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Effect of different application ratios of chemical and organic fertilizers on soil
quality in double cropping paddy fields
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Abstract: [ Objectives ] A long-term paddy soil quality evolution experiment started from 1984 in Jiangxi
Province was conducted to systematically analyze soil quality of double-rice cropping field in red soil region, and
acquire the optimum fertilization measures to improve soil quality. [ Methods ] The long-term experiment
included eight treatments, control (CK, no nutrient input), phosphorus (P) and potassium(K) fertilizer treatment
(PK), nitrogen (N) and P fertilizer treatment (NP), N and K fertilizer treatment (NK), N, P and K fertilizer
treatment (NPK), 70% chemical fertilizer and 30% organic fertilizer treatment (70F + 30M), 50% chemical
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fertilizer and 50% organic fertilizer treatment (50F + 50M), and 30% chemical fertilizer and 70% organic fertilizer
treatment (30F + 70M). Two soil physical properties (soil bulk density and total porosity), 7 basic chemical
properties (organic matter, total N, total P, available N, available P, readily available K and pH) and 3 biological
properties (the number of bacteria, fungi and actinomycetes) were determined after the harvest of late rice in 2012.
Effects of the long-term fertilization on soil properties were analyzed. Principal component and cluster analysis
were used to evaluate the effect of long-term different fertilization systems on soil quality of double-rice cropping
field in red soil region. [ Results ] The significant differences of soil properties were founded among the
treatments. Compared with the chemical fertilizer treatments, the long-term application of chemical fertilizer
and organic manure reduced soil bulk density by 12.7%—-20.6%, and increased soil total porosity by
2.3%—-17.4%, increased organic matter, total N, available N, total P and available P by 22.5%—-41.8%,
9.8%-20.9%, 11.1%-30.3%, 11.1%—71.7% and 131%—175%, respectively. In addition, the soil pH in the
treatments of chemical fertilizer combined with organic manure were increased by 0.19—0.48 than those of the
chemical fertilizer treatments. The 2 principal components which could reflect 87.4% of the original
information were extracted from the initial 12 indices. In the first principal component, organic matter, bulk
density, fungi, total nitrogen, available P, actinomycetes, total porosity, bacteria, total P and available N had
higher load value, while pH and readily available K had higher load value in the second principal component.
The levels of soil quality under different fertilization treatments were sorted as follows: 30F + 70M > 50F +
50M > 70F + 30M > NPK > NP > NK > PK > CK. The soil quality of paddy soil under the long-term different
fertilization systems was divided into 4 grades: first grade (30F + 70M), second grade (S0F + 50M, 70F +
30M), third grade (NPK, NP), and fourth grade (NK, PK, CK). [ Conclusions ] The study suggested that
chemical fertilizer combined with organic manure can increase soil nutrient content compared with chemical
fertilizer, improve soil physical properties, reduce soil acidification and improve soil microbial counts. Thus,
chemical fertilizer combined with organic manure is the most effective fertilization measure to improve the soil
quality of double-rice cropping field in red soil region.

Key words: long-term fertilization; red paddy soil; soil quality; principal component analysis; cluster analysis
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Fig. 1 Effects of different fertilization systems on soil
physical properties
[ (Note) : AN FRF KR A [ b B F] 22 57 0. 3% (P < 0.05)
Different letters above the bars indicate significant difference among
the treatments (P < 0.05).]
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Table 1 Effect of different fertilization systems on soil chemical properties

i HHLIE (g/kg) 24 (gkg) 22T (g/ke)

TR (mg/kg) AR (mgkg) LT (mgke)

Treatment OM Total N Total P Avail. N Avalil. P Avail. K pH
CK 22.25d 121e 0.50d 9599 ¢ 1092 ¢ 36.45¢ 583a
PK 24.36 cd 1.39d 0.96 ¢ 104.19 ¢ 42.85¢ 11042 a 577b
NP 26.08 ¢ 1.57 be 1.05¢ 145.65b 40.05¢ 52.53 be 5.48d
NK 23.09d 147c 0.47d 132.47b 11.72¢ 83.65 ab 5.50 cd
NPK 2571 cd 1.53 be 0.99 ¢ 139.22b 32.06d 75.38b 539e
70F + 30M 31.50b 1.68b 1.10¢ 154.67b 74.09b 57.38 be 5.58 be
50F + 50M 34.43 ab 1.76 ab 1.42b 160.31 ab 83.09a 53.11 be 555¢
30F + 70M 36.45a 1.85a 1.70 a 181.38 a 88.29a 52.60 be 587a

1 (Note ) : B 5 AN R F-RE /R AN R AL #H ] 22 57
different treatments (P < 0.05).

1.3 (P < 0.05) Values followed by different letters indicate significant differences among
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Table 2 Effects of different fertilization systems on quantities of soil bacteria, fungi and actinomycetes

Ab AT (x 107 cfu/g) HH (x 104 cfu/g) JBERTA (% 10° cfu/g) AEYLEE (< 107 cfu/g)
Treatment Bacterium Fungus Actinomycete Total microbial
CK 1.16 +£0.49 cd 0.88 +£0.22 de 1.63+£0.35¢ 1.32+£0.53 cd
PK 0.73+0.22d 0.63£0.17 de 1.47+£0.51¢ 0.87+0.21d
NP 0.52+0.16d 0.72 £0.20 de 2.07 +0.35 be 0.73+£0.15d
NK 0.80+0.24d 049+0.15¢ 1.97 £ 0.40 be 1.00+£0.25d
NPK 1.55+0.16 ¢ 1.07+031d 2.7+0.36b 1.82+0.13 ¢
70F + 30M 225+023b 235+040c 4.13+0.57a 2.67+0.19b
50F + 50M 2.79+0.57b 3.00+£0.40b 3.63+0.47a 3.15+0.57b
30F + 70M 427+0.55a 390+£0.57a 4.07+0.72a 4.68+0.51a

T (Note) : Hdi )5 A 7] SRR R R 7] b 21 1] 2% 57
between different treatments (P < 0.05).

3% (P < 0.05) Values followed by different letters indicate significant differences
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Table 3 Correlation coefficients matrix among soil quality indices

X, X, X, X, X X, X, X, X, Xio X X
X, 1.00
X, -0.95™ 1.00
X, -0.97" 0.92 1.00
X, —-0.92" 0.91™ 0.93" 1.00
X —-0.84™ 0.84™ 0.92* 0.88™ 1.00
X -0.86™ 0.83" 0.88™ 0.98™" 0.81" 1.00
X, -0.93" 0.88" 0.97* 0.89" 0.94™ 0.79° 1.00
Xy 0.24 -0.12 -0.34 -0.20 -0.19 -0.31 -0.21 1.00
X, 0.06 -0.02 —-0.06 -0.07 -0.20 0.05 -0.20 -0.37 1.00
X -0.90" 0.82" 0.91™ 0.79" 0.81" 0.77* 0.82" -0.39 0.06 1.00
X -0.95™ 0.87" 0.97* 0.84™ 0.86™ 0.80° 0.90™  -0.43 0.03 0.98" 1.00
X -0.93" 0.78" 0.92* 0.88" 0.77* 0.87" 0.86™  -0.39 —0.13 0.86™ 0.90™ 1.00

1 (Note) : X\ X,.

v Xo PHHAEE . BB AR, 2%

L. BARE. ARE. BUMER. pH(H. . HEMZ

W *UEEREE (P<0.05), ** [LEEFWMEFE (P<0.01) X, X, ..., and X,, represent bulk density, total porosity, organic matter, total
N, total P, available N, available P, available K, pH, bacteria, fungi and actinomycetes counts; * indicates significant difference (P < 0.05), **

indicates extremely significant difference (P < 0.01).
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Table 4 Eigenvalues and variance contributions
of the principal components

RS OBEI SRR BIETHR ()
Component Eigenvalue Contribution Cumulative contribution

1 9.10 75.8 75.8

2 1.40 11.6 87.4

3 0.64 5.3 92.7

4 0.39 32 95.9

5 0.25 2.1 98.0

6 0.14 1.2 99.2

7 0.09 0.8 100.0
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