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Abstract: Beauveria bassiana is a well-known entomopathogenic fungi with worldwide distribution that can be used as a
microbial pesticide. To date, studies of B. bassiana have focused on its insecticidal mechanism, symbiosis with plants and
antagonism of plant pathogens; however, few studies of its influence on the microecological phyllosphere and at
physiological level of the plant have been conducted. To investigate the ecological security of B. bassiana in the paddy
phyllosphere, we evaluated the effects of different concentrations of B. bassiana spore suspensions and a chemical pesticide
(acephate) on paddy phyllosphere microbial flora and protective enzyme activities by a potted trial. B. bassiana were then
induced to express the egfp gene ( green fluorescent protein gene) through transformation with a vector, after which real-

time polymerase chain reaction ( PCR) was used to quantify the organisms and measure their dynamics in a paddy
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phyllosphere. We also evaluated the effects of different concentrations of B. bassiana suspensions on the phyllosphere
microflora using DGGE. To accomplish this, B. bassiana specific DNA primers were designed based on the green fluorescent
protein sequence marked B. bassiana. Amplification of B. bassiana DNA using the eGPF-F1/eGFP-R1 primers yielded a
single 289bp-long product with a detection limit of 10fg/ L of B. bassiana genomic DNA. The pot experiments, which were
conducted in the botanical garden of Nanjing Normal University, consisted of the following seven treatments; sterile water
applied as a control ( CK), inoculation with the larva of Chilo suppressalis ( A), application of the B. bassiana spore
suspension at 7.5%10*spores/ml (B), 7.5x10° spores/ml (C), 7.5%10° spores/ml (D), or 7.5x10” spores/ml (E),
application of acephate emulsifiable concentrates (F). Each treatment group was covered with gauze (3 m X 0.7 m x 1.5
m) after treatment. Fluorescence quantitative PCR analysis of the rice phyllosphere DNA revealed that B. bassiana was
maintained for at least 30 days on the leaves of paddy plants after application, but when a higher initial dosage of the B.
bassiana was applied, the B. bassiana population on the phyllosphere decreased more rapidly. When compared with
chemical pesticide, B. bassiana did not significantly affect the antioxidant activity of three enzymes in paddy leaves.
Specifically, the enzymatic activities of SOD and POD in B. bassiana treatment groups were 20.38 and 8.65% higher,
respectively, than those in the CK group on the tenth day, while the activity of CAT was 33.67% higher than that of the CK
group on day 30. However, the enzymatic activity of CAT in the F group was 42.71% lower than that of the CK group on day
10. DGGE cluster analysis showed that B. bassiana did not significantly influence the bacterial or fungal community
structures on the paddy phyllosphere, and the microbial community structure similarity, Shannon index and band number in
the B. bassiana treated group were higher than in the negative control group. These results indicated that B. bassiana is an
environmental friendly microbial pesticide. Future studies of B. bassiana should focus on its effects on other endophytes in
plants. Studies to evaluate the role of B. bassiana could lead to a new paradigm on its successful use in biological control

programs.

Key Words: Beauveria bassiana; paddy; real-time PCR; microflora; antioxidant enzyme
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ikt 514 rmatE W e
Tareet Pri Polymerase chain Polvacrylmide sel/% Denaturing
aree rmer reaction conditions olyacrytmde gev 7o Gradient/ %
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Fig.1 PCR products using primer eGPF-F1/eGFP-R1
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Fig.6 Effect of different treatments on CAT activity
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e e S g o OF 60-A
= i
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B 7 KIBMERAEEE DGGE 59 BIE R RN 0-CK
Fig.7 DGGE cluster analysis (UPGMA) of 16S rRNA profiles
of rice phyllosphere bacterial communities 8 KIBMIRER A% DGGE QB R LS
(0-CK.A.B.C.D.E.F).4r%/48 0 d i CK.A .B.C.D.E.F 43 Fig.8 DGGE cluster analysis (UPGMA) of 18S rRNA profiles
2 (10-CK . A B.C.D .E.F) :435458%% 10 X1) CK.A.B.C.D, of rice phyllosphere fungi communities
E.F4b3H2H 5 (30-CK A \B.C D E.F) : 5354846 30 Ky CK A
B.C.D.E.F4:¥4H; (60-CK A B.C.D.E.F) . :5l458% 60 K
9y CK.A B.C.D E.F ¥4l
F2 MERAEEESEN
Table 2 Diversity of bacteria in phyllosphere
0d 10d 30d 60d
b TR FrAAREL Fali g AR EL Sl g AR EL Vi FARSEEL
Treatment Band Shannon Band Shannon Band Shannon Band Shannon
number index number index number index number index
CK 18 2.28 19 2.36 19 2.65 22 2.73
A 18 2.33 19 2.49 17 2.21 14 2.04
B 23 2.75 24 2.76 27 2.94 22 2.72
C 24 2.79 22 2.65 22 2.76 24 2.84
D 21 2.6 22 2.68 23 2.823 25 2.95
E 22 2.56 23 2.72 24 2.98 22 2.81
F 20 2.66 16 1.91 21 2.75 21 2.49
CK . 25 XTI A HeRh —ALBE A B 1A%, B S B FH YR B2 7.5% 10 F3 7 mL ™" 5C. 10 £i%;D: 100 £i5 5 E: 1000 £% 5 F . fb2 R 2 40 B2H
*3 MEREEHESHME
Table 3 Diversity of fungi in phyllosphere
0d 10d 30d 60d
il P i e TARAREL FEL FARIGEL FEL FRIGEL i FRIEEL
Treatment Band Shannon Band Shannon Band Shannon Band Shannon
number index number index number index number index
CK 5 1.24 18 2.37 12 1.82 13 2.19
A 8 1.57 6 1.02 9 1.56 12 1.6
B 8 1.62 18 2.23 12 1.96 16 2.38
C 9 1.41 19 2.44 15 2.21 15 2.27
D 5 1.42 17 2.24 14 2.31 13 2.14
E 6 1.12 18 2.24 17 2.32 13 2.24
F 7 1.32 7 1.38 9 1.69 16 2.31

http ; //www.ecologica.cn



6982 VST

S

34 4

3 e

SR WA 2 R R N A2 (R P A
H A VA 2T R B X R A B B s e i o, AR
SCE XA WA 245 PR B 76 I B 9 2B 255 i i T
B AP, I B IRER — RGP IR T AW
A2 A8 T 5 Ak 2 A% 24 WA B B G R ) AR S
S
31 BRSSP
A= 7 TR e A5 A B AR E L 15 A B RO 1 T
R e e M AR PR RE 75 A ke ™ AR 5T
Az B B AR B 1 2 BRI HAE 3 Rt 2 56
B SRR 2 it FH e T I A o a5k B 15 O A A
NN B ET L T WA - 8 TN 1)@ i R A I DA AN T 53
RTF-BOME LA 0 A X 4 = 25 52k RN T 42 ol
A a9 R FAE N4 FARIC I T,
Hxtamp e, g ta e R R AT E—
JE SR AEME SEE TR B sl R R AR K B Bl s i
PN FR B BT W I8, AR SCE sy T — Al
SYBR Green 1 % Y2 HRHAGIN - B 1148 141 5% B3 119
J7% . SYBR Green I RER M FEAKEE R PCR
SIS, RE AR S A POLE AP ST
T X ES ) eGFP-F1 Fl eGFP-R1, B 3iF 45 H-
PE R R S5 R LR A AT DLAE KRR I PR
FREA ZE/DIK 30 d, ASFSE R0 U R) 32 Z2 R IR R OK
ORI PR 38 5 o 000 11 28 0 B % 5 7K A
A5G Rl A A RS . BRAESE 9 R I (0,58
JGHE bR IC A R ZF AT B E AR I PR FE A 42 d
ZRPY BRI A H AR [ B B A B R I ek
RSO 2 IR AR GRAT) 2 i e B AR, LA
R P e R R PR FE AR S 30 KA B Ab PR 148
IR B BRI R EE Y 25.70% , T E A BEZH (48 1 5%
VIR EE Y 0.58%
3.2 PR KRS R ALERS 5

SOD \POD , CAT fF 4 f& 471 i 22 4t 19 T 248 r,
RERS S AR 0 1 A BRI K-, it H i P A X
TR 22 e 1 s e R T 2 R B A2k
25 EmAREE Y AR bt 5
TOE AR ST AR 2 X R R B AR G
M AFFEE A, AR SO 9 % B P A58 B Ah B RE A5 22 15 /K
e S b 5 A g i 4R Ak U S T, I ELAS [R) ik

JE R R A LA 2 () i AR 22 B0 HR R BE
S AR, SCE R AR RORZS , HE DN — T T
AT USRI S B SR B R AR
AR B AR, 55— 5 T A AT RE R R K A
T ) 2 o 38 A 00 A A 2, SR T L AR HIL ) H i
AVERE . AE A AL BRZH R RD AR AR P 3 Rl
DRAPREET 0 Y04 AN [R) R B o, i R 4 Bl % 0
R KRR 0 . (8 F AL PRZ R fl e 25 4k
HHREMS PR /K Rt o AT SR 0, 0 A 1 o i 37
ST B/, A0 A 22 A 25 5| 3R T A ) B L
SR,
3.3 B KRE BRI P v 4 R B R )
SVASRF | AT AL BRI R S I B 20 R R T
BORPsh, EERERETEEH T, A F A B2 2671 4
BB ARAR B BN, U WK R L3 R Al s A 25 %8
HE RS BOOE W, 7255 10 K, feak 2y
Kb R A0 TR B LR 2 R DN 3 IR ) A g
AR — B, I T A 2 S R S i 2
TR A A T 10 ) Al R 9 A, AT S B B
RSB B —

4 it

AN T B AGHI AR I 11 AR TR A R R
ot PCR U7k, 45 R W] Rk By S e,
BT AT LAAE KA M Prsk B 30 d 2 A T AR B
AT A5 X5 RS FL A 1 AT 2E | TR] IR 9 A R 1
AT RLE KRS iR AR 2 i R AR 2R R AR
PR R AR OT IR . SR SIS T FE TR X K
AR PRI G 7 0 5 080 10 P B DA A A B A B g
IKAEGRAP B e A R W, e, AR SCHESE T H
LR 7K I P 1) B A 0 e s 25 A 52T, DGGE 3R
S A4l R W] 1 A A Ak FRUS K R I PR AR TR L LA
4 2 RO A A 8 O AT P T s U D 9 T VK AR
BRI W i v S5 A A — 2 i T AR R T
JKRE Jim X6 7K PA A T )R B 1 5 TR L EL AT
9, A TR L RO, A6 B A F) B A R A 1
FABLA, B 5E o0 B PPAR ol 2 M0 A 25 AR 0 AR W)
Sy

Brigh: PU R R AR W BOR oL 3R R R PR i (0 7
JCHE FRRIC Y A8 BB Rl , P Al A AR ) R

http ; //www.ecologica.cn



23 1

Rl 25 B KRS =R A B g S PR A W) A R ) R

6983

b

e ER S R B AR A AR Al BRI

References :

(1]

(2]

[3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

Ownley B H, Griffin M R, Klingeman W E, Gwinn K D, Moulton
J K, Pereira R M.Beauveria bassiana : Endophytic colonization and
plant disease control. Journal of Invertebrate Pathology, 2008, 98
(3): 267-270.

Meyling N, Eilenberg J. Ecology of the entomopathogenic fungi
Beauveria  bassiana and  Metarhizium anisopliae in

temperate

agroecosystems:; Potential for conservation biological control.
Biological Control, 2007, 43(2) . 145-155.

Bark Y G., Lee D G., Kang S C, Kim Y H.Antibiotic properties of
an entomopathogenic fungus, Beauwveria bassiana, on Fusarium
oxysporum and Botrytis cinerea.Korean Journal of Plant Pathology,
1996, 12(2) : 245-250.

Lee S M, Yeo W H, Jee H J, Shin S C, Moon Y S. Effect of
entomopathogenic fungi on growth of cucumber and Rhizoctonia
solani.Journal of Forest Science, 1999, 62. 118-125.

Vesel y D, Koubova D.In vitro effect of entomopathogenic fungi
Beauveria bassiana ( Bals.-Criv.) Vuill.and Beauveria brongniartii
(Sacc.) Petch on phytopathogenic fungi. Ochrana Rostlin, 1994,
30(2): 113-120.

Posada F J, Vega I' E.Establishment of the fungal entomopathogen
Beauveria bassiana ( Ascomycota: Hypocreales) as an endophyte in
cocoa seedlings ( Theobroma cacao ). Mycologia, 2005, 97 (6) .
1195-2000.

Posada I, Vega F E.Inoculation and colonization of coffee seedlings
( Coffea arabica L.) with the fungal entomopathogen Beauveria
bassiana ( Ascomycota; Hypocreales ). Mycoscience, 2006, 47
(5): 284-289.

Wagner B L, Lewis L C. Colonization of corn, Zea mays, by the
entomopathogenic  fungus  Beauveria  bassiana. Applied and
Environmental Microbiology, 2000, 66(8) : 3468-3473.

Ganley R J, Newcombe G.Fungal endophytes in seeds and needles
of Pinus monticola. Mycological Research, 2006, 110 (3):
318-327.

Gomez-Vidal S, Lopez-Llorca L V, Jansson H B, Salinas J.
Endophytic colonization of date palm ( Phoenix dactylifera L.)
leaves by entomopathogenic fungi.Micron, 2006, 37(7) ; 624-632.
LiYL, Wang Y Y, Dong J Z, Zhou T, Li J.The effects on survival
Beauveria  bassiana  under  soil

ability  of microecological

environment. Chinese Agricultural Science Bulletin, 2012, 28
(36) : 259-263.

Wang B, Nie Y Q, Li Z Z, Fan M Z.The dynamic of population
virulence and sporulation of Beawveria bassiana survived in soil,
Journal of Anhui Agricultural University, 2003, 30(1) ; 40-43.
Lindow S E, Brandl M T.Microbiology of the phyllosphere. Applied
and Environmental Microbiology, 2003, 69(4) . 1875-1883.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Hu Z Y, Lu K H, Liang J J.Role of rhizosphere microorganisms of
aquatic plants in phytoremediation of wastewater. Environmental
Science Technology, 2010, 33(5) :75-80.

Azevedo J L, Maccheroni Jr W, Pereira J] O, Araujo W L.
Endophytic microorganisms: a review on insect control and recent
advances on tropical plants. Electronic Journal of Biotechnology,
2000, 3(1): 40-65.

Nair J R, Singh G, Sekar V.Isolation and characterization of a
novel Bacillus strain from coffee phyllosphere showing antifungal
activity. Journal of Applied Microbiology, 2002, 93(5) . 772-780.
Duan X J, Min H.Diversity of microbial genes in paddy soil stressed
by cadmium using DGGE. Chinese Journal of Environmental
Science, 2004, 25(5): 122-126.

Shishido M, Sato K, Yoshida N, Tsukui R, Usami T.PCR-based
assays to detect and quantify Phomopsis sclerotioides in plants and
soil.Journal of General Plant Pathology, 2010, 76(1) : 21-30.
Luo Y, Gao W, Doster M, Michailides T J. Quantification of
conidial density of Aspergillus flavus and A. parasiticus in soil from
using PCR. Journal of Applied
Microbiology,, 2009, 106(5) : 1649-1660.

Kuan C P, Wu M T, Huang H C, Chang H.Rapid detection of

almond  orchards real-time

Colletotrichum  lagenarium, causal agent of anthracnose of
cucurbitaceous crops, by PCR and real-time PCR. Journal of
Phytopathology, 2011, 159(4) ; 276-282.

Li M Z, Senda M, Komatsu T, Suga H, Kageyama K.Development
of real-time PCR technique for the estimation of population density
of Pythium intermedium in forest soils. Microbiological Research,
2010, 165(8) : 695-705.

Kang Z H, Huang J L.Detection of Thielaviopsis basicola in soil with
real-time quantitative PCR. Acta Phytopathologica Sinica, 2010, 40
(2):210-213.

LiFL, Li XZ, Min F X, Han F, Wei Q, Feng Y Z, Guo M.
Application of real-time quantitative PCR on detection of fungal
plant disease.Journal of Northeast Agricultural University, 2010, 41
(4): 151-155.

Jin K, Zhang Y J, Luo Z B, Lin J W, Pei Y.GFP as a vital marker
for investigation of pathogenic development of Beawveria bassiana.
Mycosystema, 2008, 27(3) : 377-384.

Gu L K, BaiZH, YuY, Zhao Q, Li ZM, Zhuang G Q, Zhang H
X.Investigation of bacterial community structure within the sweet
potato phyllosphere using culture-independent techniques. Acta
Ecologica Sinica, 2010, 30(7) : 1789-1796.

Liu S C, Xiao L T, Liao B H, Lu X D, Kuang F C, Zhao W K,
Tong | H.Effects of lead stress on anti-oxidative enzyme activities
and isoenzymes in cucumber seedlings. Chinese Journal of Applied
Ecology, 2006, 17(2) : 300-304.

LiRP, L GD, Yuan Y F, Hou C D, Yu C.Effects of Se on some
physiological characteristics of wheat seeding under Hg stress.

Ecology and Environmental Sciences, 2011, 20(5) : 975-979.

http ; //www.ecologica.cn



6984 £ OB ¥ I 34 %

[28] Zhang S M, Wang Y X, Li J, Zhao X C.Colonization of A Gene- [40] JinM, SuY M, Gu L K, Bai Z H, Zhuang G Q, Peng X W.
marked Bacillus subtilis BS- 68A in Cucumber. Biotechnology Effects of imidacloprid insecticide on microbial community in peach
2006, 16(4) ; 73-74. phyllosphere. Environmental Science Technology, 2011, 34 (5):

[29] Tian T, Qi X C, Wang Q, Mei R H.Colonization study of GFP- 1-6.
tagged Bacillus strains on wheat surface. Acta Phytopathologica X
Sinica, 2004, 34(4) ; 346-351. BEXH:

[30] Rengpipat S, Wongtangprasert N, Palaga T.The use of green (117 ZkA, BRI, EEE, e, 28 LRHES IS G
fluorescent protein as a marker for monitoring a probiotic Bacillus EER 1 A7 52 A 0 BIF 9. v R 245l iR, 2012, 28 (36):
S11 in the black tiger shrimp Penaeus monodon. Aquaculture 259-263.

Nutrition, 2009, 15(3) : 297-305. [12] FiE, Fday, S5, B2 AR Db n e |

[31] Yin Y P, Yuan X E, Li Q, Wang Z K. Construction of green B ) B f AR 5 BRI R A 24, 2003, 30(1)
fluorescent protein gene tagged biocontrol bacteria Bacillus subtilis 40-43.

CQBS03 and its colonization on the citrus leaves. Scientia [14] WAE 5, BEIFZ, Bah S ARBRBUE WA TS Sk R iE 2
Agricultura Sinica, 2010, 43(17) : 3555-3563. IR IR 5 HOR | 2010, 33(5) : 75-80.

[32] Wang H Q, Xiao L T, Tong J H, Liu F L.Foliar application of [17] B2, XML AEME NS H 560k Yt H 2 R 1) DGGE
chlorocholine chloride improves leaf mineral nutrition, antioxidant DT R RR2#, 2004, 25(5) ; 122-126.
enzyme activity, and tuber yield of potato ( Solanum tuberosum L.) . [22]  FRIRNE, BEARTN. 8 v AR R oA A 2 A 5 B PCR K
Scientia Horticulturae, 2010, 125(3) ; 521-523. M ARBEGT FEYFREE4, 2010, 40(2) ; 210-213.

[33] Shah K, Nahakpam S.Heat exposure alters the expression of SOD, [23] ZER%, Zeogih ) RURE, ohid, ZUBL, Ok it S e
POD, APX and CAT enzymes and mitigates low cadmium toxicity B PCR FEAR ) PR3 L4 5 e A I v ) 7 . AR A Al K 2%
in seedlings of sensitive and tolerant rice cultivars.Plant Physiology “#4i%, 2010, 41(4) . 151-155.
and Biochemistry, 2012, 57; 106-113. [24] &9, sok%, Pkds, MM, 328 FIH GFP Rk RGk

[34] Patra M, Bhowmik N, Bandopadhyay B, Sharma A.Comparison of Bk A A B R e B R B R 2 i, 2008, 27 (3):
mercury, lead and arsenic with respect to genotoxic effects on pant 377-384.
system and the development of genetic tolerance. Environmental and [25] Aordh, g, T2, B, 2540, REEER ) skt JEE:
Experimental Botany, 2004, 52(3): 199-223. FR 7R AT A 5 i DX H S B 4 TR A R A A A AR SRR,

[35] Zhang X X, Fan X M, Li C J, Nan Z B.Effects of cadmium stress 2010, 30(7): 1789-1796.
on seed germination, seedling growth and antioxidative enzymes in [26] XUR4L, SHRWE, BHE, 0K, Edf, &30k, Silfg
Achnatherum inebrians plants infected with a Neotyphodium Mol 0T B TR &0 1 e AR A i O e % TRD T R . R AR S
endophyte.Plant Growth Regulation, 2010, 60(2) ; 91-97. 2F4R, 2006, 17(2) : 300-304.

[36] Ding HD, Zhu X H, Zhu Z W, Yang S J, Zha D' S, Wu X X. [27] ZEE ¥, 2008, BT K, AR, T xR E /N E4)
Amelioration of salt-induced oxidative stress in eggplant by A AR RS2 AR S EREE, 2011, 20(5) + 975-979.
application of 24-epibrassinolide. Biologia Plantarum, 2012, 56 (28] kUG, EEEE, 254, BT, sKIen HE bR ic Al 5 24
(4) . 767-770. FFPA BS-68A 7EH R 5. AL WA, 2006, 16(4) : 73-74.

[37] Juszczuk I, Malustt E, Rychter A M. Oxidative stress during [29] W%, THR, T8, M. F 0T st s sE A hric &
phosphate deficiency in roots of bean plants ( Phaseolus vulgaris AR INFZ VR 3 7 B8 (W 00 P AL s B 2 i, 2004, 34 (4) .
L.).Journal of Plant Physiology, 2001, 58(10) : 1299-1305. 346-351.

[38] Ownley B H, Gwinn K D, Vega F E. Endophytic fungal [31]  BE4hF, ik, 2208, T b B ZE B 0 Al AL 28 98 4F 1
entomopathogens with activity against plant pathogens: ecology and CQBS03 Y&k a5 G 1 B bR i B ARG I L 17 5 7.
evolution. BioControl, 2010, 55(1): 113-128. thEAO RN, 2010, 43(17) ; 3555-3563.

[39] Gutjahr C, Paszkowski U.Weights in the balance: jasmonic acid [40] JHEF, s, s, S, FERER, 9280 Mk Hukos i

and salicylic acid signaling in root-biotroph interactions. Molecular

Plant-Microbe Interactions, 2009, 22(7) : 763-772.

FUXTRA 1 R G5 A= 9 BF 95 45/ B9S2 . R R R 5 REOR
2011, 34(5): 1-6.

http ; //www.ecologica.cn



