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AL FRIREAR 10.849%~54.95% 5 X1,X3 . X4 X6 Zb 3 - HEAR B BRAKN 7 5215 2.63%~7.89% o & SQITFA , RIS i i A7 5 b B2
A=A KA AP BRI KRS+ Bk AR e, 438 pH A HLER A 308 A CEC X 4 38 B i B TH A s kR Aok, S
R TR M R A B R R,

KEBIR KRG L R AL s BRI B FE RS A BT s R AR R 5 AR

doi: 10.13254/j.jare.2024.0969

Comprehensive evaluation of the effects of six soil conditioners on the amelioration of acidic paddy soils

YANG Youjun"?, FENG Langjia"*, REN Kerun"?, WANG Jinjin">, ZHANG Yulong"? LI Wenyan"’, LI Yongtao"*, HU Zheng"*"

(1. Key Laboratory of Arable Land Conservation (South China), Ministry of Agriculture and Rural Affairs, College of Natural Resources
and Environment, South China Agricultural University, Guangzhou 510642, China; 2. Guangdong Province Key Laboratory for Agricultural
Resources Utilization, College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China)
Abstract: The aim of this study is to evaluate the effects of six alkaline soil conditioners on improving acidic soil quality. An indoor
incubation experiment was conducted using paddy soil from Shaoguan City, Guangdong Province for 90 days. Six soil conditioners
registered by the Ministry of Agriculture and Rural Affairs were used in the experiment and seven treatments were set up: CK (no
conditioner), X1 (desulfurization gypsum from coal—fired flue gas), X2 (molybdenum tailings and dolomite), X3 (by—product of
nitrophosphate fertilizer), X4 (oyster shells, limestone and stevia residue ), X5 (oyster shells), and X6 (dolomite, potassium feldspar and
limestone). Soil quality assessment indicators were selected as pH, organic matter, available potassium, available phosphorus, alkali—
hydrolyzable nitrogen, water—stable soil macroaggregates, cation exchange capacity (CEC) and soil respiration. A comprehensive evaluation
was conducted through principal component analysis and soil quality index (SQI) method. The results showed that compared with CK, the
pH of the soil treated with the six conditioners increased by 1.06—1.09 units, organic matter and CEC increased by 3.62%-12.15% and
7.50%~16.25%, respectively, but the alkali-hydrolyzable nitrogen decreased by 4.24%—10.28%. Among them, treatments X1, X3 and X5
significantly increased available phosphorus by 12.69%-40.10%; X1, X3, X5 and X6 led to a decrease in available potassium by 5.61%—

10.01%; treatment X4 containing organic matter significantly increased the soil respiration intensity by 42.62%, while the other five
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treatments decreased by 10.84%-54.95%; treatments X1, X3, X4 and X6 increased the content of soil macroaggregates by 2.63%-7.89%.

Based on the SQ! evaluation, desulfurization gypsum from coal-fired flue gas treatment and dolomite, potassium feldspar and limestone

treatment had the best improvement effects on acidic paddy soil. Soil pH, organic matter, available phosphorus and CEC made significant

contributions to the improvement of soil quality and were identified as the main factors influencing soil quality enhancement.

Keywords : paddy soil; soil acidification; soil conditioner; principal component analysis; soil quality index; comprehensive evaluation
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Table 1 Overview of the tested soil conditioners

b3 By

EEST

HICIES

Treatment Main raw material Main ingredient Registration certificate number pH
X1 SRR BT A C€a0>25.0%,S:12.0%~18.0% , A HLIF>5.0%, ANE(2018) #EF- 103915 12.47
F<0.05%, C1<0.5% , Na<0.2%
X2 HEY .Oaf €a02>20.0% ,Mg0>12.0% , Si0,>12.0% AAE(2016) 1fEF- 5339 5 10.28
X3 i R B P 1 7 Ca0>40.0% A (2017) T 6164 5 7.74
X4 WG5S A KA A €a0>20.0%,Si0,210.0% , A L >12.0% A (2018) 1T 9965 5 11.04
X5 W Ca0>40.0% AN (2018) #ET- 95555 10.02
X6 Haof Bika faRa €a02>33.0%, Mg0>5.0% , Si0,>28.0% AN (2018) 1T 9667 5 10.04

A FRVE 4 E A BRI S A i RER
SIEEYNIE S oM ey Gl I i R o
FE(25+2)°C. B2 d R FFRIT R AN 2 B T K,
g P - 858 B K S RSUE 7 H R R /K = 19 60% . 1557 T
15 90 d, 15 95 45 U RAEHE 90 KA LS8 FE S i 17
FHOCHR BRI AE o

1.3 MEFH*

-4 pH (E R A R I (K 1:2.5) 4
HILJTR SR FH B 8% R B 5 i vk — AN i, CEC R AT 1.0
mol - L™ i iR Bie A2 4072, W fiff R P WA ALY i A
R R 0.5 mol - L7 B iR S 4N I2 $E - A B Lt (3
HRCER FH 1.0 mol - L™ ZFR B IR $ - K MG T, 1
ST W ik JEE RN 7K R R 1A SR A4 o 3l SR FH L SR AL Al
WO AR IR A2 o FEARAG I S AR an 2 2 IR o
1.4 BEEMFTE

AHIFFE W pH AT ML AR AT R |
R IKFE E R A R AR | 1 0TI 58 A1 CEC AR N
F T RPEA R AR, A5 B 3 RS M O AT XS TR Ak
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FRAEAE>1 18 F 5 LA SN TR F 05 22, LAAT AT 45 48 A
XF IR AR5 B R R B 1 DT iR I T R A FR AR AR,

*R2 HEIRNESEIRE
Table 2 Indicator measurement methods

and reference standards

M 5EFEHR Measurement indicator ZHZFRUE Reference standard

+HEpH{E NY/T 1121.2—2006
JH G pHA(E NY/T 1973—2010
HEATHL (330 ) (B =)
+ AR NY/T 1121.7—2014
- NY/T 889—2004
-3 A (3EAAR A HT) (B =)
FH 85 -2 it GB7863—1987
SRR 5 GB/T 32725—2016
IKARPE A S A NY/T 1121.18—2008
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Figure 1 Effects of addition of conditioners on the properties of test soils
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FIXS AL, 23 3T T 1.13 411,09 4~ 5

WAL b FroR , 2808 B b RS A5 AL ST & 2 R
AN TR R FE ) 2 8, 6 A 3R B b B R AT ML RE i T
3.62%~12.15%. HI% T CK,X1.X3 X5 FI X6 kb FF
A HLIE S 2 RN (P<0.05) , H. 4/~ 4b B2 Ja] 35
AR EES . Hih X6 4 54 MUE & m i s , k5
T 31.30 g- kg5 1 X2 Fl X4 4 H 5 CK AH G 8 3 22
5 (P>0.05).

H & 1e iR, AT CK, %8 X1 . X3 X5 4b 31 - 458
A BOwE SRR BN (P<0.05) , 1 iE A 12.69%~
40.10% , Her, DLXT A BRACHR S, A 2500l 1 42
T 40.10% , HA M 2H 22 S AN K o X2 4031 5 CKAH b 22
SAREE(P>0.05). HE 1d R, 4 X2 4 PR
S 15 206.71 mg-keg, X3 2L IR, M 175.05
mg-keg' o FALFEE CK Z [0] 22 5748 B 2 (P>0.05) ,{H
X2 b PO T TR X4 DL Ah i oAt b B
(P<0.05),X1.X3.X5 Fl1 X6 4> kb F 2H 3 2% 40 55 1 [
f10.91~19.47 mg-kg ™", B MR 4 5.61%~10.01% . 237
PR AL RS, T R A S I R R E N T
R, B3 RV L R 4.24%~10.28% ., [ X6 4b ¥ 5 CK A1
Fe A 3 RS, Hofh S A b PR B FRAR T
4.38~9.54 mg- kg Bk fF A % 2 (P<0.05) .

2R BR AL B S , +HE CEC 5L B0 [A) 72 1 1l 4%
o o X6 43 CEC & it fiz i , 34 6.51 emol -kg™',
X3 4b# CEC &5 B K, 7 6.02 cmol - kg™, H. X6 Ab B
3 (P<0.05)E F X340, 5 CKAHEL,X1.X2.X4,

X5.X6 4 BN £ 3 CEC & & % (P<0.05) & & T
9.96%~16.25% , H £ Ab B IA] B A7 5k 35 22 57 5 1 X3 4k
PR 158 CEC & AU ) 7.50% , A5 10 7K

5 CKAHEL , By P50 5 X4 A PR A 807 5
JE I 24 5 42.62% (P<0.05) 5 X5 F1 X6 AbFH i + 32
R 558 4 25 FAAIG T 54.95% 1 52.52% (P<0.05) ; Hi 4y
AR5 CK % A BB 2 5 (P>0.05) , 43 il B AIK
10.84%~19.81%.

55 CKMIEE , 95 078 23 5] %o - 39 K A1 SR AR 1 T i
WAT i E 50 (P>0.05) . Hid X1.X3 X4 F1 X6 4b 3
BT 2.63%~7.89% 1) - HER AT SRR G it i T K
FRARATE B 1 X2 S8 AR RIS =R T
1.32%.

2.2 AEFILE T EISFRIEXES

il 2 frow , pH 5 B8R 02 18] AH O R B
-0.666, — 7 5 i 3 11 A ¢ (P<0.01) , i 5 47 #L )5k
CEC A ] ) F 5 43 A SR A4 52 1 AH G, 3X SR B
PRFAERE = 438 pH 5 HAL IR 43 o0 R 1 [FI 0] e 554
BfRA RN, THECEC S pH A MUK S 2 EAH
S, 2 B R B 78 $2 T 48 pHAE A AL &= 1 )
i, BB )3 i - 498 PH i 1SS e BB Ty o 7 A0l Ak
RS AR B 2 A DG (P<0.01) , M 5E R B -0.495 , R W
B R E 2 5 A SO B [ Ao 2 R A R S B
- ST AR 2 A At S AR 2 = R O, o
TR 35 40 35 8 AR A H3EA ML AT CEC, 3% rl g2
R ER R L B R pH R AR 2, T IR 3R T

1.00
pH | pH 0387 0.209 0.056 -0.666 0.580 —0.029 0.099 050
SOM |£# ' SOM 0.096 -0.150-0.013 0.453 —0.385 0.041 0.60
AP AP -0.495-0.277 0.027 -0.219 0.012|| [ 040
- 0.20
AK AK  0.002 —0.176 0.361 -0.207
)
AN \ ok ~0.151-0.174 0.121
L -0.20
CEC ’ * CEC -0.437 0.190 040
O, . ‘ €O, -0.034 -0.60
-0.80
Roos Rios
-1.00

pH SOM AP  AK

AN  CEC CO: Roas

SOM : L 3EA LT ; AP A R s AK S0 s AN BBf# L CEC : BH B 73818 5 €O, s 1 IBENTPI s Roos K BEE R TR AA
*P<0.05;%*P<0.01, T,
B2 TIEREFERIE Pearson 18X M9 FT#L E

Figure 2 Pearson correlation analysis between soil quality indicators
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Figure 3 Principal component analysis
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Table 3 Results of principal component analysis and Norm value of each evaluation index

T .
it i poz b3 PO Nem e aince Wi
pH 0.731 0.613 0.088 0.083 1.406 0.925 0.142
SOM 0.651 -0.128 0.371 -0.260 1.155 0.646 0.099
AP 0.464 -0.125 -0.763 -0.049 1.159 0.815 0.125
AK -0.445 0.554 0.514 -0.128 1.174 0.786 0.120
AN -0.416 -0.745 0.369 0.004 1.242 0.865 0.132
CEC 0.775 0.003 0.417 0.051 1315 0.778 0.119
€O, -0.542 0.590 -0.132 0.322 1.201 0.763 0.117
Roas 0.234 -0.228 0.152 0.906 1.047 0.951 0.146
FHEAE 2.487 1.675 1.339 1.026
ST 2% 31.092 20.938 16.735 12.829
B 2% 31.092 52.030 68.766 81.594
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Figure 4 Soil quality indices of different treatments and the contribution rate of each evaluation index
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