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Abstract: Enclosure (fencing) is a key measure to restore degraded grasslands. Investigating the dynamic changes in
plant community characteristics under different durations of fencing is crucial to evaluate the effectiveness of fencing
for optimizing ecological engineering management. In this study, we focused on the desert grassland of Liuyangbu in
Yanchi County, Ningxia. We selected a grassland area that was divided into a long-term fully enclosed core plot
(completely enclosed since 1991, 31 years continuous) , a short-term fully enclosed edge plot (completely enclosed
since 2002, 20 years continuous) , and a short-term incompletely enclosed peripheral plot (incompletely enclosed
since 2002, subject to light grazing disturbance) ; i. e. , three zones that differed in terms of their fencing duration and
disturbance levels. Based on field vegetation surveys conducted in 2010, 2015, 2020, and 2022 (a total of 120
plots) and concurrent meteorological data, we analyzed dynamic changes in species importance values and species
diversity (Shannon-Wiener index, Pielou index, species richness, Simpson’s index), and their relationships with
precipitation and temperature during long-term fencing. We also assessed the stability of the plant community
(characterized by the inverse of the coefficient of variation in species density, ICV). The results show that: 1) Long-
term complete enclosure weakened the dominant position of original dominant species such as Aster altaicus and
Salsola ruthenica, leading to increased fluctuations in the importance values of other species and changes in
community structure; 2) Species richness and evenness were significantly higher in the edge plot (20 years of
complete enclosure) and the peripheral plot (20 years of incomplete enclosure) than in the core plot (31 years of
complete enclosure) ; 3) Increased precipitation in the current and previous years significantly promoted species
diversity, whereas increases in annual mean temperature had no significant effect on species diversity, indicating that
the species composition and diversity of plant communities is jointly regulated by precipitation in the current and
previous years; 4) Community stability was manifested as peripheral plot (ICV=2. 13) >>edge plot (ICV=2.00)>
core plot (ICV=1.74), reflecting the positive effects of moderate disturbance and the potential risks of long-term
enclosure. In summary, long-term complete enclosure is detrimental to the maintenance of plant community stability
and the enhancement of species diversity. It is recommended to implement an alternating “enclosure-utilization”
management cycle for long-term complete enclosed areas (such as the core plot in this study, with enclosure periods
exceeding 30 years). This approach aims to break habitat homogenization through moderate human disturbance,
which suppresses the excessive expansion of dominant species and promotes seed dispersal and soil seed bank
renewal. Consequently, this approach will enhance species diversity and long-term stability while preserving
ecosystem restoration outcomes. Our findings provide a scientific basis for the sustainable management of grasslands
in arid and semi-arid regions.

Key words: enclosure; community characteristics; community stability; precipitation; temperature
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Table 1 Annual precipitation, precipitation during the growing season and mean annual temperature in the study area

BUE| A Year
Trems 2009 2010 2014 2015 2019 2020 2021 2022
A 7K i Annual precipitation (mm) 280.7 248. 4 346.9 365.6 236.9 205.8 323.2 319.9

K Z= [ JK i Precipitation during the growing season (mm) 241.4 187.6 254.7 312.9 129.5 163.6 252.6 261.1
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K2 ARHBEREEEMOMNEZEFREL

Table 2 Interannual changes in the importance values of major plant species in different enclosure areas

FEAEY) #0IX Core plot %X Edge plot SNFELIX. Peripheral plot

Main plants 2010 2015 2020 2022 2010 2015 2020 2022 2010 2015 2020 2022

BT/RZEMIMEAL A, altaicus 46.98  6.13 5.46 9.26 4.54 7.64 521 6.01 2.11 16.81 6.46 7.35
K AR T Lespedeza davurica 9.45  6.92 1.17 1.82 — — 5.80 — — 3.41  — 2.53
WG TS, alopecuroides 1.75  5.64 3.39 808 12.52 3.15 6.90 11.80 4.82 7.99 11.29  4.70
P&t B L] Thermopsis lanceolata 1.81  2.56 1.55 1.53 1.55 5.00 — — — 4.89 4.98 1.43
HIVPTE S. ruthenica 1.48 38.60 4.33 — 13.78 13.39 7.21 — 9.39  7.26 11.74 —
M S, viridis — 3.54 19.15 17.36 17.05 4.14 6.23 24.43 591 — 8.08 13.12
MK A S. divaricata 6.85 1.00 12.31 — — — — 6.71 — .21 — —
2o /NG 3E Tveridium graminifolium 4,05 2.71  4.97 — 9.05 — 3.19 — 13.52 — — —
TR B A, melilotoides 2.61  1.14 8.68 — — 4.92 1.60 — 2.25 5.62 3.27 —
RISk Echinops gmelini 2.46  2.96 @ — 3.33 — 1.51 — .19 — — — 3.23
Ik C. komarovii 3.47  1.90 3.96 — .04 1.19 1.94 — 1.50 7.44 5.83  5.80

YA 5E S Stipa glareosa — 1.67 1.89 1.64 — — 5.66 2.62 — — — —

—
o

W~
©

HBUME AL ordosica 2.92 2.34 — 13.71 17.76 27.03 8.29 29.16 32.38 23.48 16.26
B s T 52 Cleistogenes squarrosa 7.59  6.30 — — 3.68 — 3.92 — — 3.91  — —
W MR Artemisia capillaris — 7.78 7.15 — — — 3.19 — — — 2.64 —
YWHE Psammochloa villosa 3.10  — — — 1.97  — — — — — — —
F2 UK EE Agropyron mongolicum — — 6.41 1.10 — — 530  2.14 517 — — —
S A B Hedysarum mongolicum — 3.56  — 419 — 10.97 5.62 12.41 — — — —
AH K Euphorbia esula — — — — — — 545 170  — — 4.29  1.58
L& Polygala tenuifolia — — — — — 3.62 — 1.05 — — — 1.08
%5 vKFE Bassia dasyphylla — — — — 1.59  4.40 — — — — — —
168 Hedysarum scoparium — — — — 3.39  — — — 7.30  — — —
K GUHE Cynanchum chinense — — — — — 1.43  — — — — — —
ML 5 Euphorbia humifusa — — — — 1.39  — — — 2.07  — — —
KHR Carduus nutans — — — — — — — 1.94 — — — —
ZAAFMILEE Limonium bicolor — — — — — — — — — — 3.94  2.44
R& 2 Chenopodium acuminatum — — — — — — — — — — 6.64 —
PEFE Tribulus terrestris — — — 521 — — — — — — — —
Y- )LV Erodium stephanianum — — — 2.73 — — — — — — — —
B3R Kali collinum — — — 6.55 — — — 3.60  — - — 9.17
i L. secalinus 3.70 — — — 8.14 1.62 — — 3.81 13.86 — —
8 Incarvillea sinensis — 3.65 — — — — — — 2.82  3.09 — 5.67
£H Leymus chinensis — — 3.1 — — — 5.32 — — — 4.63 —
FLE Mulgedium tataricum — — — 2.51 — — — — — — — 1.76
Sl WS Corispermum mongolicum — — 1.70 — — 10.82 — 1.26 — — 6. 46 —
& > Dracocephalum moldavica — — — 1.20 — — — — — — — —
S dE Allium mongolicum — — — 1.01  — — — — — — — —

¥4k C. korshinskii — — — — — — — — — — 1.07 —

— LY A RE M b oK Y B This species does not occur in this plot.
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