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PCR-DGGE 1 DGGE
(116°55°E, 28°13'N) Bio-rad Quantity
17.8°C 1 795 mm one Image lab
2010 e e
) %#1 YHE. HEE PCR-DGGE RNk RK5IHFF|
100 m (5 m>20 m) Table 1 Primer sequences and the PCR-DGGE systems of bacteria
( ) and fungi
PCR 1 1ul(GC-338F) 1ul(GC-NS1)
(0 ~20 cm) (20 pmol/pl)
2.52 g/kg 0.40 g/kg 0.23 g/kg 2 1pl(534R) 1ul(Fung)
(20 pmol/ul)
11.95 g/kg 38.30 mg/kg 0.76 mg/kg 4X dNTP Il Il
47.58 mg/kg 135.38 mg/kg (2.5 mmol/l)
Tag (5 U/ul) 0.5ul 0.5ul
(CEC) 12.12 cmol/kg pH 4.73 10 X Buffer sul sul
1.2 ddH,0 37.5ul 37.5ul
DNA 1ul 1ul
6 R N
(Ref) Mg’ 3ul 3ul
(CK) (25 mmol/1)
50ul 50ul
(N) NPK (NS) NPK PCR 94°C 10min 94°C 10min
- (NSM) NPK [94°C30s 52°C30s [94°C30s 52°C30s
9:1 72°C455]30 68°C455]30
(NB) NPK 72°C 10min 68°C 10min
4°C 10min 4°C 10min
2 3 DGGE 40%~75% 30%~45%
250V 10min~ 250V 10min~
70V 16h 70V 16h
Gel Red Gel Red
1h 1h
[7 (NS GC-338F 5- ACTCCTACGGGAGGCAG-
NSM NB 1 000 ke/hm? CAG-3' 534R 5- ATTACCGCGGCTGCTGGC-3' GC-NSI 5'-
) & GTAGTCATATGCTTGTCTC-3' Fung 5'- ATTCCCCGTTACCCGT-
(Ref) (CK) TG-3' GC 5-CGCCCGCCGCGCGCGGCGGGCGGGGC-
(N 150 kg/hm?) (P,0s5 75 GGGGGCACGGGGGC-3'
kg/hm?) (K50 60 kg/hm?) 4
13 Simpson (D)  Shannon-
) wiener (H')
D=1-yP} (1)
S 8 (0~20 cm) H'=-YPnP; ()
600 g P;= /
_80°C (ANOVA)
Tukey (P<0.05)
- R Vegan
- - (PCA)
CONOCO 4.5 for windows
pH [18] 2
CO, Li-6400(LI-COR Inc. USA) 2.1

4—10 2

(DGGE)
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Fig. 1 Changes of soil bacterial diversities under different fertilization treatments in peanut and maize systems
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Fig. 2 Principal component analysis of soil bacterial community composition in peanut and maize systems
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Table 2 Correlation between soil nutrient contents and diversities and structures of soil microbial communities
Shannon Shannon Shannon Shannon
™ 0.39%* 0.31 0.13* 0.40%* 0.49%* 0.58%* 0.14%* 0.35
TP 0.12%* 0.39* 0.12% -0.04 0.26* 0.63** 0.15% 0.24
TK 0.24%* 0.7** -0.02 -0.04 0.12* 0.23* 0.21 0.15
AP 0.47%* 0.72%* 0.16* 0.22 0.51%* 0.65%* 0.25%* 0.29*
AK 0.45%** 0.62%** 0.36** 0.10 0.39%** 0.78** 0.25%* 0.41*
SOC 0.33%* 0.69** 0.17* 0.07 0.49** 0.71%** 0.12%* 0.15
C/N 0.41** 0.12 0.17* —0.42* 0.39%* —0.34* 0.16** -0.28
pH 0.17* 0.21 -0.13 0.17 0.26 0.40 -0.03 0.35
* P<0.05 w P<0.01
n=36
(ABT)
( 95 ( TP AP) NSM>NB>NS>N>CK>Ref
(N NS
44.8%  47.4% (AK) (TN) NSM)
pH
TN pH
AK
2.4
( 4) ABT
( 3 CK 29%

(NSM)

71%
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Table 3 Changes of soil respiration rate during tasseling stage in peanut and maize systems under different fertilization treatments
2011 2012 2011 2012
Ref 0.41+£0.01¢B 0.96£0.10 cA Ref 0.41+0.01 dB 0.96£0.10 cA
CK 1.45+0.04 dB 1.54 £ 0.03 dB CK 1.13+£0.02 cB 1.27+£0.01 dA
N 1.76 £ 0.06 cB 2.30+0.16 cA N 1.24+£0.07 bB 1.56 £ 0.05 cA
NS 1.68 £0.03 cB 229+£0.16 cA NS 1.26 £0.02 bB 1.72 £ 0.09 bcA
NSM 3.51+0.02 aB 3.85+0.12 aA NSM 2.10£0.03 aB 2.61 £0.15aA
NB 2.49 £ 0.05 bB 2.58+£0.12bB NB 1.31£0.03 bB 1.88 £0.06 bA
+ (n=3) P<0.05
P<0.05
x4 HEMERRFPLIRTRERS TIRWEY S HMEREEEXE®@N = 36)

Table 4 Relationship between soil respiration rate and soil microbial diversity index in peanut and maize cropping systems
Simpson »=-0.002x" + 0.018x + 0.930, R*=0.334, P<0.01 »=-0.004x" + 0.023x + 0.937, R*=0.594, P<0.01
Shannon ¥ =-0.063x* + 0.404x + 2.650, R?>=0.331, P<0.01 y=-0.113x" + 0.629x + 2.691, R>=0.624, P<0.01
Simpson »=-0.005x* + 0.030x + 0.906, R*=0.421, P<0.01 »=0.004x + 0.943, R>=0.109, P<0.05
Shannon y =-0.084x" + 0.435x + 2.460, R*=0.306, P<0.01 »=-0.018x" +0.181x + 2.909, R*=0.210, P<0.01

[26] (NS) C/N
3
3.1
(NS NSM NB)
[20-22]
(23] (271 pH
pH
[24] [28-29]
(NSM)
[25] [28]
[22, 30]
CN (NB)
.2009 2009



346

47

pH
[31] pH
[32]
(G
[5]
N/P
[33]
3.2
CO,
[34]
( )
[35]
(3
[32]
(NB)
(NSM) (
1~4) NB NSM
(1 000 kg/hm?)
[35]
(G
ABT
3
[36]

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(N NS NSM)

Falkowski PG, Fenchel T, Delong EF. The microbial
engines that drive earth’s biogeochemical cycles[J].
Science, 2008, 320 (5879): 1 034-1 039
Horz HP, Barbrook A, Field CB, Bohannan BIM.
Ammonia-oxidizing bacteria respond to multifactorial
global change[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2004, 101(42):
15136-1 5141
Enwall K, Nyberg K, Bertilsson S, Cederlund H, Stenstrom
J, Hallin S. Long-term impact of fertilization on activity
and composition of bacterial communities and metabolic
guilds in agricultural soil[J]. Soil Biology & Biochemistry,
2007, 39: 106-115
[J. , 2010, 26(22):
206-209
Ajwa HA, Dell CJ, Rice CW. Changes in enzyme activities
and microbial biomass of tallgrass prairie soil as related to
burning and nitrogen fertilization[J]. Soil Biology &
Biochemistry, 1999, 31: 769-777
Debosz K, Rasmussen PH, Pedersen AR. Temporal
variations inmicrobial biomass C and cellulolytic enzyme
activity in arable soils: Effects of organic matter input[J].
Applied Soil Ecology, 1999, 13: 209-218
[J.
, 2009, 29(2): 740-748
Sun HY, Deng SP, Raun WR. Bacterial community
structure and diversity in a century-old manure-treated
agroecosystem[J]. Applied and Environmental Microbio-
logy, 2004, 70(10): 5 8685 874
Ros M, Pascual JA, Garcia C, Hernandez MT, Insam H.
Hydrolase activities, microbial biomass and bacterial

community in a soil after long-term amendment with



347

[10]

(11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

(23]

(24]

[25]

different composts[J]. Soil Biology & Biochemistry, 2006,
38(12): 3 443-3 452

Ndayeyamiye A, Cote D. Effect of long-term pig slurry and
solid cattle manure application on soil chemical and
biological properties[J]. Canadian Journal of Soil Science,
1989, 69 (1): 3947

Nanda SK, Das PK, Behera B. Effects of continuous
manuring on microbial population, ammonification and CO,
evolution in a rice soil[J]. Oryza, 1998, 25(4): 413416
O’Neill B, Grossman J, Tsai MT, Gomes JE, Lehmann J,
Peterson J, Neves E, Theis JE. Bacterial community
composition in Brazilian anthrosols and adjacentsoils
characterized using culturing and molecular identify-
cation[J]. Microbial Ecology, 2009, 58: 23-35

Taketani RG, Tsai SM. The influence of different land uses
on the structure of archaeal communities in Amazonian
anthrosols based on 16S rRNA and amoAgenes[J]. Micr-
obial Ecology, 2010, 59: 734-743

Khodadad CLM, Zimmerman AR, Green SJ, Uthandi S,
Foster JS. Taxa-specific changes in soil microbial community
composition induced by pyrogenic carbon amendments[J].
Soil Biology & Biochemistry, 2011, 43: 385-392

Jin H. Characterization of Microbial Life Colonizing
Biochar and Biochar-amended Soils[D]. Ithaca: Cornell
University, 2010

. [M].
2011: 1-466
, ZL201020683459.3.
[P]. 2011-09-07
M].
, 2000
M].
, 2009

Kalbitz K, Solinger S, Park JH, Michalzik B, Matzner E.
Controls on the dynamics of dissolved organic matter in
soils: A review[J]. Soil Science, 2000, 164(4): 277-304
Zsolnay A. Dissolved organic matter: Artefacts, definitions,
andfunctions[J]. Geoderma, 2003, 113: 187-209
Zak JC, Willig MR, Moorhead DL, Woldman HG.
Functional diversity of microbial communities: A quanti-
tative approach[J]. Soil Biology & Biochemestry, 1994,
26(9): 1 101-1 108

He JZ, Zheng Y, Chen CR, He YQ, Zhang LM. Microbial
composition and diversity of an upland red soil under long-
term fertilization treatments as revealed by culture-
dependent and culture-independent approaches[J]. Journal
of Soils and Sediments, 2008, 8: 349-358

[J1.
,2011, 44(22): 4 610-4 617

s s

[I1. , 2006, 43(5):

[26]

[27]

[28]

[29]

[30]

(31]

(32]

(33]

[34]

[35]

[36]

(37]

(38]

723-729

Steiner CB, Glaser B, Teixeira WG, Lehmann J, Blum
WEH, Zech W. Nitrogen retention and plant uptake on a
highly weathered central Amazonian Ferralsol amended
with compost and charcoal[J]. Journal of Plant Nutrition
and Soil Science, 2008, 171: 893-899

Zhong WH, Gu T, Wang W, Bin Zhang B, Lin XG, Huang
QR, Shen WS. The effects of mineral fertilizer and organic
manure on soil microbial community and diversity[J]. Plant
and Soil, 2010, 326: 511-522

Fierer N, Jackson RB. The diversity and biogeography of
soil bacterial communities[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2006, 103(3): 626—631

Nicol GW, Leininger S, Schleper C, Prosser JI. The
influence of soil pH on the diversity, abundance and
transcriptional activity of ammonia oxidizing archaea and
bacteria[J]. Environmental Microbiology, 2008, 10(11):
2 966-2 978

s s s s > s

1. , 2010, 43(16):
3340-3 347

s s s b s s

[J]. , 2007, 39(5): 772-776
He JZ, Shen JP, Zhang LM, Zhu YG, Zheng YM, Xu MG,
Di HJ. Quantitative analyses of the abundance and
composition of ammonia-oxidizing bacteria and ammonia-
oxidizing archaea of a Chinese upland red soil under
long-term fertilization practices [J]. Environmental Micro-
biology, 2007, 9(9): 2 364-2 374
Liu Z, Fu B, Zheng X, Liu G. Plant biomass, soil water
content and soil N . P ratio regulating soil microbial
functional diversity in a temperate steppe: A regional scale
study. Soil Biology & Biochemistry, 2010, 42: 445-450
CO, [J1.
, 2015, 35(5): 1-15
Cleveland CC, Townsend AR. Nutrient additions to a
tropical rain forestdrive substantial soil carbon dioxide
losses to the atmosphere[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2006,103: 1 03161 0321
Ajwa HA, Tabatabai MA. Decomposition of different
organic materials in soils[J]. Biology and Fertility of Soils,
1994, 18: 175-182
Bell T, Newman JA, Silverman BW, Turner SL, Lilley AK.
The contribution of species richness and composition to
bacterial services [J]. Nature, 2005, 436: 1 157-1 160
[J1. , 2013,
50(1): 142-152



348 47

Effect of Organic Manure and Biochar with Equal Amount of
Carbon Input on Microbial Diversity and Respiration of Red Soil

CHEN Li-jun"? SUN Bo'", JIN Chen', JIANG Yu-ji', CHEN Ling'

(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing  100049)

Abstract: Improving the ecological functions of barren soils by organic manure is an important technology in soil fertility
management. The effect of organic manure or biochar with equal carbon input was compared on soil microbial diversity and
activity by using a field experiment in a red soil derived from Quaternary red clay in Subtropical China. Soil microbial diversity
was measured by Polymerase Chain Reaction-Denaturing Gradient Gel Electrophoresis (PCR-DGGE), than soil CO, flux was
observed to analyze its relationship with soil microbial diversity. The two-year experimental results showed that manure
application altered significantly soil microbial community composition by changing soil properties. Applying organic manure and
biochar increased the bacterial diversity, but decreased the fungal diversity in the second year. Fertilization could raise soil CO,
flux with the highest value under mixed application of organic manure and straw. Correlation analysis showed that soil respiration
rate was significantly positively correlated to bacterial and fungal diversity, in which soil bacterial diversity played more
contributions (71%) than fungal diversity (29%). Aggregated boosted tree (ABT) analysis showed that the relative contribution of
soil phosphorus contents (total and available phosphorus content) to the variation of bacterial and fungal diversity were 44.8%
and 47.4%, respectively, suggesting that different fertilization treatments influenced soil phosphorus supply and then drove the
changes of microbial diversity. In total, mixed application of organic manure and straw can quickly improve red soil microbial
diversity and functions.

Key words: Red soil; Organic manure; Biochar; Microbial diversity; PCR-DGGE; CO, flux



