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Abstract: [Objective] Soil health assessment is a critical technical approach for achieving sustainable farmland
management. However, existing evaluation systems often suffer from limitations such as indicator redundancy and
high operational costs, which hinder their widespread application. This study aims to construct a cost-effective and
efficient minimum data set (MDS) for soil health evaluation in the semi-arid farmland regions of the Loess Plateau,
and to scientifically validate its reliability and applicability under local ecological conditions. [Method] A total of

100 soil samples were collected from dryland farmlands in Wuzhai County, Shanxi Province, a representative area
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of the Loess Plateau. A comprehensive set of 23 soil indicators covering physicochemical and biological properties
was analyzed. The MDS was established through an integrated statistical procedure that combined the principal
component analysis (PCA), norm value calculation, and Pearson correlation analysis to identify the most
representative and non-redundant indicators. The soil health index (SHI) was subsequently calculated using both
linear and nonlinear scoring functions based on the MDS and the total data set (TDS). The performance of the MDS
was evaluated by comparing SHI values derived from both data sets and further validated through correlation
analysis with crop yield data. [Result] The MDS was successfully established and included six key indicators: soil
bulk density, total nitrogen, urease, cellobiohydrolase, bacterial Shannon index, and fungal Shannon index. These
indicators accounted for 82.47% of the total variance explained by the TDS. Notably, biological indicators
constituted two-thirds of the MDS, underscoring the vital role of microbial processes in soil health within arid
regions. The SHI values calculated using the MDS showed a strong and significant positive correlation with those
from the TDS under both nonlinear and linear scoring functions (£<0.001), confirming the MDS’s capability to
effectively represent the full data set. Validation with crop yield data further demonstrated that the nonlinear scoring
function applied to the MDS provided a better fit (+=0.70) than the linear function (+=0.64), indicating its superior
suitability for soil health assessment in the regions. The average SHI across the studied area was 0.49, reflecting a
moderate overall soil health status. Spatially, soil health exhibited a pattern of lower values in the north and higher
values in the south, largely influenced by the high erodibility of loess soils and more pronounced aridity in the
northern part. [ Conclusion] This study developed a simplified yet robust MDS for soil health evaluation in semi-
arid farmland systems of the Loess Plateau, effectively balancing comprehensiveness and feasibility. The results
highlight the essential role of microbial diversity and functional indicators, such as enzyme activities and
bacterial/fungal diversity, in evaluating soil health under dryland conditions. The spatial variation in soil health calls
for region-specific management strategies, particularly in northern areas where soil erosion and moisture limitation
are more severe. It is recommended that future research place greater emphasis on incorporating microbial functional
parameters into soil health assessment frameworks. Moreover, integrating emerging technologies such as soil
sensing and molecular tools could further enhance the efficiency and predictive power of soil health monitoring in
arid and semi-arid agricultural landscapes.

Key words: Soil health; Minimum data set (MDS); Dryland system; Soil health index(SHI); Loess Plateau
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S AT TR T o R B B L S PR AE D R AR . AT AR R WA S, — O AR R
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AP NE AR (0%~10%) « PEEER (10%~100%)  #ER (>100%) 3 K4, &
F R 4.4.2 BEATERPERNTHLA, B i 2k Iz 95% EA5 X 1], FI F Arc GIS 10.8 H Geostatistical
Analyst 55 [P [F] 7 5L 4 3 (VR 2 ) T 3 i e 1) = 1) 43 A S

245 B
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M 1 a, BIERERMEEN 1.04~1.61 gcm?, AT HEEFKE (1345%) .
TR KER P EMEN 107 gkg!s AR RECH 17.29%. HHEEPUR . SR A RO S
PRI A R (38.66%~57.78%) » HA M A8 ki K, R AFIX LLFR I LR
XA 3% pH & 7 REUR D (1.48%) , AR 5551

XA R bS, LI A BRI A AR B A A =P AME S 108.7 Al
7.83 mg-kg!, AF5RBON 39.06%F1 31.02%, PIAbTF AR AT, HIERRG IR bR, B
IREGAL, HARHTEEEE PR BERRES . 414 WK ERE . A, Zms i 1
RO SR T, TS 2 REER R AR, A A B 1) OTU Al Chaol F804bT-rhEAE
F/KF, 1M Simpson F840H1 Shannon 5EN LI H BRI AL RE (<3%) , RIIHEVE S5 IIAH
XRRE o
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Table 1 Statistical characteristics of soil health evaluation indicators

ek RAME BRKIE CPIME b2 5 R A EE  UERE
Indicator Minimum Maximum Mean Standard deviation CV/% Skewness Kurtosis
%% 5 Bulk density/(g €m) 1.04 1.61 1.35 0.18 13.45 -0.12  -1.40
135 7K Soil water content/(g kgY) 6491  137.7  107.9 17.85 16.54 043 028
A HLI5 Organic matter/(g g™ 1.24 1437  7.83 3.03 38.66 034  -0.03
pH 8.13 864 836 0.12 1.48 022 -0.34
4:% Total nitrogen/(g kg2 0.38 153 084 0.32 37.92 059  -0.68
%W Available phosphorus/(mg kg™!)  2.53 29.68 12.23 7.07 57.78 0.94 0.01
AT Available potassium/(mg kg™l)  66.65 3748  136.8 76.31 55.77 1.82 2.70
ALY R
4161 2318 108.7 42.46 39.06 1.05 119
Microbial biomass carbon/(mg kg™)
MAEEDER
3.10 1653  7.83 3.21 41.02 087 055
Microbial biomass nitrogen/(mg kg ™)
+- 3R S-UE/(U gY) 3.66 401 377 0.08 2.08 090 111
+ EnR I R A S-AKP/ALP/(U g 1279 9829 4603 2006 4357 049  0.10
TR IR AL S-LAP/(U g) 1.07 401 248 0.72 28.87 037 -0.14
AT KRR S-CL/(U gt 2.61 17.32  8.09 3.33 41.18 051  0.46
+ 3 ALYl S-POD/(U gY) 3346  298.6 154.3 57.07 37.00 0.56 0.46

T2 WAL S-PPO/(U g 98.59 4331 220.1 85.00 38.61 054  -0.34



ZH1H OTU 1497 3636 3021 501.2 16.59 -1.34 1.92

4ii1E Chaol 5%k 1497 3638 3023 501.4 16.59 135 1.93
4B Simpson 8% 0.997  0.999 0.998 0.00 0.05 2.09 560
4B Shannon 84 9.25 10.70  10.39 0.25 2.40 -3.02 1384

HH OTU 395 819 528 84.72 16.06 139 327

B Chaol 5%t 3956  819.2 5280 84.71 16.04 139 327
HL I Simpson 5% 0.98 099  0.99 0.00 0.21 036  -0.34
HL ¥ Shannon 5% 7.37 828  7.70 0.20 2.61 093 129
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KMO FI ARG IR 45 K, KMO0=0.675>0.5, H &M P<0.001, KAFTHIEE
() e FE 48 A 2 (B FEAEA BT, T A7 7R3 3 I 3L (R8s 4544, v] DAEAT 2 oy 4T,
REf8 A B0 N R IO DB AN R G R sy . ER i R B R (82D , fE i
REVE FEAR T, RRIEE R T 1 RS IR 6 4, BN B TTHRA R 82.47%, i 2 HEHL
FRER, IR B 4B I B 3 o v AR R A TR bR O M5 2, T IR BRVEAN Y
SRR REN . 1 PC-1 1, W REMEKRT 0.5 MIE A 2% WAEMEMEE. WED
AWK 4H1A Chaol FREL. 4118 OTU. TIBBMEBERREG. AHLE . LR R A LA .
A BHEAAHE Simpson FREL, KK 73 A28 —4 . P Chaol F5 %1 FL B OTU M E I Simpson
FREAE PC-1 A1 PC-2 HHIE B I KT 0.5, I HAE PC-1 A5 HAMFE AR AH D 355841 C
D, BRI AE—H, £ PC2 H, T BATE KT 0.5 e bR FH Shannon 5 ZUF1
TGS H ARG, KR A T HE PC4 TR ERT 0.5, HAE PC2 R H
fFR AR A S AR, bl N5 — 4. 78 PC-3 ", 4HE# Shannon 5%, T3 /KE
3% 2 W A AR AT B KT 0.5 R 8 =20 . HIRAFE — KR . IR EA L
BEMRBE AT 2B KT 0.5 20l Ry R EEVUA . BT NH: 158 pH R E o AT #L
/N T 0.5, R NERH.

FET BN SR AR IR E N, DR SR TUR, ERAET Nom (S HIHERTEH
TEALT A B Nomm fH 10%7GHI A BIFabnE N B/ N B . & TfE A 2% LIEA
o HEKARRE . LIENREE. 407% Shannon 85U Shannon F8EE N H/ N &
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Table 2 The principal component factor load and comhensive loading (Norm) of evaluation indicator

Bzt Bail T R4 8 Principal component factor load
Indicators Grouping PC-1 PC-2 PC-3 PC-4 PC-5 PC-6 Nom
4% Total nitrogen 1 0.846 0.044 0.236 -0.088 -0.326 -0.029 2.56
TAE A A= 45 % Microbial biomass nitrogen 1 0.808 -0.134 0316 -0.315 0.242 -0.006 2.50
AR WA Y&k Microbial biomass carbon 1 0.806 -0.192 0267 -0.299 0272 0.010 2.50
M Chaol F5%X 1 0.751 0.178 -0.484 0.052 0.108 0.231 2.37
4l OTU 1 0.751 0.178 -0.484 0.052 0.109 0.230 2.37
IR LR R S-AKP/ALP 1 0.744 -0.355 0.107 0.167 -0.272  0.059 2.34
#HL5 Organic matter 1 0.709 -0.175 0.228 -0.412 0.060 -0.323 2.25
TR R E S IKES S-LAP 1 0599 -0.135 0.084 0.050 -0.378 0.340 1.88
H %% Available phosphorus 1 0574 -0500 -0.019 0.425 0.229 -0.026 2.06
M Simpson $5%L 1 0,571 -0.201 -0.430 -0.253 0.164 -0.437 194
H 18 Chaol #5%1 1 0.615 0.727 0.035 0.149 -0.092 0.023 231

H# OTU 1 0.615 0.727 0.034 0.149 -0.093 0.023 231



FLH Simpson 5% 1 0593 0656 0026 0168 0253 -0.021  2.20

P Shannon $84 2 0599 0.747 -0.001 0.123 0.025 -0.107 2.30
T3 S EE S-POD 2 0.403 -0.593 0.172 0438 0.136 -0.090 1.79
T Available potassium 2 0.388 -0.523 -0.247 0528 0.162 -0.099 1.74

4B Shannon 454K 3 0.700 -0.004 -0.584 -0.215 0.185 -0.082 227
T3 7K 2 Soil water content 3 0539 -0.051 0578 -0.097 0.012 -0.257 1.83
T IEZ Wy ALEF S-PPO 3 -0.006 0.477 0565 0.134 0.211 0.056 1.28
IR KRB S-CL 4 0.635 -0.258 0.216 0545 -0.231 0.005 212
25 5 Bulk density 5 -0.355 -0.070 0.249 0.085 0.687 0.332 1.43
pH 6 -0.417 0.385 0.050 0393 0.290 -0.247 1.60
T HENREE S-UE 6 0486 -0.261 0.128 -0.323 0.140 0.519 1.69
FF{EH Eigenvalues 8719 3775 2167 1.840 1395 1.070
77 Z TTHkZ Variance contribution rate/% 3791 1641 9422 8002 6.067 4.652
ZATTHRZE Cumulative contribution rate/% 3791 5432 6374 7175 7781 8247

S-PPO 1.00 - 0.8

F_Shannon

F_Chaol .94 1.00 0.6
F_OTU 1.00 1.
F_Simpson 0.91 0.83 0.83 1.00
B_Chaol 0.52| 0.53 0.53| 0.54| 1.00
B_OTU 0.52| 0.53  0.53| 0.54| 1.00 1.00
TN -0.45 0.50| 0.57 0.57 0.51 0.51 1.00 g
B_Shannon 0.81 0.81 0.4f
SWC
MBN
S-LAP 0.60

MBC 0.45| 0.45 0.64| 0.49| 0.58| 0.98| 0.45 1. *

SOM -0.47 0.67 0.48 0.52| 0.80

B_Simpson 42| 0.4 0.81 4 0.47| 0.56 1.00

S-Cl1 0.62 ’ 0.58 1.00 .

S-AKP -0.49 0.44, 0.44] 0.71 ).44| 0.55| 0.54| 0.54| 0.51 0.69 1.00 *

S-UE 0.58 0.41) 0.61 1.00

AP 0.45 0.63 0.66 1.00
AK 0.55 0.70 1.00

S-POD 0.59| 0.56 0.66 0.64 1.00

_ T T T T _

-1 —0.8 —0.6 — '.4 0.2 0 0.2 0.4 0.6 0.8 1

VE: WML A HERRIERAGRFARIERR; *RR P<0.05, **#R P<0.01, ***%% P<0.001. Note: Blue and red indicate
positive and negative correlations, respectively; * indicates P<0.05, ** indicates P<0.01, *** indicates P<0.001.
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Fig. 1 Pearson correlation of soil health indicators
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WIS ¥ B o M RAS e AR A R N AR AR T B ARSI A T ZHACE, R 3 ]
W, fER/NBIESETARE, 2% TIERE . TR 4 WK AAEE. 405 M E T Shannon 1§
BOUEAE 535 0.159. 0.224. 0.226+ 0.125. 0.115 A1 0.150, Hrh IR REEAUE fie Kk,
Shannon X E RN, R L IEIREE IR AR RO BUR, Hizm b ik, A (5 1t
AT R AR A B T U AR S i AR AR B PRV 3 R K S ) L S R AR R4S
SR, ARG VR4 BT A O A T R R FR 2 (SHI-NLrps) A2 G FEI N 0.31~0.66,
BIE R 048, LRARECN 17.32%; m/hEdESE B @R % (SHI-NLwps) LG HTA
0.38~0.62, ¥JE N 0.49, A5 RZECN 15.58%, T HEAR . LM R0t Hm a5
P4 3 fd FE 455 (SHI-Lrps) HIZRLTE N 0.22~0.68, FI{E N 0.45, 2857 RZECN 24.55%:;
B/ NS IR R FE S (SHI-Lvps) [ZARABTERTA 0.11~0.72, H{EN 0.44, 5 RECN
33.71%, g T A R, BEARR I T8 AR H IR AL T &K

K3 ERAEFHERNE

Table 3 Common factor variance and weight of indices

AAF75 % Common factor variance HLE Weight
847 Indicator Eeeieid /SR AHRAE /N AR
(TDS) (MDS) (TDS) (MDS)

42 & Bulk density 0.782 0.576 0.041 0.159
43385 7K % Soil water content 0.702 0.037
H ML Organic matter 0.864 0.046
pH 0.625 0.033

4% Total nitrogen 0.889 0.812 0.047 0.224
%1 Available phosphorus 0.814 0.043
B Available potassium 0.800 0.042
A R Microbial biomass carbon 0.922 0.049
AP % Microbial biomass nitrogen 0.928 0.049

d- 3R S-UE 0.713 0.821 0.038 0.226
T BERRTG S-AKP/ALP 0.797 0.042
TR A KNG S-LAP 0.645 0.034

bR A KRG S-C1 0.867 0.454 0.046 0.125
3 A Al S-POD 0.762 0.040
T L W E LG S-PPO 0.613 0.032
4iH OTU 0.897 0.047
4l F Chaol %L 0.897 0.047
2T Simpson TE%% 0.833 0.044

4B Shannon 5% 0.918 0.418 0.048 0.115
HK OTU 0.940 0.050
H74 Chaol 5% 0.940 0.050
H 1% Simpson 53 0.875 0.046

14 Shannon 53 0.944 0.544 0.050 0.150
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Fig. 2 Linear regression analysis of soil health index
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Fig. 3 Soil health assessment map of Wuzhai County
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