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Abstract; The aerial portion of a plant colonized by microbes is known as a phyllosphere, which is a complex ecosystem
that is hostile to microbial colonists. In Phyllosphere, there are wide temperature fluctuations; the humidity is changed
repeatedly due to the presence and absence of free moisture from rain and dew. Under these conditions, the nutrient
availability on the plant surface is also limited, and the dose of ultraviolet radiation is very strong. In addition, some foreign
chemicals such as pesticides are sometimes located on the phyllosphere. Although all of these factors influence microbial
communities, a large number of microbes, including bacteria, filamentous fungi, yeast and algae, in addition to a small
quantity of wireworm and protozoa, still colonize this area. These colonizing microorganisms are known as phyllospheric
microorganisms or epiphytes. Such organisms tend to colonize the lower leaf sides in the field, whereas colonization of upper
leaf sides is greater on plants cultivated in the greenhouse. Some phyllospheric microorganisms are plant pathogens, but
most are nonpathogenic microorganisms that are beneficial and have many important functions. Many studies have shown
that phyllospheric microorganisms have close interactions with the host. For example, leaf-surface properties such as
cuticular water permeability can be influenced by bacteria (for instance Pseudomonas rhizosphaerae) , leading to improved
colonial conditions on the phyllosphere. In addition, some phyllospheric microorganisms can promote the growth of plants,
which leads to improved root and shoot growth by means of producing auxins, cytokinins and vitamin B,,. As a result, these
organisms can increase the yield of some plant species. Moreover, biological control agents ( BCAs) , including bacteria,
filamentous fungi and yeast, are currently being widely applied to control pests and plant diseases. These organisms have a
positive impact because BCAs are able to colonize or compete with pathogens for nutrients and sites of interaction on the
host, as well as to exert antagonism through antibiotics or hydrolytic enzymes, interfere with pathogen signals, or stimulate

the induction of systemic resistance within the plant. Some phyllospheric microorganisms can also utilize organic
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contaminants such as insecticides and lipophilic gaseous organic compounds, including phenol, as sources of nutrients.
Organisms capable of utilizing such compounds have the potential for use in bioremediation of pollutants in the environment.
Therefore , they can easily access and degrade organic pollutants from the air. Conversely some bacteria might serve as ideal
microbial indicators of insecticides due to their sensitivity to specific compounds. Finally, phyllospheric microorganisms also
have the potential for application in industrial biotechnology because some filamentous fungi isolated from olives have the
ability to produce enzymes of industrial interest such as beta-glucosidase, CMCellulase, lipase and polygalacturonase,
which are meaningful for the olive oil industry and have other industrial applications. Furthermore, phyllospheric
microorganisms are beginning to play a conspicuous role as an index of ecological stability and environmental security. Using
this index, some studies have revealed that photocatalytic nanomaterials have the potential to impact the environment. Here

we review recent advances in the study of phyllospheric microorganisms.

Key Words: phyllosphere; microbial diversity; 16S rRNA; microbial ecology; phyllospheric bioremediation
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W) T AR ZHBRAT G AR — RIS e R 5 A AN D RE (B R e vk H 2k sk, i
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Yyt bRy 25 BIFFE M MR SE G TR ( Beijerinckia ) , WIS AR 22 2735 4y 4y 301 T W BRA A= W) O 52, DT A8 I B A A 4
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Bt A 2 A AR A A B A A BE (RO ) A9 A L T Lindow 48 AN 25 fE FRAEHS ALY
M AR A AR A — 30, i LA A AR B GE AR A I e, i A A A 3R T R PR S 1 K ) 5 R S AL (Y
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ZREAE R, (H AR AR SR BOR A T & R AR R o X PR 16S TRNA BRI 58 % 81,
A ) R B T AR S A R R MR RS R R T K, RS E R R
M IR RO L B L 22BEAR KD AT LA F A 22 07 ik 0 & e AR R PR AR W i e v 22 e A
BUrRededt 7oA R, BET, B WA BRI Y o AR AR B A LR LA

(1) BEAEHE W5 2 1% 73 M8 AR ( phosphorlipid fatty acid, PLFA) & F T 58 MR R AN 338 b 5936 AR 3 A= )
BEVR AR B A0 LR S5 7E T RS A D R 2k W R 9 A0 Sh 828 1k, O X U E W A b AT e e e
HEl, s PR i) E B H AR Z —, FIH PLFA S MR , Zhang 25 & BT 44 BE A HUR) X B0
ANE I BRISA YRV A S 45 3R B I it S 36 T 71T LA o e o 200 B 1 80 R A i Bt A= i B8 i
HETAECR A BT N RE, BLAh, 20 TR0 28 i 22 PCRH P 40 P 5 8 2% TG B 4 TR 5 i 1) L o 52 R Rk 3 X 3R
A B T R 20 TR 0 S 4 TR R T A 22 TG B P A R SR R 3 22 0 T AT SRR T R B R Y T
ZpE

(2) 284 B B L UK F K (denatured gradient gel electrophoresis, DGGE) 25X A= W10 A4 B2
AR Z —, ERERGF S BGUE s i 2 EE . 5 HABERAM I, DGGE AL FAAE T g [l i 43 By K
HFES, BERE M AN IR PR v B G WU R I 2500 00 22 5 BB A3 BT — AR W) R B I ] S S A 455 7
AR AR, 73 b BT LU B FGE38 X i v H A 45 HEATRIFY 384 D P AR AR L 91, AT 3R AR 5 B8 rh A=
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BUIREMSC A DR RIS ) Pedraza 25 & BUA2 P 2 76 1 250088 TR 52 ) 5P A P I 14 A9 A4 1 2 4
AR S . DGGE S5 73 Ar e WY, e iy [ 250 MR o ik PRI R %o 52 o o oA A4 A T ) 50 A s i, (L
ARG BR A AT EE . Thekwe 55 ANHIBER AR A 0157 . HT 15 Y /K EE S5 8, Z )5 AR T 851
FEAN R - e b A K R R i AR T AR BRI BRIAE DRV B4Rk . DGGE 45 3R 3R I AR B R B 1) 4 P 1 Vi 4 K
ZHCR BN R TR AT R A AT R A i H 2 A0 5 T RE A S BT IR AR K 7—
12d AR AAEY) o I - 38 B b A [ X6 AR B R B 48 B R Vi 1 2 PR M S ) 2 S R . RGBT R ISR T 8K
DHARZG T RABB RS, HRZERART,

(3) Ao i BRI B B 2 854% ( Terminal Restriction Fragment Length Polymorphism, T-RFLP) BFA BIF
T Cancilla 8 AR FHBURMETCER P2 RIZECHRIC AT 55 19 5 G e 2 5 0oy vy S 7L 1R LK T T o 114 35 £ 1l i
MBIEFE " IS N A 2y S kDb IC B 7 1 R FF 9T, Liu WT %515 ORI T-RFLP $ AR XK B i
PEVSUE AR RN A TS5 U6 b K A ITIE R P AT D AR [R) PR S5 R T B A TR Y A R T
SE , ARR I B RRAR A M A 52 4 O AN TR R I8 2 AR, R — b B PRHUA S0 20 A [a) A 25 25 A0 AN B e 7 4
LA Z AR Ik T-RFLP $AR B e 2 A5 [ 9 v i o 22— 14 57 O Bbsic 1% 5 1 9, &
J5 NI WO REVE 6 DNA 738 1 251 16 vRNA BFE PR, 2 J5 500 FT3E 24 A R 4 A DT X PCR 4747
VARG, B Jm ek e A A PO Bt AT 4r 88 5 DGGE HARM [, T-RFLP HOARA B 1Y 73 B
fie 71, A T-RFLP B0 e O AT B R A B BEXT b, T LR 25 5 b 3R AR Bir ™ 386 A i K B v BEIW R e ik Ak
fH 8 SO T IR 2 B0 i A% 2 LA BB 14 43 BTl B 0 A R AT BEE AT 400 3 ik b
H, BRTEC &) Z W T AR s SIS . Berg 55 NS5 48 ARG V) it EL 181 19 1A 2 AR Fl b
A AR WSS R RIS IO E AT TIF9E . T-RFLP 28RSt R R A 544 N S8 AR P |
I BRAFIAR 2R N BRI IR S R TR, AS TR IO -0 A T IR 7 Y T 7 2 URT 2 R . ARPRFIAR 3R
PIERIEAEHUAN B B S, PRk, R s I R 1.1 x 10°—9.4 x 10" v AT D, H&
3 PR SR B LUE RAR BRI o 2

A LAE A 03 5 AR A2 HOR B T A FRA TR B M BRGAE W R IR 1) 21 L RO S W] B 5 1k
YIRAAE . B 5 X AR PR G ) R S ORI FE AR L, X8 T B G AR WU PR BR B b 1 D BE L) K B A= W S5 A ) BLAE
PLEARFI Z L/ PR, X5 A HT R8I 4 701 A2 2822 7 ik EA T BEIIR A BIIRR
2 HERREYRIRFEEE
2.1 WPRFEREY R A Z RS 6E

XF TP, A B B AR A PRI 25 A ™7, ] R FH AGE 3 o B/ s B it 28 K IR RE I Bl
BLAL 5 1 5 AR i B I B A 9 4 A AP AR K i 22 H RVl A 4 B 2 AR, PR A AR
VIR REL T 5 A | FEATANTE 2R B R S IANAAT D R A AR E A S
3.1 MPRAAE
3.1.1 MbRANE R AR 2R

20 T S M PR PRI v i 2 A TR W 2R A BIE S R W g SBE E R T AAE 9.4 x 10°—1. 1 x 10° N4l
Lindow 887E M BRid Y2 —h S 8] e fhrh ek A nt 5 i S BT RE R 6. 4 x 10° km® |, 17 FL 14 J5 11
AU B T REIAE 10742 AT AR R

FLIIAR 222 R I s A T A TR ST AR A W ] B TR EOR I B B, 8 MORE 3 A= 0 R v
FIREY) A S P A AR, NNTTR B PR A Wy e s AR 325 . Yang S5 H I A] 5537 05 I FIAS n] 5 57
D7 SRR PR AR MR EVE HEAT T HIFGE, DGGE 4 2R R WY A Wy i Bl 26 W 1 5 i 2 0 L S i iR B i &2
%, [R—HEYI RS PRARAT B B AR R E YIRS, A TR AR A2 22 1] DU 1 5 28 S 50K, U B — A )
PRSI I BRATAT 2R3 M R 2 o o L S5 38 AR T T 77 14 40 BT 5 B2 2T B ( Bacillus ) |
BIFTH & ( Curtobacterium) 11 2 J& (Arthrobacter) . ¥ BT J& ( Xanthomonas) ZL3K & J& ( Rhodococcus ) .
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PR FT 1 )& ( Pseudomonas ) . ¥ FT B J& ( Flavobacteria ) . 1 R ¥T & J& ( Corynebacterium ) . 1 BR 1 J&
( Micrococcus ) FIZTA2 T )& ( Rhodospirillum ) 252 . Handschur 25 ) FH S 0] 35 3858028 B0 09 20 A2 0 2 05 VL i IE
TR PA M ( pseudomonadeceae ) FIG T T ( enterobacteriaceae) J& W25 5 (H AN A= 26 ) M- Fs i 5 & A4 41 1 28
BET Zuielehner 25 N B AT REVE S HIRO IS 2200, B E5 0 BRI T AR PEZ 0 Pantoca agglomerans ) |
P BB TR ( Pseudomonas flavescens ) 547 FC I ( Moraxella spp. ) 53K ¥ ( Mycobacterium spp. ) 55554 1
YRR AN, I R IAE T SRAF B R P I A 71.8% & 2 A AR IE S A RS RE o 3k 150 ) 53 15 - os 40 T
VR Z AR S 5 (MR AR 5 B T PR A BBV 2540 2 L Ursula 55 & B0 RERE I BR 322 DAMRLBR
MR & ( Pseudomonas ) Bt Ml & ( Stenotrophomonas) | BN 58 J& ( Bacillus ) #1755 ¥F 1 J& (Arthrobacter ) J& %
FLR B AR A T 038 B i B R 1 (&L 1) P20 BT AT AR AS 8 SR 1 8 3R 0, ik — 25 i BF 5 Rk 31
Pseudomonas rhizosphaerae WIFELE T LIS 1 28 K2 1 BT 28 I A FH |, 33 3% BH it o 400 P12 32 1% AH B4R R T DA el A
Fr A R (AN B K B8 1), DT B0 I B 40 B (06 8 2% 1 0 Meelotto 55 5 & BR7E I 5K 1) < LA
P, Al BR 23 A S RAEE LA, e 4035 1 A A AL R B LP- 8 2 L R BA AR R 380 R i 40 1
WHCRE L2 T LR, MRS 2 F B T L3t 5> s R R A S i R i e, 38 T
IR IZE SR, T AR B K o3 A A0 P R A e 3B o R AE0s B R & i 3 e ml R A5 5
R IR B A R A BT A R S A R e A

E1 E&EMAREEREEMMER?D

Fig.1 Epifluorescense microscopy of F. ananassa on a trichome on leaf surfaces?’

3.1.2  WPRAEE AR

FEI R BRAFAE G VF 2 X HEYI A 35 AN V%, AL HG A E DA T | F= R A R B el S P AR 45, AR
AR RS, 050 R B4l B 1 A= W0 240 ks B P b IR R 258 A R EAE Y A K R A B TS
Yo SEIAME RS R R

i E A ZEFLFT B ( Bacillus amylo-liquefaciens ) J2= % WA A= B AN B 22— , % 25 22 @ A 40 B P A2 3 7 5 RS 1
e EA W, R 28R R DU R SIS K A 4 B, AN RE A R % 4 T PR 24 0 A i LR
AW 2230t — R A BE J1' . Fernando %5 2 YR FH I BRAT 25 40 14 BT 1A T S8 A% , 45 S R WA e
¥ ZEMAT B BS6 1T LATE K FH 254 X % 485 71 5 S 1925 TR Sl 21 R AP B iR /e

1555 (0 H 0 25 R — 05 2 4 2FA0AT T ( Bacillus thuringiensis ) U2 WLE - BREHE B . Fay 25 & 0RE 1R
B BRiE 8 R BB I = 4 A AEAF I, TT ik 1.9 x 104/ 0 MW BRIk = 4 28 0 18 A9 AR 7E ] LUR 4
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PR D5/23T s — R AF RSP AE T, 1986 B IR A/ N I BrRop s AH AR 2 dn 44— B A
&, Peter Kampfer % 1 UCIEW] & J& T AT B AT 5 I8 09— D8 Fh ], 445 H A% A Enterobacter radicincitans
sp. nov. ' REFEAREY) AR KR AR Eh R O HLAEE @ K AU, MR AR R ZE A K B i
ATRVAOAE By 338 = D700 b 6o 2 e M 38 9% T ( pink-pigmented facultative methylotrophic bacteria,
PPFM) 2 M-brdd WANTE . B HAT Z RIBRIERY) , BELLFH IR ER | A Y A Sy M — A B IR AN RE DR ; JF-RE
PR R B, HAAE KA S 2R AR O e ] DG R R S SRR AR R, B
HERE ) A ARG SR AR ) DO P RN 5 20 AR A TR 7 B A RS ), PR A 2 ) 2 O I S D
/D T BNCR T MRURIBEIN A BRI BRI AT BT 1 BE L APt R A HER A A 1 . il A/
B R 0 S B A A B 030509 ( Pseudomonasagglomerans 030509 ) 412 A2 B F1 M B &7 - B 73 15 5] A 52 i
IIRFT A 44 ( Mycobacterium sp. 44) fe 4, CHAEER + 5T SRR T 44 BETE(RIE T E S Y
MRS E R

o A4 200 U o] AR AT BIL 231~ Sandhu 55 H ofp 25 FIARTC 1972 Mk B0 T 40 0 4 JRe st ) 1)
WBRA B A , 30— 2D AT S0 25 SR 3 B G B AT R 193 3 Ak TR CF600 F) I 50T R ( TC A 3 [ it 11 CF600 ) RERE
i 8 4521 CO, , IEFMER AL bR CF600 RER™ fL it PRt 2R By 5 4 o 33X Ui I PR A 0 R AR HLTS S48
(¥ & SR R A AR 1

HEPI BRI A KR AN, GRS TR S A 1 x 10°4/ em® A R BE 0T BAR AL I B 1 5
HER (1 x10°4/em® ) AR Z . FEM AR FC B ( Bedjerinckia ) S M Fr = 2 0 [ 24N , B A58 R AT 32 H T
T C/N BB RF 10 A HA B AWM 1 Murty ABFSERE, 0t A2 b C/N AT 10 B, it BRi3sk 2 st
P A e T R 1 o 2 P O P AR 10 26 2 W1 55 ) S AI P B A 3 ek I R T 1) B R A2 A% 38R R v E T G
B

IR ZEMOFT 5 ( Bacillus mycoides) T 1994 A-7E 78 52 KM X A EITSE B i o &5 2, B RE =AY A
BRE K B A ——c Z0E NG B~ 13- SR BH G A S AL W e 015 1 15 I A2 RGEHTIE , DT X iS¢ R #
B BB IAE R Ah R B 499 T 40 B 3 3k AN 2 32 AR BRI T A B B s D Rg
LA AT 2B RO Z5HE AT WF 58 K BAUh g 7 L A T 40 e o SR A U3 32 AR FLS2 TRU3) i et A
FIOGG ¥, 1557 A NO AR DAR AR (AL IF IR (U3 OST1 , A3 AL G AT BEL IS JE A s 12 7
3.2 MBrHEE
3.2.1 MPRERE Y SR

BN A, LR AE Y M Br EZE AN YRR SSRGS [m) (75 I o L B 1) 50 RN Rh AT A AR R 22
o), L B A SE L I R I E AR AR S OB PR B EL A % TR R (Aspergillus) | 77 % J& ( Penicillium) |
#2 B2 7 & ( Rhizomucor) B8 1 J& ( Mucor) AR %5 1# J& ( Rhizopus ) MR % & J& ( Absidia) il Galactomyces 55 7
B A it A \Galactomyces geotrichum Fl enicillium comune SRR P o R AL 1 L o TESH IR &
T A R A T BREE N A A BEAR LR (Alternaria ) (3R (Aspergillus ) R8I ( Cercospora) |3k ffl
J& ( Cephalosporium ) K 18 J& ( Cladosporium ) | 5% 18 J& ( Fusarium ) . 1% # J& ( Helminthosporium ) . K 25 j5. J&
(Macrophoma) |, ¥ % J& ( Penicillium ) . 40, £ 2 & i1 J& ( Pestalotiopsis ) 1 2 M 25 #1 J& ( Phyllosticta ) ™',
Cryptococcus amylolyticus, Cryptococcus armeniacus, Cryptococcus cistialbidi, Dioszegia buhagiarii, Dioszegia
catarinonii , Dioszegia fristingensis Fl Dioszegia takashimae J& Inacio 55 ML FPEAE Y I FR 43 B 28 7 A2 SR
HRAE 1 A T B BB | B SE A A S PE DY) L Melissa 45 At DA B P U055 XA I B2 S 210 1 /4N A (T
RER A Cryptococcus bromeliarum sp. nov. ,SEJE TR ], #HFREN, B EH H R ERL, B Cryptococcus
armeniacus, C. amylolyticus, C. tibetensis Fl C. cistialbidi %5 4 ME A Cryptococcus M RFE ALK RIEH IR, E
IR ZE FALE 6 % iR kA& &, S I R, C. bromeliarum 5 C. armeniacus, C.
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amylolyticus F C. cistialbidi FF1E2 5, EARE R AT IE IR ERFUE MU My KL G, H5 C. tibetensis B AN[A]
FET BRI R BLAh  AE A e o) 48 F A0 AE B 6 A= g i T R ) (IR 5 1) 25 AT g s
B YRRy RE L A Ed 2 AR AR RO AR EL

PRI S5 A Xof T I s SR 19 2L BRI AT — S 520, Ursula S5 FOWF S0 & B, 7R % 2640, BIrdy
T A SRR I o L TR S A TR B v AR DR LGB, TR DR FH 2R PR, g I s ) L o 5 A 20 D
T AR P I v e RN (R T LA L T ) AT
3.2.2 MPBRECA AR

TERE B BRAAFTEE KB 3 FLA A SERh R R M AR S E Y IR R E AR,
AT LASE S AR ) AP0 M . Lindahl 25 &% SUAAMIZRAEY) A 75 i BRI 2N o0 A%, M £ 226
DI FH 87 BRSO U 1 T3 B ( ascomycetes ) F1HH Az RU4H - TR (asidiomycetes ) A 3, AR PRI B B 5 41 B¥ & A AR
Ak, HLA 58 43 0 W T A B (18 WM ( Mycena species) ) 37 & e b, DU GER FH£F 4 KR, i H e nl LA
AR LW B AR ETOR IR R Z . e B S AR A<, FOPLEE AT BE 2 207 ) e i o
) LA I BR K AL A A B R Gk 2 B S5, R A AR SR AT A IR A

FUBT R R — 2R B AR LA AR R, B 0] DUR SRR AW AEST 250 RO S5 2 R, 5 R H
I, 18 E R B . Avis R IR Pseudozyma flocculosa X HAT MR AR KR . Pseudozyma flocculosa
SEARYI BRIRIR AR AR T, BT3B B AR 2507 8 5 2 E R, B RE™ A2 5 IR X B T 3 A LS MR T TR
HgSME AR BE 1 AR RS TR AR DAY, SCA 40 6 P e 0 2 i gt 2 (BT 2) B PR — AR A Vs Bl A
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Fig.2 Collapse of powdery mildew conidial chains by P. £ occulosa. Conidia ( C) and mycelium (M) of Sphaerotheca fuliginea on a
cucumber leaf surface. A:Unaffected structures of powdery mildew. B:Plasmolysed mycelium and conidia of the pathogen in response to

the presence of P. £ occulosa (P) 5]
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