27 3 Vol. 27 No.3
2007 3 ACTA ECOLOGICA SINICA Mar. 2007

16S rDNA V3 PCR DGGE

. 2
Hwat Bing So
1. 100081
2. School of Land and Food Sciences The University of Queensland Brisbane Qld 4072  Australia

DGGE PCR 16S rDNA
15a SMB-C SMB-N
CKO NPK NPKM NPKSt  NPKF
CK NPKF NPK SMB-C/SOC
SMB-N/TN SMB-C ~ SMB-N PCR-DGGE NPKM
CKO CK UPGMC

NPK  NPKF CK  CKO NPKM  NPKSt
DGGE
1000-0933 2007 03-1079-07 S154.36 A

Microbial C and N biomass and soil community analysis using DGGE of 16S

rDNA V3 fragment PCR products under different long-term fertilization systems
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Abstract Microbial biomass C and N content and analysis of soil bacteria with different fertilization systems were carried
out based on a 15-year long term fertilizer experiment in Drab Fluvo-aquic soil in Beijing. At this site 13 different

treatments were established in 1990. Six treatments were chosen for this work Four were in a wheat-maize rotation receiving

either no fertilizer CK  mineral fertilizers NPK  mineral fertilizers plus farmyard manure NPKM  or mineral
fertilizers with maize straw incorporated NPKSt . One was in a wheat-maize/wheat-soybean rotation receiving NPK
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NPKF . The other was abandoned arable land CKO growing weeds. The amount of chemical fertilizer per year was N
150 kg hm > P,0,75 kg hm > K,0 45 kg hm > manure 22.5 t hm * and maize straw 2. 25 t hm ~>. The results showed
that microbial biomass C and N in the abandoned arable soil were higher than that in arable soils. Soil microbial biomass C
and N in treatments with fertilizer input NPK NPKM NPKSt and NPKF were higher than that in CK  without
fertilization . The rotation of wheat-maize/wheat-soybean had higher microbial biomass C and N than continuous wheat-
maize cropping. The ratio of microbial C to soil organic C SMB-C/SOC and microbial N to soil total N SMB-N/TN
had similar trends to SMB-C and SMB-N. The community structure of bacteria microorganisms was assessed by denaturing
gradient gel electrophoresis DGGE  and Unweighted Pair Group Method Clustering UPGMC  analysis of the DGGE
banding patterns showing that the bacterial community structure was affected by the treatments. The results indicated a
significant increase in microbial diversity by fertilization treatments compared to that without fertilizer CK . However the
composition of the bacterial community in NPKM treatment was more complex than that in others. Cluster analysis of the
DGGE profiles pointed out that bacteria in the six soils belonged to three clusters. Bacterial communities in CK and NPK
soils belonged to one cluster those in NPKF and CKO soils to another cluster and that in NPKSt and NPKM soil to a single

cluster. The similarity of bacterial community in soils with six treatments was 53% . This study demonstrated that mineral

fertilizer with farmyard manure increased both biomass and diversity of bacterial community in the soil.

Key Words DGGE microbial community structure different fertilization systems microbial biomass
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1.2
6 1 CK 2 NPK 3 +
NPKM 4 + NPKSt 5 + I NPKF 6 CKO
N 150 kg hm* P,0,75 kg hm > K,0
45 kg hm > M 22.5t hm™ St 2.25t hm~’
1 I
- I - — - 200m’
1.3
2005 10 2 3 0~
20cm 3 5
2mm 4 C
3 100g 4 C DNA
6 1 CK 2 NPK 3 NPKM 4 NPKSt 5 NPKF 6 CKO
1.3.1
Joergensen  °  Vance -K,S0,
K,Cr,0, FeSO, 3
1.3.2 DNA PCR
1
DGGE The Dcode™ Universal Mutation Detection System Bio-Rad Co. 16SrDNA V3
GC 357f-GC 517R V357f{-GC 5-CGCCCGCLCGCGCGCGGCGGGCGGGGLG

GGGGCACGGGGGGCCTACGGGAGGCAGCAG-3” V517R 5-ATTACCGCGGCTGCTGG-37

2 DNA
DNA Miller ** : DNA DNA
0.8%
DNA UV-1600 260nm  310nm
DNA
DNA =50 x OD,, -0Dy, ng/ul
3 PCR
50uIPCR 10 x PCR buffer ~ Mg>* 5pul dNTP 1pl 500nmol/L
500nmol/L. TagDNA 2U 10ng 50l
PCR 95°C 3min Taq 25 93C Imin 48°C Imin 72°C
1min 10s 72°C Smin PCR 1.2%
4 DGGE
20%  60% 8% 200V 13l
0.5 x TAE 60°C 220V 5h 0. 8pg/ml SYBR
GREEN I 20 min Bio-RAD  GelDoc-2000
Quantity One Bio-Rad
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2.1
1 133.28 ~
282.75 mg kg™' 16.97 ~70.17 mg kg™' CKO
19
CN
4 NPKM NPKF NPKSt NPK
CK NPKM
20 21
NPKF NPK
22
SMB-C/SOC
23
CKO Saggar Saggar
60% 83% Sparling *
CK
15a
SMB-N/TN
NPK SMB-
N/TN
C/ N
% 1 NPKM SMB-C/SMB-N
CK
1
Table 1 The effect of long-term different fertilization systems on Microbial Biomass C and N of soil 0 ~20cm
Treatments SMB-C mg kg~! SMB-N mg kg~' SMB-C/SOC % SMB-N/TN % SMB-C/SMB-N

CK 133.28 D d 16.97 E e 2.22 ¢ 2.86d 7.86 a

NPK 167.94 CD cd 32.53Dd 2.31b 4.73 ¢ 5.16 b

NPKM 226.95 B b 59.53 B b 2.33b 5.28b 3.81d

NPKSt 181.82 BCD ¢ 39.09 CD cd 2.29 be 4.91 ¢ 4.65 ¢

NPKF 194.02 BC ¢ 43.96 C ¢ 2.37b 5.16 b 4.41 ¢

CKO 282.57 A a 70.17 A a 2.58 a 5.98 a 4.03 cd

1% 5% Note Figures with the same capital or small letter are not significant at 1% or

5% level respectively the same below
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15a Table 2  Similarity coefficient of microbial populations under long —
term different treatments
DGGE NPK CK NPK  NPKM NPKSt NPKF  CKO
Treatments
CK 1.000
NPK NPKF NPK 0.908  1.000
CK CKO NPKM  0.472  0.525  1.000
NPKSt 0.507 0.533 0.753 1.000
NPKF 0.794 0.841 0.530 0.562 1.000
CKO 0.816 0.856 0.524 0.577 0.845 1.000
DGGE
NPK NPKM
- — - NPKF CKO
CK

References

1 Jenkinson D' S Powlson D S.

Biochemistry 1976 8 3

209 —213.

The effects of biocidal treatments on metabolism in soil A method for measuring soil biomass. Soil Biology &

2 Vance E D Brookes P C Jenkinson D S. An extraction method for measuring soil microbial biomass C. Soil Biology & Biochemistry 1987 19



3 16S rDNA V3 PCR DGGE 1085
6 703 —707.

3 Joergensen R G and Mueller T. The fumigation-extraction method to estimate soil microbial biomass calibration of the kEC value. Soil Biology &
Biochemistry 1996 28 1 3 —37.

4 Kennday A C Papendick R I. Microbial characteristics of soil quality. J Soil Water Conv 1995 50 3 243 —248.

5 Bunemanna E K Bossiob D A Smithsonb P C et al. Microbial community composition and substrate use in a highly weathered soil as affected by
crop rotation and P fertilization. Soil Biology & Biochemistry 2004 36 6 889 —901.

6 Plaza C  Herndndez D  Garcia-Gil J C  Polo A. Microbial activity in pig slurry-amended soils under semiarid conditions. Soil Biology &
Biochemistry 2004 36 10 1577 —1585.

7 Timo Kautz Stephan Wirth Frank Ellmer. Microbial activity in a sandy arable soil is governed by the fertilization regime. European Journal of Soil
Biology 2004 40 2 87 —94.

8 Ebhin Masto R Chhonkar P K Dhyan Singh et al. Changes in soil biological and biochemical characteristics in a long-term field trial on a sub-
tropical inceptisol. Soil Biology & Biochemistry 2006 38 7 1577 —1582.

9 Carmine Crecchio Antonio Gelsomino Roberto Ambrosoli et al. Functional and molecular responses of soil microbial communities under differing
soil management practices. Soil Biology & Biochemistry 2004 36 11 1873 —1883.

10 Bossio D A Girvan M S Verchot L Bullimore J. Soil Microbial Community Response to Land Use Change in an Agricultural Landscape of
Western Kenya. Microbial Ecology 2005 49 1 50 —62.

11 Zhao B Q Zhang F D. Long-term fertilizer experiment in China. Plant Nutrition and Fertilizer Science 2002 8 Supplement 3 —8.

12 Campbell C A Lafond G P Harapiak ] T et al. Relative cost to soil fertility of long-term crop production without fertilization. Canadian Journal
of Plant Science 1996 76 3 401 —406.

13 Belay A Claassens A S Wehner F C. Effect of direct nitrogen and potassium and residual phosphorus fertilizers on soil chemical properties
microbial components and maize yield under long-term crop rotation. Biology and Fertility of Soils 2002 35 6 420 —427.

14 Elcio L. Balota Arnaldo Colozzi Filho Diva S. Andrade et al. Long-term tillage and crop rotation effects on microbial biomassand C and N
mineralization in a Brazilian Oxisol. Soil & Tillage Research 2004 77 2 137 —145.

15 XuY C Shen QR Ran W. Effects of zero-tillage and application of manure on soil microbial biomass C N and P after sixteen years of cropping.
Acta Pedologica Sinica 2002 39 1 89 —96.

16  Petra Marschnera Ellen Kandeler Bernd Marschner Structure and function of the soil microbial community in a long-term fertilizer experiment.
Soil Biology & Biochemistry 2003 35 3 453 —461.

17 Zhang PJ Li L Q Pang G X et al. Influence of long- term fertilizer management on top soil microbial biomass and genetic diversity of a paddy
soil from the Tai Lake region China. Acta Ecologica Sinica 2004 24 12 2818 —2824.

18  Miller N Bryant ] E Madsen E L et al. Evaluation and Optimization of DNA Extraction and Purification Procedures for Soil and Sediment
Samples. Appl Envir Microbiol 1999 65 11 4715 —4724.

19 Saidou Nourou Sall Dominique Masse Ndeye Yacine Badiane Ndour et al. Does cropping modify the decomposition function and the diversity of
the soil microbial community of tropical fallow soil Applied Soil Ecology 2006 31 3 211 —219.

20 Debosz K Rasmussen P H Pedersen A R. Temporal variations in microbial biomass C and cellulolytic enzyme activity in arable soils effect of
organic matter input. Applied Soil Ecology 1999 13 3 209 —218.

21 Jackson L E Calderon F J Steenwerth K L et al. Responses of soil microbial processes and community structure to tillage events and implications
for soil quality. Geoderma 2003 114 34 305 —317.

22 Drinkwater L E Wagoner P Sarrantonio M. Legume-based cropping systems have reduced carbon and nitrogen losses. Nature 1998 396 6708
262 —265.

23 Sparling G P. Ratio of microbial biomass carbon to soil organic carbon as a sensitive indicator of changes in soil organic matter. Australian Journal
of Soil Research 1992 30 2 195 —207.

24 Saggar S Yeates G W Shepherd T G. Cultivation effects on soil biological properties microfauna and organic matter dynamics in Eutric Gleysol
and Gleyic Luvisol soils in New Zealand. Soil Tillage Res 2001 58 1-2 55 —68.

25  Sparling G P. Soil Microbial Biomass Activity and Nutrient Cycling as Indicators of Soil Health in C. Pankhurst B. M. Doube V. V.S.R.
Gupta eds. Biological Indicators of Soil Health CABI Publishing Wallingford Oxon UK 1997. 97 —120.

26  Lovell RD Jarvis S C Bardgett R D. Soil microbial biomass and activity in long-term grassland effects of management changes. Soil Biology &
Biochemistry 1995 27 7 969 —975.

27  Anthony G O’Donnell Melanie Seasman Andrew Macrae et al. Plants and fertilizers as drivers of change in microbial community structure and
function in soils. Plant and Seil 2001 232 135 —145.

28  Makoto Kinura Taketo shi Shibagaki Yasunori Nakajina et al. Community structure of the microbiota in the floodwater of a Japanese paddy field
estimated by restriction fragment length polymorphism and denaturing gradient gel electrophoresis pattern analyses. Biol Fertil Soils 2002 36 4
306 —312.

29  Antontio Gelsomino Anneke C Kejer-Wolters Giovanni Cacoo. Assessment of bacterial community structure in soil by polymerase chain reaction
and denaturing gradient gel electrophoresis. Journal of Microbiological Methods 1999 38 1-2 1 —15.

11 2002 8 3~8.

15 2002 39 1 89 ~96.

17 2004 24 12 2818 ~

2824.



