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Effects of Biochar Applications on Bacterial Diversity in Fluvor—aquic Soil of North China

WU Ying—ga'?, ZHANG Gui-long”, LAI Xin? LIU Hong-mei%, YANG Dian-lin*

(1.College of Life Science and Technology, Inner Mongolia Normal University, Hohhot 010022, China; 2.Agro—Environmental Protection In—
stitute, Ministry of Agriculture, Tianjin 300191, China )

Abstract: As a by—product of biomass pyrolysis, biochar has been deployed to alleviate anthropogenically triggered increases in atmospheric
CO, concentrations. It is generally accepted that biochar—C is largely unavailable to soil microbes but can change soil physicochemical
properties. Applying biochar with metabolically available labile—C compounds may shift soil microbial community structure. In the present
research, a field experiment was designed to investigate temporal changes in bacterial diversity after biochar additions in fluvor—aquic soil in
North China. Six treatments with four replicates were used : CK,(no biochar or urea—N ); CK,(no biochar+225 kg urea—N+hm™2); C,(7.5 t+
hm biochar +225 kg urea—=N+hm™2); C,( 15 t-hm™ biochar+225 kg urea—N-hm=); C3(25 t-hm™ biochar+225 kg urea—N+hm™2); C4(30 t-
hm™ biochar+225 kg urea—N+hm™). The biochar used in the experiment was pyrolytic peanut shell processed at 300 °C. The experimental
treatments were randomly assigned. Bacterial diversity was measured using DGGE —cloning sequencing method. Compared with controls
(CK;, CK,), biochar treatments increased DGGE fingerprints by 4 or 5 bands, but decreased the Shannon—Wiener diversity and Pielou even—
ness index by 11.5%~13.0%, 14.1%~16.5%, respectively. Cluster analysis indicated that DGGE fingerprints shared at least 60% similarity
among all treatments. Additions of biochar reduced the similarity of bacterial community composition. Sequencing 13 bands selected from
DGGE gel according to their peculiarity showed that new bands p, q and r were found but the bands e and g representing Proteobacteria dis—
appeared in the treatment C; and C,. The present results indicate that biochar promotes the growth of new bacteria but inhibit some known
bacteria, thus changing the bacterial community composition and decreasing the diversity and evenness index of soil bacterial community.
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Bt PCR Wik & : Premix Ex Taq 25 wL,DNA FEAR 1
pL, 5141 (341{-GC M 534r)1 L, FK R ZE K #h 2
ZUAFRZE 50 wl., 254495 °C 7 min, 94 °C 1 min,
61 °C 1 min,72 °C 1 min, 35 MEH, &5 72 °C 7 min,
PRI 25 Co FrAls I R F oI 1.
1.5.5 DGGE 43#r
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Figure 1 Agarose gel electrophoresis of soil microbial total DNA

& | 4E PCR ¥ IBMSI MR EF 5]

Table 1 Primers used for amplifying bacterial genes

514 Primer

5|45 Primer sequences

F Br K JE Length/bp

341{-GC

5'-CGCLCLCGCCGLCGLGCGGLGGEG CGGGGCGCGGGGCACGGGGGGCCTACGGGAGGCAGCA-3' 56

534r 5'-ATTACCGCGGCTGCTGG-3' 17
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Figure 2 DGGE profiles of 16S rDNA PCR products
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Table 2 DGGE band numbers, Shannon—Winner index and
Evenness index of soil bacterial community
Qb FalBL ZREERREL ¥I5) A
Treatment Band number Shannon—-Winner index  Evenness index
CK, 31 3.27+0.04a 0.95+0.01a
CK, 30 3.26+0.04a 0.94+0.01a
C, 31 3.09+0.05b 0.89+0.02ab
C, 35 2.88+0.04b 0.80+0.01b
C; 35 2.93+0.04b 0.82+0.02b
C, 35 2.65+0.03¢ 0.72+0.02¢

0 CK ORHENE ) CR(BAE UIE 225 kg-hm™) \Co(15 t-hm 24225
ke+hm?2 ZUE) . C5(25 t-hm2+225 kg-hm2 & ) .C4(30 t-hm2+225 kg -
hm™ Z(iE) .

PR EC R 2.62~3.14 (3 2), BAS Py o 1 b B
(CK, . CK,) - FEAR 11.5%~13.0% ; + 340 T HETS 1
5] BEFR B0 SR T T AR R A it TR A= 40 e g A
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AT BRI L R P 5 AR IS ST, AR S B
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2.2 MEESE DGGE EiLEE S

RATR, Frg b B 434018 DGGE 3%
AHRIPEYS IS 60% L (K 3), HA CK, 5 CK, 4bFE 1
AT DGGE EITEARUTE AR 84% , I RL—T. C,
5 C, Ab 1S TH DGGE KA IMEIS 85%, FH
—#% o Cy B S5 HA AL B+ 340 DGGE &4 2
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IRV —%, WSInAE D i 5803 —% , Ul
BHN AR ) ¢ 5 AR 8 0 HE 0 o 1) - 3B A4 TR RRE 7 254
FEAEESE, HRIL B A W o FH BE RGN, 3 TR e 4G
45 A it FE ) AR RLRE e A ) e 4, 3 BH it PR A= 90 e 5|
IR REE 0 R — e A S . HERE,
SR HE AR SR BE 2 20%~40% , BEWEZE DAT A TR
KA, ZHOR R AR AR
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Figure 3 Cluster analysis of DGGE banding patterns

2.3 {HEEE%E DGGE—cloning Ul F 4> #7

¥ DGGE (LS VI /1 1, 5T DGGE &3
SO ESEEE SRR YT 13 Z57 , Hoh A A3
A 6 25, 930 Ry 75t e od £ h il ms 25707 a,
b.e Jy CK, Fl CK, F#f7 4571 (3£ 3) 5 454 n.g HCs FI
Ca BRI AT 2571 J T Cy BRR SR S 45711F « O G AL G,
BRI . AL AR R MU T A AN R R
Ve L R RN b MR S TR ) [R] IR A 15 T
PP A O 2 BHA SR FE (Ribosomal Database Project )
FoXS 2 R R W (18 4)  AEBE E DL RC Y 13 AN JF 5
YhanmE, Hh g i AR AR T AT E T
(Bacteroidetes ) , H % [CPATET . 4517 e Al g fRFRIK
1w & T2 I W 1] (Proteobacteria) , % [ PR
RN B IR E S R TR, — e H
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% 3 16S 1DNA DGGE R ERillFF 3 45 5R
Table 3 Sequencing results of 16S rDNA DGGE fragments
%5 Ab 7 L NCBI Bufft e A P 1) HARAEE 5271k
No. Treatment Similar sequence in NBCI Similarity/%  Accession No.
a CK, Uncultured bacterium isolate DGGE gel band 15 16S ribosomal RNA gene, partial sequence 86 FJ499356.1
b CK, Bacterium enrichment culture DGGE band D6 genomic sequence 85 GU270493.1
¢ CK, Uncultured bacterium isolate DGGE gel band 17 16S ribosomal RNA gene, partial sequence 91 GQ996402.1
d G, Uncultured bacterium isolate DGGE gel band 15 16S ribosomal RNA gene, partial sequence 97 FJ499356.1
e CK, Lysobacter sp. Zs60 16S ribosomal RNA gene, partial sequence 100 1Q977478.1
f CK, Uncultured soil bacterium clone 1_A5 168 ribosomal RNA gene, partial sequence 100 EU589251.1
g C, Uncultured Steroidobacter sp. clone R4C_062_27F 168S ribosomal RNA gene, partial sequence 99 KC785932.1
h Cy Uncultured bacterium isolate DGGE gel band 2 16S ribosomal RNA gene, partial sequence 95 FJ499343.1
i CK, Bacterium enrichment culture DGGE band D6 genomic sequence 92 GU270493.1
j CK, Uncultured bacterium isolate DGGE gel band 2 16S ribosomal RNA gene, partial sequence 95 FJ499343.1
k C, Bacterium enrichment culture DGGE band D6 genomic sequence 85 GU270493.1
1 CK, Uncultured bacterium isolate DGGE gel band 2 16S ribosomal RNA gene, partial sequence 95 FJ499343.1
m C, Uncultured bacterium isolate DGGE gel band 2 16S ribosomal RNA gene, partial sequence 95 FJ499343.1

75
d
FJ499343.1 Uncultured bacterium isolat...
12 k
36 GU270493.1 Bacterium enrichment cultur...
) 43 EU589251.1 Uncultured soil bacterium...
56 ,7"
25' FJ499355.1 Uncultured bacterium isolat...
B¥—¢
I—GQ996402.1 Uncultured bacterium isolat...
73 J
52l |8
24'KC785932.1 Uncultured Steriodobacter...
1

4 168 tDNA F7 51l B9 R et AL i
Figure 4 Phylogenetic relationship of 16S rDNA sequences
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