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1600 ~ 1900 h Katz!'" :
1981 pH 6.9 C16.3 v(5>di)=A{1-(d'I—T 3)
ghkg N149ghkg P048gkg  K10.39 g/kg k
P (NaHCOs3-P) 4.15 mg/kg K (NH4Ac-K)
80.52 mg/kg (' 0.001 mm) 241.0 g/kg 18]
12 _ _ uo
1981 “ oo Wd)l[dj )
t1) WO dmax
> ! ) a )" WS >d)
Y C73.077 921067 ¢ 2 7 < 647 7547 lg( mj Ig W, :
“« 287« 647 < 3 7« 9p3”
10 .3 46.67 m* b
30 cm 1O @ MWD GWD
20 cm 6 CK ( Wi Xi
) N NP NPK NPKM OM 4) di di din Ohnax
(N: 90 kg/(hm> )) (P,05:45 W (8>d;) d; W,
kg/(hm* )) (K,0:75 kg/(hm* ))
( ) (22500 kg/(hm?s ) 1.4
P N K Excel 2000 SPSS 11.5
6:4 2 LSD
1.3
13.1 5
Mendes " Sainju ! Schutter  Dick!'*
[13] 2003 11 2.1
( ) 23
( (1 1
22% ~ 25% ) 3 ~5 mm
(failure zone) (2132 ~ 2674 g/kg) 5 mm
(198.1 ~239.4 g/kg)  0.05 mm (11.0
( HY—5A) 270 r/min 2 min ( ~ 23.5 g/kg)
2 min 3 mm ( 41.1% ~ 50.6
) ( 2 ) 5mm 3~5mm %) S mm
2~3mm 1~2mm 05~1mm 025~05mm 0.05 3 ~5mm
~0.25 mm 0.05 mm (P 0.05) CK 5 mm
132 3 ~5mm ( 200.1 213.2 g/kg)
(mean weight diameter MWD) (P 0.05 ) N NP NPK
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(fractal dimension D)  [¢'7] 2~3mm 1~2mm 05~1mm
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1 (g/kg)
Table 1  Effect of fertilizer application on content of soil aggregation in red soil paddy
5 mm 3 ~5mm 2 ~3mm 1 ~2mm 0.5~1mm 0.25 ~ 0.5 mm 0.05 ~ 0.25 mm 0.05 mm
CK 200.1 aA 213.2 bA 150.2 aB 141.7 aB 131.2 aB 74.5 aC 65.7 aC 23.5aD
N 198.1 aB 239.7 abA 153.2 aC 140.6 aC 129.6 aC 63.5 aD 58.3 aD 17.0 abE
NP 199.6 aB 245.0 abA 150.7 aC 132.9 aC 128.9 aC 62.5 aD 61.0 aD 19.4 abE
NPK 204.1 aB 246.9 abA 153.5 aC 136.7 aC 126.2 aC 59.9 aD 57.5aD 15.2 abE
NPKM 229.6 aB 267.4 aA 155.0 aC 1253 aD 117.0 aD 56.2 aE 38.5bE 11.0 bF
OM 239.4 aB 265.7 aA 156.3 aB 121.0 aC 112.9 aD 55.7 aE 38.4bE 10.6 bF
P 0.05 (LSD )
1 Smm 3~5mm
2 ~3 mm OM (156.3 ~ 265.7 g/kg) CK MWD  GMD
NPKM (155.0 ~ 267.4 ghkg) NPK (153.5 ~ 246.9
g/kg) NP (150.7 ~245.0 g/kg) N (153.2 ~239.7 g/kg) D ( 3) D
CK (150.2 ~ 213.2 g/kg)
38 1
3~5mm 0.05~025mm  0.05mm M
(NPKM 35 | T %
OM) (N NP NPK) a 4
= 33t
3 ~5mm = 32
(N NP NPK NPKM OM) 31 ¢
CK (NPKM  OM) 3~5 2,3 j
mm ( 254% 24.6%) 238
(N NP NPK) 3 ~5 mm CK N NP NPK NPKM oM
124% 149% 15.8%
0.05 ~ 0.25 mm (NPKM 1
OM) (N NP NPK) (CK) (MWD)
49.4% ~589% 70.6%~71.1% Fig. 1 Effect of long-term fertilization on MWD of
(N NP NPK) 0.05 ~ 0.25 mm soil aggregation in red soil paddy
CK
(NPKM OM) 0.05 mm el
( 382%~900%) CK ( 15 |
113.6 % ~ 121.7 %)
22 % 14 |
[18-19] 1~3 ©
23 1.3
oo L
OM ( 3.54 1.45) NPKM ( 3.48 kN N NPK NPKM oM
143)  NPK( 323 135) NP( 3.18
133)  N( 3.17 1.33)  CK( 3.08 1.28)
(OM  NPKM) ?
MWD GMD (N NP NPK) (GVD)
T7% ~ 117%  6.0% ~ 9.4% CK Fig.2 Effect of long-term fertilization on GMD of soil

13.0% ~14.9%

11.7% ~13.2%

aggregation in red soil paddy
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a4 oM N NP NPK CK
(3
230 + 23
A 221t )
- MWD GMD D 2003
( )
2 ‘ ‘ ‘ \ \ \ MWD GMD 5
CK N NP NPK NPKM oM mm 3 ~5mm (P
0.01 I~2mm 05~1mm 0.25~0.5mm
3 ) 0.05~025mm  0.05mm
Fig. 3 Effect of long-term fertilization on D of D 1 ~2
soil aggregation in red soil paddy mm 05~Imm 025~05mm 0.05~0.25 mm
0.05 mm
2.14 ~ 2.15 D 2.24 ~2.26 Smm 3 ~5 mm
CK D 2.30 2 3 ~5mm
(NPKM  OM) D 0.05 ~ 0.25 mm
(N NP NPK) CK NPKM  0.05 mm
2 (n=18)
Table 2 Correlation analysis of content of soil aggregation with aggregation characteristic and yield of rice in red soil paddy
5 mm 3~5mm 2~3 mm 1 ~2mm 0.5~1mm 0.25~0.5 mm 0.05~0.25 mm 0.05 mm
MWD 0.868%* 0.679%* 0.081 -0.828** -0.809%* -0.879%* -0.528* -0.588*
GWD 0.815%* 0.766%* 0.180 -0.751%* -0.767** -0.874%* -0.637** -0.717*
D -0.876%* -0.633%** -0.040 0.847%* 0.813%* 0.867** 0.467* 0.526*
0.412 0.604* 0.083 -0.083 -0.421 -0.288 -0.786** -0.483*
*, Rk P 0.05 P 0.01
3
( 3) MWD  GMD
23 3~5mm
0.05 ~ 0.25 mm 0.05 mm
MWD GMD [20-23]
D
[24-26] 0.25 mm
’ 025~ 10
Table 3 Correlation coefficient (r) between aggregation mm
characteristics and yield of rice in red soil paddy [27]
MWD GWD D (NPKM OM) ( 0.05 ~
MWD 1 0.25 mm 0.05 mm) ( 3 ~5 mm)
GMD 0.995%* 1 (GE)) 5 mm
D -0.977** -0.985%* 1
0.924* 0.888* -0.892* 1

(N
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Effects of Long-Term Fertilization on Aggregates Characteristic of Red Paddy Soil

HUANG Qian-ru"? , HU Feng' , YUAN Ying-hong' , LIU Man-giang' , LI Hui-xin'
( 1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China;

2 Jiangxi Institute of Red Soil, Jinxian, Jiangxi 331717, China)

Abstract:  Using the dry sieving method, a study was conducted to investigate effects of long-term (23 years) fertilization on contents and
characteristics of soil aggregates in red paddy soil. The long-term fertilization experiment had 6 treatments, i.e. =~ CK (without any fertiliazation),
N (only N fertilizer), NP (combination of N and P fertilizer), NPK (combination of chemical fertilizer)), =~ NPKM (combination of
chemical fertilizer with manure), and ~ OM (manure). Results showed that content of aggregates of red paddy soil was mainly affected by organic
manure. Compared to CK, Treatment NPKM and Treatment OM was 25.4 % and 24.6 % higher respectively in content of soil aggregates 3~5 mm
in size, but 70.6% ~ 71.1% and 113.6% ~ 121.7% lower respectively in content of aggregates 0.05 ~ 0.25 mm and  0.05 mm in size. However,
there was no obvious difference between Treatment NPK and CK. In addition, the values of MWD (mean weight diameter), GMD (geometric
mean diameter) and D (fractal dimension) of soil aggregates in Treatments NPKM and OM all increased dramatically, and it was also found there
were significant correlations between the three indexes and crop yield, suggesting that MWD, GMD and D could well cited as indicators of soil
fertility. Besides, significant correlations between contents of aggregates 3 ~ 5 mm, 0.05 ~ 0.25 mm and  0.05 mm in size and crop yields were
also observed. It could thus be concluded that these three fractios of aggregates could be used as a good physical indicator to evaluate fertility of
red paddy soil.

Key words: Aggregate characteristic, Red paddy soil, Long-term fertilization, Dry-sieving method



