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Abstract: [ Objective] The effects of single amendment application and combined application of organic fertilizer
with amendments on the distribution characteristics of soil aggregates and rice yield of acidic paddy soil were
analyzed, in order to provide a scientific basis for the amelioration of acidic paddy soil and the improvement of rice
yield. [ Methods] Acidic paddy soil was selected as the research object. Seven treatments were set up: control
(CK) ; calcium magnesium phosphate fertilizer (T,) , calcium carbonate powder (T,) , calcium magnesium
silicate conditioner (T;) , organic fertilizer+ calcium magnesium phosphate fertilizer (T,) , organic fertilizer—+

calcium carbonate powder (T;) , and organic fertilizer+ calcium magnesium silicate conditioner ('T). The soil
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aggregate distribution characteristics, aggregate stability, and rice yield under different treatments were compared.
[Results] D Overall, the soil pH value and soil nutrient indicators of T,—T; showed an increasing trend
compared with CK, but not reaching statistical significance. Among them, T; showed the highest pH value at
4.8, an increase of 0.4 units over CK. Additionally, T, recorded the highest available phosphorus content at
9.74 mg/kg, representing a 152% increase compared to CK. @ The content of =5 mm aggregates in air-dried
soil aggregates of T,—Ts was significantly higher than in CK, with T; treatment showing the most pronounced
effect, an increase of 6.37% compared to CK. @ The mean weight diameter (MWD), geometric mean diameter
(GMD) , and >>0.25 mm aggregate content (R,,;) of air-dried and water-stable aggregates in T,—T; were
significantly higher than in CK, increasing by 7.51%—8.61%, 26.0%—28.6%, and 6.29%—6.50%,
respectively. And the fractal dimension D significantly decreased. @ Rice yield under T,—T; treatments was
significantly higher than that of CK, with the T treatment showing the highest increase of 17.46%. [ Conclusion ]
The combined application of organic fertilizer with calcium magnesium phosphate fertilizer, calcium carbonate

powder, and calcium magnesium silicate conditioner significantly improves soil structural stability and rice yield,

with the organic fertilizer+ calcium carbonate powder treatment ('T;) demonstrating the optimal effect.

Keywords: organic fertilizer; acidic soil amelioration; aggregates; rice yield ; fractal dimension
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Table 1 Basal fertilizer application under different treatments A kg/hm®

Qb 2 JRE MR — Afvep 5 B T Tk 1R 465 43 A % Tk SIS R B AHHLAE
CK 160 107 75.00 0 0 0 0

T, 195 0 75.00 375 0 0 0

T, 160 107 75.00 1500 0 0

T, 160 107 75.00 0 1500 0

T, 180 0 62.50 375 0 0 3 000
T, 147 98 68.75 0 1 500 0 3 000
Ty 147 98 68.75 0 0 1500 3 000
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Table 2 Soil acidification indicators under different treatments

fb 7 H (i LR / e/ AE A5/ ARG/ e/
P (cmol *kg™") (cmol «kg™) (cmol *kg™") (cmol *kg™") (cmol « kg™")
CK 4.240.08" 13.34+1.64" 0.231£0.01" 0.21040.04* 23.1+£1.01" 3.14£0.07"
T, 4.240.05" 13.241.42* 0.231£0.01" 0.188+0.04" 25.64+1.98" 3.36£0.17"
T, 4.540.33" 10.942.37 0.226+£0.01" 0.21740.03 31.8+3.83" 3.26£0.03"
T, 4.240.08" 12.840.65 0.201£0.02™ 0.196+0.06™ 24.4+1.18™ 3.21+£0.05"
T, 4.4-+0.05" 11.741.18™ 0.231£0.03" 0.1964+0.07" 29.84+1.91™ 3.18£0.04"
Ts 4.840.58" 11.041.817 0.242-+0.03 0.16740.04" 33.347.74M 3.234£0.13
Ts 4.340.05" 12.640.16™ 0.20540.01" 0.188+0.07" 24.3+1.08™ 3.124£0.11"

TE - OFR DB A L hiifE 22 (r=3) . QCK AT R 5 BEBRAL 5 T, IR E5 80 5 T, o 5 B ik 2 98 JLAR) 5 T, S A7 HLAE + S5 BE B 5 T
A HLIE A+ B IR 55 453 5 T S A HLAL + 45 B ik 28 IR B o ] — F AR [ 0 5 B e 8 A [ ik B il 19y S8 25 1 22 53 (p<C0.05) 5 ] — AN ] /N - 1
&7 B IR ) Ao LA AL T G 5 R R Ak B dk 3P 22 S (p<C0.05) 0 R IR
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Table 3 Soil organic matter and available nutrient
contents under different treatments

i g HHLE/ Tt L/ AR/ HRER/
(gekg™) (mg+kg') (mgekg!) (mgekg ")
CK  25.8+0.96% 146+30.20" 3.87+0.27% 72.3+3.39*
T, 27.54+1.28" 125+7.01"  9.74£5.97* 69.741.88™
T, 28.241.13% 135412.50% 3.87+£0.27%  67.7+£0.47"
T, 27.7+1.15" 153£9.61"  5.35+2.64" 59.743.29"
T, 29.843.28" 15248.86  5.2940.48%  70.3+5.73
T 27.64+1.08" 157+£14.90* 5.54+0.87* 68.04+7.07*
T 26.6+3.48" 149425.30" 5.684+1.32%  68.346.84™

2.2 AN[EH R FIRT 1 5 B K A R A R

M 4T LLAE W, 4 ab B A e KT R AR K
>5 mm B H & EH AT 68.09 % ~74.46 % , i JH Bt R
G 45 A BRAZORL AT R AR 5 B CR AR B4R & T
2.58%~9.35% . HAHL, T, T, F T, kb 545 CK
P, iORE 0 P SR A B AR AE T e (B R K i
B EM K (p=>0.05); T, T, M T AL 3% CK A L,
A3 ) B EE N T 8.25%,9.35% F18.18% (p<<0.05) ;

A HLAE T i BL 790 A4 T, M T Ak B 22k % 2 e 1
7 T BN i R B A T T, A B A 9 XL A
FAR>5 mm BL i. AHBHL , £5 Ab B KT P 43
AR AR <<0.25 mm KL & LT CK AR 3, 45 Ak 3
PSR PR 2ok G fr 1 5 CK AR #L Y 22 5 1 R >5 mm kr
G AR — T, B A0, BV HLAE B i 2 K 75 R ¢
BRI - 3 A R AR <20.25 mm % i (p=<<0.05) .
M5 AT L Y 4% 4k TR A 352 K v A 5 1R 4%k
Y% & RO E 25 R (<20.25 mm KL R A ) (p>
0.05) . A LA Be it i B 774 B2 CT,, T, M1 T 3K
Tk A B AR <C0.25 mm R 5 i KT CK AR (p
<<0.05) , 4 %Il % CK 4b #AK T 15.79%, 15.59% A
18.66% .
2.3 AEM R+ EEARERE SN
MR 6 AT LA Y, it okt BRI AR BT, T, F T,
MWD, GMD il R,,; % CK &b ¥ J& & & 1 2 &% (p>
0.05) ; A HLAEL Be it 2k B R 4 BECT,, TsF TOMWD,
GMD il Ry % %7 T CK AL HE (p<<0.05) , 43 il & CK
A By 1.075~1.086 %, 1.259~1.286 fi5 , 1.062~
1.0654% . A HLAE Be it 2 KR4 #CT, A TOMWD,
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GMD Fl Ry 73 ) i 3 & T B0 ke R 570 &k 38 (T, 0
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MWD, GMD il R, % T1 4 ¥4 538 m 7 5.36 %,
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Lb RS BB T 5.51% ,18.9% F14.95% .

R4 FEALET R T4 F R EE S5 51E

Table 4 Distribution characteristics of air-dried soil aggregates under different treatments

AN TRPREAR d KT PR SR AR 5 i/

Ak 3
>5mm 2~5 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <C0.25 mm
CK 68.09+1.02" 6.84+1.50" 4.31+0.70 2.7940.25" 2.88+0.68" 15.09+1.38"
T, 69.85+1.06™ 6.64+0.65" 4.384+0.55" 3.2240.75™ 2.4240.84" 13.4941.03
T, 70.32+£1.59™ 6.66+0.72" 4.54+0.51" 2.4640.52" 2.1740.04* 13.85+0.66"
Ts 71.29+1.48M 6.71+0.26™ 3.67+0.92% 4.18-+0.29™ 2.07+0.28" 12.08+0.80"
T, 73.71+0.47% 7.4140.80™ 4.13+0.46™ 2.71+£0.22" 2.2940.29" 9.75+0.51%
Ts 74.46+0.42 7.05+0.81" 3.9740.73 2.8240.36™ 2.13+0.18™ 9.57+0.54"
T 73.66+0.85" 6.7240.24" 4.734£0.28™ 2.91£0.09™ 2.2840.28" 9.70+£0.33%
x5 AEAETTEKIZERREMNS T
Table 5 Distribution characteristics of water-stable soil aggregates under different treatments
o SRR RAK T 4 i/ Y
=5 mm 2~5 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <0.25 mm
CK 53.17+0.54" 2.70£0.45" 5.62+0.39" 6.85+0.47" 6.59+1.93" 25.07+1.21"
T 54.02+0.92™ 2.8240.29™ 5.83+0.28" 6.63+1.37M 6.55+1.63" 24.15+1.86™
T, 53.60+1.90™ 3.11+£0.40™ 6.65+1.15 7.90+0.83 6.17+0.72™ 22.57+0.82"
Ts 55.27+1.32™ 3.080.35 5.86+1.10™ 8.41+1.30™ 5.59+0.56™ 21.79+0.71™
T, 56.26+0.38" 2.7840.12" 5.2641.25" 9.18+1.91™ 5.41+0.89™ 21.11+0.72%
Ts 55.56+0.96 3.0040.24" 6.1040.59* 8.7442.33" 5.44+0.88" 21.1641.24"
T 55.59+0.78* 2.6240.18" 7.1140.21* 9.4241.42" 4.87+0.69 20.39+0.07™
F6 ATEIGETHEARKREMRFE
Table 6 Stability characteristics of soil aggregates under different treatments
P H P B KR A 5
b 7 PAD/%
MWD/mm GMD/mm R/ % MWD/mm GMD/mm Ro.:/ %
CK 5.46+0.02" 3.08+0.10" 84.91+1.38" 4.2740.04" 1.6940.03" 74.93+1.21" 11.72+2.21*
T, 5.5940.08" 3.31£0.15™ 86.51+1.03" 4.3440.06"" 1.75+£0.01"  75.86+1.86"  12.29+2.84™
T, 5.6240.11% 3.33+0.15™ 86.16+0.66™ 4.34+0.11" 1.8140.05" 77.43+0.82™  10.13+0.95"
T, 5.6940.11" 3.50+0.17M 87.924£0.80™ 4.45-+0.09™ 1.9040.04" 78.21+0.71"  11.0540.55"
T, 5.89+0.01% 3.9040.04" 90.25+0.51" 4.51+0.03" 1.9640.03" 78.89+0.72"%  12.58+1.28"
T, 5.934+0.05" 3.96+0.12" 90.43+0.54" 4.48+0.07™ 1.94+0.02" 78.844+1.24%  12.8241.17™
T 5.8740.05"% 3.8840.08™ 90.3040.33" 4.48+0.05™ 1.98+0.03" 79.61+0.07%  11.83+0.31"

H MWD R i H 4 s GMD RJUER H4 5 Ry, 0 >>0.25 mm BB S5 PAD IR,

BE XK AR PE 4 3 AT R AR MWD 1 5, 4% b B
MWD A9 %8 CK Ab B 3¢ By & 25 B4 hn (T, 40 B
A (p<<0.05) , BpLjit it B 751 Ak 3L 11 4 18 K B2 1A 5 Ak
MWD 545 #1LIE B it 2ie R 7] 2k #E 3% 30 o O 1 3 25
(p=>0.05).

B T Ab 34N, 46 4b 38 CT,—T ) - 58 /K B 1k 1A 58
A GMD A % CK &b B I 2 38 i (p<<0.05) 5 44 HLAE e

it B R AR BECT, R T 2 3% 8 T B0t ok K7 A B
(T, 1T (p<<0.05) 5 A HLAL FL it 2l B 71 4b 22 4 R, 25
B E T CKANH (p<<0.05), T, T5 Fl T,% CK b B8
Sy T 5.28%6,5.22% F16.24 % o 4 Ak PR A 4 ]
BIEPAD 2R AR E (p=>0.05),

MNP R it FH S ) 0 R, 25 Ak 3 A 4 KL
Tk A B A o T 4E B T 2.291~2.393, T, Ab B f%
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A 5 i T 2 B 0 Ab 38 T, T, 0 T, 09 43 T8 4 B0k CK
b TRy B FEAR T 1.40% ,1.38% A1 2.64 % , H 22 S 4k
A ZE (p=>0.05) ; A HLAL B i ol K57 &b B2 T, T F1
To B9 43 T 4 B CK Ak 343 ) 4 35 B AIE 17 5.27 %0,
5.57% F15.18% (p<<0.05) 5 A AL AL B it vl K7 &b B
Ty, To Fl T f A 398 R 1 P B A4 40 9 4 B0 i 35 1K T
X O AN FH ke B 5R) Ak BE T, T, R T, 40 B AR T
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Fig.2 Rice yield under different treatments
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