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Abstract: [Objective] This study aims to elucidate the synergistic evolutionary patterns between plant

communities and soil environments in the Pisha sandstone area following farmland abandonment, thereby
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providing a scientific basis for vegetation restoration and reconstruction. [ Methods] A space-for-time substitution
approach was employed, with naturally restored farmlands abandoned for 5, 8, 15, 20, 28, and 40 years in the
Pisha sandstone area of Ordos selected as study sites. Through field quadrat surveys and laboratory soil analyses,
plant community characteristics [ species composition, aboveground biomass (AGB) , diversity indices]) and soil
nutrient and moisture dynamics were investigated. Canonical correspondence analysis (CCA) was applied to
clarify the relationships between plants and soils. [ Results] (1) A total of 79 plant species from 23 families and 57
genera were recorded, and they were predominantly perennial herbs and xerophytic species, primarily distributed
across Asteraceae, Poaceae, and Fabaceae. The community succession sequence of dominant species was A/llium
ledebourianum —+ Setaria viridis (5~8 years) — Agropyron cristatum (15 years) — Agropyron cristatum ~+
Artemisia lavandulifolia (20 years) — Lespedeza daurica + Astragalus melilotoides (28~40 years). The
community hierarchy evolved from a single herbaceous layer to a shrub-herb mixed layer, with gradually
increasing stability. Aboveground community biomass showed a trend of first decreasing and then increasing,
while species richness and the Shannon-Wiener diversity index exhibited a fluctuating decrease-increase-decrease
pattern. In contrast, the Simpson diversity index and Pielou evenness index showed relatively stable variations.
(2) The contents of soil organic matter (SOM) , available nitrogen (AN) , available phosphorus (AP) , and
available potassium (AK) in the topsoil (0—20 cm) were 33.23%, 52.27%, 52.17%, and 39.28% higher than
those in the subsoil (20—40 cm), respectively, indicating a prominent surface aggregation effect. The contents of
total nitrogen (STN) and total phosphorus (STP) were relatively close between the two soil layers. The variation
rates of topsoil nutrients (SOM, AN, AP) were 1.27, 1.50, and 2.69 times those of the subsoil, respectively,
suggesting that topsoil nutrients were more responsive to vegetation succession. Overall, during the 40-year
abandonment period, the contents of soil nutrients and soil water content (SWC) showed a fluctuating decrease-
increase-decrease trend with increasing abandonment age. (3) CCA analysis revealed that SOM, STN, SWC,
AK, and abandonment duration were key factors driving plant-soil synergistic evolution (»<C0.05). Environmental
constraints shifted across successional stages. Early-stage succession (5~8 years) was limited by organic matter,
mid-stage (15~20 years) by mineral nutrients, and late-stage (28~40 years) dynamics were primarily regulated
by soil moisture. It was recommended that different regulation measures be adopted for different successional
stages, namely, soil conservation in the early stage, nutrient supplementation in the middle stage, and optimization
of community composition and water adaptability in the late stage, so as to accelerate the synergistic restoration of
vegetation and soil. [Conclusion] Over the 40-year abandonment period in the Pisha sandstone area of Ordos,
plant communities transitioned from annual herbs to perennial herbs and shrubs, with the community hierarchy
tending to be complex and stable (evolving from a single herb layer to a shrub-herb mixed layer). Topsoil nutrients
are more sensitive to the succession process, and their variation characteristics are basically consistent with those of
community biomass and species diversity, reflecting significant vegetation-soil synergistic effects.
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Table 1 Basic information of surveyed sample plots
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Table 2 Family-genus-species and life form composition of plants in study area
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Fig. 1 CCA ordination of plant communities and environmental factors in farmland abandonment plots
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Table 3 Important values of plant species in sample plots with different abandonment years in Pisha sandstone area

Fris Yih 44 Llilie
A(5a) B(8a) C(15a) D(20a) E(28a) F(40a)

1 B IR 28 M0 Gk 46 (Asster altaicus) 1.41 5.91 6.18 2.28 8.92 7.98
2 S8 (Artemisia argyi) 0.43 0.19 1.70 13.20
3 H 5 ( Pennisetum flaccidum ) 0.43 0.39 4.51 6.67 2.62
4 H B (Thymus mongolicus) 3.41 0.91 6.65 0.68
5 BER R (Bothriospermum chinense) 0.19
6 REUBIL B Z: (Crepidiastrum sonchifolium) 0.65 0.58 0.70
7 VKB (Agropyron cristatum) 2.93 9.27 29.82 10.09 3.45 7.71
8 B B2 T B (Cleistogenes squarrosa) 0.84
9 KB 4 (Saussurea amara) 0.55 0.47
10 1% A AR (Melilotus officinalis) 4.45 2.08 1.92
11 AR ¥ 1 (Astragalus melilotoides) 4.58 4.35 1.97 3.43 6.30 11.93
12 B S 2 (Lipschitzia divaricata) 0.44
13 W JLZE (Cirsium arvense) 1.55
14 FI# (Teloxys aristata) 4.96 3.24 2.46 0.21 0.36
15 55 BT (Lespedeza daurica) 6.18 11.31 2.97 2.56 14.17 11.59
16 K& (Stipa grandis) 0.30 8.12 8.06
17 K1 # (Artemisia sieversiana) 0.22 0.19 7.81
18 HuAH K Cynanchum thesioides) 0.42 0.30 0.85
19 W B (Elymus kamoji) 4.83
20 A (Oxyropis bicolor) 0.21
21 B A 5 (Potentilla discolor) 0.30
22 B 24 (Saussurea japonica) 0.22 0.19
23 ¥R (Setaria viridis) 14.85 4.63 4.79 6.53 1.03
24 7525 (Phragmites australis) 1.52 5.02
25 K 2K (Carpesium abrotanoides) 0.15 0.43
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5 s A(5a) B(8a) C(15a) D(20a) E(28a) F(40a)
26 M (Artemisia ordosica) 8.13 0.81
27 i\ & % ( Eragrostis pilosa) 1.88 0.30
28 5 & (Astragalus membranaceus) 0.22 1.53 2.70
29 KB (Leontopodium leontopodioides) 0.61 0.62
30 PR ( Tribulus terrestris) 0.80
31 R F (Chenopodium acuminatum) 0.53
32 ff118 (Incarvillea sinensis) 0.22 2.78 0.15
33 T K (Equisetum ramosissimum) 6.02
34 I 3528 (Sonchus wightianus ) 0.20 0.15 3.01
35 3 (Lveris polycephala) 0.47 0.15 0.21
36 #i O (Leymus secalinus) 12.12
37 W3k (Echinops davuricus) 2.56 2.38
38 IR #% (Stellera chamaejasme) 2.21 0.53
39 L8 Geranium wilfordii) 5.59 3.88 0.59 0.98 0.63 0.53
40 I A (Rhaponticum uniflorum) 0.55
41 S 3k (Caryopteris mongholica) 9.49
42 EH 1 (Medicago sativa) 1.65 2.19
43 R 48 (Artemisia eriopoda) 0.21
44 Vet 3% (Hemisteptia lyrata) 0.21
45 AU (Taraxacum mongolicum) 0.94 0.58 0.30
46 FLI B (Ewphorbia esula) 0.19 0.44 0.43 0.36
47 K 048 (Gueldenstaedtia verna) 0.22 0.15 0.83
48 BHE B (Astragalus adsurgens) 0.22 0.19 0.15 4.95 0.73 0.30
49 b (Agriophyllum pungens) 0.44 0.43
50 W5 (Oxytropis racemosa) 0.22 1.74 0.74 0.29 0.18 1.25
51 AL FESE (Treris chinensis) 3.42 7.59 1.21 1.34 0.81
52 WA (Prunus sibirica) 0.58
53 H €48 ( Convolvulus arvensis) 2.63 1.35 0.44
54 Z W 3 (Potentilla chinensis) 0.15
55 To T B ¥ (Cleistogenes songorica) 1.09 4.52 291 0.64 2.67 2.25
56 MBI E (Artemisia stechmanniana) 2.15 0.36
57 it HE (A llium tenuissimum ) 0.22 0.19 3.79 5.70
58 Bewt 3 (Artemisia lavandulifolia) 8.48
59 B K 148 (Gueldenstaedtia stenophylia) 0.60 1.82 0.90
60 T 22 (Dracocephalum moldavica) 0.44 2.93 1.15 1.61
61 INFEBR S (Oxytropis glabra) 0.43 0.53
62 EHL(Leymus chinensis) 0.60
63 B8 N (Daucus carota) 0.15
64 W ¥ (Deyeuxia pyramidalis) 1.97
65 W94 JNE (Hibiscus trionum) 1.32 0.71
66 BV K ( Linum stelleroides) 0.21
67 — 43 (Erigeron annuus) 0.38
68 S (Patrinia heterophylla) 0.44
69 W MR (Artemisia capillaris) 1.70
70 T B[ 28 ( Ferula bungeana) 0.97 0.84
71 Tl Ji2 20 (Allium ledebourianum) 15.47 12.40 0.15
72 T Jii 2 24K (Poa sphondylodes ) 4.01 2.61 5.23 1.52
73 i (Polygala tenuifolia) 2.43 4.49 1.77 2.45 4.35 7.57
74 K15 (Stipa bungeana) 1.34 0.59 0.21 4.73 6.18
75 K84 LT (Gypsophila oldhamiana) 3.83 0.21
76 AR BT B (Cleistogenes chinensis) 5.35 1.51 0.92
77 W B3 (Salsola collina) 0.30 0.43 0.30
78 ¥ B (Artemisia scoparia) 4.74 8.81 5.32 1.41 2.33 2.29
79 L% (Aster tataricus) 0.59 0.21
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Fig.2 Changes in aboveground biomass during farmland

abandonment succession
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8~20 a % #i L T I ik B WEAH (44 Fh , 2.34),20~40 a
S8 N (44 Fh—>28 B, 2.34—>1.47) . Simpson 5 %k
I Pielou $5 2] B 18 $0 5 “ B AR — 34— T 88 0E 7 itk
g 5~15 a Pt sh T, 15~20 a BT IF ik e
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Table 4 Plant diversity indices in plots with different
abandonment years

B %jtp Shannon- Simpson Piclou
Be b FEE Wiener (D) ¥

(R) BB (H) BE(E)
A(5a) 39 2.10 0.92 0.83
B(8a) 32 1.85 0.93 0.85
C(15a) 42 1.87 0.86 0.77
D(20 a) 44 2.34 0.95 0.86
E(28 a) 31 2.16 0.93 0.84
F(40a) 28 1.47 0.93 0.85
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Fig. 3 Changes in soil nutrients during farmland abandonment succession
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Fig. 4 Changes in soil moisture during farmland

abandonment succession
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Table 5 Correlation coefficients and explanatory rates
between environmental factors and CCA1 and CCA2

it iE bR CCAl  CCA2  fBx/%  WEME(Qp)

SOM 015  —0.82 8.20 <0.01
STN 011  —0.76 7.51 <0.01
STP —058  —0.24 2.81 <0.05
AN 021  —0.34 2.30 >0.05
AP —0.30  —0.23 1.90 >0.05

AK —0.67  —0.18 1.52 <0.05
SWC 0.68  —0.22 6.31 <0.01
B (AT) 0.61 0.25 4.63 <0.05
Y1 (SD) 0.60  —0.16 4.02 <0.05
R (SL) 046  —0.18 5.12 >0.05
WK (ALT) 0.20  —0.16 2.10 >0.05
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