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Abstract: [ Objective ]Soil health is essential to achieving sustainable agricultural development. [ Method ] This study selected
the soil of a typical rice-wheat rotation area in southern Jiangsu Province as the research object. By measuring physical, chemical,
and biological indicators, principal component analysis was used to identify soil health indicators and determine their weights.
Combined with the membership function, the soil health index was calculated and subsequently classified. The microbial
community indicators were obtained via high-throughput sequencing, and the random forest model was used to screen the
indicators and construct a soil health assessment system based on microbial community indicators. [ Result ] The results showed
that biochar application significantly increased the content of soil available phosphorus (AP), but the content of available
potassium (AK) was slightly lower compared to direct straw returning. The impact of different treatments on the alpha diversity
index of the fungal community was more significant compared to that of the bacterial community. Also, the minimum dataset for
soil health evaluation in the typical rice-wheat rotation area in southern Jiangsu Province, selected based on principal component
analysis, consisted of soil organic carbon, AP, AK, and the activities of SUC and urease. The application of nitrogen fertilizer,
single straw returning, and straw carbonization returning significantly increased the soil health index, while double straw
returning reduced the soil health index in the short term. Moreover, the microbial community indicators selected by the random
forest model were the relative abundance of Spirochaetota, Actinobacteriota, Mortierellomycota, bacterial Chaol index, fungal
Shannon index, and the relative abundance of functional genes such as rbcL, nosZ, ureC, and soxA4. [ Conclusion ] The results of
this study provide a scientific foundation for the formulation of agricultural management measures in the southern Jiangsu region
and offer valuable insights into the construction of a soil health system based on microbial community indicators.

Key words: Typical rice-wheat rotation area; Soil health assessment; Minimum data set; Microbial community indicators;
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Table 1 Physical and chemical properties of soil (0-20 cm) before the experiment (n=24)

. BD/ SoC/ TN/ NO,-N/ NH,-N/ TP/ AP/
+HEEAY pH
(gem?) (gkg!) (gkg!) (mgkg!") (mgkg") (gkg!) (mgkg™)
BT K
547 1.30 11.56 1.08 25.47 5.12 0.43 3.96
B

4. BD, &&E; SOC, HHLEKk; TN, 2% ; NO,-N, fHEA;

NH,-N, #Z5%; TP, 4W; AP, AW, TR, Note: BD,

Bulk density; SOC, Soil organic carbon; TN, Total nitrogen; NO,-N, Nitrate nitrogen; NHZ-N, Ammonium nitrogen; TP, Total phosphorus;

AP, Available phosphorus. The same below. DSoil type, @Orthic stagnic hydragric soils.
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Table 2 Effect of different treatments on the physicochemical properties of soils in the rice season
b3 BD/ WC/ soc/ TN/ NO,-N/
Treatment (gem?) (gkg™) Pl (gkg") (gkg!) (mgkg™)
CK 1.35+0.05a 27.02+1.02¢ 5.39+0.10a 9.47+0.40d 1.04+0.03b 6.93+0.11b
CS 1.3240.14a 34.3342.08a 5.63+0.30a 9.76+0.54cd 1.04+0.02b 6.60+0.48b
NPK 1.3740.02a 26.00+1.73¢ 5.45+0.24a 10.42+0.24bc 1.07+0.03ab 12.11+1.34a
NS 1.2540.04a 30.66+1.15b 5.44+0.07a 10.74+0.66ab 1.2340.03a 11.85+2.27a
NHS 1.2240.10a 31.05+1.41b 5.40+0.12a 11.25+0.29ab 1.124+0.06ab 10.21+0.07ab
NBC 1.2740.02a 26.75+2.16¢ 5.43+0.09a 11.36+0.60a 1.12+0.05ab 10.25+1.06ab
Ab3R NH;-N/ TP/ AP/ AK/ MBC/
Treatment (mgkg!) (mgkg!) (mgkg!) (mgkg!) (mgkg™")
CK 3.89+0.11¢ 360.1 £30.2b 13.15+1.77bc 145.2+10.7bc 144.8+8.6¢
CS 4.09+0.72bc 400.0+47.6ab 11.62+1.19¢ 112.2+14.4¢ 162.3+13.6¢
NPK 4.83+0.41b 407.3+22.6ab 13.75+0.90bc 133.2+7.7bc 204.6+19.5b
NS 6.06+0.47a 412.9+8.6ab 13.64+1.60bc 182.7+3.8a 217.1£25.3b
NHS 4.74+0.62bc 408.7+23.2ab 15.74+1.81b 183.5+14.0a 248.7+14.8a
NBC 4.60+0.56bc 436.8+49.0a 18.54+0.52a 168.5+11.4ab 206.9+2.4b

e WC: F/KR; AK: #0H; MBC: iAW A a; CK: AiEmER+FAF AL H; CS: NiimEE+F5FFiEH; NPK.
i I EE RS FEASIE [ 5 NS i in IR +FS FFE H ;. NHS: il in ZAE+REFE TS B 5 NBC: il in&UE+FEFF kL if B . RIFIAR[F/NG

FHRERARA R A B A B EPE2 5 (P<0.05), FIE. Note: WC, Water content; AK, Available potassium; MBC, Microbial biomass

carbon; CK, no N fertilizer and no straw returning; CS, no N fertilizer but with straw returning; NPK, N fertilizer applied but no straw

returning; NS, N fertilizer applied and straw returned; NHS, N fertilizer applied and double straw returned; NBC, N fertilizer applied and

biochar returned. Different lowercase letters in the same column indicate significant differences among different treatments ( P < 0.05) . The

same below.
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Fig. 1 Effects of different treatments on soil enzyme activities
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Table 3 Membership degree of the minimum data set index and soil health index under different treatments
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Table 4 Affiliation values and weighting of microbial community indicators
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Table 5 Comparison of the results of two soil health assessment methods

FT B M LR A

Soil health assessment based on principal

HE T REALARAR A T BTN

b PR Soil health assessment based on random forests ( RF-SHI )
component analysis ( PCA-SHI )
Treatment — y e ;
et R He44 T Bt L He44
Soil health index Ranking Soil health index Ranking
CK 0.388 6 0.367 6
CS 0.452 5 0.439 5
NPK 0.533 4 0.474 4
NS 0.665 1 0.569 2
NHS 0.610 3 0.547 3
NBC 0.662 2 0.623 1

FEFR AP Chaol 8%k 5 F A Shannon $841; #H%
RS HR R rbel . nosZ, ureC 5 soxA, FeT gk
MU Y RE TS P bRtk AT - R B DE A, TP EE R S
BT F Wik B —3, W] DURC b S e+ 38
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