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Simulation study on interannual changes in structural and functional characteristics of tidal paddy soil in the
Jianghan Plain under the monoculture mode of medium rice

LIU Wei', HUANG Yuxiang', YANG Tianyu', YANG Xianhua', DONG Zhiqgiang’, HU Zesu®, JIN Huifang'

(1. College of Agriculture, Yangtze University, Jingzhou 434000, China; 2. China Railway Shanghai Engineering Bureau Group Municipal
Environmental Protection Engineering Co., Ltd., Shanghai 201906, China)

Abstract: Agricultural cultivation is an important measure that affects the structural functions of soil such as aeration, permeability, and
nutrient retention and supply. This article aims to reveal the trend and influencing factors of soil structure changes in the plow layer under
long—term monoculture mode of medium rice, and provide reference for optimizing plow layer configuration, promoting plow layer quality
improvement, and rational utilization of arable land resources. By conducting field in—situ experiments with continuous cultivation, the
interannual variation patterns of soil structure and functional indicators were simulated under the rice monoculture (water tillage—idle)
mode in the tidal paddy soil of the Jianghan Plain. Long term hydroponics could lead to an increase in soil bulk density year by year and
soil compaction. With the extension of water tillage years, the increase in soil bulk density compared with the first year was 3.6% (3 years),

5.8% (6 years), and 6.9% (10 years ), respectively. The total porosity of the soil showed a decreasing trend, decreasing by 3.8% (3 years),
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5.9% /(6 years), and 7.2% (10 years) respectively compared with the first year. As the years of water cultivation increase, the content of silt
and clay particles first increased and then decreased, while the content of sand particles showed the opposite trend. Compared with the first
year, the content of soil sand particles had increased, while the content of clay particles had decreased. The degree of soil aggregation and
water holding capacity gradually decreased with the extension of cultivation years, with a decrease of 9.6% (3 years), 11.1%(6 years), and
15.8% (10 years) in field water holding capacity compared with the first year, respectively. Under continuous hydroponic conditions, there
was a significant degradation of soil structure and function in the 3rd, 6th, and 10th years, indicating that long—term mechanical
hydroponics had a significant destructive effect on soil structure. After 3-4 years of hydroponics, it was advisable to alternate between water
and drought cultivation (water drought rotation) to alleviate the physical degradation of soil caused by long—term hydroponics. Long term
water cultivation leads to severe degradation of soil tillage structure and function. The research results provide parameter support and

theoretical basis for the selection of suitable tillage modes/planting systems in the Jianghan Plain, and promote the sustainable utilization of

regional arable land resources.

Keywords: aggregate; continuous hydroponics; structural function; simulation test; tidal paddy soil
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Table 1 Physical properties of soil in 0-40 c¢m soil layer

)2 Koy SALBLE BESLBUZ HIEESYST0 PN ) AN K
Soil layer/cm Bulk density/(g+cm™) Total porosity/% Capillary porosity/% Soil field capacity/(g+cm™) Saturated water content/%
0~10 1.12 57.89 50.52 45.27 51.69
10~20 1.15 58.32 49.86 46.23 50.71
20~30 1.42 46.33 4433 31.19 32.63
30~40 1.45 46.97 44.13 32.18 32.40
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Figure 1 Changes in soil bulk density at different hydroponic years
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Figure 2 Changes of soil total porosity and capillary porosity at different hydroponic years
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Figure 3 Changes in particle composition at different hydroponic years
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Table 2 Changes in soil macroaggregate content and average mass diameter under different tillage years

R2 FRAMEERTLEXARGCSER FHREERETN

SR B EAR

pNZE 2N g

Cuhivﬁfﬁ foii‘uency X i%ﬁﬁm g o

T Dry sieve HE G Wet sieve Tiii Dry sieve TG Wet sieve

14F 0~10 9.07+0.08Ac 2.35+0.11Aa 90.73+0.08Aa 70.84+0.28Ab
10~20 10.94+0.47Aa 2.97+0.05Aa 89.38+0.48Ab 81.58+0.89Aa

20~30 9.29+0.39Cc 1.45+0.06Bb 62.87+0.77Dc 46.64+0.76Bc

30~40 9.87+0.18Ch 0.66+0.04Cc 58.70+0.18Dd 44.22+0.37Bc¢

24 0~10 7.68+0.16Cd 2.29+0.33Aa 76.71+0.22Ch 51.54+0.23Ch
10~20 9.98+0.79Bc 1.63+0.05Bb 79.83+0.25Ca 59.06+0.10Ba

20~30 10.83+0.68Aa 0.75+0.08Cc 78.35+0.14Ca 35.62+0.09Cd

30~40 10.08+0.85Bh 0.50+0.03Dc 60.84+0.88Dc 45.36+0.71Bc

34F 0~10 6.16+0.22Dd 1.56+0.16Ba 61.62+0.54Dc 42.14+0.23Db
10~20 9.50+0.39Bc¢ 0.80+0.14Ch 74.97+1.14Ca 61.56+0.42Ba

20~30 10.48+1.10Bb 0.95+0.06Ch 74.85+0.85Ca 59.56+0.27Ba

30~40 10.87+0.25Ba 0.47+0.05D¢ 68.66+0.39Ch 23.24+0.42Dc

44F 0~10 8.18+0.02Bc¢ 1.92+0.18Bb 81.79+0.76Ba 71.34+0.12Aa
10~20 10.23+0.35Ab 1.50+0.08Bc¢ 82.30+0.77Aa 61.44+0.79Bb

20~30 10.86+0.87Aa 2.64+0.38Aa 78.58+0.16Bb 73.04+1.31Aa

30~40 11.96+0.70Aa 0.34+0.06Dd 79.64+0.99Ab 21.12+0.84Dc

545 0~10 8.93+0.20B¢ 0.96+0.05Ch 89.26+0.08Aa 75.98+0.59Aa
10~20 8.76+0.50Cc 2.10+0.18Aa 67.63+0.39Dc 65.68+0.40Bb

20~30 11.76+0.26Aa 2.05+0.06Aa 87.59+0.02Ab 46.48+0.89Bc

30~40 10.21+0.88Bb 0.33+0.10Dc¢ 62.06+0.98Cd 32.04+0.99Cd

64 0~10 8.45+0.45Bc 2.39+0.24Aa 84.52+0.44Ba 63.78+0.26Ba
10~20 9.12+0.13Bb 1.47+0.12Bb 71.17+0.80Ch 35.64+0.85Cc

20~30 9.02+0.21Bb 0.72+0.11Cc 60.16+0.70D¢ 44.28+0.05Bb

30~40 9.58+0.70Ca 0.59+0.04Dc 55.85+0.74Dd 24.64+0.84Dd

T4 0~10 7.74+0.67Cd 1.65+0.08Bb 77.36+0.68Ch 62.76+0.26Ba
10~20 9.06+0.57Bc 1.17+0.07Bc¢ 70.55+0.48Cd 57.18+0.72Bb

20~30 10.96+0.65Ab 0.93+0.06Cd 79.61+0.25Ba 45.90+0.43Bc

30~40 11.36+0.58Aa 2.30+0.05Aa 73.56+0.65A¢ 30.28+0.86Cd

841 0~10 7.32+0.51Cc 1.18+0.11Ba 73.20+0.25Ch 47.86+0.27Db
10~20 9.36+0.31Bb 0.54+0.05Dc¢ 73.64+0.85Ch 34.50+0.49Cc

20~30 10.95+0.27Aa 0.74+0.05Ch 79.46+0.49Ba 30.38+0.81Cd

30~40 9.32+0.40Ch 0.43+0.07Dc 53.18+0.44Dc 72.10+£0.79Aa

94F 0~10 6.10+0.20Dc¢ 0.39+0.03Db 60.99+0.16Dc 24.88+0.51Db
10~20 8.68+0.42Ch 0.70+0.03Ca 66.78+0.89Db 26.28+0.80Da

20~30 10.59+0.84Ba 0.25+0.07Dc 75.87+0.67Ba 21.86+0.51Ch

30~40 10.72+0.14Ba 0.24+0.05Dc¢ 67.18+0.62Bb 15.90+0.71D¢

1045 0~10 6.81+0.54Dd 0.31+0.11Db 68.07+0.26Da 20.64+0.76Db
10~20 8.48+0.66Cc 0.54+0.16Da 64.81+0.88Dc 25.94+0.58Da

20~30 9.86+0.75Bb 0.15+0.02Db 68.65+0.39Ca 9.16+1.17Dc¢

30~40 10.72+0.43Ba 0.24+0.04Db 67.20+0.20Bb 10.50+0.43Dc¢

T8 AR TR R — 3 BZ A RN UK BHAF R 2252 B3, ARV NG RS MR EAF R AN R L= 22 5 B35 (P<0.05)
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Figure 4 Changes of soil water holding capacity and saturated water conductivity in different hydroponic years
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