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Abstract: [ Objective ] This study aimed to investigate the effects of equal replacement of chemical fertilizer by organic fertilizer
on rice microbial community and yield. [ Method ] A long-term field experiment was conducted in Liaoning from 2019 to 2023.
In this experiment, two rice cultivars, Shendao47 (SD47) and Shendao505 (SD505), were grown in the field with four fertilization
treatments at same N, P, K rate: CF (100% chemical fertilizer), OR10 (10% organic fertilizer + 90% chemical fertilizer), OR20
(20% organic fertilizer + 80% chemical fertilizer), OR30 (30% organic fertilizer + 70% chemical fertilizer). [ Results ]JThe results
revealed the following: (1) Organic fertilizer substitution increased rice yield mainly by enhancing effective panicles, grain filling
rate, and 1000-grain weight, with OR20 treatment achieving the highest yield; (2) Organic fertilizer substitution significantly
improved soil fertility by increasing organic matter, total nitrogen, and available nutrient content (alkali-hydrolyzable nitrogen,
available phosphorus, and available potassium) in plow layer(0-20 cm); (3) Organic fertilizer substitution significantly enhanced
the activity of urease, protease, sucrase, and nitrate reductase in both rhizosphere and bulk soil; (4) Organic fertilizer substitution
significantly increased the Chaol index (richness) and Shannon index (diversity) of bacterial communities in the rhizosphere,
whereas its effect on bulk soil bacterial diversity was not statistically significant; (5) At the phylum level, organic fertilizer
substitution improved the relative abundance of carbon and nitrogen cycling bacterial phyla such as Proteobacteria, Bacteroidetes,
reduced the abundance of oligotrophic bacterial phyla such as Acidobacteria, and optimized the bacterial community structure in
bulk and rhizosphere soil; (6) Functional prediction analysis indicated that organic fertilizer treatments enhanced transcription and
carbohydrate transport and metabolism in bulk soil, and strengthened metabolism pathways such as amino acid transport and
metabolism, inorganic ion transport and metabolism, and lipid transport and metabolism in rhizosphere soil. [ Conclusion ] In
conclusion, under equivalent nutrient input, partial substitution of chemical fertilizer with organic fertilizer could improve the soil
micro-environment, enhance key enzyme activities, and optimize the structure and function of soil microbial communities. These
changes synergistically promote soil nutrient availability and supply capacity, ultimately increasing rice yield. This practice
represents a sustainable fertilization strategy suitable for paddy fields in Northeast China.

Key words: Organic fertilizer substitution; Rice yield; Soil chemical property; Soil enzyme activity; Bacterial community;
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Table 1 Rice yield and yield components under equal organic fertilizer substitution treatments

A - THE it
i Jiti A b 2 FERERIEL SR
Effective panicle 1000-grain Grian yield/
Cultivar Fertilization Spikelets panicle Grain filling/%
/hm™? weight/g (thm?)
SD47 CF 240.1£0d 174.5+8.44a 80.79+1.06b 24.46+0.48bc 9.13+£0.34d
OR10 273.5+18.87¢c 166.4+2.21ab 82.07+1.32ab 25.14+0.40abc 9.31+0.36¢d
OR20 266.8+18.87cd 161.5+0.84b 84.07+0.81a 25.60+0.79ab 10.56+0.49a
OR30 273.5£9.43¢ 157.3+6.64bc 82.77+1.37ab 25.86+0.16a 9.42+0.13cd
SD505 CF 326.8+9.43b 149.0+1.12¢ 76.60+0.64d 24.04+0.01c 9.63+0.13cd
OR10 353.5+18.87ab 139.3+3.67¢ 78.82+0.65¢ 24.63+0.24abc 9.90+0.06bc
OR20 366.9+£9.43a 136.2+2.75d 81.78+0.26b 25.04+0.85abc 10.26+0.18ab
OR30 353.5+9.43ab 132.6+2.93d 81.00+0.76b 25.31+0.79abc 9.72+0.06bcd

. SD47: ILFE 47; SD505: LA 505; CF, efbAEALTE; OR10, 90%fkLAE+10%A HLAE; OR20, 80%fkAE+20%4 HLAE; OR30,
T0%ANE+30% A HLAL . R &t I EpR 2, 7R —Fh, ARSREFRR A HE 22 55 B3 P <0.05. TR, Note: SD47: Shendao
47; SD505: Shendao 505. CF, all chemical fertilizer; OR10, 90% chemical fertilizer plus 10% organic fertilizer; OR20, 80% chemical

fertilizer plus 20% organic fertilizer; OR30, 70% chemical fertilizer plus 30% organic fertilizer. The data in the table are average + standard

error; different letters in the same column indicate significant differences ( P < 0.05) . The same below.

23t 5 AR HLIL RO AR, )29 A
PR E R RE (F2), BHEbe AN BN AR A
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HE AL BT R 2 3 (0~20 cm) BEARKCR & T e
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LA : OR30> OR20> OR10>CF, (5) 20~40 cm,
BTSSRI DEES
2.2 KFERIREIEIRFR LIEEEE

WME 1 s, ANEBAELET, 2 ASMF R
B 3 2 TS A 0 s TR PR g, YR
44.91%~65.69%. K& A HLUILHEHE LI, SD47
5 SD505 MAEMR PR -5 A br 38 8 1 S PR 2 B
N, X R LA B P A7 24 T 4 AR B S
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Table 2 Chemical properties of rice soil under equal organic fertilizer substitution treatments
0y LA TR
OM/ (gkg") TN/ (gkg') AN/ (mgkg')  AK/ (mgkg') AP/ (mgkg')
Year  Fertilization Soil depth
2020 CF 0~10 cm 29.26+0.10fg 1.46+0.02fgh 139.7£2.02ef 191.1+5.31e 24.73+0.82cde
CF 10~20 cm 27.66+0.261 1.31£0.061 114.742.29gh 186.4+3.72¢ 23.01+0.06e
CF 20~30 cm 19.23+0.371 0.67+0.03k 47.04+1.60k 158.942.74h 15.63+1.10f
CF 30~40 cm 13.77+£0.22m 0.494+0.011 25.2942.201 141.0+3.571 4.71+0.24g
OR10 0~10 cm 29.56+0.24f 1.5340.05¢ef 146.0+2.16de 194.0+3.74e 25.48+1.29¢
OR10 10~20 cm 28.23+0.28hi 1.39+0.08hi 118.5+4.97¢g 190.8+2.91e 23.240.54de
OR10 20~30 cm 19.39+0.31kl 0.724+0.02jk 48.15+0.99jk 160.3£3.71gh 15.87+0.30f
OR10 30~40 cm 13.80+0.32m 0.5£0.021 25.53+0.851 143.7+1.13i 4.93+0.33g
OR20 0~10 cm 29.92+0.48def 1.62+0.05de 152.0+7.90cd 192.1+1.76e 25.83+0.68bc
OR20 10~20 cm 28.49+0.17ghi 1.42+0.06gh 121.242.06g 188.3+2.99¢ 23.33+0.33de
OR20 20~30 cm 19.51+0.67jkl 0.77+0.05jk 49.42+1.47ijk 161.0£12.35gh 15.78+0.14f
OR20 30~40 cm 13.83+0.21m 0.51+0.011 25.94+0.671 141.6+3.23i 5.06+0.11¢g
OR30 0~10 cm 30.03£0.55def 1.71+0.11cd 155.5+4.14¢ 191.0£2.91e 25.92+0.63bc
OR30 10~20 cm 28.60+0.51gh 1.46+0.05fgh 109.9+1.78h 186.3+3.14¢ 23.4+0.30de
OR30 20~30 cm 19.59+0.21jkl 0.80+0.02j 51.10+£2.47ijk 158.7+9.09h 15.81+0.75fF
OR30 30~40 cm 13.95+0.11m 0.52+0.021 26.05+0.731 142.3+0.59i 5.13+0.18¢
2023 CF 0~10 cm 30.72+0.62cde 1.76+0.09¢ 167.1+£3.24b 232.5+4.84cd 26.27+0.50bc
CF 10~20 cm 29.85+0.65¢ef 1.46+0.05fgh 135.2+£2.74f 225.2+0.87d 24.41+0.55cde
CF 20~30 cm 19.74+0.57jkl 0.74+0.03jk 53.20+2.151 183.9+2.57¢ 15.99+0.21f
CF 30~40 cm 13.80+£0.41m 0.511 27.75+2.151jk 161.0+7.44gh 5.10£0.57¢g
OR10 0~10 cm 31.13£0.09bc 1.79+0.07bc 171.247.11ab 239.5+3.45bc 27.35+0.58ab
OR10 10~20 cm 30.69+0.16cde 1.52+0.03efg 138.3£1.14f 231.5+4.33cd 24.61+0.4cde
OR10 20~30 cm 20.21+0.67jk 0.75+0.02jk 54.28+0.06ij 185.6+2.20e 16.23+0.13f
OR10 30~40 cm 14.304+0.59m 0.511 28.17+1.001 166.6+6.47fgh 5.15+0.18g
OR20 0~10 cm 31.75+0.75ab 1.86+0.06ab 174.5+£5.21a 246.3+1.22ab 28.09+1.15a
OR20 10~20 cm 30.80+0.24cd 1.54+0.06ef 139.6+3.04ef 236.5+6.20bc 25.03+1.81cd
OR20 20~30 cm 20.44+0.34;j 0.76+0.02jk 55.01£1.06ij 188.3+2.96¢ 16.37+0.28f
OR20 30~40 cm 13.83+0.29m 0.521 28.42+0.421 170.3+3.65fg 5.22+40.12g
OR30 0~10 cm 32.11£0.30a 1.90£0.07a 176.0+6.87a 252.843.39a 28.71+0.81a
OR30 10~20 cm 31.09+0.42bc 1.56+0.02¢f 141.3+2.34ef 240.6+5.65bc 25.46+2.97¢c
OR30 20~30 cm 20.44+0.69j 0.76+0.01jk 55.74+1.39i 191.0+0.98¢ 16.63+0.30f
OR30 30~40 cm 13.90+0.08m 0.521 28.67+0.781 172.8+4.38f 5.30+0.21g

F: OM: AHUE; TN: £ ; AN: A ; AP: AR#E; AK: #HAHI. Note: OM:

AN: Alkali-hydrolyzable nitrogen; AP: Available phosphorus; AK: Available potassium.
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Fig. 1 Protease activity, sucrase activity, urease activity, and nitrate reductase activity for rhizosphere soil and bulk soil under equal organic

fertilizer substitution treatments
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Fig. 2 Chaol index and Shannon index for rhizosphere soil and bulk soil under equal organic fertilizer substitution treatments
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Fig. 8 Pearson correlations between soil chemical properties, enzyme activities, microbial community diversity, and rice yield under equal
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