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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 AI** 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

) N THEHT O R AT
o =X 2R R WA A
e Byl Exchange- Exchange-
pH TC/(g- TN/Ag- TP/(gr AN/(m AP/(mg AK/(m
Soil type k) ke ke ke k) ke able H* able AIP*
£ & & gre £ £re /(cmol'kg)  /(cmol-kg")

AR
Red soil

5.31 7.81 0.77 0.78 68.25 7.44 69.20 1.70 1.47

T B R E TR TN E, HARIRR S 1.3 &R S I05E Tl g J7 2 Al . 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.
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Table 2 Basic physicochemical properties of the amendments

\ {0153
T EE A - £ TC A TN 4T TP 447 TK
pH Alkalinity
Amendment /% N(gkgh Ngkg™) N(gkg™
/(cmol-kg™)
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 11.01 359.43 0.43 3.61 5.87 24.28

e Co MIFS-Hai e - AR R SR B mE AR IER S AR, pH il K%
T BRI SKEOY 12 100 J5E; BB IE R BRI 52 ik I g s AR 4= 50 I Bk S e 28 70 Hr A
S R AR - IR A - H R L ORI E s MBI RER- BRI A, KIEGEEINE, febRIllE 2
18 (GB/T 18877-2020) £l {3k 2: 347 J79%) 118, 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!18l,

T 2023 F 6 AMmERHRE, KHBPLXHE T, 34 ADNATE, 55 0] M| 2E-4 7
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(4mx5m), ARVNXIEEESY 1 me WHEGFH &S0 U HEE T, BAdy: fnm -
R SR - A MR G TR ER TR 3000 kg-hm2, =R ARk 37 3000 kg-hm2, fEESHHEE
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e, WIS IEME =Y (TR 2-EK), (EAE S ARSEFATEA BB G
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20%-10%-15%), T AKZEHWE MR E 5 R 375 kg'hm? (N-P-K: 22%-6%-12%),
KW\ HHE R 2 (N 46%) 225 kg-hm?; /NEZRRTHIE IR 2 (N 46%) 150 kg-hm™2,
B AL FRAE AR ST IED ERR 7 U A B AR ZR T A DR — 3
1.3 HmRENE

T 2024 4 10 H A FOK BTSRRI RE o T ROERER 0~20 cm 3%, TR S
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amendment treatment; S: Silicon-calcium- potassium-magnesium amendment treatment. Different lowercase
letters on the graph indicate significant differences between different treatments (P<0.05). The same as below.
1 AN [ 7 FH o £33 152 1 B2 )
Fig.1 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.3 Effects of different amendments on red soil microbial community stability
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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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Fig.5 Effects of different amendments on plant productivity
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