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Effects of Long—term Fertilization on Soil Physical Properties and Aggregate Organic Carbon Accumulation in
Paddy Soils of Dongting Lake Region, China
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Abstract: Soil physical properties and organic carbon are important indexes of soil quality, which are sensitive to fertilization practices.
Based on a 27-year fertilization experiment on paddy field in Dongting Lake region, China, the responses of soil physical properties and dry
sieved aggregate—associated organic carbon to applications of nitrogen (N ), phosphorus (P ) and potassium (K ) mineral fertilizers with or
without organic manure were studied at 0~20 cm and 20~40 cm soil layers. Compared to long—term unfertilized treatments, the soil total
porosity and field moisture capacity in the two soil layers under fertilizer application increased by 2.6%~8.3% and —3.0%~23.5%, respec—
tively, while the soil bulk density decreased by 3.0%~11.6% , which were significant( P<0.05) at 0~20 c¢m layer but not at 20~40 cm layer.
The amount of soil aggregates in the >5 mm group decreased after long—term fertilization, while the proportions of aggregates in 2~5 mm and
0.5~2 mm groups increased significantly (P<0.05) by 57.3%~94.3% and 25.8%~103.8%, respectively, in two soil layers. These meant that
the physical structure of paddy soil was improved by long—term fertilization. Along with aggregates size decreasing, the contents of aggre—
gates—associated organic carbon increased, but storages presented an opposite trend. Both mineral and organic fertilizers applications signif—

icantly (P<0.05 ) increased the organic carbon contents in various size classes of aggregates, but such effects decreased with increasing soil
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depths. Organic carbon storages in the <5 mm aggregates in two soil layers were significantly higher in all fertilization treatments( P<0.05)

than those of no fertilizer treatment, but the storages of aggregates—associated organic carbon in the 2~5 mm and 0.5~2 mm aggregates were

more sensitive to long—term fertilization than in others. It can be concluded that the improvements of soil quality varied with different fertil—

ization modes. Combined application of N, P, K fertilizers and organic manure was better than balanced application of N, P, K fertilizers in

improving soil physical properties and enhancing carbon sequestration in aggregates. With increasing rates of manure applications, the im—

provement of soil quality would become more distinct.

Keywords: fertilization; paddy soil; physical properties; soil aggregates; organic carbon; Dongting Lake region
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Table 1 Soil bulk density, total porosity and field capacity in

different treatments

W )2 Soil 45T Bulk  SAFLEREE Total K &
Treatment layer/cm  density/g-cm™  porosity/%  Field capacity/%
CK 0~20 1.12+0.01A 57.7+0.3C 26.4+0.6D

20~40  1.35+0.02A 49.1+0.9A 23.4+0.6BC
Ty 1.24 53.3 24.9
NPK 0~20 1.08+0.01B 59.2+0.5B 28.2+0.6C
20~40  1.31+0.03A 50.4+1.1A 22.7+0.6C
ey 1.20 54.8 25.5
LOM 0~20 1.00+0.02C 62.3+0.5A 30.8+0.5B
20~40  1.29+0.06A 51.4+2.3A 25.2+0.5A
-y 1.15 56.9 28.0
HOM 0~20 0.99+0.01C 62.5+0.3A 32.6=0.8A
20~40  1.29:0.01A 51.4+0.3A 24.5+0.4AB
ey 1.14 57.0 28.5

s [Jl g A — 2RI R S AT A R 22 5 2 . R,
Note : Different letters in the same soil layer within each column mean

significant differences between different treatments. The same as below.

94.3%1 25.8%~103.8%. 1 ILAT UL, Bt A HE A AR AL
Fic it BILIE XS 43 2% T SR A% 15 Sk 114 5 i) R 4% (14 8k )
— 3 (HEAAFTHEIN 0.5~5 mm RS &
2.3 iebExt HIEARE P B NBRIR R
2.3.1 AN[FAFLT AR AR A B o

S[R3 A R A B B LT 1, 5 CK 4b
FRAH E ,NPK .LOM .HOM #b 3 0~20 em 2 34 HL
e 2 B o R 10.2% .20.8% .24.2% ,20~40 cm )7
W4 4R 7.3% . 14.9% 17.2%, e s w12 135
U &3 CK 3945 B8 (P<0.05) . ASEhitilie
515 AR BN, 25 42 B R AR Lk S
MR, RGN R AR A WL S R 0~20
em 2R 5T 20~40 em 12, AN[E) A ERE] &2 4]
B IR A HURR & AR I H HOM>LOM>NPK>CK

R 2 FREIMEE TR FHEREHM

Table 2 Distribution of dry sieved soil aggregates in different layers under different treatments

I 43 Lt Aggregate percentages/%

Kb FE Treatment )2 Soil layer/em

>5 mm 2~5 mm 0.5~2 mm 0.25~0.5 mm <0.25 mm

CK 0~20 80.2+1.1A 10.3+0.8B 6.2+0.8C 1.1:0.2C 97.8+0.4A
20~40 83.4+2.2A 8.8+1.3B 5.2+0.8B 1.0+£0.2B 98.5+0.4A

NPK 0~20 72.0+1.4B 16.2+1.3A 7.8+£0.3B 1.3+0.1BC 97.3+0.2AB
20~40 72.4+2.0B 14.5£2.2A 9.4+2.4A 1.5+0.2A 97.8+0.3B

LOM 0~20 68.1+1.4C 17.2+1.2A 9.9+1.4A 1.8+£0.3AB 97.0+0.3B
20~40 71.1+1.5BC 15.4£1.5A 9.7+0.3A 1.6+0.3A 97.8+0.2B

HOM 0~20 65.7+2.5C 17.9+1.8A 10.9+1.0A 2.3+x0.4A 96.8+0.1B
20~40 68.0+1.8C 17.1+1.6A 10.6+0.7A 1.9+0.2A 97.6+0.2B
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Figure 1 Organic carbon contents in whole soil and different

aggregates under different treatments
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aggregates under different treatments
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