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Effect of triticale ( Triticale hexaploide L.) growth on the bacterial community
and petroleum hydrocarbon degradation in petroleum-contaminated saline-

alkali soil
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Laboratory of Molecular Cytogenetics and Genetic Breeding of Heilongjiang Province, College of Life Science and Technology, Harbin Normal University,
Harbin 150025, China

Abstract: In order to study the effect of triticale on the bacterial community and petroleum hydrocarbon degradation rate in
petroleum-contaminated saline-alkali soil, three concentrations of petroleum with 0 g/kg, 1 g/kg and 5 g/kg were
introduced into the research and non-triticale-planted soil was set as control group for corresponding concentration of
petroleum which formed six different experiment groups. The high-throughput sequencing technology was utilized to study the
structure and diversity of the microbial community of six soil samples and to analyze the petroleum hydrocarbon degradation
rate. The results showed that the cultivation of triticale increased the degradation of petroleum hydrocarbon by 36.67% and
33.20% in the condition of 1 g/kg and 5 g/kg petroleum, respectively. 21398 to 27899 sequencing sequences were obtained
from 6 soil samples. The diversity and abundance of the bacterial communities in the rhizosphere of triticale were higher than

those of the soil without plant in the petroleum-contaminated soil. Moreover, the abundance of some rhizosphere bacteria
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increased in the classification level of “phylum”, “class”, “genus”, such as Proteobacteria, Acidobacteria, Gamma-
proteobacteriaria, Alcanivoracaceae_norank, Xanthomonas, Nitrosomonadaceae_unculture, etc. Some rhizosphere bacteria
with the increased relative abundance are microorganisms that use petroleum and petroleum decomposition as carbon sources.
This study proved that planting triticale changed the composition and diversity of bacterial community in rhizosphere soil of
petroleum-contaminated saline-alkali soil, promoted the construction of petroleum-degrading microbial community, and
significantly improved the degradation effect of petroleum-contaminated saline-alkali soil. The results laid a theoretical

foundation for phytoremediation of petroleum-contaminated saline-alkali soils.

Key Words: petroleum-contaminated saline-alkali soil ; bacterial community; triticale; petroleum hydrocarbon degradation

rate; high throughput sequencing
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1.1 YY) M A S &

INBZA (Triticale hexaploide L.) W&V 2 580, pH S /R IE R 2% 70 4B S 1% 5845 B Fh s g & it
F ARSI s R A B e VTR R DT ER B b, IR S 22 KT b A5 20 T A B e i Eh e 1+ B
PIMEF A i YR o 1 38 i il 4% AR S 008 TR 1 g/ke S g/ke WA TR BE Bk BRORF N J5 #2181 3 (R B
KPR ) AR A A (ISR FR A B . pH {H 9.0 5 21.1 mg/kg 4T 176 mg/kg A HLY) 18.22 o/kg) , JH—
S 1) A T it S A A Y KA R — A ol VR A7 e R A A 7 ) R i = 1 v TR 50 A R
Aab AR5 A Y kA 2 A0S R AT ) B S 56 T 3
1.2 #RIEH R

W0 g/kg 1 g/kg F15 g/kg =AM FE (R AL R B P /NS 22 B AS [R) Ay ik BE S B 492 0 X0 XL,

http ; //www.ecologica.cn



24 1 T SNBSS Y i A R TR 5 A T R R AR K 5 9145

X5, I LA I 87 3 e B %) AR A /N B S 1) - A R R AL, 43 0liE i CKO CK 1, CKS, BN b BB 4 A
52 BRI LR T AR A SE R 0.5 kg T/ 7 BEAE R 10 K/ NBER T R/ NBERE 1.5
A JE D /N R Bk IR BOHAR PR 1 ) AR S BR K 3 MR IR ST 24 0, 2 A% 3448 — 843 T -80C
ML s @ T, 5 —35 AR KT A & il
1.3 AR S S RIE

BT R I R SR R AR B AT R AR T R A A A B — S S (m) )
BT LA (DHEE L 1 mm) 5 1 g TOKBRBRENE S, P51 5, HINEAUE IR A ZR IR HGS R 0.6
mL 1 mol/L HCl EJJE4LAL I, F 50°C F FH S e Ml 5 h, BUR 2O, 205, B3 om o i) — &0 S
BORBIA SR =F . 32 R 30 Re =F 1—2 min, #HE 52 KT 209 SR G BOR A 10 ¢ ToKGRR
BB IBEK R IR e A ZE R L (FREUE it m, ) o FF 28 R NILE T 50°C A AL AR vhpik - fop JHOfH 5 B R B o o
(my) o HRHE A AJERE S BT R AR AT A TR R R AR R AR R 3R A 208 [ mg— (m,—m, ) X 1000/
m, 1/m,x100% ,m, A 3 P A A e
1.4 13 DNA 2 PCR 448 Fl i 20

T EHE ALY DNA 42 BCR ] PowerSoil DNA #2HURGH & ( Omega Bio-tek, Norcross, GA, U.S.) ,FrHL 0.3—
0.5 gt L IFERE i e G 1Y SE g0 D BRI H A 1 5 DNA L, R AHTR 51 %) 515F-907R X #£47 PCR §”
g SIS 5918 515F (5'-GTGCCAGCMGCCGCGG-3") ,907R (5'-CCGTCAATTCMTTTRAGTTT-3") . 4%k
JE B 51 & B AR B Barcode Dh X 23 AR FE S . PCR WK % K 20 pl:5xPCR buffer 4 pL, dNTPs (2.5
mmol/L)2 pL, IEM 54 0.4 plL(5 pmol/L) , JZ M54 0.4 wL(5 pmol/L),0.4 pl Premix Taq DNA 245,
DNA #AH 10 ng, PCR ¥ #4514::94°C 3 min;94°C 20 s,55°C 20 s,72°C 30 5,20 P§#;72°C 5 min, PCR
55, 51 Hlumina 750 PCR 451 AT 48 1 . X5 PCR =W E T3 e B ik , TR I IR B A7)
& I, QuantiFluorTM-ST ( Promega, USA) Rzl ial 51 G06F M%) DNA K8 2 5, B —FF 5 DNA £ 1L 10 ng,
¥ 1:1 iR A 5 R A Mumina 23 7 ) Miseq 5%,
1.5 Hda ot B sb 3

R4 Barcode JFFIHF 4345 FE it Bl , #RHX Barcode 1514 0 7 51 i ] FLASH X} HAE T 94, i 0
B QUME 175 di A0 B . I FH UPARSE BAF X 438 507 5 A T 2 BRI LA 97% 7 AR UPE X 5 371
RIS EAE 9 JE 55T (operational taxonomic unit,OTU) , K H] RDP classifier 2.12 X 97% A {LLE 7K F-/) OTU
RRFFFINIEAT 53222307 , A3 214 OTU XF RN o0 2545 B, IR 7E 5 1T 4N B B B K B8t 44 H
i AR VR 2, JE TR o3 2504, el W Fh o 28 550 IR R b =E BERRIAT . R QUIME 1.8 FR 4R A T4
i Alpha ZHEVE/HT 318 ACE Chaol ,Shannon Simpson 254 Fh ZEEVERE RS FET Alpha ZREVEFEEE
TR REPE A AT E 43 BT 4 T R % 285 R0 e, B A o o T 0k 5 33X S 43 KT 9 S 4 BR R R 1 28 B
(Unclassified ) , K AHXT 3= BERAR 2B G I, BRR N HANZERT (Others) , SR 5 2 6l AN ] 23 28 7KF L 40 R 2 A 1Y)
FHXT R

SEEEAE R F Microsoft Excel 2010 A0, 5 &M 534K H] IBM SPSS Statistics 20 4t it {4 5 A 2 0 25 53
Br (ANOVA ) 153 4% Zb R[] B 22 5140 FIFHAR 5 ( Duncan ) K 360 172 8 AR, .35 25 % KF P < 0.05,

2 GER545H
2.1 /NI A A IR R A A ) R

X SRR AR B AT I IR R IRRERRR AT T AT (B 1) o 5 ERRI X1 AR A T kR R
iR 56% 1 CK1 20 () T3 A7 R R R N 19.33% , e WATE T34 M EE A 1 g/kg I, FlR/ N BT T
14 36.67% AT IMIRFEIRAR . XS AT MR R iR 02 44.27% , 1T CKS 2R 3 A MR B R0 11.07%,
FWE LI AR N 5 o/ kg B, FiAE/INERSZ R 80 T 148 33.20% [0 A1 iR R A, TR L, Rl /N SR 2 4H 0 1
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TR RIS i 25 5 IO A A X BRAL (P < 0.05)
2.2 TIEUNEZREVERRE IS S AT
2.2.1 3R AT

R T AR/ R XTI e BRSO 20 R T 4 AL 152 e, A Tlumina Miseq 38 0¥ H R |, XF
ASFEALBERE S4B 16S rRNA AT, 2405 6 ASAbBRAL 73 345 5] 21398—27899 5 ¢ 51, FTHEdh
TR ZE (B 2) , 6 A 3R OTUs BBl 5 )3 51 132 OB () 38 in e DRl b T i )5 % 78 S 2218 Hh b T
UEEHBE R 75 O 34 N OTUs 300 & tn s T2, BL A, I3 (%) 75 55 B ( Coverage H ) ¥J KT 96%
(1), UEWZI p i 2 AT DARERAEA th i A= Wy i LS

60 — a 2000
g o X
o [ 7,
= 50 b a CK 1600 |
EIS
%S o 40
@g% 1200 |
SEE s0f g — CKO
X B g
=235 800 | — CKl
oe g 20 — CK5
23 —— X0
= ©
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E — X5
0 0 1 1 1 1 1 1 1
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TR R BT 5%
The oil concentration of soil samples/(g/kg) Number of reads sampled
E1 FidkEERE 2 ML
Fig.1 degradation rate of Total Petroleum Hydrocarbons( TPH) Fig.2 Rarefaction curve analysis of OTUs

N FRFRR G2 L2 R (P<0.05)

222 HIEATE AT

A A IERE Y Ace 84X ( Ace index) \Chaol 848 ( Chaol index) =3 R 45 %L ( Simpson index ) FIH
A6 % (Shannon index) , X TIEANTE ZHEMEIAT T 04T (£ 1) o Ace F8EUAN Chaol FEECATACER T3 AN VA
FI=E R, 23 AR IR BORM B AR IR BT R LI R BEE 1 2R S5 R, X1 4L 40 R VA A R 2R R 4L
S 6.25, 1M CK1 41/ 5.95;X5 A9 4N I HE 75 AR ZREPEFEEIUR 5.97, 10 CKS Y HIRAN B REE B R ZREMETS
Bh 5.84 , FIFE T IRATMIEIE A 1 ¢/keg F15 ¢/kg B, PR /N A P 254 IR AN TR 20 . 5340, M Chaol
FRBCR T LIE i/ NREZ P 1 A ) R R, AEA N R 2 LS AN TR R I 1Y IR A AR AR R
Ace T8 Chaol F5E(H 2515 I, 75 AR £ AR 10 W 1) - 98 b RiA /N SR A R A7 18 52 A 31T 4t v 5 % 1 18
PR E D RIS DA S5 R FIT  FivAE /NS 22 5 30 T A T Y A el - S A B 1 = R 2R

F1 FELEEAHEAEEEEN SN

Table 1 Richness and diver index of bacteria in different treatments

97% ALK Similarity

Py 91 e ) ! et ) B
Treatment Reads sl T Ace F5EL Chaol $5 %4 Vel ARAR AR FATEEL B/ %
0TU Ace index Chaol index Simpson index  Shannon index Coverage

CKO 15812 1668 2374 2374 0.0050 6.16 96.14
X0 17337 1792 2452 2500 0.0047 6.27 96.43
CK1 13858 1510 2235 2311 0.0083 5.95 95.74
X1 16510 1711 2292 2342 0.0046 6.25 96.55
CK5 17113 1612 2286 2201 0.0109 5.84 96.61
X5 17092 1644 2295 2295 0.0082 5.97 96.86
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FEANTRRE 117 W 0 KT Lo 3 A PRV S5 M ST T 0 (1 3) o S5 7F 6 > - HekE
i H 2R B 1T ( Actinobacteria 8.33%—26.61%) 28 JE 1 ] ( Proteobacteria 20.00%—51.16% ) . F& #T B[]
( Acidobacteria 13.96%—17.04% ) AUFF 1] ( Bacteroidetes 6.51%—26.12%) 2% 4[] ( Chloroflexi 3.40%—

7.37%) 54 EELFEMA

100

e == B
90 I I I I I ity
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Y m %k@1] Chlorobi
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FEATHIT] Acidobacteria
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3 IKFELEARBELEN
Fig.3 Soil bacterial community at the phylum levels
FETCATINTS YL R AY e b | SRR/ Z O X IREHAH L (CKO) |, BhE /N BB A2 Ab BRZH (XO0) 22T TR

T ZFEAMUTR ) PR R DA T VRN AT BT TR AR 2 BE v, TR TR T AR G W %, 76 1 o/kg RIS g/
kg WSERY A1l T5 e H e, X1 M1 XS EAF ARSI B T TR £ 31.949% 1 51.16% , 1iiifE CK1 Al CKS +
B PRI F2 B R 20.15% A1 20.00% ., BRAT B 1T X1 A XS HAEH AT EEE R 16.35% 1 15.71% , 1 CK1 il
CK5 - Af A HAXT E BN 13.96% H1 14.64% , TR ], AT T T FIEEE BT ( Firmicutes ) B0 MR AH X F
JEAT TR, 7E 6 > R IERE S b N[ 38 5 ) R A3 SRR RO B AT — 2 sk s A2 Ak, R /N PR A 5 AR
R RTE S IIN

TEANTE IRV N7 1 3 2ROKF BRI (K 4), 6 4> T3 FE i v it 4R T8 29 ( Actinobacteria ) | 2 AT 7 49
(Acidobacteria ) ., o-”F J& B 44 ( Alphaproteobacteria ) . # #T & 29 ( Flavobacteriia ) . v-Z& & B ¥
( Gammaproteobacteria) | B-ZJE [ 44 ( Betaproteobacteria ) 543 FEZAH ML, P/ NERE LIS, v-SIE R A | B-
IR TN S-S AR AR BERRA T, TR R 40 | B RRT 2 AR TR 4 2 FAT TR 2 G
T 20k T B 9 A AR X E BERR A FRAIR . 78 X0 2 IR I 4 BB N .o WIE T A y-"LIE 49 0y %)
KB, 11 o/kg FIS g/kg ATHIMREE T, BRFT B AAE X1 A R m, o0 16.35% ;1111 y-"E TR RN 7E X5 + 1
e TR B R, 28.33% , BRILZ A, 26 A S e 0RO 1 rh | RAE B RIE AR & T 2RI TR M | 5-
AR BN A PR Y A A RE R 49 LA B R 3 28 A HAB TR E AR

i — 2R AR R0 R WK B T T (81 5) o HE8eit T 36 > EEML RS, 5 CKO ML,
XO 2H A8 SRR 5L A A B B -AS 1] B FR B & ( Nitrosomonadaceae _uncultured ,5.83% ) Wi £F 4E B FE-AS 0] 15
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Fig.4 Soil bacterial community at the class levels

F W B ( Cytophagaceae _uncultured , 3.37%) F1 % 50 i 78 Bb-A 0] 1% 32 3 J& ( Gemmatimonadaceae _uncultured ,
2.19%) X =A@ FARRT F SR . 76 1 o/kg RS o/kg ATV T, 5 CKIL AR ELAR, X1 A1 A9 A B
H- A3 (4.63%) WEAFHEER- AT 55358 (4.42%) Bi ke b5 B BR- K 1y 24 1 & (Alcanivoracaceae_
norank ,2.63% ) (FEXFF BB RGN 5 5 CKS AHELAR XS 41 H3ERE 5 o () Be K e gt TR - 4 2T L B P
W J& ( Xanthomonas ) VB PRI - T 5532 0 8 A E S BE-R 0255 8 ( Comamonadaceae_unclassified )
XA TR A AERT 2 BRI A/ N R 22 Ja e A s G i) g by — 300 T & i B A LUK AP I &2
FE AN A AR T AN TS SR TR R T 2 R R TS 3R R | 2 B TR R AN T 3R R b e R A T R R i
A E E PR E B ER- AR R R R TR ER T JE (Planctomyces ) | 2F HLMI TR & ( Gemmatimonas )
YT & ( Opitutus) K/ & (Aquabacterium ) 5 2 55 50 B8 ( Sphingomonas ) , H: A be I8 (5 it w1 BF- & A 44 T
J& .Subgroup_6_norank | ¥ P Jifd B J& | SIS A0 I TR -AS T 85 5 TR JE L 34P 16 _norank 33X JLAN FRRE AR AE X 32 BE LR

3 iTFig

W5 E HA A AT K I RS 4R JC RS Ye S o, DRI 25 2 AT & B (EE %
XF T AT G 0 R R - SRR VR AR T R AR K TR AR B AR SRR Y AR
DL Ky pH (B2 20 R A 04 A ROIR L | BT LAAS T 53 18 BB ER ol 140 /)N PR A AR by A i SR 00U 5 e b IX 9 18 S A
Yy, VP25 RM], R A ARSI N LSRR PR My i) AR S TR, USRI G ) T R 18 SR g
3t RTINS Gl 1) A 1 v R R BRI B R B R A | TR A R b B S AR T AR B A R R VR 4
¥t A AR ( Cynodon dactylon) (1 (Iris lactea ) R 2 AT LU 55 300 M0 09 2 RE1E B PR +
SRR, FRAR 3P ) A i 2 5, NI A 5 PHCs 15 3¢ 32021 AHIFSE R 3, Fivie /N B 22 R AT
R T R R R R IR RGN T AR BR AN T 2 A B X 5 R ] AR R ( Medicago
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Fig.5 The heatmap of bacterial community structures of soil sampiems at level of genus
P (R A B 37 19 S S [R] A 200 TR 1, A8 A R s 9 DA A — A L R | TRl PR R 0 5 (0 AR TR R 8 BE AR A g o 20 €8 2 g
T 8 7 1 €0 = EE AT

falcata L.) AL E1E (Medicago sativa L.) 2 SR AT ER B A TS Y B E T A AR — R, AR R A
WEFE I, R R AR ) 5 X8 A s G - B S AR FHIRIRAE LA R LA, — 2B E A A S 7T LA A A ALY
Qe , — IRt TARR MY R U B 1B SR RO TARBR R E R TR g S e R e
WA =R A AR 2R AT LAGE 2o 1) S T R o D R AR ) T S 4 B A A S5 A AT A 30
BTG Y IR R E MR (R VE AR A R AR Y L SR TR B E I B A A B R
AL L E WA S5 LU 5 135 T ) 2 8] B RE LA A R 52

H AR R Y S M 2 UG, T B A LA R o R AL e R R R AR Y
R A AT LR M LU 7 40 ) 7 A AR O3 il AR R ) J e LA B AR 28 20 A ) 14 77 A 25356 Bl , 3k S8 3% ) RE % 5 i -
SRR B 5 A A A R B SR A T A 55 ) B R B &, DTS IR B R A A 207 [T, 30 iy
ATl 2R LAY AR AR 2 Sutton SFE AP SN T e 1 HE 26 A S IRAE MU RE T AL AR 1R Y
WEFE L R R W] EAT I IR AT ] FRFF I T AR S B T 1R E M BUE Y6 RE A Liao 55 NMBFFE P
B, A I T e () DB Ry B B AU T 2 I E AR S R A TS e A R - 1 £ A R T
CERTET] AL BRAT BT AT T ISR R, X 5 AR TS R IEARARRT . TE M/ R A B e
B2 R AT T T T RE S = B B S M TR T 1), OURT T DR JEE B T D00k B A o 2 A P PRAR 78
TEBT T —BF 22 LC R MR T A, 7T AR A B S 5 o 76 907 193 2K b R/ N B T -
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AT AN ZF BB N | B AR 8- TR A AR BE AT /NIR BE RS I, JE TSR TR - T 40 R
AR BRI BE R 2 . Gao S5 NE i BT AN [R5 JEE ER B AL A 75 e Y 4 8 mp Sl A W e v ) A2 1, A B
v BTG AR S AT s e e B E AR RVRE TR R T AR B 1] P A A R
B B AL S VIR A R, B AT TR T e A Bk BRI AR B8 SR A T A B A, Allen BURIFSESR
WY, FER I A 0TS Y b DX RT UR IRRFTRAT ] AR XA r i 2 5 T s e L3y s 2l i

A3 3 240 T TR e RS 2 BE 23 A 8 B, A il T S A SR A L SR ) /N TR A AR B Sl T PR TR S
Wi T 2 R R AN TSI R 25 S i ot s R Ak R A il 42 TR R B4 P B AL B B TR - R S T
SEOR IR TAETCAT IS Y B AR FAELATL ) Xof IR 2 ik 2 T A 1) D10 380 3 AT, 335 8 2 T 3t s 2 - e o
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