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Activity verification of a bacterium capable of facultative phenol degradation and biocontrol of Fusarium

graminearum

WANG Chen—-jiao, CHEN Ying, LI Lei, GUO Jia—hang, TANG Guang—mei, GUAN Hui-lin, HUANG Jing—xin"

(Plateau Chinese Medicine Planting Soil Quality Field Observation and Research Station of Yunnan Province, Yunnan Normal University,
Kunming 650500, China)

Abstract: To simultaneously solve the problems of soil phenol pollution and soil-borne Fusarium graminearum disease in agricultural
plantations, bacteria with the ability to degrade phenol efficiently were isolated. “Multifunctional bacteria” that could inhibit Fusarium
graminearum were screened, and their effects on degrading phenol pollution in soil and controlling F. graminearum were verified in a
greenhouse experiment. In the study, three isolated bacteria showed phenol degrading functions as well as the ability to inhibit F.
graminearum. One of them, PCBO1, could degrade phenol by 99.57% in a 500 mg- L' solution within 70 h, and exhibited an inhibition rate
of 79.38% for F. graminearum. This strain was identified as Rhodococcus zopfii sp. by 16s rTRNA gene sequencing. The results of the
greenhouse experiment showed that the PCBO1 strain degraded phenol in soil significantly (by 84.20%) within 40 d. The PCBOI strain
relieved the inhibition of F. graminearum on maize and reduced the effect of F. graminearum on plant height, chlorophyll content, and
single biomass. The “multifunctional bacterium” isolated in our study is potentially useful for mitigating soil phenol pollution and F.
graminearum disease in maize simultaneously, and thus, it may serve as a good solution for the current high incidence of soil phenol
pollution and crop disease.

Keywords : phenol degradation; biological control; soil-borne Fusarium disease; isolation; identification
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Figure 1 Inhibition rate of different strains to F. graminearum
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Figure 2 Degradation rate of phenol by different strains
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Figure 4 Change of phenol content in soil of different treatments
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Figure 5 Changes of plant height under different treatments
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Figure 7 Single biomass of plant under different treatments

— 7 i ELA AR R T D) RE A TR AE T ASHIE S i i
IRAT B R By B £ 18 A Rhodococceus sp., HRITE A — L&
i 58 R W Rhodococcus sp. REWE B R 1 , 7 HiZ 1A &
HA R B R B e A 138, ] R R I TR) D R Ve b
YRR AR 1l T A48 3 5 Y ) XA B R A
R 2 BRI E AT R 2 R AT I A e
IR XA ) A A B BA80N, PBCOT T R 1 it FH ok 2
AR T - S R R 1 5 i (JR1 4) , HE T RRARR T 2R 1y X6
FORIPR R HER R i AR n A (B 5~ 7).

PBCO1 bk HA B2 A= B DI RE , 767 RO ilRf it
B eI AR A i T A A (B D) e R BRI
b 2 R AR A 4 0 TR0 B KA s (11 5~ &1 7)o
Az B TR 3 R B 3R AR AR A (B R SE e o T AE R A
7 2R o i A= P i A K0 FE S BURE AR
PR AR N AR AT, BRSO AE U 7E 3 i A
SO TEAE AR B B i DA T BIR ] A4 SO i
AR A L2, A SE % B PBCOT T A& B
AR AR E R, 5 dNTERE P BB T BOR
HARR R , B/ Z0R T R R o PR A R IR R A
eI AEAC . PO IR IS PBCOT 141 Bk 8 B 57
S w2 WA T NE ) IR sk y el E=s aiba A i o
Ao A: = Yy B R R A i T R R TR 22
AT BR i AR A i 0 TR I AR KT i A 35, PBCOT
PR S 2 R T AR A 9 0 TR K AR R A 5, XY
VI T 3%F 3 RE 98 75 1 38 JURL R ) AR B 4 4 b
JE FE R b v B 2R T A ) R I Y B R AR
A7, BRI AR A5 i 70 T ) AR G DT il 20 X A ) 2
FRY S

A WE5E K BLEY PBCOT Bk [R] I HAT R4 A9
it % 1y R0 X R A 9k 0 T T A B B RE R AR MR A
Z R0 BRI BA Z R AR RER 2 IR TE " Y
R Z . Wang SRS 73 B K5 1Y “ Z D BE A
(] s 5L fife - 3 TR R T AR HERE ) AR K B D) RE, —
T 21 3R T R [7) S [ figp 48 1 FH ML BE , ] Eof X6 G AT i
T A Y, XU ik A B B 2B 0 Oy s 2R AR T TR
(Pseudomonas vancouverensis) W 18 1< 73 WA K & 4k
ARy AL U BR 092 £, [ isf B e i i e 4k
AIEIREY, MHERE 4328 A 100 AL 1 25 Rl i
B BEAE P AR G A= By A 1 M JE T fie 1 ) g,
XU [F] B B Z2 A D R A W TE AR SR A
1E. HARFGUE 2R TR 50 0 R, ik
Y HA AN T SEY R %, O HLRE Y 2 18]
e i A AERE R KPR X 0T e S 30 R AW



TR, A AR A AR A B D 124 Bl D RE AT 3 40U 2553

] B L B 22 Bl PR B8 A W 2 A B AR S 2 D) e Y
[2372410

4 it

A5 43 B ARAT T A [ B 8 e 193 R A 00 B 96
AR AT e 1 R I 22 D RE TR bR Rhodococcus zopfii sp.
PBCOL, IZ AR AE W76 250 %8 N 70 h RERF MR 55 55
99.57% W A% Wy, [] ) X 7 25 Bl 0 T 18 4000 i) 32 5K %)
79.38% . PP AR FE TR = AR Pl AT A
RO T S BRI R A Bl 0 RO R AR R 5
PRI T 500 mg - ke FEARE 79 mg-kg !, X L
VFR i T2 B R[] I B AT R A Qi A2 R 3 A4
AR RYIEE, BRI AN 2 — B9 . AR A
SV A E B 2 R A A ST RE MR, AT
FER] Ry IR BT Y AR £ G TR R 1 ik R AL
—Fp L

S 3Lk

[1] Anyanwu M E. Phenol in an urban aquatic ecosystem and its bioaccu-
mulation in the african catfish (claria gariepinus) [D]. Owerri: Federal
University of Technology, 2018:12-14.

[2] Trapp S, Legind C N. Uptake of organic contaminants from soil into
vegetables and fruits[M]//Dealing with contaminated sites : From theory
towards practical application, Dordrecht: Springer, 2011 :369-408.

[3] Antonious G F, Dennis S O, Unrine J M, et al. Ascorbic acid, B—caro-
tene, sugars, phenols, and heavy metals in sweet potatoes grown in soil
fertilized with municipal sewage sludge[]]. Journal of Environmental
Science and Health, Part B, 2011, 46(2) :112-121.

[4] W RHA . 22 JAR IR I 52 )], AR IR, 2009, 35(3) : 1-6.

YU Da-zhao. Advances in the research of Fusarium head blight of
wheat and barley[J]. Plant Protection, 2009, 35(3) : 1-6.

[5] X1 ks %, XURCLL . e |75 Yt 3 A= M8 S BOR i e Je B LR ). A=
Py AR . 2015, 31(6):901-916.

LIU Zhi-pei, LIU Shuang - jiang. Development of bioremediation in
China: A review[]]. Chinese Journal of Biotechnology, 2015, 31 (6) :
901-916.

[6] JH b, ZEBLL, AL MR, 55 . LA LTS YW A= P S HORBF L
JE[)). A SR, 2015, 24(2) :343-351.

ZHOU Ji—hai, YUAN Ying—hong, ZHU Zhi-bao, et al. A review on bio-
remediation technologies of organic pollutants contaminated soils[J].
Ecology and Environment Sciences, 2015, 24(2) :343-351.

[7] Arseneault T, Filion M. Biocontrol through antibiosis: Exploring the
role played by subinhibitory concentrations of antibiotics in soil and
their impact on plant pathogens[J]. Canadian Journal of Plant Patholo-
gy, 2017, 39(3) :267-274.

[8] Arif N M, Ahmad S A, Syed M A, et al. Isolation and characterization
of a phenol-degrading Rhodococcus sp. strain AQSNOL 2 KCTC
11961BP[J]. Journal of Basic Microbiology, 2013, 53(1):9-19.

[9] Polymenakou P N, Stephanou E G. Effect of temperature and additional

carbon sources on phenol degradation by an indigenous soil Pseudomo-
nad|J]. Biodegradation, 2005, 16(5) :403-413.

[10] Fw ok, mifeis, 20, 55 . & ROK 285 6 OB BOR B AT ik
JE] AKAEFREEAR, 2013, 39(4):5-8, 19.

FAN Rong-gui, GAO Hai—juan, LI Xian, et al. New techniques and
research progress on phenol-containing wastewater treatment[J]. Tech-
nology of Water Treatment, 2013, 39(4) :5-8, 19.

[11] Ab Rahman S F S, Singh E, Pieterse C M J, et al. Emerging microbial
biocontrol strategies for plant pathogens|J]. Plant Science, 2018, 267 :
102-111.

[12] Raza W, Ling N, Zhang R, et al. Success evaluation of the biological
control of Fusarium wilts of cucumber, banana, and tomato since
2000 and future research strategies[J]. Critical Reviews in Biotechnolo-
gy,2017,37(2):202-212.

[13] Sun J Q, Xu L, Tang Y Q, et al. Degradation of pyridine by one Rhodo-
coccus strain in the presence of chromium ( VI) or phenol[J]. Journal
of Hazardous Materials, 2011, 191(1) : 62-68.

[14] Wang Y, Song J, Zhao W, et al. In situ degradation of phenol and pro-
motion of plant growth in contaminated environments by a single Pseu-
domonas aeruginosa strain|J]. Journal of Hazardous Materials, 2011,
192(1) :354-360.

[15] o /N, B, (280, S5 . — A T AR 7R T 0 O 1 B R I e 2
RBILBIELN. A=A, 2010, 27(1) :31-34.

HE Xiao-li, CHEN Chen, FU Ying-ying, et al. Isolation of a phenol—
degrading strain and its preliminary degrading potential[J]. Journal of
Biology, 2010, 27(1) :31-34.

[16] Suzuki M T, Giovannoni S J. Bias caused by template annealing in the
amplification of mixtures of 16S rRNA genes by PCR[J]. Applied and
Environmental Microbiology, 1996, 62(2) :625-630.

[17] Ucisik A S, Trapp S. Uptake, removal, accumulation, and phytotoxici-
ty of phenol in willow trees (Salix viminalis)[J]. Environmental Toxi-
cology and Chemistry, 2006, 25(9) :2455-2460.

[18] Mohammad Nawawi N, Ahmad S A, Shukor M, et al. Statistical optimi-
sation for improvement of phenol degradation by Rhodococcus sp.
NAM 81[J]. Journal of Environmental Biology, 2015, 37:443-451.

[19] Ahmad S A, Shamaan N A, Syed M A, et al. Meta—cleavage pathway
of phenol degradation by Acinetobacter sp. strain AQSNOL 1[]J]. Rendi-
conti Lincei, 2017, 28(1) : 1-9.

[20] Lecomte C, Alabouvette C, Edel-Hermann V, et al. Biological control
of ornamental plant diseases caused by Fusarium oxysporum: A review
[J]. Biological Control, 2016, 101:17-30.

[21] Yang C, Ho Y N, Makita R, et al. A multifunctional rhizobacterial
strain with wide application in different ferns facilitates arsenic phy-
toremediation[J]. Science of the Total Environment, 2019, 134504.

[22] Chin C F S, Furuya Y, Zainudin M H M, et al. Novel multifunctional
plant growth—promoting bacteria in co—compost of palm oil industry
waste[]]. Journal of Bioscience and Bioengineering, 2017, 124 (5) :
506-513.

[23] Raaijmakers J M, Mazzola M. Diversity and natural functions of antibi-
otics produced by beneficial and plant pathogenic bacteria[J]. Annual
Review of Phytopathology, 2012, 50:403-424.

[24] Singer A C, Crowley D E, Thompson I P, et al. Secondary plant metab-
olites in phytoremediation and biotransformation[J]. Trends in Biotech-

nology, 2003, 21(3) : 123-130.



