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Effects of biochar addition on the microbial diversity of paddy soils under fertilizer reduction

CHEN Chong—jun'?, LING Xue-lin?, XING long’, FENG Jian®’, WU Yu-xi’, FAN Jing >, SUN Yuan—bo', LIAO Fang—xin'

(1.School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China; 2. Jiangsu
Collaborative Innovation Center of Water Treatment Technology and Material, Suzhou 215009, China; 3. Agricultural Land Stock
Professional Cooperative Association of Bacheng Kunshan, Suzhou 215311, China)

Abstract: We studied the effects of rice straw biochar addition on the microbial diversity of a paddy soil under fertilizer reduction. The
MiSeq high—throughput sequencing analysis technology was used to analyze the microbial diversity of the rhizosphere and bulk soil under
different levels of fertilization application (100%, 90%, and 80% of the conventional fertilization) and rice straw hiochar addition (1%).
The results indicated that the microbial diversity of the rhizosphere was more abundant than that of the bulk soil. Proteobacteria was the
dominant phylum of Gram—negative bacteria accounting for 34.85%~47.57%. Biochar addition could reduce the abundance of
Proteobacteria in the bulk soil and promote it in the rhizosphere. However, the reduction of fertilizer had an opposite effect on the

abundance of Proteobacteria, while the greater influence was evidenced with more fertilizer reduction. In addition, Acidobacteria accounted

WFs B HA:2020-06-18 M HHI:2020-07-22

EE R WREZE(1984—) , 95 Wil LS A 4 w2k, gl i 575 Qe il 58 BEF9E . E-mail : chongjunchen@163.com

LA : FH K A RBEH 4 (51508366) ; T4 HARBF£3E 4T H (SBK2020022850) ; F M B 1L TTRHE 11300 F (KN1807) 5 VL3 K AL AR 5
B €5 O RS H (XTCXSZ2019-3)

Project supported : The National Natural Science Foundation of China(51508366) ; Natural Science Foundation of Jiangsu Province, China(SBK2020022850) ;
Kunshan Science and Technology Planning Project, Suzhou (KN1807) ; Pre —research Fund of Jiangsu Collaborative Innovation Center of
Technology and Material of Water Treatment (XTCXSZ2019-3)

http://'www.aed.org.cn



KA FREMEFH £ 385 - F 34

for 10.48%~19.42%, which had an opposite response to that of Proteobacteria. At the genus level, Unclassified Burkholderiaceae,

Unclassified Subgroup 6, and Unclassified bacterium 126 accounted for a relatively high proportion or microorganisms in the rhizosphere

and bulk soil. The results of the Canonical Correspondence Analysis (CCA) showed that the abundance of dominant bacteria was related to

environmental factors such as sampling location, fertilizer treatment, and biochar addition. Our study showed that the different fertilizer

reduction (80% or 90%) and rice straw biochar addition (1%) could influence the microbial diversity of the rhizosphere and bulk soil,

which was closely related to sampling location, fertilizer reduction, and biochar addition.

Keywords: biochar; paddy soil; rhizosphere soil; microbial diversity; high throughput sequencing
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Table 1 Label table of soil samples for each treatment

AbF IR Frid
Treatments Soil samples Lable
1 KRR AT 46 -+ 5 08
2 AL 100%+ AT AP T b3 DAERBR + EL
3 JiEAE 1009+ NS AE 4 50 e (AR 3R D RBR A+ ERI
4 Jiti BB 100%+4= 91 5 25 19% (Ab 3R 2) AERR B + E2
5 JitLHE 100%+4:= 9 )50 1 19% (Ab 31 2) HLBs 1 ER2
6 Jiti HE 90%+1 5t 5% 19% (AT 3) AEAR R 4 E3
7 it BB 90%+1E 153 1< 1% (Ab 3 3) KB - ER3
8 Jiti HE 80% -+ 4y I % 19% (AT 4) JEAR PR 4 E4
9 JiENE 80%+EE W I i 1% (b FH 4) AR 4 ER4
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Figure 1 Richness and diversity indexes of microbial communities in the soil samples
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Figure 2 Taxonomic classification of the four main bacterial communities in the soil samples at the phylum level
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IREMITUE YA AZIE TR T ] AR | ) AR 2R A
3R BRTARIE T i AL IRRE R T A AE 1.64%~
3.91% Z [8] , ANGE R AE T L 2R BR L3 i L IR
TR I AEA TS 0 A 0 5t e g A B A vy T AN N A= )
JE e B AR T R AR BE B T 1 U E ) F2 8 Al AL IR e
[ = e AN AR d e e 2K 7 a8
HrP i il AL R E 16 I8 (Nitrospira) J&= RS AL A0 , W R
TSR ER F AL AT R AL A HF + AR A0, st
S, AW BT A ] LU KR TR R nFe Ak
LT TR 1 | MR R R R e et 7/ I A
H0.15%~0.66%, H F# A R G IR A A AL & T
FERE ] DA AL AT LUK B A A e 1
R AR U AL ) 2 W o PR R A v FLAT
LAY, WEET AT B2 403 b b T
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2.51%~4.14% Z 8], J& T2 @ 1 1A 7 RS A (Burk-
holderiaceae) , # 7£ 1 3& H g K5 I 2], Unclassified
Burkholderiaceae J& Wi £ 1) 94 1E W 55 R AE AL 490 1 A 4
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o4, [ Bl (Burkholderiaceae ) | 85 {8 5. )0 18 ( Xantho-
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— BRI L P A 22 A T i g R B SRR S
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Table 2 Taxonomic classification of the others bacterial communities in the soil samples at the phylum level (%)

432 Taxon 08 El E2 E3 E4 ER1 ER2 ER3 ER4
T ] Bacteroidetes 4.63 6.50+3.54  4.16£0.30 4.54+0.30 3.80+0.73 3.79+0.53 4.09+0.96 4.18+0.43  4.49+0.82
ZEHfIEG ] Gemmatimonadetes 4.55 4.06+1.33  4.97+1.63 3.85+1.07 3.73+1.39 3.97+0.62 3.91x0.79 4.33+0.37  4.96+0.40
AL IZBE R | | Nitrospirae 276 3.29+1.01  1.97+0.51  2.12+1.26  1.64+0.21 3.91+0.54 3.55£0.96 3.15£0.93 2.51x0.47
PEWA T Verrucomicrobia 1.21 143136 0.99+0.21  1.32+0.29  0.94+0.34  0.80+0.52  0.94+0.23 1.26+0.16  1.20+0.19
HETHT ] Cyanobacteria 0.19 1.33+2.02  0.39+0.18  1.67+1.38  0.29+0.16  0.05£0.02  0.06+0.03  0.10+0.10  0.030.01
FEAT 14 1] Latescibacteria 1.02 1.08+0.18  0.21+0.07  0.82+0.69  0.24+0.08  0.70£0.20  0.60+£0.19  0.41x0.03  0.24+0.07
TEBEET ] Nitrospinae 0.18 1.4040.61  0.35+0.21  0.37+0.45 0.14+0.07 130021 0.72+0.20 0.94+0.57  0.42+0.31
T#4%5 # T Planctomycetes 0.43 0.57+0.63  0.16+0.05 0.66+0.39  0.40+0.04 0.16+0.10  0.28+0.05 0.25+0.10  0.15+0.03
http://www.aed.org.cn —389—



KA F RS

B E38E-E 31

7.00

Unclassified Burkholderiaceae

6.00 [
| a ab
5.00 ab
4.00 ab
ab ab a
3.00

L) Proportion/%
-

2.00F
1.00

0S El E2 E3 E4 ERI ER2 ER3 ER4
Ff 5 Samples

7.00 1
Unclassified Bacterium 126
6.00 [
5.00 |
4.00 [

3.00 - ab

2.00 r
0
ER1 ER2 ER3 ER4
)riunSamples

LL 5] Proportion/%

B3 EAETERRTEEAESXE

7000 Unclassified Subgroup 6

6.001
5.001

4.001
be ab
3.00+

Niganll

0S El E2 E4 ER1 ER2 ER3 ER4
*ﬂﬁnuSampleb

HL A5 Proportion/%

7.001

Geobacter a
6.00
5.001 ab
ab
4.001

3.001

2.001
1.00 ’ﬁ
0S EIl E2 E3 ER] ER2 ER3 ER4

e gamples
VB AR AR E 4 bl

HL A5 Proportion/%
=S

(=)

Figure 3 Taxonomic classification of the main bacterial communities in the soil samples at the genus level
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