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a 210008 2 100049 3
( ) 210098 4 331700)
( 0.121 m¥/m®)
( 0.156 m’/m®) ( NK
0.11 m*/m* NP 0.115 m*m® NPK 0.082 m*m’ 2NPK 0.113 m*/m’)
1.45 ~1.68 1.22~1.43 0.39 ~ 0.41 m*/m’
(P<0.01)
(P<0.05) (P<0.05)
S152
3.8
25% 44%"
[2-4]
[5-7] 1
1.1
( )
26 m 17.7°C
29.0°C 5.0C
1400 mm
(5] A-P-W1-W2-G
(-1 1981
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10 46.67 m*
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[13] CK( ) NK( ) NP(
(4] NPK( ) 2NPK(
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Table I The amount of mineral and organic fertilizers annually applied for each crop, annual organic carbon input and the average rice grain

yield for each crop in long-term fertilization experiments

N P K
(kg/hm?) (kg/hm?) (kg/hm?) (t/hm?) (t/hm?) (t/hm?) (t/hm?) (t/hm?)
CK 0 0 0 0 0 1.26 f 2.87 f 299 ¢
NK 90 0 62.2 0 0 1.47 ¢ 349¢ 3.85d
NP 90 19.6 0 0 0 1.69 ¢ 4.01d 3.85d
NPK 90 19.6 62.2 0 0 1.64 d 440 c 4.30c
2NPK 180 39.2 124.4 0 0 1.88b 5.04b 499b
NPK+OM 90 19.6 62.2 2.25 7.9 529a 524a 520a
(P 70 g/kg) N 27.6 g/kg P 2.00 g/kg
K 8.50 g/kg N 2830 g/lkg P 10.30 g/kg K 9.80 g/kg
P<0.05
1.2 (ANOVA) (LSD)
2010 11
(100 cm?) (0~10 cm) 3
2
(
1 cm 2.1
) 02
10 22 55 320 820 1470 kPa 18]
(1470 kPa 10 (NPK+OM)
) (D
(2
RETC van Genuchten pH
0.1~0.2
van Genuchten (3] (P > 0.05)
0(h) =0, ,i
[1+(ah)"]"
o (m* m*) & (kPa) 6, pH
(m’m’) 6, m’m’) a n
m m=1-1/n
Peng ! >50 pum 193 ~ 205 g/kg
0.6 ~ 50 um (P> 0.05)
<0.6 pm 2.2
[19]
(FE)
>100 kPa
(
a (0 ~ 100 kPa)
1.3 (>100 kPa)
RETC (NPK+OM) (0 ~ 100
SPSS 17.0 kPa >100 kPa) 5
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*2 KHAEMREHBELIEEARER
Table 2  Soil properties of the Ap horizon in long-term fertilization experiment
pH
(g/kg) (g/kg) (g/kg) (g/kg) (g/em’) (m*/m’) (g/kg)
5.4 16.3 1.49 0.49 - - -
CK 52a 19.4b 2.02¢ 0.54¢ 1.20a 0.55b 205 a
NK 52a 21.0b 2.17b 0.52¢ 1.19a 0.55b 203 a
NP 53a 20.1b 2.12 bed 0.69 d 1.13a 0.57b 193 a
NPK 53a 209b 2.09 cde 0.84 ¢ 1.15a 0.57b 194 a
2NPK 52a 20.8b 2.15be 1.03b 1.15a 0.57b 196 a
NPK-+OM 52a 25.8a 2.64a 131a 1.02b 0.62a 204 a
6 0.60
193 ~ 205 g / kg -
0.55¢ e NK
| E - —— NP
T : —a— NPK
£ 0504 —=— 2NPK
(NPK+OM) = B —a— NPK+OM
= O
30 kPa bz 0454
B T
H & Mo -
0.40 ey \E-Q;.\q.:
Phn s e
3 m? 0351 . . i
o CK0.121 m’/ m S & o o ® &
NPO0.115 m’/ m S

NK 0.11 m* m®> NPK 0.082 m*/ m®
ONPK  0.113 m*’ m* NPK+OM 0.156 m*/ m>
0.1 m¥/ m® (20]

NPK

van Genuchten

JK 4 F1(kPa)
1 KEEMREHE T IBEKDIFE L

Fig. 1 Water retention curve of the Ap horizon in long-term
fertilization experiment

2.3

a 2
n [21]
van Genuchten 1.45 ~ 1.68 1.22 ~ 1.43
n 1.04  1.05 4 0.39~0.41 m’/ m’
a 0.176 ~ 1.950 (P>0.05) 1 2
(.3 6 0
( 0) Rasool  [?%
R’ 0.99 van Genuchten (32 )
#3 KHEMREHELDIEKIFHESH
Table 3 Parameters of soil water retention curve of the Ap horizon in long-term fertilization experiment
O, (m’/ m%) o n m R?
CK 0.559 0.477 1.05 0.047 0.998
NK 0.564 0.251 1.05 0.050 0.991
NP 0.566 0.415 1.05 0.043 0.992
NPK 0.547 0.176 1.04 0.039 0.993
2NPK 0.565 0.654 1.04 0.041 0.994
NPK+OM 0.589 1.95 1.05 0.046 0.997
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5
Haynes  Naidu!*! 0.7 9 7 , , ,
s il BRRR /ML
( 0.6 -
) 7
0.5 /% % A;f/ 7%, %
= 1
[24] E 0s ] bl bl bl bl bl a
2 NPK £
cK ( ) ﬁ 0.3 -
=
0.2
2.4 01 4
( 4 o
(P<0.01) ' CK NK NP NPK 2NPK NPK+OM
(P<0.05) e AL FR
(P<0.01) ( P<0.05
(P<0.05) 12 )

F4 ITEIESTHETE.

2 KHIEMRBEHELIRILES S
Fig. 2 Pore size distribution of the Ap horizon in long-term
fertilization experiment

Bk, MEMENERR. FREEMHEXRKR

Table 4 Relationships among soil organic carbon, microbial biomass carbon and nitrogen, respiration intensity and pore size distribution

1

0.870* 1
0.932*%* 0.797 1
-0.174 -0.565 -0.327 1
0.931** (0.950** 0.900* -0.457 1
0.986** (0.905* 0.950%* -0.301 0.976** 1
0.785 0.854%* 0.721 -0.427 0.877* 0.833* 1
0.465 0.457 0.159 0.218 0.463 0.440 0.593 1
0.774 0.849%* 0.794 -0.551 0.897* 0.846* 0.972%* 0.410 1
* P<0.05 Rk P<0.01
90%
[25]
2
NP NK NPK 2NPK
(P<0.05) 0.115 0.110 0.082 0.113 m¥/ m’
(P<0.05)
(3)
3
(1) (P<0.01)
(P<0.05)

(P<0.05)
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Effects of Long-term Fertilization on Soil Property Changes and
Soil Microbial Biomass

DENG Chao'?, BI Li-dong’ , QIN Jiang-tao'" , ZHANG Tao-lin', YU Xi-chu®

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2 University of Chinese Academy of Sciences,
Beijing 100049, China; 3 Key Laboratory of Efficient Irrigation-Drainage and Agricultural Soil-Water Environment in Southern
China(Hohai University) Ministry of Education, Nanjing 210098, China; 4 Jiangxi Institute of Red Soil, Jinxian, Jiangxi
331700, China)

Abstract: Based on analyzing the water retention curves in paddy soils of long-term fertilization, the relationship between
soil properties and different pore size were explored. The results showed that soil organic carbon content and water-holding
capacity increased with the application of organic manure. Compared to the no fertilizer treatment (aeration porosity 0.121 m*/m?),
the organic manure application treatment increased aeration porosity (aeration porosity 0.156 m*/m®), whereas the chemical
fertilizer application treatments decreased aeration porosity (NK 0.11 m*/m?®, NP 0.115 m*/m®, NPK 0.082 m*/m’, 2NPK 0.113
m*/m*). The proportion of marcopores and mescopores were 1.45-1.68 and 1.22—1.43 times for organic manure application
treatment to the no fertilizer treatment and the chemical fertilizer application treatments, the proportion of mircopores in 0.39 —
0.41 m*/ m®. Correlation analysis showed that the content of soil organic carbon exhibited significant correlates with total porosity
and the proportion of mescopores (P<0.01) and significant correlates with the proportion of marcopores (P<0.05), but not
significant with the proportion of mircopores; the proportion of macropores had significant correlates (P<0.05) with soil
microbial biomass carbon and respiration intensity. These results suggested that long-term application of organic manure could
improve the total porosity via the increase of the mescopores and marcopores, and the increased soil macropores could favor soil
microbial activities.

Key words: Long-term fertilization, Paddy soil, Water retention curve, SOC, Porosity, Soil microbial biomass
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