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Effects of Paddy Rice Cultivation History on Soil Physical Properties and Water/
Nitrogen Distribution in the Intermediate Zone between Paddy Field and Bund

CHEN Lu"?, ZHANG Hailin"?, YI Jun"*>', LIU Xiuyun®, LIU Muxing" ?, LI Shenglong®, ZHOU Lj
(1. Hubei Province Key Laboratory for Geographical Process Analysis & Simulation, Wuhan 430079, China; 2. College of Urban and

Environmental Sciences, Central China Normal University, Wuhan 430079, China; 3. Research Institute of Sustainable Development, Central
China Normal University, Wuhan 430079, China)

Abstract: [ Objective ] Lateral seepage around the paddy bund is an important pathway for water loss in the paddy rice field.
Revealing the evolution process of soil physical properties and the characteristics of soil water and nitrogen distribution in the
intermediate zone between paddy field and bund is important. This is crucial for understanding the mechanism of water and
nitrogen loss in the intermediate zone. [ Method ] The intermediate zone between paddy field and bund with a cultivation history
of 2 years, 19 years, and >100 years was considered for this study. Soil properties, including soil bulk density, equivalent porosity,
soil-water characteristic curve, saturated hydraulic conductivity (K;), soil water content and soil nitrogen concentration were
determined through field sampling and laboratory analysis. The evolution process of soil physical properties and the mechanism
of water and nitrogen loss in the intermediate zone were evaluated. [ Result ] The paddy rice cultivation history affected soil
physical properties. With the cultivation history extending, the difference in soil bulk density between paddy field plow layer (PL)
and paddy bund surface layer (SL), and between paddy field plow pan (PP) and paddy bund hard pan (HP) increased. The
microporosity (with diameter <0.03 mm) in PL and SL increased with paddy rice cultivation history, while the macroporosity
(with diameter >0.3 mm and >0.03 mm) decreased in other soil layers for both in paddy field and bund. This showed a quicker
decrease rate in the paddy field than for the bund. Differences in soil water holding capacity (SWHC) between paddy fields and
bund were identified in the measured water suction range (0~100 kPa). Similar SWHC was observed between PL and SL in both
2 years and 19 years paddy rice fields, while a much higher SWHC was found in PL than SL in >100 years paddy rice fields. Also,
a similar SWHC between PP and HP were identified in both 2 years and 100 years paddy rice fields, while a much higher SWHC
was found in PP than HP in the 19 years paddy rice field. A higher SWHC was observed in the paddy bund subsoil layer (BSL)
than the paddy field subsoil layer (FSL) for both 19 years and >100 years paddy rice fields. With paddy rice cultivation history
extending, the differences in K between PL and SL decreased, while it increased between PP and HP. For example, the K in PP
was 1.10, 6.90, and 6.32 times that in HP for 2 years, 19 years, and >100 years paddy rice fields, respectively. Also, a much higher
K, was observed in bund than the field for >100 years paddy rice field, while no significant differences were observed for the
other two fields. The soil water and nitrogen distribution patterns were affected by the evolution of soil physical properties in both
paddy fields and bund. Also, a higher soil water content and soil nitrogen concentration were observed in 19 years and >100 years
paddy rice fields than in 2 years paddy rice fields, which was mainly accumulated in the PL for both 19 years and >100 years
paddy rice fields. [ Conclusion ] For the young paddy rice field, soil water and nitrogen rapidly seepage from both paddy fields
and bund identically. With the paddy rice cultivation history extending, soil water and nitrogen are expected to be lost more
quickly from the paddy bund than the field. For >100 years paddy rice fields, the PP in the newly built bund will degrade with
time, then the paddy bund will be the key site for soil water and nitrogen lose again. Therefore, the soil water and nitrogen loss
from the paddy bund should be given more attention, and the focus should be more on old paddy than young paddy rice fields.

Key words: Paddy bund; Bulk density; Saturated hydraulic conductivity; Soil-water characteristic curve; Water content; Nitrogen

concentration
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Fig. 1 The distribution of soil sampling sites in the intermediate zone between paddy field and bund

1.3 TEEAREAMERSKAFERNE

Pl 1a F7s XRG4 ) H A AE AT 3 i
11 ML A (AR AN INEGE ) FNASORE L K,
(MS3000 BOGKLEE AL ) ME 5 SOtk A F -0
ERE (1), Ko CEKKE) A 850K I FE
Mgl (BopLE) UL 18 1b s KSR 4 iy L3R
A TERRR R A £ KSR . NH,-N fr (Hel i
Fetaik ) MIHINO, N f i (RN ) PO,

T HEALBR, AR R AL R A 2
SRS T PP B ) AL > 2 bR
YT T HAE>0.3 mm F1>0.03 mm B RFLER S
i, RS LB R S BOK I PR AR A8 E 5
#£<0.03 mm 9/ NFLBRA R TR IS AR IR A7 AL
B T H SRR I S K A RR AR i 2k, A B i AR S 2
(D=3/h, D K4 HAf4E, mm, h W S{E, cm) P

FEIM

http://pedologica.issas.ac.cn



24 Bk 55 ZKOPRDD s AR - PSS 51X 33y B 315 K -SR03 A B R 413

R 1 RREIK#H £ FE E E A0 EE R IB AR

Table 1 Soil physiochemical properties in paddy field and bund with different cultivation history

o7 15, TREE KR AL & i MU ZH Y, Soil particle composition/%
Location Depth Genetic  Organic matter content ZFHkL Clay Bk Silt fib#i Sand
/cm horizon / (gkg") (<0.002 mm ) (0.002~0.02 mm ) (>0.02 mm )
24EHA 0~11 PL 23.79+1.09 25.94+0.15 42.0240.13 32.04+0.27
11~24 PP 21.03+3.11 32.87+0.22 40.02+0.16 27.11£0.38
2 Year field
>24 FSL 7.8240.89 21.29+7.17 33.87+8.66 44.84+14.80
2 AFHIE 0~9 SL 18.03+3.54 24.64+0.61 36.34+0.58 39.03+1.18
9~18 HP 23.72+0.19 29.75+0.16 38.85+0.11 31.40+0.27
2 Year bund
>18 BSL 6.41+1.84 25.35+£5.98 39.73£3.90 34.92+8.95
19 4EH A 0~15 PL 28.76+1.08 29.05+2.68 35.02+1.48 35.93+3.89
15~30 PP 8.12+0.67 32.79+4.07 39.07+3.13 28.14+7.03
19 Year field
>30 FSL 8.99+1.08 35.3246.29 40.97+2.61 23.70+6.16
19 4F I 0~17 SL 19.67+0.74 24.69+0.36 42.88+0.33 32.42+0.69
17~30 HP 14.18+0.78 32.29+0.28 43.42+0.22 24.29+0.50
19 Year bund
>30 BSL 9.34+2.90 39.23+3.56 39.00+2.45 21.77+5.94
100 4F H 0~18 PL 33.30+0.92 30.42+1.99 33.18+1.12 36.40+2.74
18~38 PP 11.61+0.83 39.93+7.26 36.96+3.37 23.11+8.91
100 Year field
>38 FSL 8.99+0.61 44.11+7.25 39.81+4.28 16.08+5.14
100 4 H 1§ 0~18 SL 23.45+0.77 20.44+0.27 35.33+0.33 44.23+0.60
18~36 HP 17.85+1.13 28.34+0.19 37.26£0.27 34.40+0.46
100 Year bund
>36 BSL 16.70+0.53 36.39+0.23 38.64+0.20 24.97+0.43

. PLACERBHER; PP AKREURZ; FSLHUERHNIRLZE; SLAERELR; HP AAURMPUZ; BSL AURHNIRL/E. Note:

PL represent plow layer; PP represent plow pan; FSL represent subsoil layer in paddy field; SL represent surface layer; HP represent hard

pan; BSL represent subsoil layer under bund.
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Fig. 2 Soil bulk density in paddy field and bund with different cultivation history
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Table 2 Soil equivalent porosity distribution in paddy field and bund with different cultivation history

kAR TRBRAEBR M5 L4125 L Equivalent porosity/%
Genetic horizon Cultivation history <0.03 mm >0.03 mm >0.3 mm
2 39.52+0.99¢ 9.92+1.70a 5.95+1.24a
PL 19 47.71£1.91b 10.42+1.59a 4.40+1.87ab
>100 55.99+4.21a 9.29+2.19ab 2.97+0.64ab
2 49.68+16.37ab 9.11+1.15abc 4.43+0.58ab
SL 19 43.92+1.90bc 7.22+0.41bc 2.76+0.76b
>100 40.54+4.62¢ 6.42+3.09¢ 3.02+2.91b
2 40.62+1.13ab 6.24+2.41ab 2.64+1.95a
PP 19 36.96+2.85¢ 4.73+0.79bc 1.33+0.29b
>100 41.73£0.97a 3.33+0.37c 0.96+0.27b
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gk
KHZE TRBRAERR 1w fL42 5 Lt Equivalent porosity/%
Genetic horizon Cultivation history <0.03 mm >0.03 mm >0.3 mm
2 37.96+0.81bc 7.83+2.34a 3.50+1.71a
HP 19 42.14+1.04a 5.10+0.24bc 2.09+0.23ab
>100 41.90+2.16a 5.96+2.86ab 2.254+0.97ab
2 37.30+8.17¢ 11.86+6.87a 2.55+1.07ab
FSL 19 39.60+2.68cd 8.18+2.62b 2.74+1.23a
>100 43.32+6.26bc 5.31£2.93b 0.70+0.24ab
2 41.91+3.71bc 7.39+4.75b 2.46+1.30ab
BSL 19 45.84+6.20ab 6.65+2.82b 2.01+0.68ab
>100 50.09+1.70a 4.59+0.59b 0.99+0.20b

T PLAVERMHER; PP ARUKAURZE; FSLAAKHPWIE LR, SLIEELZ; HP RUEMFZ; BSLAUEH MK LZE; KFF
BEZRIR H PR 0 2 AL AR & AR R — R A R 3 22 5+ (P<0.05 ), Note: PL represent plow layer; PP represent plow pan;

FSL represent subsoil layer in paddy field; SL represent surface layer; HP represent hard pan; BSL represent subsoil layer under bund;

different alphabets demonstrate the significant difference in soil equivalent porosity between paddy field and bund in same soil horizon

(P<0.05) .
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Fig. 3 Soil-water characteristic curves in paddy field and bund with different cultivation history
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