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Advances in plant seed-associated microbial ecology

ZOU Yuanyuan' ,LIU Yang' , WANG Jianhua®, SONG Wei' *
1 College of Life Sciences, Capital Normal University, Beijing 100048 , China
2 Seed Science Center ,College of Agriculture and Biotechnology, China Agricultural University, Beijing 100193, China

Abstract: Manymicroorganisms can be found in seeds, and they can affect the health of the seeds as well as the developing
plants. The study of seed microbial ecology focuses on plant seed-associated microbial community composition, their
function, succession dynamics and the interactions between microorganisms and plants. In this review, we introduce the
advances that have been made in this field, including key concepts, the main types of microorganisms, research methods,
and physiological and environmental factors that are important for the plant seed microbial community. Research has used
culture-independent methods based on molecular biotechnology, combined with traditional culture-dependent methods. The
nutrient composition of seeds, which includes sugars, fats and proteins, is important for microorganism growth. Certain
nutrient components may attract microorganisms to colonize inside or on the exterior of seeds. Microbial groups, such as
bacteria, actinomycetes and fungi, have been found in seeds of some plant species. By 2004, more than 100 species and 50
genera of bacteria had been found in the seeds of plant species, such as Hordeum vulgare, Oryza sativa, Zea mays, Setaria
italic, Glycine max, Brassica napus, Gossypium spp. , and some trees species. More than 180 species and 70 genera of
fungi have been found in crop species, such as Sorghum bicolor, Cicer arietinum, Cajanus cajan and Arachis hypogaea.
Most of these fungi have been reported to be seed pathogens. Microbial communities can be affected by seed shape, and it
has proved to be more difficult to isolate bacteria from hard, waxy seeds than from normal seeds. Seeds with different
nutrient compositions harbor different microbial communities. Dynamic changes of the microbial community could be linked
with changes in seed nutrient composition that occur in the developing seed. Different parts of the seed, such as the
embryo, endosperm and seed coat, can harbor different specialized microbial communities. Furthermore, particular seed
genotypes are associated with particular microbial community structures and activities. The spermosphere, a dynamic
microbial succession zone surrounding the germinating seed, is strongly affected by seed exudations and the soil
microorganism communities, and is an important part of seed microbial ecology. We conclude our review by proposing future

research areas in seed-associated microbial ecology. This includes gaining a more detailed knowledge of specific plant seed-
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associated microbial communities, as well as a greater understanding the relationship between internal seed conditions,
external environmental conditions and the microbial activity. Further study should also focus on the mechanisms underlying
seed-microorganism interactions, and consider the application of molecular biotechnology and biometrics in seed microbial

ecology.

Key Words:; seed-associated microbial ecology; microbial community ; seed nutrient; genotype; spermosphere
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A —E RIAHSENE R DL Bk i e B B AR B > B AT, S8 T S5 A R BT
RZ YA 2E IR R DGR i 1R S A I S G E R AR T
1 FFREMESENRS

WRAE BRAZ T 1980 R4 AHY) AR AR NAAAE Z MUY 2 T RS E U E RS N S MY
PRILRI R — A M A SRR R R A2 T S AE , 1990 4R TIZ R R B 5T 0 4 R
M A o SOMAT AR AR 2 FL A A0 5 LR P A A & & R, A e 25 24
SISO E A . SRE . TR AT 2 ) B 5 A A e B R AR AR AR Ay N R TR A
PR KB W —AReE B By, &8 £ e IR A BT Y B, K RIS R WA Y Ah 1 I A 0 A 28
RGINA T & AR, BT AR TR 3810, WAFAE TR b R P AR T B 2 1898 4FE i Vogl
FESBAZ R (Lolium temulentum) FhFH &A™ | FhFAOHT K B BE T X Se it 4 K e - St 0 26
B, AN TR B S A et 7 R R i AR AV FE LR AR TR PR Fh R 36 A P L I JE Tl 52 2 b 7 i &
S () DI DA R AR A T RIS R A 7 S R AR A Y B T S R i A W A S R X S il AR
PIRgZE . DR . TR VBT B G 2R K H 5 g TR A Y R TR A ELOC R R
2 MFREVESERARNEERE

AN [RIPREE B Bl A A 25 24 ORI T, BB A 24 I 92 O ik R B AR B 5 97 43 s ik [
BTN FAEDFREARMAERF L ARG IR YR R AR 205 SR A BR, B AR &S
FRHEAY AT BN M U AR AR A P A A —3 43 i T 3R T I RE S A 3 SR B R, DR T
AT A F2 Ik . ARG IR IE 2 2RI o3 AR W) O E AR BIREA th U E ) AR DG RE R Y
51, WNANEE 16S tDNA 551120 1TS J750 2 45 78 LRl T X REAR T 5 Sl A W0 e 7 - T 45 R AT, T 4TI 0 T
fRE MR AR B . FEI TR IR 16S tDNA S SCRER A 5 32 HA DNA BRI E RG]
4378 (ARDRA) P 5 BEREZ S MY 1 (AFLP) P A B M 1 74 B 2 35 ¥ (T-RFLP) P A PRk i
BREEBERCHETK (DGGE) ™" R BEM BB VK (TGGE) ™ LABANE AT 5 bR 45 82 43 BT 71 (SARST) 2
55, BT, O V2R X PRy VAR, G A TR M ARAS 5 O AT 1 {5 B HRGE S
3 MFREVESREDPHRED LR

Z4 CRF T RIAE D AAAEZ R R YR AR A R B 5 Ay i E AR TR
TR A R A E B SRR ) A s el A ST, B 2004 4F B HGEAE K E ( Hordeum wvulgare) | 7K 7§
(Oryza sativa) \EK (Zea mays) . SEK (Setaria italica) , K. ( Glycine max) \JM>& ( Brassica napus) A 16
( Gossypium spp. ) SRR T 5 FECA BIAETE A 50 218,100 220 2800 5 22 [RBAYE T, A [A] A
KA FFAAAE R AN SR AAR TR (1)1 %1020 BT b 1955 S R 1 G 48 2, Garbagnoli %51
TEASTAR (Sinapis alba) T & BB H 5 BIEACHEMLEE (Alternaria brassicicola) , H K BACHEHE (A.
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Brassicae) , #i% MBS HE: (A. Radicina) R E: ( Fusarium oxysporum) .+ FAERHEIZE ( Phoma
lingam) 1 Pseudocercosporella capsellae “5 JLAV ELF , Girish 25 YER % ( Sorghum bicolor) (B2 ERFR | J8 W .
( Cicer arietinum) K. ( Cajanus cajan) J5AEE (Arachis hypogaea) SFRAVEYFIFrh—IL & BLAL 182 FF 71 A4~
JE B, A 8 (Aspergillus spp. ) TEWEAEEHNRZ | BHER (Curvularia spp. ) TERRABEHE P L,
Wt BE (Fusarium) FIACEHEFLEE (Alternaria spp. ) FEESRPRZ HEAREHIRZ

x1 S5HEYMFHESHNAR
Table 1 Seed-associated bacteria
Fh I 5 25 4 F 25 BF Bacteria in seed-associated microbial ecology system TEAEE L 2

ik Bl ) 2 FK Fxisting > % 3CHik
Plant types Plant names J& Genera i Species sites References

AHEEK  KFE Acinetobacter (ANBIFTTHEE ) Acinetobacter sp. ( NEIFFH) Sf, En [20]
Cereal Burkholderia ({ASCPE/REEIRIAIR)  Burkholderia sp. ({152 E/RAEERTHT) * Sf [20]
Pantoea (1ZWHJE) Pantoea agglomerans ( AIZ ) * St, En [20]
Pseudomonas (M) Pseudomonas sp. (AR ) * St [20]
IKHE Acidovorax (ETRHE)R) Acidovorax avenae ( #EAZ ETHR A ) En [8]
Acinetobacter ( AT &) Acinetobacter baumannii ( #IFASSIFTFH) Sf, En [10]
Acinetobacter calcoaceticus ( ZFRES AT ) Sf, En [10]
Agrobacterium ( LIEFFHIJE ) Agrobacterium spp. ( - 3EFFHE ) Sf, En [10]
Arthrobacter (FFFE®) Arthrobacter atrocyaneus ( S5 F5AT 1 ) Sf, En [10]
Bacillus ( ZF1FF )8 ) Bacillus cereus ( M5FEZEHIFT ) Sf, En [10]
Bacillus filicolonicus ( 22K 7% 2 #IFF 14 ) Sf, En [10]
Bacillus licheniformis ( A 2 HUFFHE ) Sf, En [10]
Bacillus megaterium ( F. K ZEIFTH) Sf, En [10]

Bacillus pumilus (JE/NEETFTH) En [8,11]
Bacillus sphaericus ( ERIEZEFIFT ) Sf, En [10]
Bacillus subtilis (R ZEFFFE) En [8]
Brevibacillus (J/NZFAUATHIE)  Brevibacillus brevis (J38/NFHFFET) Sf, En [10]
Brevibacillus laterosporus (AR /NZEFUFFF) Sf, En [10]
Burkholderia ({H7EB/RIERH)R)  Burkholderia glumae ( JEFEAA TR /RIS H) Sf, En [10]
Burkholderia gladioli ( J& ERHAA T RIEIGH ) Sf, En [10]
Burkholderia multivorans ( Z W1 50 2 /R ) Sf, En [10]
Cellulomonas ( £ 4T )& ) Cellulomonas flavigena (7= H£THE T ) Sf, En [10]
Clavibacter (FEARFFIHE) Clavibacter michiganense ( %L HERFTFHH ) Sf, En [10]
Chryseobacterium (& ¥EFFEJE)  Chryseobacterium indologenes ( J=M5|Wk4: 1T ) Sf, En [10]
Corynebacterium (FEFF )8 ) Corynebacterium aquaticum ( KHEERFFE) Sf, En [10]
Corynebacterium flavescens (1 REFTTH ) En [11]
Curtobacterium (FH/MTHE) Curtobacterium sp. (JE/INTH) En (8]
Enterobacter (JAFT R ) Enterobacter cloacae ( B8 IAFFHT) Sf, En [10]
Enterobacter sakazakii ( SR FCJHFTFH) Sf, En [10]
Exiguobacterium ((J/IMTHIR)  Exiguobacterium acetylicum ( ZBER/INTH) Sf, En [10]
Flavimonas ( #FL I JE ) Flavimonas oryzihabitans ( 752 (6 2R A TR ) Sf, En [10]
Kluyvera (56 BIR/R RS ) Kluyvera ascorbata (HUIRIMBR 5% B iR R GTA ) Sf, En [10]
Kocuria (% 5 [CH & ) Kocuria kristinae ( 50IG7% 7 [GHH ) Sf, En [10]
Methylobacterium ('PIEFTHIR)  Methylobacterium aquaticum En (8]
Methylobacterium rhodesianum ( % [ H 3EFT T8 ) Sf, En [10]
Microbacterium (HCFF# &) Microbacterium arborescens (BIARTIFFET) Sf, En [10]
Microbacterium barkeri ( P FAFF 1) Sf, En [10]
Microbacterium liquefaciens (WAL4ATTE) Sf, En [10]
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i R4 Fx PSR G T SR Bacteria in seed-associated microbial ecology system Ziﬁ%{&{v -
Plant types Plant names J& Genera i Species ::T::g References

Microbacterium saperdae Sf, En [10]

Paenibacillus (FEZEHINTHE) Paenibacillus amylolyticus ( fFHENZE2EHFT1H ) En [8]

Paenibacillus macerans (32 FRISZEFLFTHH ) Sf, En [10]

Paenibacillus polymyxa ( ZHGiZEZEAIF ) Sf, En [10]

Pantoea (1Z18)&) Pantoea agglomerans (HAIZ 15 ) Sf, En [10]
Pantoea ananatis (%71 ) Sf, En  [8,11]

Pectobacterium ( FBEFTH R ) Pectobacterium carotovorum (5% NGB E) St, En [10]

Pseudomonas (B EAMIEJE ) Pseudomonas aeruginosa (HiZRER NI ) Sf, En [10]

Pseudomonas putida ( J%5LIB M) St, En [10]

Salmonella (Vb1 JIRHIJE ) Salmonella choleraesuis (FEEFRLIPITICH ) Sf, En [10]

Sphingomonas ( WSZ R AMIEJE )  Sphingomonas capsulate ( SN2 b 150 Sf, En [10]

Sphingomonas melonis Sf, En [10]

Sphingomonas paucimobilis (/031§ 58 B 2o T ) Sf, En [10]

Sphingomonas yabuuchiae En [8]

Staphylococcus (HZERTHJE ) Staphylococcus saprophyticus ( J&HE R AGERTE ) Sf, En [10]

Stenotrophomonas ( FEFEHIEH)R)  Stenotrophomonas maliophilia (V&2 ZE5EF7PARIER ) Sf, En [10]

Xanthomonas ( FEH IR ) Xanthomonas campestrispv. Dieffenbachia Sf, En [10]

Xanthomonas campestrispv. Strelitzia Sf, En [10]

Xanthomonas translucens (3% W #E HUI T ) En [8]

% KE Aeromonas (“LHHIHJE ) Aeromonas sp. (“THMLET) En [12]

Soybean Agrobacterium ( FIEFFHE)E) Agrobacterium radiobacter ( FEIE A IEFFTH ) En [12]

Bacillus (ZFHUFTHR) Bacillus spp. (ZFFTH) En [12]

Chryseomonas ( 4> LK &) Chryseomonas luteola (%4> ¥ ¥ HIH ) En [12]

Flavimonas ( #FL I JE ) Flavimonas oryzihabitans ( 5752 (6 SRR ) En [12]

Sphingomonas (iR BLHHIEHJE)  Sphingomonas paucimobilis (/01 2 B A T ) En [12]

(P d Alcaligenes (P~ &) Alcaligenes piechaudii ( F& [C7 DR ) En [13]

0il plants Bacillus ( ZFHUFFIE)E ) Bacillus amyloliquefaciens (€M} 2EFUFF) En [13]

Bacillus brevis (%/N2EFOFTFHRT) En [13]

Bacillus megaterium ( B RKZEHIFTE) En [13]

Chryseobacterium (&M HJE)  Chryseobacterium indologenes (=154 TEFF 1 ) En [13]

Comamonas (MANEHHFEE) Comamonas acidovorans ( TR TH ) En [13]

Erwinia (BKSCICHR) Erwinia amylovora ( f#FEAERICIRHA) En [13]

Kurthia (JEFFIGHE ) Kurthia gibsonii (7 [CPERRIGHT) En [13]

Micrococeus ( WFERIE ) Micrococcus luteus (TBEE IR ) En [13]

Pantoea (12T &) Pantoea agglomerans (JAIZ ) En [13]

Pseudomonas (M 1E R ) Pseudomonas chlororaphis (45T I B0 M1 ) En [13]

Pseudomonas fluorescens ( D¢ E{B PR AETR ) En [13]

Pseudomonas marginalis (3 Z:AR AT ) En [13]

Pseudomonas putida (5B AMEE ) En [13]

Pseudomonas syringae (T F R HMIE) En [13]

Rahnella ($1EKFEE) Rahnella aquatilis ( 7KA$7 B ICH ) En [13]
iy Agrobacterium ( 13EFF RS ) Agrobacterium radiobacter ( B3 HEFFH) Sf,En  [14,15]
Curtobacterium ( FH/NFTTHHE ) Curtobacterium flaccumfaciens( 35 55 585 /N ) Sf, En [14, 15]

Enterobacter (it )R ) Enterobacter sp. En [14]
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Fa Wi s PSR G T SR Bacteria in seed-associated microbial ecology system Ziﬁ%{&{v -
Plant types Plant names J& Genera i Species ::T::g References
Microbacterium (HCFF# &) Microbacterium sp. En [14]
Micrococcus (THERIE )R ) Micrococcus luteus (BETHOIRE ) St [15]
Micrococcussp. En [14]
Paenibacillus (F$ZF M1 )R ) Paenibacillus macerans (12FRIEZFFIFFE) sf [15]
Paenibacillussp. En [14]
Xanthobacter ( #4FHIH)E ) Xanthobacter agilis (HHERE AT ) St [15]
Xanthobacter sp. En [14]
He [HiE3 Aureobacterium ( &A1 &) Aureobacterium saperdae ( K44 FFH ) En [16]
Others Bacillus ( ZFfFFH&) Bacillus alcalophilus ( VETH 27 fIFT 14 ) En [16]
Bacillus cereus ( B2 1A 1) En [16]
Bacillus firmus (W58 2 fAT ) En [16]
Bacillus laterosporus (7R sE /N ZETAT ) En [16]
Bacillus megaterium ( F R FHIFFIH) En [16]
Cellulomonas ( - 4EFAITHR) Cellulomonas sp. (£FHEHHITH) En [16]
Comamonas (MANEHIHEE) Comamonas sp. (NTHME) En [16]
Enterobacter (JAFTFH &) Enterobacter sakazakii ( [ FCHAAT ) En [16]
Erwinia (BX3CRH) Erwinia amylovora ( f#JERTBRSCIGE ) En [16]
Erwinia salicis (BIEKSCIGHE) En [16]
Microbacterium (TJFFEJ&E ) Microbacterium arbrorescenes ( B ARFIFT 7 ) En [16]
Microbacterium imperial ( SEWUFF) En [16]
Microbacterium lacticum ( FLIATE ) En [16]
Micrococcus (THERHER) Micrococcus nishinomiyaensis ( VG5 B AEERE ) En [16]
Micrococcus sedentarius ( A2 B JRERTE ) En [16]
Micrococcus roseus ( BUERL0% TLICH ) En [16]
Pseudomonas (B IEEE ) Pseudomonas alkaligenes ( F=Hs B P-HIFE ) En [16]
Pseudomonas facilis (FHEETRHE ) En [16]
Pseudomonas mendocina ([ 12 BB LML ) En [16]
Pseudomonas vesicularis ( (058 % I B ) En [16]
ki Bacillus ( ZFHUFFTE) Bacillus sp. Sp [17]
Pseudomonas (5 AHE ) Pseudomonas sp. Sp [17]
5 Fibfig it Z Alcaligenes (7=l A ) Alcaligenes sp. En [18]
f(llljtiin theophrasti Bacillus ( ZFHFT R ) Bacillus sp. En [18]
2y "
Datura stramonium , Erwinia (BRICIRER) Erwinia sp. En [18]
Z{‘;ZZ‘ZG Flavobacterium ( TAFTHIE) Flavobacterium sp. En [18]
PolygonurAn Lactobacillus (FLFTHER) Lactobacillus sp. En [18]
pensylvanicum ,
Aanthium Pseudomonas (18R ) Pseudomonas sp. En (18]
strumarium )
Fetw Bacillus ( % &) Bacillus megaterium ( ELRZEHIFTFIE) En [19]
Enterococcus ( JHFRTE & ) Enterococcus mundtii ( 5% [ JFRE ) En [19]
Frankiaceae (35>% 50 [P Frankiaceae sp. En [19]
Methylobacterium (I SEFFIAJE)  Methylobacterium sp. En [19]
Methylobacterium variabile En [19]
Methylobacterium gregens En [19]
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o 5T TR SR G P AN FE 2B Bacteria in seed-associated microbial ecology system Ziﬁ[%{&{v -
Plant types Plant names J& Genera F Species »::Sng References
Paenibacillus ( KREMITHIE ) Paenibacillus humicus En [19]
Paracoccus ( B ERE &8 ) Paracoccus sp. En [19]
Sphingomonas ( A o P T ) Sphingomonas phyllosphaerae En [19]
W = H2 Pseudomonas (A0 ) Pseudomonas sp. En [5]
Rahnella( P B ) Rahnella sp. En [5]
w JEREFR TR En Bh A ST BRI Sp: T PR
4 FMMHFREVESERENEXER
41 FTHBA R TR YT R
FhF IR RIS S FRUE WA B RGA —E R, FAE 1976 4, Mundt F1 Hinkle ™' F 5535 J7 1%

Xf 27 Fh 0 KA PR )RR AR b A B AT A B AR A R R UITE MR B SR SR T O R R
N (Raphanus sativus) 227 (Secale cereale) \Fif5 (Medicago sativa) FHHL ( Capsium frutescens) 2§FPFHi 435
B 19 @Ak 46 FhANE , T 2T AT FOGHE B & 2R A R TP ARME S B BN AN AR AR T B BB SR
Fots, G ) IR ER 21 A A0 L EL A TRAL S5 ), 2 24 40 L b ) 0 P 50 a 1T 38 10— 10° 4/ g S 17T A [R)AF R 1)
KANATE, EERAIIA EHORTE | R B R RO N A

it 1B SR o BRI IR T AN BT, 5 SR W LA A A7 1 B 2 A BT RAAS TR] A B9
TERD 192 LR b 0978 37 1005 H A A 8 1 S0 P BB AP AE — S ADOC I . A Wb S Wl it ey, TR
ZMUNZE ( Triticum sestivum ) & Wi 3K 5] 70% LA b5 ihRHED #hF o R 07 & = AR &, W B R ( Ricinus
communis) TSl E AT IAS] 60% L BT S HERNIAR D o] 2 AT AN RS Y R 1 S oK A AR
H1 4 BRI 28 25 1 rh S A R K LA, DRIk R 1 ORI SIS 35 B s i LI IR 5 & e A b 1 B A
Gy, AT KA L KRS KRG WAL SR v T 10 R B LG AR TR, B 0 IR ST B AT
PR DR (R 1)
4.2 FAE TR AR RO AR DT 22 57

Xt T ARV 02350 SIHEA TS & IR B A 28 R T] . Cankar %557 FHES 3% 07 B AR RS 38 07 Th %
M EAZ (Picea abies) PRNEIFNEL JRFURIRAG N AR H AT T 488 MGETT, 45 2R Wos R 1A [R) BRAL A N AR T
FREITEAAHI] , AERD R rbrs ] 3] {1 P B A7 R v S8 DG TR P o = 2 200 TR I 17 7 JU 2L AR U e R 0 381 L TG
B, Kutschera ® 7EFAHE 85 FWEL ) H 2% ( Helianthus annuus) # 78 &3 B 0 AE T F I ES, B
FLEER IR K (SR BN ) AR g TR A P e 2, T R A B A
4.3 M kB MR PR R SRR Sh A2 1L

MR B R, 5 HIRE B A R 2 s BB MR 2 R A U HESe M2 i A= 1
SRABNMHER NG . BEMTFREE , TEM 5 E IR BRI S5 2 L FE A Y E i Fh 2k
ML AL, Mano %5 WF5E W /K REFP T LUAG bR & A5 T 22 BLAT i 9 1535 R 0 9 A 1, 26 R 7 LU 0, LA T
BTG TR N A I R £ Majewska e 1360 R R T A S ( Lolium perenne) W NI ET SRR
H=ETH ( Neotyphodium lolii) T 2453 YT, WLEE S A A= LT Y T 22 e 30 o R4S 1 I J5 e 2 4L 3% 30| o
T, WA RPN A R 0] e i ik KA A 2L AER A | AR 1 A B LA B il p SR 5% 25 e i ik
&2, Coombs %5 M —BR ALK BIEAT ofp PRICITIERR B & 1/ N FR T BIFSE T 4 FP IR RRAEFD T 10 Bh 28
A PR I L A B B BO I IRFLAZIARZH AT 9O R I | 45 R % BRAERD 71 & )5 24 h, ATEIR G
MEIBRIC R, 3d J5 , IR SO S 10 7ENRZL AR A0 A A0 S5 10 T ikt S, 00 48 7 5 T s DAY
AN T BRI A BIRE  ZERD K i R it ARFL . Ferreira 55" MAEAR ( Eucalypius) Fh—Frhor gl
TN A SR FUAT TR W KT 2 T | P BT T A e B M7 R TE A A 2 A ) e A% R A2 E 17 i R A4
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WA R PR
4.4 Fhr RS T ER G B A WUV AR DG

H 20 4l 70 ALK, ©A — R I 5E A BUAE ) (04 5 R RS RE HAR B T8 B T A W eV 45 A A B 25
M, Neal %% PHFSE T N [F) 56 B AL /INZ SRR AR PR A W0 28 BRI 22 57, 2 B0 — AR e (L DR A 8 o 11 /1N 22 5 o
AR BRI AE AN ) TR e A 728 S ) St ol 48 1 1 A A 6 R B ) AR AR T e B T AR B 1 i A= 0 2 AR 4k
IR Michiels 550 B, A7) (1 35 PR AL R R 17 AR B 00 00 10 AL 1 it 5 155 2 AR o L 174 40 1 2 [T 2 40
B A B AT A AR DCE . Mavingui 2510 B FH PRLP $ ARBIFGE T /22 MR 1 AR s A AR 4R P ) 220G 25 A0 4T 1
( Bacillus polymyxa) WIBE/EZEH , K& IAEAR BR L 4 FIAR Br A 338 v 18 220K 25 00T B O R BE 2 A5 e B 2 e v 1
T b B 0% 228 27 FAT TR, 30 AL 0 R TR X 20 T LA A >4 1 ) e 438, D 033X o 28 45 P T AE ) A 4
W5 TR AE A K BRI . AWESE 2 8 A& 0, o M A [R] B¢ 7K e it ofr AR T 190 200 1 o 0 A 40
S 2 S O P R P KRR v R s 0% 200 T P LA R B B A R LB M s Y A R 22 O ELG
T LD R ARG SRS

PRI 1 — N FRIR & W B, 51 8 R AR SR M A TE ALY (Microphyte) '™ L4 K 6 FHp 7
5 R e B VA ) A S M B A B A9 4R, Smith 451 255/ ( Lycopersicon esculentum) 515 K1
WA B RS ZE AT TR (Bacillus cereus) XF & AR YL REIRIF G (Pythium torulosum) WIHIHIVER], K R il
B 3 AN EE PRI (QTL) SWEAE 2R AR R 7 a4 G B 0 25 i RS0 B4 il LA B s
MK ; Simon S5 AIF S & B, AN (1) 7 751 Joe PR A8 6F LAl A 40 BRI o 40 B A K 1 5 .45 5 5 Adams T
Kloepper' " BIF 5 1 A AL 1) 1) 35k DR AR LA L R 4 7 1 25 FVAR AL 20 v (14 A B R I RS2 ), AR 9 45 SR 3%
B, TSR TRl 30 02 1358 AR AR RRAE A1 5 57 BB AR 0N AR 4R TR R E VR S BN BE ), O & RAERD 1
KGR T R AN FAR AR R A s AL 27 B ARSI B A Oy AR PR 25 e o S BUE Y N A T RE
TR AEFI 22 5%

VR BT FHE 16S rDNA ST e [ 2 SR R AN [ 4153 B9 1A CHAS 11 SRS D 1 A A 20 R R Vi 45 1
ZREVEIEAT TOR9T . SR 4IRS KRS 10 ik PR B 55 R 1 1) PN A R AR v 45 A A — E ARG E

ERAEs IR B A, H R T 585G 0 A T 05 8 B A A R Y T s AR A R, AR5 - R 1R
55 A A DRV AR DGR R, A Bl TR A8 s A ) 5 PR 8 5 G5 1 (860 2k W AR DG, 5
I AT 1 DR VE R B e ) G R ) A A 3 0 B v P A T
4.5 FhyBrEAWAEYREE

PR B EAR BRI 1—10 mm P52 BRI T 07 & 5200 0 DR R T B 2 2 R RO S
AT BRI, T WA T ORI S B8 4 ik I 35 A e, AR Bl 2B P 1) S B AR ) 1) A KR B B
MR A T BT bR A T PR T b W R S W B GRS 4), BT S R A R Y
G3 WL SR MR B IR G . Bl ek B AT AL 0 0 AR O AR 5 s S0 AR W DA R LR
W) 2 TR)AH ELAE P F2 B Bl > ) e B AR AR T P W e — R e T R E R 1
YL AT AL X R BR A 56 N 25 AT i 2R R T I A #E 16S rDNA SCJ%E Ml PCR-DGGE
FORBIGE T EARFIKFETN B 1) 40 0 RE 7 25 4, 2 BAE b & AN [ BF B, = o %) 4 81 7 245 40 A
Pt
5 MFREVESERRNELRAE

AR SRAE D A ) HE R DU SR F A2 9 H 25 R 1080 7 AN A S fn e 38 e i 1 R+
YA 28 BFSE A E AT U A A SRR T AR AT B, 75 LA N LA T e — 2P IR A (1) AS[R] Fib
FAEYFI TG A RUE YR IE 4540 5 (2) MR FIONTER R (A BRI A RPN E R AT R E
BHHAE) XFRhFGUE Y AR S R R (3) SMFREREE (AnAh 1Ak i H IR EG ) A AL B4R 155 ) XA
T A SRS AR PR (4) FhFReEY A S RE DS R A Y Z A EAET; (5) VR AP HH
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KA — A B R, M5 HR A RO TR Py e B8 B R (A N O F 2 WAL 2B K ) s R A IBLEE s e o H e
PER) 731 A W) BOR NG T 0 W 5 VR A B o 1 B b5 A ) 2 252 I 5 U AL R 5 R T A TR
TR WX B (R AR 19 A R 7 B T B, b AR ) A 25 10 R R Xt b1 S BRAGL N, A
EBAA YRR A S R B S, RIS TR A M A A S R TR Y i 2 A DR U AT
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