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Abstract: [Objective] This study aims to clarify the regulatory effects of different fertilization methods on soil
aggregate stability in paddy fields, thereby providing a scientific basis for optimizing fertilization management
practices, improving soil structure, and enhancing soil erosion resistance. [ Methods] The paddy fields at the
Zengcheng research base of South China Agricultural University were selected as the study area. Undisturbed soil
samples from the surface layer (0—20 c¢cm) and the subsurface layer (20—40 cm) of the paddy fields were

collected under five fertilization treatments: no fertilization (CK) , recommended fertilization (NPK) , no
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phosphorus fertilizer (NK) , no nitrogen fertilizer (PK) , and organic fertilizer (OF). The water stability and
fractal characteristics of soil aggregates were analyzed using the wet sieving method. [ Results] (1) The content
of >>0.25 mm water-stable aggregates was highest in the OF treatment (69.27 % in the surface layer and 67.32% in
the subsurface layer), significantly higher than that in the NPK treatment (61.67 % in the surface layer and 61.57 %
in the subsurface layer) and the CK treatment (60.52% in the surface layer and 58.30% in the subsurface layer).
The mechanism lay in the input of fresh organic matter from organic fertilizer and the formation of humus, binding
to soil clay particles through functional groups, thereby enhancing aggregate cohesion. The NPK treatment, due to
insufficient continuous organic matter supplementation, resulted in reduced aggregate stability. Meanwhile,
nutrient-deficient treatments without nitrogen (PK) or without phosphorus (NK) exhibited limited aggregate
formation due to key nutrient deficiencies. (2) The mean weight diameter (MWD) and geometric mean diameter
(GMD) of surface aggregates in the OF treatment increased by 13.7% and 22.6% , respectively, compared to the
NPK treatment. Moreover, the stability of surface aggregates in all treatments was significantly superior to that of
subsurface aggregates (p<C0.05). (3) Fractal dimension (D) showed an extremely significant negative correlation
with aggregate stability (r=—0.82, p <C 0.01). (4) Soil organic matter content exhibited an extremely significant
positive correlation with both the content of >0.25 mm aggregates and MWD (r values were 0.82 and 0.79,
respectively, p<C0.01) , serving as a critical factor influencing aggregate stability. [ Conclusion] Fertilization,
particularly organic fertilizer application, can enhance soil organic matter content, promote large-aggregate

formation, and improve aggregate water stability, thereby significantly improving the structural stability and

erosion resistance of paddy soils in the red soil region of South China.
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Table 1 Fertilization treatments
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Table 2 Proportions of aggregate composition in surface soil (0—20 ¢m)

%

S 2 G 5 >2 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm 0.1~0.25 mm <<0.1 mm
CK 0.65220.40¢ 7.114:0.99d 21.26220.09¢ 31.5025.00¢ 23.504.38b 15.9848.64b
NPK 0.4440.29d 8.9943.25¢ 23.3241.06¢ 28.9241.30¢ 22.2845.05d 16.0541.47a
NK 1.100.39a 10.0142.89b 29.35+4.75a 28.8140.57¢ 21.2544.19% 9.484-0.53¢
PK 0.31220.20¢ 6.9742.84¢ 26.19£2.97b 34.16£2.22a 23.447.72b 8.934:4.97d
OF 1.2340.93a 11.614:1.79a 22.9643.04d 29.5341.77d 23.0541.59¢ 11.624-4.48¢
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Table 3 Proportions of aggregate composition in subsurface soil (20—40 cm)

Thm#as, OF AFi7E F 2 LR Rm kR
BBk & &, 7 1~2mm M >2mm ki, OF 43
1|74 6.94 % #10.94 % .

%

b 3 G 5 >2 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm 0.1~0.25 mm <<0.1 mm
CK 2.37+0.40c 11.89+0.99d 21.05+0.09e 30.084+5.00¢ 25.614+4.38b 9.00+8.64b
NPK 1.0940.29d 8.46+3.25¢ 24.454+1.06¢ 33.334+1.30e 22.86+5.05d 9.81+1.47a
NK 1.0140.39a 7.31+2.89b 21.23+4.75a 32.03+£0.57e 24.79+4.19 13.63+0.53¢c
PK 0.73+0.20e 5.84+2.84¢ 22.73+2.97b 28.54+2.22a 24.324+7.72b 17.88+4.97d
OF 0.91+0.93a 6.94+1.79a 23.2943.04d 27.15+1.77d 26.584+1.59¢ 15.13+4.48c
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different fertilization treatments
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Fig.3 GMD of aggregates in surface and subsurface soil

under different treatments
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Table 4 Fractal dimensions of soil under different
fertilization treatments

b B G REDILYEL TR
CK 1.23+0.02a 1.25+0.03a
NPK 1.21%0.03¢ 1.24%0.02¢
NK 1.1940.02d 1.22+0.02d
PK 1.2240.02ab 1.244-0.02bc
OF 1.160.02¢ 1.18+0.02¢
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Fig. 4 Soil erosion resistance indicators under different
fertilization treatments

R5 FRHFES IS AR89 Pearson 18 X R # (n=42)

Table 5 Pearson correlation coefficients between aggregate characteristics and erosion resistance indicators (n=42)

BN MWD GMD TOC TR E R, PAD I X
MWD 1 0.92" 0.79" —0.68" 0.81" —0.79" —0.85"
GMD 0.927 1 0.76" —0.65" 0.78" —0.76™ —0.82"
TOC 0.797 0.76™ 1 —0.71" 0.77" —0.75" —0.80"
A E —0.68" —0.65" —0.71" 1 —0.69" 0.67" 0.72"
Rz 0.817 0.787 0.77" —0.69" 1 —0.98" —0.83"
PAD —0.79" —0.76" —0.75" 0.67" —0.98" 1 0.81"
I i B —0.85" —0.82" —0.80" 0.72" —0.83" 0.81° 1

R p<0.01, BEA K,
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