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Effects of three kinds of carbon addition on community structure diversity of
CO,-assimilating bacterial in degraded farmland soil

SU Xin, GUO Yinglan, LU Man, FENG Chengcheng, YUE Zhonghui "
Key Laboratory of Plant Biology, Colleges and Universities in Heilongjiang Province, College of Life Science and Technology, Harbin Normal University,
Harbin 150025

Abstract: In order to study the effects of straw, biochar and nano-carbon on the structure and diversity of carbon-fixing bacterial community in degraded
farmland, the high throughput sequencing technology was used to study the characteristics of CO,-assimilating bacteria community in soil with three
different carbon sources adding in Nenjiang County, Heilongjiang Province. The results show that: (DAt 97% similarity level, Chaol index, observed
species and Shannon index of CO,-assimilating soil bacteria with straw addition and biochar addition were higher than with nano-carbon addition. @1In
terms of community composition, Proteobacteria was dominant at the phylum level, and the relative abundance was the highest after the addition of
biochar, which was 94.35%. At the class level, Gammaproteobacteria is the dominant one, and the relative abundance reaches highest at 67.45% in soil
amended with nano-carbon. Chromatiales is the dominant order, with the relative abundance of 50.83% in nano-carbon amended soild.
Ectothiorhodospiraceae is the dominant family, and the highest relative abundance reaches 34.34% also in nano-carbon amended soil. At the genus level,
Thioalkalivibrio , Sulfurifustis and Thiobacillus are the dominant, and the relative abundance is 17.02%, 16.40% and 13.03%, respectively, after the
addition of biochar, nano-carbon and straw, respectively. @ The results of hierarchical clustering and principal component analysis show that there were
significant differences in the community structure of CO,-assimilating soil bacteria after the addition of different carbon sources. It was found that the

markers of significant differences were mainly concentrated in the soil added with biochar, especially the Thioalkalivibrio and Thiocystis. @The results of

75 H #7:2019-06- 15 & @ HH#5:2019-08- 16 RABHH:2019-08-16

E&TA: BIpiTa AAFEIE S (No.C2017039) ; MEAE A & 5 A5 AR 55 - BHIF T H (No.2017-KYYWF-0135) 5 I R it K2
AT R BB BHIFI H ( No. HSDSSCX2018-52)

1EE'/ N 7538 (1995—) , %, E-mail ; 18746428101@ 163.com; * FTAE{EE , E-mail : yuezhonghui@ 163.com



134 T EESE 3 A AT IR AR T - S 95 B 200 T 1 7 2354 2 R A5 ) 235

Redundancy analysis showed that the structure of CO,-assimilating bacteria community in soil was influenced by pH, organic carbon, total nitrogen, total

phosphorus, available nitrogen and \phosphorus. Soil pH and total nitrogen content were the main physical and chemical properties of soil CO,-assimilating

bacteria community structure. The above results show that the addition of straw had little effect, but the addition of biochar significantly increaseed the

diversity of soil CO,-assimilating bacteria community. nano-carbon has special effect on soil CO,-assimilating bacteria.

Keywords: degraded farmland; carbon addition; CO,-assimilating bacteria; cbbL gene; high-throughput sequencing
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Table 1  Soil physical-chemical characteristics under different carbon treatments
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Fig.1 Community diversity of CO,-assimilating soil bacteria with different carbon treatments
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Fig.4 Hierarchical clustering tree(a) and principal components analysis(b) of the soil CO,-assimilating bacteria community structure in different

carbon treatments
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Fig.5 Lefse analysis on species difference of soil CO,-assimilating bacteria with different carbon treatments

AEEFMLEEREEFEENE LIRE
X AN [ Btk 5 i e S 1] e 4 TV 45 4
SRR BT TC A 0T (18] 6) , 35— R Ao

3.6

ST A0 TR R 7 AL A R B 22, 3K 40.69% 5 5
HEFY SRR RE 1 1153 40 B R v A2 AR FY) 10.09% , FiT A
AR T AT A0 TRV B S Y 50.78% , TR XY [Fl
i 240 PR AR 7 S B A R P RS T A T A R R 5



240 w8 R

¥

40 %

—HEF S pH (MR %k 0.767) TN (0.787) .
AN(0.650) ,SOC(0.199) FIEAE, 5 AP (-0.472)
EHMAX(p<0.05) ;55 —HE Pl 5 pH(0.354) (AP
(0.751) B IEAZE, 5 SOC(-0.391) \TN(-0.456) .
AN(-0.523) .TP(-0.764) S 1413 (p<0.05) .15
- S8 [l 2 R A R Vs 45 4 52 T pH A HILB A
A B A A R O R ZR A 2, L pH AN
AR R W B VAN O I - 9 16 Al 200 1 AV 245 4 1 2
BRI

1.0

N3©

RDA2(10.09%)

B1 O B3

-1.0

-1.0 RDA1(40.69%) 1.0
BEl6 EEARREREREEEEEEINA TR
Fig.6 Redundancy analysis between soil physical and chemical

properties and the CO, -assimilating bacteria

community structure

4 1% ( Discussion)

A E R B A S R G iR BEA RO
SRR BT iR A, Horh, AT T B D) BE 19 AR 9 03
ATz PRI I BE ) 5k, DA RE A A W B Y ) T e
HORE , AR 0 1A 0 1 o — SR /N
f A ) I8 Bk ) (2L A, 2011 ) A B 5T SR
MiSeq =y Sl 5 AR, X LA 58 3 Flois U8 48 i 5
A S [ B A TRV 5 R S 2 R Y 25 e B SRR
3 PRI AN NN 5 A8 JE 1 ] ( Proteobacteria ) Fl £k 7
I"]( Actinobacteria) >4 B 5% B B T Jag |9 T R 1] 26, A8
JETE T HE - b e o L K 3 5 DA 2= 35 1 it
L —BU( BB ,2016; RIBEAE 2017 ) AHAH
Rk M EE W T W oy E N
( Gammaproteobacteria) & + 3 H (I 24, 5 DI #E
FEMNREKRALZIEEITN B H N (o
Proteobacteria ) 1 B-Z% JE T 24X ( B-Proteobateria ) A 1

B LA (HORE 1545, 2017 ) FEFE 25 5, VTR
BT ARBFFE A ALK 4 8 iR fh A H 38 v I
YN EA — e B RE T, I S A5 L b i
PR N AT B0, 3 FP IR IS 0 5 1 S 2T 08
Bk ( Ectothiorhodospiraceae ) A y-22 B B 24X H (1) 11
PERE XA 5T R LA — AN BT B4, T M 41
HRHIAEY A R DEREE 2 Co, 1Y WaE 1R, 1
R RN - 33 Hh [ 52 CO, B B2 4y ol o 0 14
Z F R CO, R E SR HEIL, 78 3 Fhiii
T YRR AN IS 5 AN 21 W2 B Rl A 0 B e e
Z , VLB AE - HE R RRAE A — e R

3 FPRRIR G IR LL , Bl FE IS 0 - 9 1 5 4 R
YR E B TCH AR AL, B R R B 5 R R RS
FEER TIN5 TR S o ) = 39 vl 1 e 400 P A8 % AH DL 1
15, U0 IR RS T4 M X 48 [T e 200 TR ¥ 445 4 I 2 4
PERIRA K, X 5 Yuan %5 (2012) X /K & H - 38 [
T AN TR AT 9 205 R — B, (BB AT ke BAS FTF FL4k
JIE 3 5] it FH BB 2 = b 4 [k 40 B 2 AR ( Yuan
et al.,2013) PRI, 76 A= 7 b i) 1) FH A AT 2k 21 [
TR IR TG 45 G Az 7 15 DL AT VR A5 A2 0
TSI AE T T 7K b 38 v [ Blke 200 B4 V% 1) 7 3 4
XoF = B A e, S [ Ttk 4 TR V% 2L R] 2 S ) e
% % 5 RE S (2016) BFFE & BLBE S A4 peiti 1]
SR I £ HE AN 2 R R I e, LU Jin
(2010) 5% & B0+ 38 20 B A Vs 2 A6 VB A6 A= ) o
(A BT I A48 R R 245 98 — B0, 156 BH A= ) e A 45 T Ho At
TR UL, B 02 118 1y - 18 31 fo 4 11 A V% 1 2 AR 1
BdA FHF AR W, 10 Pietikainen 25 (2000 ) #F
TR I W it FH R AR TR R R R
Marris (2006 ) i 57 & B A 99 7 14 Jite FH 2 [ AIG 35 3
AR Z R O TR o RS A A
Gy REEFAEAE2ZE S DR 3 Al A A v 0 A 2 e
IR S AN TR] 7 S B A 7 e B S [ A 4
(M 35 T R399 A0 VR I AN/ XG5 T AR 45
- SR AT Lt . 48 KRR EL A R Y 4 B
Jo, FL/IN RS R 3% T UL A BE I IR (S
SRAE 2018 ) AHIEFE AR AN OK Bk U 0 J5 g v [
TR AN TR TR 2 RE RG240 L B B 3 A KF |,
YRR T - 98 (361 B 20 TR A A AR G F B, X
5D B 55 R IR K ARG R A A R
FHEHA WA R — (0 &R A,
2017) , ih BH 94 K Al b 4 98 (7] e 40 11 1) 5% i) 2L A5 —
TE RS PE A 2 B T R B, 9K T it £



134 T EESE 3 A AT IR AR T - S 95 B 200 T 1 7 2354 2 R A5 ) 241

TR 08 A 55 A0 B — 5 19 30 461 7B ] ( Lehmann
et al.,2011) , H B T 91K BB LA 0] R, 75 26 7™
R I T i — AT

ARITFEAL, TR IR VR A i 5 IR A
JEAFAE—E M DG R (XN BEAE, 2017) , AHF 5% 3 1o
ORI &R, 3 Flwc U5 S i e - 98 1461 B 200 B AF V%
5 B BRI PE B A — 2 A E K &R (p<0.05)
ot P - 598 351 B 200 T 95 445 4 2 Ak M TR A 25
AR, Hop | 3 pH RGO A B R VR A S T
W X5 Liu % (2014) AURFSE 45 R — 25 1 BE [ ik
YN RE T% (055 — 558 T HE T S B A R T REAR
40.69% F1110.09% Y S48 5 ULEHER T etk Fsh ik
A AP Z G T A A PR A A AR 1R,
A% B AR AR IR RE 25 5| A [ e B 2 W A 1 A8 4k (342
% ,2017) , H B SR T 645 1) TAE bk —25
W%,

5 512 ( Conclusions)

3 SIS TS Xof 1R A FH - 33 [ e 4 T
SR L2 ZZARAE R AN TR) , VS IR A S L ] e 4 T
THEVE G AL S ZREPESE WIS s A2 W) B S 0 S 25 B
T SR BRI 2R, X LR RS B A
— & MY BETENEFH 5 40 KB 735 0 % 4 338 [ sk 240 T 144 52
Wi FAT — e R S 1, B I s L3 b [ 2 Co,
A P T AR 2 2 R 2 A R T D €O, A R
TR HE TR A S8 [ ok 4 TR A s 25 4 37 1 48 pHL
AR AR A TR R A R R £ S R
Forbr | pH A4 0N 1 938 [k 40 TR 9% 445 4 ) 52
K.
£ % 3k ( References) :

Alison ] E Jeffrey A B, Wiliam R H, et al.2000.Rice yield and nitrogen
utilization efficiency under alternative straw management practices
[J].Agronomy Journal ,92:1096-1103

Awad Y M, Blagodatskaya E, Ok Y S, et al. 2012. Effects of
polyacrylamide, biopolymer, and biochar on decomposition of soil
organic matter and plant residues as determined by 4C and enzyme
activities [ J].European Journal of Soil Biology,48:1-10

1= 1.2000. L3R AT M. LET P RO R Rt

PR 1B AR AR AR LT, 452017, 3% T 15 3 50 1) 1 R R R
FAURBR LA R 2 REVERT ST )] 324z, 54(3) :35-748

Edgar R C. 2013. UPARSE: Highly accurate OTU sequences from
microbial amplicon reads [ J].Nature Methods,10(10) :996-1000

FIORTT AR, WIS 22 AE 2018, 4 K Bk XAk el - AT ) KA S S
WM [T ] FE 2R, 50(3) < 11-14

#hok, TR, BRIH Rk 2. 2005, PRI AR 25 3R 8 SRk P22 19 1 LK
PSRRI ST ()] AN EAS IR, 21(4) 16-11

FREHA  TBAESY, 5 AR %, 45,2018, /8 [F) RS FF A 9 2% oF 5 M 3 19 4l o
RO [ )] AL B2, 51(23) :4485-4495

Jiang X T, Peng X, Deng G H, et al.2013. lllumina sequencing of 16S
rRNA tag revealed spatial variations of bacterial communities in a
mangrove wetland [ J].Microbiology Ecology,66:96-104

Jin H. 2010. Characterization of microbial life colonizing biochar and
biochar-amended soils [ D].New York ; Cornell University, [thaca

ER s, WLLE 220tk , 55,2016, B 1 3 205K 2 5 R IR IR
BB FE PR AR PRI L [ 1] BRI R A 241, 36 ( 11) :4037-4043

Karhu K, Mattilab T, Brgstroma I, et al. 2011. Biochar addition to
agricultural soil increased CH, uptake and water holding capacity-
results from a short-term pilot field study [ J].Agriculture, Ecosystem
and Environment, 140;309-313

Lehmann J,Rillig M C, Thies J,et al.2011.Biochar effects on soil biota-A
review [ J].Soil Biology and Biochemistry,43(9) :1812-1836

LiuJ J,Sui Y Y,Yu Z H,et al.2014.High throughput sequencing analysis
of biogeographical distribution of bacterial communities in the black
soils of northeast China [ J].Soil Biology & Biochemistry,70(2) :
113-122

XLy, W R, 42017 40K E S M RIXIK A KK F I
SR [ ] AEY IR SRR, 13(2) :344-347

XU, BRI, R/INEL, 5520175 F - 38 [ Bk D) BE A W v 45 4
AN FHIE [T ] FRBER ,38(2) :760-768

2017 AT AR R I bAORT - 458 I8 Btk ) BE TRTA: 9 4R 10k 140 52 ) b G
HLHI[ D] UM WA

Marris E.2006. Putting the carbon back: Black is the new green [ J].
Nature ,442(3) :624-626

Pietikainen J, Kiikkila O, Fritze H. 2000. Charcoal as a habitat for
microbes and its effect on the microbial community of the underlying
humus [ J].0ikos,89(5) :231-242

Sapkota T B. 2012. Conservation Tillage Impact on Soil Aggregation,
Organic Matter Turnover and Biodiversity//Organic Fertilisation, Soil
Quality and Human Health[ M ].Dordrecht ; Springer. 141-160

Selesi D, Schmid M, Hartmann A.2005. Diversity of green-like and red-
like ribulose, 5-bisphosphate carboxylase oxy-genase large-subunit
genes (cbbL) in differently managed agricultural soils [ J].Applied
and Environmental Micro-biology,171(1) :175-184

Shokralla S,Spall J L,Gibson J F et al.2012.Next-generation sequencing
technologies for environmental DNA research [ J ]. Molecular
Ecology,21(8) :1794-1805

Smith P.2004.Carbon sequestration in croplands; the potential in Europe
and the global context [ J].European Journal of Agronomy,20(3) .
229-236

SRIPEE B BN, A5 2018, 49 K B4 S0 o AR 7 e K 3 A
RF RS R R S [T ] E RS AR, (4) :40-47

RZEE, T RN, HEBEHE, 55.2016. TORFSFE A 9 546 + Uk 9 2
REZREIE S Al v 12y [0 ] v B AR 2 ARk 2 4, 24 (6)
736-743

BESCHR, RS, B, 552018 9K G IR A 2 %) L 3K 43 A8 Fe btk
Ry A [ 1] K AR, 32(3) :152-159

Yuan H Z,Ge T, Wu X, et al.2012.Long-term field fertilization alters the
diversity of autotrophic bacteria based on the ribuose, S-biphosphate
carboxylase/oxygenase ( Rubis CO) large-subunit genes in paddy
soil [ J]. Applied Microbiology and Biotechnology, 95 (4 ).
1061-1071

Yuan M Z, Ge T D, Zou S Y, et al. 2013. Effect of land use on the
abundance and diversity of autotrophic bacteria as measured by
ribulose, 5-biphosphate carboxylase/oxygenase ( Rubis CO) large
subunit gene abundance in soils [ J].Biology and Fertility of Soils,
49(5) :609-616

Yu W, Hua A F S, Yan H, et al. 2012. Comparison of the Levels of
Bacterial diversity in fresh water, intertidal wetland, and marine
sediments by using millions of I[lumina Tags [ J]. Applied
Environmental Microbiology,78(23) :8264

WAL, AR XNSF e, 55 2011 [E A 0 F A S )] .
AR, 44(14) :2951-2958





