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The effects of the long-term application of inorganic fertilizers on microbial
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Abstract The effects of the long-term application of inorganic fertilizers on microbial community diversity were investigated
in a rice-planting soil derived from quaternary red clay in the Ecological Experimental Station of Red Soil Chinese Academy
of Sciences. After 13 years application of different inorganic fertilizers for flooded double rice crops the community
structure of bacteria archaea actinomycetes and fungi in the soil changed greatly. The similarity of the SSU rDNA DGGE

patterns of these four kinds of microorganisms between the soil without rice-planting and the soil with rice-planting reached
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only 33% and 66% respectively. The microbial community structure among treatments with NP PK  and NPK types of P
fertilizer were much similar the similarity of the SSU rDNA DGGE patterns of the four kinds of microorganisms in these
treatments reached a high range of 75% —81% . The microbial community structures between the treatment with N and K
fertilizers NK and the treatment without inorganic fertilization CK with the treatments with P fertilizer differed greatly
with the similarity of the SSU rDNA DGGE patterns of the four kinds of microorganisms in these treatments reaching 69% —
77% and 55%—77% respectively. The results of this study provide a scientific basis for fertilizing and utilizing soil

protecting microbial diversity and accomplishing the sustainable development of agroecology.
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1.2 DNA rDNA  PCR
FastDNA ® SPIN Kit for Soil Fast Prep™ FP120 DNA PCR
PCR 1 DGGE PCR nested
PCR technique PCR
domain of the Bacteria
P338f P518r PCR 0.2 pmol/
L dNTP 200 pmol/L  MgCl,1.5 mmol/L 1 x Taq DNA Mg** 50l Taq
DNA 1.25U PCR 25wl PCR DNA Ll PCR
50! PCR lul  PCR 1.5% PCR
4°C -20°C

1 PCR
Table 1 PCR condition used in this study

PCR PCR condition

Target Primers Number of Denaturation Annealing Elongation References
cycles C min C min C min
Bacteria s
PCR
3
First PCR round Po3f R1378r 30 95 1 53 1 72 2
PCR P338fGC
Second PCR round P518r 30 95 1 53 1 72 2
Archaea o
PCR PRA46f
First PCR round PRA1100r 30 2 1 55 1 72 ]
PCR PARCH340fGC
Second PCR round PARCH519r 30 92 1 55 1 7 1

Actinomycetes

PCR
First PCR. ound F243 RI378r 35 95 ! 63 1 72 2 9 10
PCR .
Second PCR. round P338{GC  P518r 30 95 1 53 1 72 2 8
Fungi 11
PCR NS1
First PCR round NS2 +10 30 9 ! 53 ! & !
PCR NS26
Second PCR round 518rGC 30 95 ! 55 ! 2 !
1.3 DGGE
DGGE Muyzer > Bio-Rad D Gene Bio-Rad Laboratories
Hercules CA USA PCR 8g/100ml 60°C 200 V 5h
35%  65% 0.5 xTAE 20 mmol/L Tris 10 mmol/L 0.5
mmol/L EDTA pH7.4 1:10000 SYBR Gold Bio Probe Products Rockland ME USA
30min Bio-Rad Laboratories Hercules CA USA
1.4 DGGE
DGGE DNA Imaging and Analysis Software ~ Windows/Macintosh
Bio-Rad Laboratories Hercules CA USA DGGE clustering analysis
SPSS10.0
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2.1 16S t'DNA  PCR-DGGE
PCR 16S rDNA DNA
1339bp  237bp  16S rDNA 1 DGGE 2 CK’ CK NK
NP PK NPK 30 23 23 2525 22 DNA 3A P NP NPK PK
DGGE 74% CK’ DGGE 57% DGGE
47.23 % 19.49%  16.90%
83.62% 2 CK’ 1
1 P
M CK' CK NK NP PK  NPK M CK' CK NK NP PK NPK

kb

bp
1.5
15 500
200
0.5
1 16S tDNA  PCR
Fig. 1 Bacterial 16S rDNA PCR amplification products of soil samples
M DNA Marker 100bp ladder A B PCR A and B are first and second round PCR amplification products

CK' CK NK NP PK NPK

s /\
201 ® 2 PK
V
1.5 : o NPK
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B ! o NK
0.5 : -
' ¢ CK
- ! -———
0 ? : e CK'
! i
1l
'
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'

2 16S tDNA  DGGE
Fig. 2 DGGE pattern and its PCA analysis result of bacterial 16S rDNA PCR amplification products of soil samples

3.2 16S tDNA  PCR-DGGE
1072bp  237bp  16S rDNA DGGE
4 CK' CK NK NP PK NPK 17 19 20 17 19 17  DNA 3B NP
NPK 86% 3 P NP NPK PK  DGGE 75% CK’
DGGE 33% DGGE
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Fig. 3 Clustering analysis results of the DGGE patterns of the soil samples
A Bacteria B Archaea C Actinomycetes D Fungi
CK' CK NK NP PK NPK
A NPK
o PK
;;- NP
-." NK
¢ CK
® CK'
4 16S rDNA  DGGE
Fig.4 DGGE pattern and its PCA analysis result of archaeal 16S rDNA PCR amplification products of soil samples
58.92 % 14.59% 12.44% 85.95% 4
CK’ 1 1 NK
2
3.3 16S tDNA  PCR-DGGE
1158bp  237bp 165 rDNA DGGE
5 CK* CK NK NP PK NPK 23 25 23 25 22 25 DNA 3C
P NP NPK PK DGGE 79% CK’ DGGE

63% DGGE 43.27% 25.75%
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Fig.5 DGGE pattern and its PCA analysis result of actinomycetes 16S rDNA PCR amplification products of soil samples
3.4 185 r DNA  PCR-DGGE
18S rDNA 567bp  317bp  18S rDNA
DGGE 6 CK’ CK NK NP PK NPK 13 11 12 11 11 11  DNA
3D 3 P NP NPK PK DGGE 81% CK’
DGGE 66% DGGE 49.92%
20.62% 11.23% 81.77% 6 CK’
1 3 P CK" CK
NK 2 3 P NP NPK  PK 2
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Fig.6 DGGE pattern and its PCA analysis of fungal 18S rDNA PCR amplification products of soil samples
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DGGE DGGE
P NP NPK  PK  DGGE
DGGE 74% ~81% 3
CK SSU rDNA DGGE
69% 70% 76% T17% 3 CK NK

SSU rDNA DGGE
66% 55% 15% T1% 3
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