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Assessment of Soil Resilience in China

WU Kening'2, CHEN Xingyu'?*, CHEN Angqi', FENG Zhe!*
(1. School of Land Science and Technology, China University of Geosciences (Beijing), Beijing 100083, China,2. Key Laboratory of Land
Remediation, Ministry of Natural Resources, Beijing 100035, China; 3. The Comprehensive Support Center of the Office of the CPC Ordos
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Abstract: [Objective] Soil resilience refers to the ability of soil to restore its original properties and functions
after being disturbed by anthropogenic or climate change. It is an important ecological indicator for achieving the
sustainable utilization of soil resources. This paper aims to construct a soil resilience evaluation system suitable for
large-scale applications and assess the spatial distribution characteristics of soil resilience in China. [Method]
Based on existing research results, this study refines the logic of index construction, determines four dimensions:
soil properties, climatic factors, topographic influences, and biological characteristics, and sets a total of nine specific
indicators. The Analytic Hierarchy Process (AHP) is used to determine the weights of the indicators, and weighted
superposition analysis is conducted to form a national spatial distribution map of soil resilience. [Result] The
results show that soil resilience in China presents a spatial pattern that gradually increases from West to East and
from North to South. Nationwide, soils with high and relatively high resilience account for 25% and 39%,
respectively, mainly concentrated in South and Southwest China. The areas with relatively low resilience include
the Gansu and Xinjiang regions and the Loess Plateau Area. [ Conclusion] The research provides technical support
and decision-making basis for establishing the evaluation of specific soil functions at the macroscopic scale in China
at the theoretical and methodological level.
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Table 1 Data source

i Data KR Source
T 3EFLL 4R Soil physical and chemical data [ 5Bk R GoRL 30 0 (https://soil.geodata.cn/ztsj.htmDD
L EY 2 B Soil biodiversity WM - 38 $d ot (https:/lesdac jre.ec.europa.eu)
BB Slope HWIRABLTE (https://www.resdc.cn/)
A% Climate (PESMEX K], 1981—2010) 29
+ #2471 Soil type BRI S Chttps://www.resde.cn/)
=& Grain output E %4t (https:/iwww.stats.gov.cn/sj/indsj/)
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Table 2 Soil Resilience Assessment Indicator System

H #5 JZ Target #ENJZ Criterion layer & #% 2 Indicator 4 £/ B R 1 ®oR &
layer layer Classification ~ Score Description Weight
TR T) LA TR EE Sl 14 4 =100 0.20
Soil resilience Soil conditions layer 2% 3 60~100 0.20
thickness/cm 3% 2 30~60 0.20
4 4% 1 <30 0.20
LA LA 12 4 =220 0.25
Soil organic 2% 2.5 10~20 0.25
carbon (g-kg-1) 3% 1 <10 0.25
pH 1 4% 4 6.0~7.5 0.15
2% 25 5.0~6.0,7.5~8.5 0.15
3% 1 =8.5,<5.0 0.15
oMb Soil 14K 4 an 0.25
texture 2% 3.25 B 0.25
3% 2.5 —f 0.25
44 1.75 Lyl 0.25
5% 1 il 0.25
e rx#E 14 4 =30 0.15
CEC(cmol-kg™") 2% 3 20~30 0.15
3% 2 10~20 0.15

44 1 <10 0.25



R THAEMERE Soil 14 4 FE 0.10

Biological characteristics biodiversity 2% 2.5 — k& 0.10
3% 1 AEE 0.10
Mot %A iRz 14 4 <2 0.15
Terrain conditions Slope/ (°) 24 3.25 2~6 0.15
3% 25 6~15 0.15
4 % 1.75 15~25 0.15
5% 1 >25 0.15
AT AURX K FRIBANTA] X R IR B K4 0.15
Climatic conditions Climate zoning
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Fig. 1 Performance distribution of climate (a), pH (b), soil cation exchange capacity (c), soil thickness (d),
soil texture (e), soil organic matter (f), soil biodiversity (g), slope (h) indicators
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Fig. 2 Spatial distribution of soil resilience in China
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Table 3 Distribution of soil resilience grades in various provinces (municipalities and autonomous regions) of

China (excluding Hong Kong and Macao Regions)
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Jeat 15 83 2 0 e 25 26 17 31
Fizyed 13 74 13 0 THE 0 26 62 11
H 9 28 38 25 i 19 40 24 16
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ST 81 19 0 0 thvg 9 65 26 0
Bl 81 17 2 0 ] 12 49 36 2
bisaa] 33 64 3 0 ¥ 37 63 0 0
AL 15 71 14 0 | 34 61 5 0
bol] 5 82 13 0 B 21 78 2 0

BT 77 22 1 0 R 7 92 1 0
WAL 35 63 2 0 [ 9 47 41 3
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Table 4 The distribution of soil resilience grades in cultivated land areas of China



Bt [/ W] B — KT BARKE S

Cultivated land area High resilience /% Relatively high resilience/%  Moderate resilience/% Relatively low
resilience/%

X 74 25 1 0
HbX” 59 36 5 0
HHix® 1 11 35 53
X 6 77 17 0
A ERX 4 50 44 2

E VST 27 42 19 1
X 17 46 30 7
PhEg X" 54 43 3 0
KA T X 27 65 8 0

(DSouth China Region, @Northeast China Region, (@Gansu—Xinjiang Region, @Huang-Huai-Hai Plain Region, ®Loess Plateau
Region, ©)Inner Mongolia and Great Wall Region, (DQinghai—Xizang Plateau Region, @ Southwest China Region, @Middle and Lower

Reaches of the Yangtze River Region
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Table 5 Soil resilience index sequence for different soil types in soil classification in China

4 2% WE 158 4 +2% WE e
Rank Soil Types Resilience index Rank Soil types Resilience index

1 ot 4.76 30 gt 3.84

2 TR 4.49 31 A 3.81

3 Vet 4.36 32 LY/ S 3.79

4 E 431 33 ESiEN 3.79

5 TG 4T 431 34 B 3.72

6 iR ese 4.30 35 ES/ 3.70

7 AEL 429 36 Byt 3.68

8 RGN N 429 37 w4t 3.64

9 FR VIR R 25 1 427 38 Rt 3.54

10 Kl K+ 425 39 figt 3.54




11 e 4.24 40 A5 1 3.53
12 KFEL 4.24 41 L 3.50
13 e £ 423 42 FE+ 3.49
14 % 422 43 FEJR L+ 3.37
15 %t 4.20 44 s 3.34
16 AR 4.19 45 KA L 3.32
17 et 4.19 46 e+ 3.21
18 BRI 4.18 47 VaY i 3.19
19 it 4.14 48 PR 1 3.08
20 HB L 4.14 49 i+ 3.08
21 R N 4.13 50 At 2.94
22 HH+ 4.12 51 PRpEL A L 2.86
23 Frige 4.10 52 PRt 273
24 i+ 4.10 53 kgt 2.72
25 VGRS 4.08 54 IKAFE L 2.69
26 -+ 3.90 55 YR 263
27 It 3.90 56 Bt 2.57
28 Wt 3.88 57 bt 2.55
29 PR 3.86
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MR, HALAEIZ SN . ST, BT EkE bR G 25%, J8 T4
BRI IARAER S TG 39%, & T — MWK IR HERT S TG 21%, B TEURIKE IR HER & b
15%. {EFHEJURHH X o, TS s e tem X, Sk E S8R E 1 T
N 99%, PURGXIRZ, 7 97%;: LIEWKE JimEZrR X, —BkE I 58AKE J) 15
i EEA 88%, FHIIX IR, A 37%.

SE#k (References)
[1] Lal R. Restoring soil quality to mitigate soil degradation[J]. Sustainability, 2015, 7(5): 5875-5895.

[2] Smith P, House J I, Bustamante M, et al. Global change pressures on soils from land use and management[J].
Global Change Biology, 2016, 22(3): 1008-1028.

[3] Veresoglou S D, Halley J M, Rillig M C. Extinction risk of soil biota[J]. Nature Communications, 2015, 6: 8862.
[4] Foley J A, Ramankutty N, Brauman K A, et al. Solutions for a cultivated planet[J]. Nature, 2011, 478(7369):
337-342.

[5] Leon J D, Osorio N W. Role of litter turnover in soil quality in tropical degraded lands of Colombia[J]. The
Scientific World Journal, 2014(1): 693981.

[6] Lamb D, Erskine P D, Parrotta J A. Restoration of degraded tropical forest landscapes[J]. Science, 2005,
310(5754): 1628-1632.

[7] Oerke E C. Crop losses to pests[J]. The Journal of Agricultural Science, 2006, 144(1): 31-43.

[8] Tilman D, Fargione J, Wolff B, et al. Forecasting agriculturally driven global environmental change[J]. Science,
2001, 292(5515): 281-284.

[9] Holling C S. Resilience and stability of ecological systems[J]. Annual Review of Ecology and Systematics, 1973,
4 (1973): 1-23.

[10] Pimm S L. The complexity and stability of ecosystems[J]. Nature, 1984, 307(5949): 321-326.

[11] Yu W J. Resilience of vegetation and soil on abandoned slope in the hill-gully Loess Plateau[D]. Yangling,
Shaanxi: Northwest A & F University, 2018. [T 3. #% 1 8 XGE BN g 5 3% & 3 [D]. B
Pakpg: PEACARMBHECR, 2018.]

[12] Fait G, Broos K, Zrna S, et al. Tolerance of nitrifying bacteria to copper and nickel[J]. Environmental
Toxicology and Chemistry, 2006, 25(8): 2000-2005.

[13] Zhao R. Theoretical and empirical study on county cultivated land health evaluation[D]. Beijing: China
University of Geosciences, 2019. [XHi. E38#h i BTN 2 5SHERF 7 [D]. dbat: P E MK H#ALR),
2019.]

[14] Xiao X Y. Study on ecosystem resilience of cultivated land in urban suburbs: A case study of Qingpu District,
Shanghai[D]. Beijing: China University of Geosciences, 2019. [ 75 9%, # i %8 X HFHbAES KRG E S F7——
Db Al X OAFI[D]. dbst: T EHFR (AR RD), 2019.]

[15] Yang X F, Cai H S, Zhang X L, et al. Study on comprehensive evaluation and zoning of selenium-enriched
arable land quality: A case study of Yuanzhou district, Yichun[J]. Acta Agriculturae Universitatis Jiangxiensis:
Natural Sciences Edition, 2023, 45(2): 482-493. [#MeM, g4, sk2E¥y, 25 EMiHHL R ot &3 &R
A3 X —— LU R R T 3N X O BI[T]. YTRML K222 CHARBIERD | 2023, 45(2): 482-493.]

[16] Li Z Q, Zhao X Y, Zhang L K, et al. Cultivated land quality grading method based on LESA comprehensive
evaluation model[J]. Research of Soil and Water Conservation, 2020, 27(4): 363-367, 375. [Z= H.0&, BT, 5kF]



bh, &% T LESA SRE VRO B Bkt BB E T IR[I]. K EARFFRIESE, 2020, 27(4): 363-367, 375.]

[17] Huang S T, Fan S P. Analysis on the relationship between dynamic changes of cultivated land resources and
grain production in China[J]. Shanxi Agricultural Economy, 2021(13): 146-148. [ &F45, Jup-F. 3R EHHHh IR
B EREEF K RTINI. ILPEREZ, 2021(13): 146-148.]

[[18] Manyena S B. The concept of resilience revisited[J]. Disasters, 2006, 30(4): 433-450.

[19] Brand F S, Jax K. Focusing the meaning(s) of resilience: Resilience as a descriptive concept and a boundary
object[J]. Ecology and Society, 2007, 12: art23.

[20] Klein R J T, Nicholls R J, Thomalla F. Resilience to natural hazards: How useful is this concept [J]. Global
Environmental Change Part B: Environmental Hazards, 2003, 5(1/2): 35-45.

[21] France K E, Duffy J E. Diversity and dispersal interactively affect predictability of ecosystem function[J].
Nature, 2006, 441(7097): 1139-1143.

[22] Seybold C A, Herrick J E, Brejda J J. Soil resilience: A fundamental component of soil quality[J]. Soil Science,
1999, 164(4): 224-234.

[23] Yang Q J, Wu K N, Feng Z, et al. Soil quality assessment on large spatial scales: Advancement and revelation[J].
Acta Pedologica Sinica, 2020, 57(3): 565-578. [#iL8, w7, W&k, &5 KRB L5 1P it fi it g
5)goR[)]. 3, 2020, 57(3): 565-578.]

[24] Li L, Xie X Q, Qin F L. Evaluating the soil suitability index of key chemical element and predicting its spatial
distribution map in Yuxi City, China[J]. Journal of Yunnan University: Natural Sciences Edition, 2024, 46(5): 972-
979.[Z=, WHETTY, KA. ERTTHEM B A n RE TP I A)]. =Rk (3
IRBLEERRD |, 2024, 46(5): 972-979.]

[25] Li Z H, Liu X H, Xia X Q, et al. Spatiotemporal dynamics and multiscale drivers of agricultural soil erosion in
the North China Plain from 1990 to 2020[J]. Geoscience, 2025, 39(2): 467-477. [ZE&E4H, X8, H2E5%, 4%
1990—2020 4FAEAb B i [X - 398 {5 1 i 2 I 2 364 K BK sl 3 70 e 0], BUARHLR, 2025, 39(2): 467-477.]
[26] Zheng J Y, Bian J J, Ge Q S, et al. The climate regionalization in China for 1981-2010[J]. Chinese Science
Bulletin, 2013, 58(30): 3088-3099. [Mi5t =, T, &4ahE, 55 1981—2010 4 E R XKI[J]. BR#iER,
2013, 58(30): 3088-3099.]

[271YiC, Li D C, Zhang G L, et al. Criteria for partition of soil thickness and case studies[J]. Acta Pedologica Sinica,
2015,52(1): 220-227. [ 5 /=, ZEMERK, HHEHE, % THEENRS S ZEFRI]. TR, 2015, 52(1):
220-227.]

[28] Ares J, Bertiller M, del Valle H. Functional and structural landscape indicators of intensification, resilience and
resistance in agroecosystems in southern Argentina based on remotely sensed data[J]. Landscape Ecology, 2001,
16(3): 221-234.

[29] Maul R S, Holland M M, Mikell A T, et al. Resilience of forested wetlands located in the southeastern United
States: Demonstration of a soil perturbation index[J]. Wetlands, 1999, 19(1): 288-295.

[30] Ren Y, Yin Q Y, Yin J L, et al. Comparison of predictive methods for spatial distribution of SOM in cultivated
land in the south subtropical karst region[J]. Soils, 2025, 57(3): 673-682. [{Lifi, F#H, F &%, . ML
SR DO AT L5 23 1) 0 A T £ UV LA D], 3%, 2025, 57(3): 673-682.]

[31] Zhao Y F, Li Y X, Ma P P, et al. Three dimensional changes of soil organic carbon content and its key factors
in cultivated soils of Henan Province during the recent 30 years[J]. Acta Pedologica Sinica, 2023, 60(5): 1409-1420.
[REE, 2R, S, . 0T 30 FEi AP EEa RN =480 5 SRR BT R (1], iR,
2023, 60(5): 1409-1420.]

[32] van Apeldoorn D F, Sonneveld M P W, Kok K. Landscape asymmetry of soil organic matter as a source of agro-
ecosystem resilience[J]. Agriculture, Ecosystems & Environment, 2011, 140(3/4): 401-410.

[33] Tobor-Kapton M A, Bloem J, Romkens P F A M, et al. Functional stability of microbial communities in



contaminated soils near a zinc smelter (budel, the Netherlands)[J]. Ecotoxicology, 2006, 15(2): 187-197.

[34] Wei H, Yang J Y, Liu Z Q, et al. Data integration analysis indicates that soil texture and pH greatly influence
the acid buffering capacity of global surface soils[J]. Sustainability, 2022, 14(5): 3017.

[35] Hamidi N H, Ahmed O H, Omar L, et al. Acid soils nitrogen leaching and buffering capacity mitigation using
charcoal and sago bark ash[J]. Sustainability, 2021, 13(21): 11808.

[36] Xu D H, Carswell A, Zhu Q C, et al. Modelling long-term impacts of fertilization and liming on soil acidification
at Rothamsted experimental station[J]. Science of the Total Environment, 2020, 713: 136249.

[37] Corstanje R, Deeks L R, Whitmore A P, et al. Probing the basis of soil resilience[J]. Soil Use and Management,
2015, 31(S1): 72-81.

[38] Zhang Y J, Yu L, Cao Y P, et al. Spatial distribution of soil cation exchange capacity and its influencing factors
in small watersheds of typical industrial and mining area[J]. Research of Soil and Water Conservation, 2025, 32(4):
100-109. [5KMEAS, A7), BHEME, & S TR XO/NRIER 38 RH B8 7 20 4 8 47 W) A S e R R 0], Kt
FRFFIF AL, 2025, 32(4): 100-109.]

[39] LiuL, Xie DT, Li Z Y, et al. Cations exchange and its effect on acid buffering capacity of acid purple soil[J].
Acta Pedologica Sinica, 2020, 57(4): 887-897. [XIF], ik, 220, & BRMEEE L IIPH S 78 RRE &I
MR B R[], L3RR, 2020, 57(4): 887-897.]

[40] Yachi S, Loreau M. Biodiversity and ecosystem productivity in a fluctuating environment: The insurance
hypothesis[J]. PNAS, 1999, 96(4): 1463-1468.

[41] Griffiths B S, Philippot L. Insights into the resistance and resilience of the soil microbial community[J]. FEMS
Microbiology Reviews, 2013, 37(2): 112-129.

[42] Li J L. Thoughts on the relationship between microbial diversity and stability in soil ecosystem[J]. Technology
Wind, 2017(12): 237. [R5, LIBABRREMAEMZ FEE-FRE R R IEFE]. BHEX, 2017(12): 237.]
[431LiY Z, Zhang J Z, Jia J Y, et al. Research progresses on farmland soil ecosystem multifunctionality[J]. Acta
Pedologica Sinica, 2022, 59(5): 1177-1189. [Z=28%%, 5KV A, Bid &, & RHETIREESRE L IR 7Lt
JE[T]. 3R, 2022, 59(5): 1177-1189.]

[44] LuJ W, Li Z B. Advance in soil aggregate study[J]. Research of Soil and Water Conservation, 2002, 9(1): 81-
85. [ 4&xfh, Zdim. LIERIRAB R AKLORBFI 9T, 2002, 9(1): 81-85.]

[45] Girvan M S, Campbell C D, Killham K, et al. Bacterial diversity promotes community stability and functional
resilience after perturbation[J]. Environmental Microbiology, 2005, 7(3): 301-313.

[46] Griffiths B S, Ritz K, Bardgett R D, et al. Ecosystem response of pasture soil communities to fumigation-
induced microbial diversity reductions: An examination of the biodiversity—ecosystem function relationship[J].
Oikos, 2000, 90(2): 279-294.

[47] Feng X J, Simpson M J. Temperature and substrate controls on microbial phospholipid fatty acid composition
during incubation of grassland soils contrasting in organic matter quality[J]. Soil Biology & Biochemistry, 2009,
41(4): 804-812.

[48] Ayala-Orozco B, Gavito M E, Mora F, et al. Resilience of soil properties to land-use change in a tropical dry
forest ecosystem[J]. Land Degradation & Development, 2018, 29(2): 315-325.

[49] Zhao R, Wu K N. Soil health evaluation of farmland based on functional soil management—A case study of
Yixing City, Jiangsu Province, China[J]. Agriculture, 2021, 11(7): 583.

[50] Yin B N, Zhu Q, Liao K H. Temporal stability of surface soil moisture and its influencing factors in Yangtze
River Delta Region[J]. Soils, 2024, 56(6): 1358-1370. [BX V14E, &7, BEYIE. K =M XIHEZE 35K 50 H
Fasg M B H s R F[J]. T3, 2024, 56(6): 1358-1370.]

[S1TLiQL, Li X M, Qiu J J, et al. Downscaling of multi-source soil moisture data based on Convolutional Neural

Network[J/OL]. Water Resources Protection, 2025: 1-9. (2025-05-19). https://kns.cnki.net/KCMS/detail/detail.aspx



filename=SZYB20250518006&dbname=CIFD&dbcode=CIFQ. [# 755, 2, JLIfME, & KT HHME
W& 2 PR R BB O KW M N [JJOL]L. K ¥R MR P, 2025 1-9. (2025-05-19).
https://kns.cnki.net/KCMS/detail/detail.aspx filename=SZYB20250518006&dbname=CJFD&dbcode=CJFQ.]

[52] de Andrade Bonetti J, Anghinoni I, de Moraes M T, et al. Resilience of soils with different texture, mineralogy

and organic matter under long-term conservation systems[J]. Soil and Tillage Research, 2017, 174: 104-112.

(FfE4w%E: BiHAD



