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Agricultural Sciences, Hangzhou 310021)

Abstract: [ Objective ] This study aimed to comprehensively evaluate the ameliorative effects of amendments application on
acid-red soil. [ Method ] A field trial was conducted in an acid-red soil region of Zhuji City, Zhejiang Province. Three acid soil
amendments were tested: a vermicompost-oyster shell powder-biochar composite amendment(C), a high-alkalinity biochar
amendment(B), and a silicon-calcium-potassium-magnesium amendment(S), with an untreated control(CK). Through the
measurement of twenty specific indicators selected from four major categories (soil acidity, nutrient supply, microbial community
characteristics, and plant productivity) that reflect fundamental ecological processes, we analyzed the effects of different
treatments on ecosystem multifunctionality (EMF). [ Result] The results showed that compared with CK, three amendments
significantly reduced soil acidity, with B treatment demonstrating the most pronounced acid-reducing effect (61.81% decrease in
exchangeable A" and 62.23% decrease in exchangeable acidity). C treatment elevated total nutrients and available phosphorus
content by 14.99%-22.43% relative to CK. Compared with CK, all amendments significantly increased bacterial diversity and
evenness, while C and S treatments further enhanced bacterial community stability. Regarding plant productivity, B and C
treatments increased yields by 26.87% and 25.47%, respectively, compared with CK, while treatment S enhanced aboveground
biomass by 27.30% relative to CK. Evaluation of ecosystem multifunctionality revealed that C, B, and S treatments improved
EMF by 112.38%, 95.98%, and 129.71%, respectively, compared with CK. [ Conclusion ] These findings demonstrate that while
amendments significantly enhanced EMF in acid soil, their effects on specific ecological indicators vary. Therefore, during

practical implementation, suitable soil amendments should be selected and applied based on the characteristics and types of the

acid soil.

Key words: Acid-red soil; Amendments; Microbial community; Plant productivity; Ecosystem multifunctionality
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Table 1 Basic physicochemical properties of soil

Ak H Ltk AP

R &3] & RETN & EIRE AN/ A% AP/ ERE AK/
Exchange-able H/  Exchange-able

Soil type TC/A gkg') (gkg') TP/(gkg') (mgkg') (mgkg') (mgkg')

(cmolkg') AP/ (cmolkg')

FAR:
5.31 7.81 0.77 0.78 68.25 7.44 69.20 1.70 1.47

Red soil

W ARGEE KRR ICRE SO E , HARTENRS 1.3 B FCRE 5 005E N J7ik4H 1] . Note: Total carbon was measured by a

carbon-nitrogen element analyzer, and other indicators were measured in the same way as in 1.3 Sample Collection and Measurement.

Fz2 AR E BT R

Table 2 Basic physicochemical properties of the amendments

TR B Alkalinity/ ‘
pH 1 Ah TC/% 2% TN/(gkg') 48 TP/ (gkg') 48 TK/(gkg!)
Amendment (cmolkg")
C 8.32 107.20 19.73 17.69 19.73 9.52
B 12.66 781.49 49.51 10.21 4.92 11.02
S 11.01 35943 0.43 3.61 5.87 24.28

T C: WEW|ZE-HW5E - AR AN B SUE AW RN S REASETEEAIN . pH M SIS RS (PR S
JKEER 12 10) W0RE 5 Bl B 306 2ok R 70 S VR0 A 5 e M e S0 e Bk R G R A (0N 5 5 4 Wil o T TR - 1R T - LT 4 L (R VR 5
S B3 B R AN R T A, KRR E , TRARIIE S IR ( GB/T 18877-2020) FI { +HER M AL 2= #7 7% ) U¥. Note: C:
vermicompost-oyster shell powder-biochar composite amendment ; B : high-alkalinity biochar amendment; S : silicon-calcium-
potassium-magnesium amendment. The pH was measured by the glass electrode method ( amendment-to-water ratio of 1: 10 ) ; alkalinity was
determined via acid-base titration; total carbon and nitrogen were analyzed with a carbon-nitrogen element analyzer; total phosphorus was
quantified by sulfuric acid-nitric acid digestion followed by vanadate-molybdate yellow colorimetry; total potassium was assessed through

sulfuric acid-nitric acid digestion and flame photometry. All determinations were conducted in accordance with GB/T 18877-2020 and

Analytical Methods for Soil and Agro-chemistry!'®),
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Effects of different amendments on red soil acidity
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Fig. 2 Effects of different amendments on red soil carbon pool and nutrient sequestration
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Fig. 4 Effects of different amendments on red soil bacteria ( a. OTU counts; c. Shannon index; e. Pielou evenness index ) and fungi ( b. OTU

counts; d. Shannon index; f. Pielou evenness index ) community diversity
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