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Abstract; Biochar is a carbon-rich solid material produced from incomplete combustion of biomass. Owning to its unique
properties in soil amendment, mitigation of greenhouse gases and increase of soil carbon stock, it plays a more and more
important role in environmental science. However, until now the impact of biochar application on soil properties has not
been fully understood, and many mechanisms are still unclear. Soil microbe is the significant pusher in the circulation of
chemical substances and its activity is an indicator of soil quality. In recently years, culture-independent molecular
techniques including terminal restriction fragment length polymorphism ( T-RFLP ), cloning, denaturing gradient gel
electrophoresis ( DGGE) have been widely employed to study the diversity of soil microbe.In this study, soils samples were
collected from paddy-upland rotation experiment, six treatments were established, including; No fertilizer ( CK1) , Regular
fertilizing ( chemical NPK, CK2), Straw returning to field + regular fertilizing ( T1), Rice straw biochar + regular
fertilizing (T2), Rice straw biochar + 70% regular fertilizing (' T3), Garbage biochar+ regular fertilizing (T4 ). The

nutrient indexes of soil, such as total nitrogen ( TN ), available K and available P were measured with standard
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experimental methods. Molecular biology technique of PCR-DGGE was used to characterize the diversity of soil bacteria.
Quantity One Software was used to analyze electrophoretogram. The DGGE fingerprinting profile of bacterial indicated the
composition and distribution of bands of six treatments. The number of DGGE bands of fertilizer treatments (CK2 ,T1—T4)
was more than CK1's. The intensity of some bands (band 3, 4, 5, 6) of biochar treatments ( T2—T4) increased and some
specific bands appeared in rice straw biochar + 70% regular fertilizing treatment ( T3), indicating the structure of soil
microbial community had been obviously influenced by the addition of biochar and fertilizer. The similarity of bacterial
community among six treatments was higher than 48.6% , and the results of cluster analysis have shown that the bacterial
community of seven treatments could be divided into four clusters. The bacterial community of Rice straw biochar (T2, T3)
belonged to one cluster, while the bacterial community of Garbage biochar (T4) and Straw returning to soil (T1) were in a
same cluster, and the bacterial community of CK1 and the bacterial community of CK2 belonged to individual cluster.
Shannon diversity indices calculated from DGGE profiles indicated that the abundances of T1, T2, T3 and T4 were much
higher than the abundances of CK1's and CK2's. Statistics analysis showed that there was positive correlation between
Shannon diversity indices( H) and species richness (S), and the correlation coefficient was 0.939 (P=0.000 < 0.01).
Study on correlation between soil nutrients and the diversity of soil microorganisms found that the diversity of soil
microorganisms among the six treatments was closely related to the soil properties. In summary, biochar treatments played an
active role in the development of diversity of bacterial community in the soil, while the straw returning to field treatment

showed less influence on it. Those results provided a scientific basis for field application of biomass.

Key Words: bacterium community; diversity; polymerase chain reaction-denaturing gradient gel electrophoresis ( PCR-

DGGE) ; biochar; straw returning to field
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Tablel The physical and chemical properties of soils treated by different fertilizers

.~ B S B
e AR ﬁHLﬁ% 1.)(51'75&'% l_ﬁﬁ.%q]
Qb3 fEAE R Total Organic Avail. Avail. pH/
. Others/ Total nitrogen/ .
Treatments Fertilizer (ke/bm?) (/ke) Carbon / phosphorus/ potassium/ (Fk=1:2.5)
m
i (¢/ke) (mg/ke) (mg/ke)
CK1 0 0 0.82 ¢ 10.62¢ 27.82b 66.97¢ 6.2b
CK2 RF 0 0.96ab 12.70ab 28.34b 86.37hc 6.02bc
Tl RF RS16.7 1.04a 12.44b 33.42b 86.94abc 5.87¢
T2 RF RSC16.7 0.95ab 12.31b 39.78a 110.42a 5.95bc
T3 70%RF RSC16.7 0.96ab 13.75a 33.14b 103.33ab 6.03bc
T4 RF SC22.2 0.86bc 11.58bc 31.46b 84.90bc 6.52a

FHFRSIAR/NG FRFRIR 5%KF 122 70 B3

25 AR (CK1) 5 % HUMEAE ( CK2) 3 R FF A+ 8 HUME AR (T1) ; RE AT 5¢ + % B jiti AT

(T2) ; FEFF 7% +70% % HUMEAL (T3 ) 5 B3 pe+ 8 BUREAL (T4) ;% B ( RF)  F&FF (RS) ; FEF-5% (RSC)

Figure with the same small letter is not significant difference at 5% level; Control blank (CK1), Regular fertilizing ( CK2)/RF, Straw returning +

regular fertilizing (T1), Rice stem carbon+ regular fertilizing (T2) , Rice stem carbon+70% regular fertilizing (T3), Garbage carbon+ regular fertilizing

(T4), Rice stem(RS), Rice stem carbon( RSC)
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1:5'-CGCCCGCCGCGCGLGGLGG- GCGGGGCGGGE
GCACGGGGGGCCTACGGGAGGCAGCAG-3") i1 518R
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El1 16S rDNA V3 X# R DGGE S #i45 R (a) RAEKILEE (b)
Fig.1 DGGE profile of amplified 16S rDNA fragments from soil samples (a) and land compare (b)
1—3 25 H{XFB& (CK1) Control Blank ( CK1) ;4—6 # #UiE AL (CK2) Regular fertilizing ( CK2) ;7—9 F%FF 8 M +% AUt iL (T1) Straw returning to
field + regular fertilizing (T1) ; 10—12 FEFFH+5 HUiEAC (T2) Rice stem carbon+ regular fertilizing (T2) ;13—15 FEFF 7% +70% & HLHEAC (T3)
Rice stem carbon+70% regular fertilizing (T3) ;16—18 K3 ¢+ HUitiIL (T4) Garbage carbon+ regular fertilizing ( T4)
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P T U RRS M 2R H R IE S5 R Tt AR AH L
U T AN B AR I (R R S5 A AN
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e 3o Ak B i R 7 2 (T1—T4) 528 710
CK1 BYARIME S 53K 59.2% 56.2% 48.6% .58.1% ,
555 RN AR AL 53 90 R 67.7% .62.2% ,57.7% |
62.7% ., AR IR, A )ik B 2 1) A A
F 60% , Ut BH AL B 2 () AR 4 B AR . ACBIF5E b
R AT HH R AT 2 o b 35 25 0 R CKL L A
FFocd i T3 Ab 35 F H e I8 (%) AH L P BT &R % T
60% , 3% 7% B it A A1 IR ) 5t 1 Rl el A8 T 4 1 A4 TR R
VR S5 FATTEtE T RE X - M AN T VR R AN K R
FHAHALYE S B | i 1 UPGMA ( The Unweighted Pair
Group Method with Arithmetic Averages) #1757
Br (L 2) itE—28 % B0 A Ak 3 38 0 1 Ak P B
AL AR R 4 25 28 O ROk 43R 1 2 HLB B IO T
A b P i A A v ot fan AT %) T A Ak BRI
BORR A 12, BioR 5REFFE MR R 124,
JE DR AT A A [ it A Ak Bk A8 T SR B3 0 ) A A
IREE IR 1A 2 [ (4 3 R

R2 TRSEREMEZFRUEEL
Table 2 Similarity coefficient of microbial populations under

different treatments

Treﬁf:;nts CK1 CK2 Tl T2 T3 T4
CK1 100.0
CK2 61.6 100.0
Tl 59.2 67.7 100.0
T2 56.2 62.2 63.4 100.0
T3 48.6 57.7 60.1 70.1 100.0
T4 58.1 62.7 71.7 71.3 67.6 100.0

Shannon-Weaver $§ %A — >0 LLEUL Y S e 2
REVR L ZFEE TR b, EEEIE A 1T . 2T
FRECRIAN AR R A 2 5] B2 (E) 5 A0 RE V% DNA /Y4

ZH (CK)

AT IR + WAL (T3)

0.70

TEAF 2 + W ALHIAL (T2)

0.64

WAL (CK2)

B3R + HALHEAL (T4)

FEFFIE R AMLAERL (T1)

2 AE4IE DGGE i E R B ST
Fig.2 Clustering analysis of DGGE band profiles on soils
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AT LS R AR T 5 TR AT i 1 3 A R
32%,, FEFFIE H FEFTF e | by 3 it AR Ak FR A% 1 1985
AYEEE R THE L CK2 525 [ 4 I A4b 2
CK1, 2y 225 O RAL BT i 4% AT 340 HH it S Ak
PR SRR F W R AR T Ay A B A R it
AE AL B vp RS AT e b BE A A+ 3 5 42 ) Shannon-
Weaver Index 15 £5H =5 T 45 3% e Ab B JIX AT REH A
TR i AR AT ¢ LU T AR b bz 0 L R AR = 2
5 0%, AW R Y e R AR N 2 AL ] Sy SR RAE Y
PSRRI . ST T R R Y 2 et
BRI W EEASG  HSE R B0 0.939 (P =0.000<
0.01) A~ [A) Ab B () £ 5 BE 8 804y 51 1.37 1,35,
1.36.1.33.1.35.1.38( P>0.05) , 2= H A B

e R 7°

F% B Richness
|
(3]
Shannon-Weaver $§%% Index

=1

ZH WM EH RWIER R B
CK CK2 T1 T2 T3 T4

3 AEALEAFHHENEEES Shannon-Weaver Index
Fict

Fig.3 Microbial species richness and Shannon-Weaver Index of

different treatments
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AR TG 3R M AR A W 2 M 45 91 AR 2
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Table 3 Correlation analysis between soil properties and bacterial community structure

5iH ol JSE RN AR AL
It‘ Total nitrogen/ Total organic carbon/ Avail. phosphorus/ Avail. potassium/ pH
ems
(&/Kg) (&/ke) (&/Kg) (&/Kg)
FHME Relations 0.274 0.629 0.501 0.684 0.165
P 0.600 0.181 0.311 0.134 0.755

3 FrE5rig

PCR-DGGE £ A FI| FH A8 P 16 B 4 25 40 v A 7%
16S rDNA V3 F Bt PCR 7%, N5 8 B ANSE Aof
B SIHIK AR . AT, 6 FOR[R Ay b S AT
Sy ERE] 20 Z5 DL R RLIK AT, U B KRS H e A
WRFE R N E ., R4 w4, /T
X — 43 2T T 3 1) - 1 A0 B o 2 R B B
SE BRI OR 2 il NS B it 4 5 ), (0t A — 4%
S 2 Ak B 1) 52 i 14 I sl ke % AR g e Ak 3 B
SO T 45 AN SR, HO BT AR R

T 2R B0 T Y 6 Ak B ] B AR B 2R 8K
KB AR H AR W i AE Ak B 25 6 BECK
FEFE el 2 T3 Ak B A0 Rk A 1 AL 247 441K
RS R IR L4 2 R M B R R 1) 2
PRI AT IR B A KB 5 LS F5 0 2 A AL
Yy, N SRR o T 2 R N e D VR AR K
VIR A I — S5 5 o fd A LA & T LUAE
AR IR, AR T B A W B AR ) T
PE, HIW Mg 5 FLBR R &, 18 A 1E iAo A
FEBIARAA ARt AT Ak B it fr) o AT R A )
U T SR W A A R AR BRI IR BT, AT 52
TR R 2R B L T

X DGGE & B5 B #4748 i+ 53 4 & 30« A= W) o
AL it A 75 =AY 40 B F O RE 48 20 )% Shannon-
Weaver Index ¥880 & , 2 & R EAEAL PR 2 £%; -
AR AR S5 M 8 A S R Ay S LR B
AR AYFOCHE . BFFE R 828 W it hn 3 -
Bt R Ah2E B R R A B
RS2 AT ek 3 1 0 398 BT o SR 4 At TS
RIS AW A b R T | o i i
16, AR5, A= ¢ BC it A BT BE AT ) 4 v
HHEE TR R

References :

[ 1] LiX H. Fertilization Systems and Sustainable Use of Arable Land
[ D]. Beijing: The Chinese Academy of Agricultural
Sciences, 2005.

[2] LuZL,YuWT, Zhou H, Xu Y G, Huang B T. Effects of long-
term fertilization on aggregate size distribution and nutrient
content. Soils, 2011, 43(5) . 720-728.

[ 3] Liu Y L. Changes in Soil Properties and Its Relation with Soil
Productivity Under Long-Term Fertlization in Paddy Fields [ D].
Nanjing: Nanjing Agricalture Univercity, 2007.

[4] Sun N K, Suo D R. Effects of long-term mixed use of organic
manure and chemical fertilizers on crop yield and indigenous soil
nutrients. Bulletin of Soil and Water Conservation, 2011, 31(4) .
42-46.

[ 5] Tan H W. Effect of three years continuous application of bio-
organic fertilizer in sugarcane planting areas. Journal of Southern

Agriculture, 2011, 42(8) ; 940-943.

http ; //www.ecologica.cn



4294 GO O 34 %

[ 6] Kuma K, Goh K M. Management practices of antecedent Tianmu mountain nature reserve. Acta Pedologica Sinica, 2009,
leguminous and non-leguminous crop residues in relation to winter 46(4) ; 662-669.
wheat yields, nitrogen uptake, soil nitrogen mineralization and [22] Liu E K, Zhao B Q, Li X Y, Jiang R B, Hwat B S. Microbial C
simple nitrogen balance. European Journal of Agronomy, 2002, 16 and N biomass and soil community analysis using DGGE of 16S
(4): 295-308. rDNA V3 fragment PCR products under different long-term

[ 7] Liang A Z, Zhang X P, Yang X M, Drury C F. Short-term effects fertilization systems. Acta Ecologica Sinica, 2007, 27 (3).
of tillage on soil organic carbon storage in the plow layer of black 1079-1085.
soil in northeast China. Scientia Agricultura Sinica, 2006, 39 [23] Xu Z X. The influence of long-term rice straw returned to farmland
(6): 1287-1293. on yield of winter wheat and soil fertility. Journal of Mountain

[8] Zhang QZ, Wu W L, Wang M X, Zhou Z R, Chen S F. The Agriculture and Biology, 2010, 29(1) . 10-13.
effects of crop residue amendment and N rate on soil respiration. [24] Peng X, Ye L L, Wang C H, Zhou H, Sun B. Temperature-and
Acta Ecologica Sinica, 2005, 25(11) . 2883-2887. duration-dependent rice straw-derived biochar; Characteristics and

[ 9] Grossman JM, O’ Neill BE, Tsai SM, Liang B, Neves E, its effects on soil properties of an Ultisol in southern China. Soil
Lehmann J, Thies JE. Amazonian anthrosols support similar and Tillage Research, 2011, 112(2) . 159-166.
microbial communities that differ distinctly from those extant in [25] Van Z L, Kimber S, Morris S, Chan K Y, Downie A, Rust J,
adjacent, unmodified soils of the same mineralogy. Environmental Joseph S, Cowie A. Effects of biochar from slow pyrolysis of
Microbiology, 2010, 60(1) : 192-205. papermill waste on agronomic performance and soil fertility. Plant

[10] Liu Y X. Effect of Biochar on the Characteristic of Nitrogen Loss and Soil, 2010, 327(1/2) : 235-246.
and Greenhouse Gas Emission from Soil [ D]. Hangzhou; Zhejiang [26] Chan K Y, Van Z L, Meszaros I, Downie A, Joseph S.
Univercity, 2011. Agronomic values of greenwaste biochar as a soil amendment.

[11] Laird D A, Fleming P, David D D, Horton R, Wang B Q, Australian Journal of Soil Research, 2007, 45(8) : 629-634.
Karlen D L. Impact of biochar amendments on the quality of a [27] Yang Y H, Yao J, Hu S, YE Q. Effects of agricultural chemicals
typical Midwestern agricultural soil. Geoderma, 2010, 158 (3/ on DNA sequence diversity of soil microbial community; a study
4) . 443-449. with RAPD marker. Microbial Ecology, 2000, 39(1) . 72-79.

[12] Chen H X, Du Z L, Guo W, Zhang Q 'Z, Effe("/ls of biochar 528
amendment on cropland soil bulk density, cation exchange
capacity, and particulate organic matter content in the North China [ 1] 2206 MEAHIE S L EnT R R [D]. dbat, P EgRLE
Plain. Chinese Journal of Applied Ecology, 2011, 22 (11):. 25, 2005.

2930-2934. (2] XPhR, T, M, kR, B KA T 1

[13] Lehmann J. Bio-energy in the black. Frontiers in Ecology and the BRI AT SR> S 52, 143, 2011, 43(5) ; 720-728.
Environment, 2007, 5(7) : 381-387. [ 3] XlHam. KA T AR + 3 AR ik S H 5 A4 7= 1 e

[14] Rondon M, Lehmann J, Ramirez J, Hurtado M. Biological ZW5% [D]. . H'qj‘ﬁ?&ﬂkj(i’, 2007.
nitrogen fixation by common beans ( Phaseolus vulgaris L.) [4] TR, RAELL HHUIES AR K 0 i X35 4 7= B A
increases with biochar additions. Biology and Fertility of Soils, T FRA PR, K L ORFREAR, 2011, 31(4) : 42-46.
2007, 43(6) : 699-708. [ 5] R BEX L 83% St T AR WA MLAL SR T 5. r 7 ARl

[15] Hamer U, Marschner B, Brodowski S, Amelung W. Interactive i, 2011, 42(8) : 940-943.
priming of black carbon and glucose mineralization. Organic [7] BEE, skBF, %%, Drury C F. #HME UG HER LA
Geochemistry, 2004, 35(7) ; 823-830. BILR P i e B9 0 299 52 . b [ ROl B 2%, 2006, 39 (6)

[16] FengYZ, XuY P, YuY C, Xie Z B, Lin X G. Mechanisms of 1287-1293.
biochar decreasing methane emission from Chinese paddy soils. [ 8] skERME, RCKE, EWHE, B, BRlE. 7578 HOFiE &
Soil Biology and Biochemistry, 2012, 46. 80-88. XA [ A B R 0G5 w2k S 2 Rk, 2005, 25 (11);

[17] Bardghtte R D, Freeman C, OStle N. Microbial contributions to 2883-2887.
climate change through carbon cycle feedbacks. Mulyidisciplinary [10]  XUE2F. A9 o i AT 38 R 28 e SR = AR HE 4 1k
Joural of Michial Ecology, 2008, 2(8) : 805-814. Fs2Mm [ D], Wi, Wil k2%, 2011.

[18] Davis K E R, Joseph S J, Jansen P H. Effects of growth medium, [12] Bh4rds, ssrg, 04, skpei. it A= R 3t 4e b7 5k
inoculum size and incubation on culturability and isolation of soil TR TE BHE A R A MU & B AR, A
bacteria. Applied and Environmental Microbiology, 2005, 71 2#4i%, 2011, 22(11) ; 2930-2934.

(2): 826-834. [20] M, B30, BIZAR. 16S 1DNA ST PR IR R IR &

[19] Stefanis C, Alexopoulos A, Voidarou C, Vavias S, Bezirtzoglou LA XT A SRR B R 1) S W) WY FE A, 2012, 39(4) .
E. Principal methods for isolation and identification of soil 435-447.
microbial communities. Folia Microbiologica, 2013, 58 (1) [21] FEF%, HEOy, |5, #4E. KA LB AERYHE
61-68. AT 16S rDNA V3 X 5 BL PCR (¥ DGGE Zr#r. 3

[20] Bai L, Zhao M W, Jia J] W. Analysis of soil bacterial community 2, 2009, 46(4) : 662-669.
composition by 16S rDNA clone library sampling from transgenic [22] XIREL, B&XFom, 22FH95, 25, Hwat B S, AT A 6l 52
carnation. Microbiology, 2012, 39(4) ; 435-447. IR Yy B AL B A HE S 16S 1DNA V3 J Bt PCR

[21] Wang Q Z, Xu Q F, Jiang P K, Qin H. DGGE analysis of PCR of 72 DGGE 38T, A= 42#4f, 2007, 27(3) . 1079-1085.
16S rDNA V3 fragments of soil bacteria community in soil under [23]  FAEEE. KINFEFFE B X4 /N P Je AR F7 i ). 1l

natural broadleaf forest invaded by Phyllostachy pubescens in

L A= M3 , 2010, 29(1) : 10-13.

http ; //www.ecologica.cn



