23 5imk A 78 F Explained fitted variation ( cumulative ) 74.00 98.84 99.85 99.96

RDA JURIFHTAE R (B 6) AHBR BE S M B AR DLW 42 5 FZ | Shannon-Wiener Z2FEPEHE
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% Simpson YL EFFELA Pielou K2 AR HUINE &HKE pH C:N BIEMC, 5HHM, 2R 20 . C:P,
N:P ZEHL JIRHG R Ol PR e St 0RO MR B S pHL CoN Wl AT A ORI | ol P e 1, 8 22
IEARSR, 5K AP 2% C:P NP BOASE, tLAh, o b A=Yy A - o i 5 el A IE ARG

R4 TRTEEFIHHERHENBREZNEZHRE

Table 4 Interpretation rate and significance test of community characteristics by different soil factors

78IS fitRRER/ % X SRR 1 DR o e P

Environmental factors Explanatory rate Contribution to the total explanation rate

N:P 36.6 55.2 33.5 0.002
SUC 15.4 23.3 18.4 0.002
C:P 4.2 6.3 5.4 0.004
SOC 1.4 2.2 1.9 0.136
SWC 1.7 2.6 2.3 0.098
ALP 2.8 4.3 4.0 0.020
TP 2.0 3.0 2.9 0.044
TN 0.7 1.1 1.1 0.342
URE 0.6 0.9 0.8 0.440
C:N 0.4 0.6 0.5 0.630
BD 0.3 0.5 0.5 0.632
pH 0.1 0.2 0.1 0.094

HN:P. AW L Total nitrogen ; Total phosphorus; SUC; TE A i Ucrase; C: P TR L Organic carbon; Total phosphorus; SOC. + A ML Soil
organic carbon;SWC + 1S K Soil moisture;ALP;ﬁﬁ‘ﬁ%ﬁﬁﬁ@ Alkaline Phosphatase ; TP ; 4H Total phosphorus ; TN 4% Total nitrogen ; URE . IR i
Urease ;C:N:BZ L Organic carbon:Total nitrogen; BD: X H Bulk density

PC2

AGB

-1.0 L . . .

-1.0 1.0
PC1

El6 HEMMEMEESHEFEMIERZERTHARINHRF
Fig.6 The community characteristics and redundancy analysis of soil environmental factors of Artemisia scoparia in shrub plots
TH ; B Total height; TC : B35 Total coverage; TD: i % J& Total density; AGB; #li_E £ ¥4 Aboveground biomass; H: Shannon-Wiener 3% %
Shannon-Wiener index; D : Simpson $§%{ Simpson index;S: 3= & B #6%{ Richness index; £ : Pielou 5] 54X Pielou evenness index
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Mo b R AR R . RARTEMEAE—E RS DA R T R AR A A (H S TE AR B TR, 18 18
THEZHEMMEBES , S BOR ALY B 55 T R, BB A RIAR 2 o5 ORI A A7 s (] b 1 A 9 23
()AL P R 5 9 e 22 I R B U s A 2 DT e AR AR A i R TR

Yih A A i A S R G T R R R FE B AR, P R A R P b A n] LSS DGR B
ZERRAERAE S RGAEME . AIFTOR I, h BEHE G 2 (R HE YR ZRE MR I 3 5 T A 0 BT 4 2R
—H, LR X FEN Y TR A A S ISAE TR R A R B BEBR X R — AR A
ISR A AF B , T A T AR i R 2R ) BB LR RE i), o 2 9 A R e 2 — i
oy LRI B ORFRIE b2 i) A M AR BE , S b SRR 22 ) 7 BRI A% A M E | AR DA 52 3 4t
AL AR TR KU A A B, R BOREVE W R ZREE R B, AR R B, W R R R
Pielou 42 2] B 7E A [R)HE A A i [ G 5 35 22 57 , 33X nl BB PR R FEE ML A R AT 301 , AR v P D A 0 B — | JRER
TN B AL B2 WU/ 1 R B AR A v 1400 o 2L S0 RN 84 7 A T S A A T 254 A v T 3 A ot
RERE B BE, VS N ST AN P12 B 8 o0 A AR RS E . ph bl L ML M 2 AR R S - SR, AN
WREWE A B LSRR SRR, 185 Ak o AR A LA SCRE A A RS DA OG , Rk, AR
Feb it — L Z R 5 B Z RV
3.2 X LSRR N AR R

TER ARG, TR TS M RE R 3 A EE 23 T | 38 E 00 K o e DR 4 R il <k
HERFRA 0 I A BT R SRR AR R Y L I SR pH 23 AR HEAC ) KPR S R e 1 e 3
PERTR 2R, AW, L8 pH (E 558 JEFI7E 8.07—8.36 Z[8], HA A HE AL KL Ml 6] + 3 pH (K
B KA WA X T RE S S RHEEAAR 2R 50 A HURRAE RS A 0 B, R B iy 34 S Mt T g2
pH (BN IR IN 22— — Bk UL, e B iR W] LA IR L a5, B MO, + SR fE 1™
I ORBRSD MR LY T TR TORME AR, X T IR ER AL A S Y
SERARPL, X ARG H B AT BE R D S M e 28 TR A b SR AN ] iy S 0, AR AR T o T R
DX, Fiti 5 i AR RRE T, FEE AL ) 4 35 AR AR 28 BEAE [ 8 A ) LD . e R SR S8 T S B F O
AHIFERFN] , 1SR S A F AR S A RS H, 10T REJE: R B AT AW skid A vh 28 B A 5 |
WL SR AR 2 1K ) O B SRR T ARRG N, BE— 2 g T R HOK AR T L K

TIHIRRAEY A R A LT LR WM R HEEFRIROU A SR AR . B A HLIK R 2
HHEFR S SRR 43 o i A IR A R AR AT L U ARHRSE T MR S 1 + 4
A HLBR N 4 G 2 k2 i 25 A HE AN s, FLAS BILABORI 4 260 7 fak i+ 2 PR B BN T BRI, 3 S PR A5 o
SRR —E, BEE TR AR, AR AW I BUh R A W AR | 2oid HIRMA Y iR s |, 1 IESR
MR R RN TS BRI A 7, M T REAAEY) , BEAMR AR K 0K R BAL AR Ay | DR %t T 3857 7y
(AR X208 i 5 Li 5% XA A5 TS AR . ABIFSE A SRMED A5 HATE MR
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