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Effects of Animal Manure Compost, Tillage Method and Crop System
on Soil Properties in Newly Organic Corn Cultivation Field
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ABSTRACT: This study was conducted to investigate the effects of organic farmland soil and nutrient management on
soil properties depending on organic (animal manure compost and green manure [hairy vetch]) and chemical fertilization,
tillage and no-tillage, and crop rotation (corn-wheat, corn-.hairy vetch). It was found that the application of organic matter
such as animal manure compost and hairy vetch, increased the soil organic matter content, the soil microbial density
and microbial biomass C content as compared with the chemical fertilizer treatment. It was also confirmed that the functional
diversity of soil microbial community was increased. As a result of the comparison with the crop rotation and single
cropping, the soil chemistry showed no significant difference between the treatments, but the corn-wheat and corn-hairy
vetch rotation treatments tended to have higher microbial biomass C content and shannon’s diversity index than the single
cropping. Soil chemical properties of tillage and no-tillage treatments showed no significant difference between treatments.
There was no statistically significant difference in substrate utilization of soil microbial community between tillage and
no-tillage treatment. Correlation analysis between soil chemical properties and soil microbial activity revealed that soil
organic matter content and exchangeable potassium content were positively correlated, with statistical significance, with
substrate utilization, and substrate richness. To conclude, organic fertilization had positive effects on the short-term
improvement of soil chemical properties and diversity of microbial communities.
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Table 1. Chemical Properties of Soil (0~15cm) used in the Experiment

Exch. cation
pH EC oM Av.P20s5 K o Mg™
1:5 dS/m g/kg mg/kg cmolc/kg
5.6 0.35 9.9 48 0.47 471 1.77
Standard 6.5~7.0 <2 20~30 150~250 0.45~0.55 5.0~6.0 1.5~2.0
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Treatments
Animal manure
T compost/Tillage(5.10)
N 17.4kg/10a
T Chemical fertilizer/Tillage(5.10)
NPK=17.4-3.0-6.9k/10a
Hairy vetch/Tillage(5.10) .
T3 N 16.8kg/10a ::t':z
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Animal manure [ e[ Wheat
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compost/Tillage(5.10) 10.10) seedling
N 17.4kg/10a N 9.3kg/10a (10.25)
Animal manure Hairy
T6 compost/Tillage(5.10) vetch
N 17.4kg/10a (10.15)
T7 No fertilizer/Tillage(5.10)

Fig. 1. Treatment contents and application rate of organic resources and chemical fertilizer used for the organic

corn cultivation in this study.
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Table 2. Change of the Chemical Properties in Soil (0~15cm) with Fertilization Methods

. Exch. cation
Treatment pH EC oM Av.P,0s K o Mg™
(1:5) dS/m g/kg mg/kg cmolc/kg
Tl 6.2a" 0.31a 11.6a 56.5a 0.62a 5.12a 1.88a
T2 5.6b 0.31a 10.2ab 26.0b 0.53b 4.38b 1.57c
T3 5.6b 0.30a 9.0b 25.4b 0.40c 4.46b 1.72b
T7 5.7b 0.16b 9.2b 28.1b 0.42¢ 4.56b 1.66bc

"T1: Animal manure compost; T2: Hairy Vetch; T3: Chemical fertilizer; T7: No fertilizer
Numbers followed by the same letter within a column are not significantly different (Duncan’s test, P < 0.05).

6.0E+07 1

5.0E+07 -

4.0E+07

w
o
m
T
<
=

2.0E+07 -

Bacteria (CFU g'!)

1.0E+07 -

0.0E+00

BET1

@|T2

oT3 oT7

6.0E+05 -

5.0E+05 -

4.0E+05 -

3.0E+05 -

Fungi (CFU g}

2 0E+05

1.0E+05 -

0.0E+00 ~

1{16/04/30)

BTL

|72

11{17/04/25)

BT3 oT7
a

1{16/04/30)

11{17/04/25)

1.4E+06

1.2E+06

1.0E+06

8.0E+05 |

6.0E+05 |

4.0E+05

Actinomyces(CFU g)

2.0E+05

0.0E+00

1(16/04/30) 11(17/04,/25)

ETL(AM) ET2(GM) BT3(CF) QT7(NF)

s - ) ]
[=] w [=] w
[=] [=] [=] [=]

|

Soil microbial biomass C(jy g'!)
w
<]

[=]

1{16/04/30) 11{17/04/25)

Fig. 2. Changes of microbial populations and soil microbial biomass C in upland soil with application of fertilization methods;
T1(Animal manure compost), T2(Hairy vetch), T3(Chemical fertilizer), T7(No fertilizer); Small letters above the bars followed
by different letters reflect significant differences between treatments (P <0.05); n.s., not significant.
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Table 3. Effect of Fertilization Methods on Catabolic Diversity of the Soil Bacterial Community in Pre-Treatment (I) and
Post-Treatment(the first year after treatment, II) as evaluated by Average Well Color Development (AWCD), Substrate Richness
(S) and Shannon’s Diversity Index (H) Calculated Based on the Results of the Biolog EcoPlate Incubated for 96 h

+ AWCD S H
Treatment
I I I Il I Il
T1 0.83b$ 1.22ab 18b 25ab 2.85b 3.03b
T2 1.06a 1.29a 23a 26a 3.09a 3.21a
T3 0.71b 1.06b 18b 21c 2.88b 2.99b
T7 0.87b 1.12ab 19b 22bc 2.87b 3.03b

TT1: Animal manure compost; T2 : Hairy vetch; T3 : Chemical fertilizer; T7: No fertilizer
Numbers followed by the same letter within a column are not significantly different (Duncan’s test, P < 0.05).
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Table 4. Change of the Chemical Properties in Soil (0~15cm) with Cropping System

Treatment ™ pH EC oM Av.P,05 R Exch. <2:+ation =
K Ca Mg
(1:5) dS/m g/kg mg/kg cmolc/kg
TS 6.2a" 0.33a 12.2a 70.3a 0.65a 5.08a 1.87a
T6 5.9a 0.26b 11.7a 55.7a 0.59a 5.03a 1.86a
Tl 6.2a 0.31ab 11.6a 56.5a 0.62a 5.12a 1.88a

*TS : Corn-Wheat; T6 : Corn-Hairy vetch; T1: Corn

Numbers followed by the same letter within a column are not significantly different (Duncan’s test, P < 0.05).
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Fig. 3. Changes of microbial populations and soil microbial biomass C in upland soil with application of cropping systems;

T5(Corn-Wheat), T6(Corn-Hairy vetch), and T1(Corn).
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Table 5. Effect of Cropping Systems on Catabolic Diversity of the Soil Bacterial Community in Pre-Treatment (I) and
Post-Treatment(the first year after treatment, II) as evaluated by Average Well Color Development (AWCD), Substrate Richness
(S) and Shannon’s Diversity Index (H) Calculated Based on the Results of the Biolog EcoPlate Incubated for 96 h

+ AWCD S H
Treatment
I I I Il I Il
TS 0.76b$ 1.50a 16a 29a 2.71a 3.31a
T6 0.86a 1.37ab 19a 27ab 2.89a 3.19a
T1 0.83ab 1.22b 18a 25b 2.85a 3.03b

s . Corn-Wheat; T6 : Corn-Hairy vetch; T1: Corn

Numbers followed by the same letter within a column are not significantly different (Duncan’s test, P < 0.05).
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Table 6. Change of the Chemical Properties in Soil (0~15cm) with Tillage Systems

+ Exch. cation
Treatment pH EC oM Av.P20s5 e ca Mg
(1:5) dS/m g/kg mg/kg cmolc/kg
T3 5.6a 0.31a 10.2a 26.0a 0.53a 4.38b 1.57a
T4 5.5¢ 0.30a 10.8a 32.1a 0.54a 4.84a 1.59a

13 ¢ Tillage; T4 : No-tillage

Numbers followed by the same letter within a column are not significantly different (Duncan’s test, P < 0.05).
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Fig. 4. Changes of microbial populations and soil microbial biomass C in upland soil with application of cropping

systems; T3(Tillage) and T4(No-tillage).

Table 7. Effect of Tillage Systems on Catabolic Diversity of the Soil Bacterial Community in Pre-Treatment (I) and
Post-Treatment(the first year after treatment, II) as evaluated by Average Well Color Development (AWCD), Substrate Richness
(S) and Shannon’s Diversity index (H) Calculated based on the Results of the Biolog EcoPlate Incubated for 96 h

+ AWCD S H
Treatment
I II Il I Il
T3 1.06a 1.29a 26a 3.09a 3.21a
T4 1.20a 141a 28a 3.81a 3.24a

+T3 : Tillage; T4 : No-tillage

Numbers followed by the same letter within a column are not significantly different (Duncan’s test, P < 0.05).
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Fig. 5. Principal component analysis of substrate utilization pattern by Biolog Ecoplate in upland soil with

application of fertilization methods, cropping systems and tillage systems; (a) pre-treatments, (b) post-treatments(the
first year after treatment); T1(corn/animal manure compost-tillage), T2(corn/chemical fertilizer-tillage), T3(Hairy
vetch-corn/green manuref/tillage), T4(Hairy vetch-corn/green manure/no-tillage), TS(corn-wheat/animal manure

compost/tillage), T6(corn-Hairy vetch/animal manure compost/tillage) and T7(Corn/no fertilizer/tillage).
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Table 8. Correlation Matrix obtained by Regression Analysis of all the Data Application of Fertilization Methods, Cropping

Systems and Tillage Systems

Variable H AWCD S MBC pH EC oM AP E-K ECa EMa B A F
H 1

AWCD 0.952* 1

S 0.927* 0.988* 1

MBC 0.862* 0.781* 0.783* 1

pH 0.118 0331 0336 -0.149 1

EC 0.430 0458 0509 0.237 0257 1

oM 0.642 0.827* 0.851* 0472 0.740 0.497 1

AP 0424 0.630 0.616 0.170 0.916* 0.352 0.906* 1

E-K 0643 0.810* 0.851* 0.465 0.738 0.552 0.984* 0.864* 1

E-Ca 0328 0598 0611 0.136 0.788* 0.273 0.889* 0.904* 0.827* 1

E-Ma -0.023 0211 0.195 -0.190 0.898* 0.203 0.654 0.876* 0.588 0.792 1

B 0.923* 0.911* 0.900* 0.862* -0.043 0.247 0.576 0293 0.556 0359 -0.152 1

A 0313 0399 0505 0.603 0.106 0.277 0.530 0221 0.559 0343 0.098 0393 1

F 0.749 0.807* 0.785* 0.834* 0221 0.198 0.717 0.558 0.635 0.549 0321 0.751 0.575 1

H, shannon’s diversity index; AWCD, average well color development; S, substrate richness; pH, potential of hydrogen ion; EC, electrical
conductivity; OM, organic matter; AP, available phosphate; E-K, exchangeable potassium; E-ca, exchangeable calcium; E-Ma, exchangeable

magnesium; B, bacteria, A, actinomyces; F, fungi; * p<0.05.
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