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®1 FEMEMBRASHEFREARBIERENEEEZR
Table 1 ~ The discrepancy of Microbial Populations in The Soil of Healthy and Blight Carnation Plants

Strains Number Percentage %
Soil samples - - - Total Number - - -

Fungi Bacteria Actinomyces Fungi Bacteria Actinomyces
YMJK41 9 28 4 41 9.76 21.95 68.29
YMJK42 12 16 1 29 3.45 41.38 55.17
YMKW43 15 13 4 32 12.50 46. 88 40. 62
YMKW44 3 2 2 7 28.57 42.86 28.57

2.2 HEF16SrRNA EFZEZHVUHAEEERX Actinobacteria W 1]  Streptomyces, Amycolatopsis,
ROW Microbacterium , Arthrobacter 1 BE JE T[] Firmicutes

XMESEAG B ML S XEE W 109 BkE 1T i) Paenibacillus , 28 & #F B '] Proteobacteria 1 f)
16(18)S rRNA LR M 7, G T E p 5l & & T Stenotrophomonas, Pseudomonas, Ochrobactrum Fl 41|
16S TRNA EHFPRFEHW (K1), 458 FTH, B FF [T Bacteroidetes ™ [  Chryseobacterium ,
IYEIH 98 MRTE (A& HE M) 0 A TP #) 4 Sphingobacterium Wbk . PRI, 1 kA2 R 41 15 4 22 %
ANTIIE 1S A Jm |, JF A PR HE2H 5 A 28 20 g b A R AN TR TR R O S e E AR A
R HEE X REANBAHBEER(F2), Hfp, (1) BEJEFE 7] Firmicutes H ) Bacillus, Paenibacillus
MAERRAE A YMIKAD FT YMIKA2 3 h A9 B Rk (B A Lo rh A4 280 (2) IR AT B 1)
B E B A T 4 W ] Actinobacteria H [ Proteobacteria " ) Stenotrophomonas, Pseudomonas,

Streptomyces , Mycobacterium , Rhodococcus , Ochrobactrum F1 $L ¥ B ] Bacteroidetes W1 [
Agromyces, Microbacterium , Nocardioides, Arthrobacter Chryseobacterium , Sphingobacterium TH £ 52 #li 25 J{
FEEE B 7] Firmicutes 1 Y Bacillus, Paenibacillus, HEER AR, (3) 5% W Streptomyces TF

VAT 4B F A TG FF B 1] Proteobacteria AUBLFFE T HEHEZL AR 205 41 1 o 9 40 16 2% 5 P R K
Bacteroidetes 1) T tF; 1 M Al 2E 55 44 YMJK43 Fil (A Z2 R PE T s e st B A+ 498 ek 25 0 4+ 1
YMIKA4 £ HEoh 5y B0 0 bR % T AT R

k2 BAMBRASHERARRIBEMEVE®RESR
Table 2 The Discrepancy of Microbial Strains in The Soil of Healthy and Blight Carnation Plants

. . Derepliacted strains by 16 (18)S rRNA gene similarity
Dereplicated strains by morphology

Soil samples ('strains/genera)
Bacteria Actinomyces Fungi Bacteria Actinomyces Fungi
YMJK41 9 28 4 7/1 19/6 272
YMJK42 12 16 1 7/3 1173 1/1
YMKW43 15 13 4 6/5 10/4 3/3
YMKW44 3 2 2 3/1 2/1 272
2.3 BERAMRELIERZEYRREAEEER Z R ARG R ZH + 9 SR 20 2 T R R T

HE— LGt T R I ARG R SR A AR RRK,

TR ERZEZMEDXRBHAARE 2R 2.4 BEATREIEREVXZFHEER

(2 3) , o ohs b i BR 4 - FE 5 37 10 65 AR A, R TR AR B YT R By BRI AT
T O Ja s WA Z e R 2 AR SRR R N 33 BRI (A blast [R]35 538 , K [ 951 K T 98 % 14 T bk, 5 2 K
FLIE ) ORIRT 12 J& o A6 4B PR A BR 41 4 3 L2 4 5 H AR AR @, 100 ] A /N T 98 % T KT 90% 1Y
FF# ( Bacillus ) | 5% %5 W ( Streptomyces ) I ffl &% 1§ TR B IR . N 4 5 Y A AR AR R 21
(Mortierella) A T B s FEAG =R AL L1 rp 55 +3E b & 5 Bacillus edaphicus . Aeromonas sobria |
7= B 0 B4 ( Stenotrophomonas ) 4 & BE T Bacillus pumilus % fH IT 09 3 Kk 2> B W Kk, FH 16S
(Sphingobacterium) J 92 i 70 18 ( Fusarium ) Fh 288 rRNA JEH [FRMEAR T 98% , ik 7657 i , 76 4t 2% 0
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Fig. 1  Neighbour-joining tree constructed showing the phylogenetic relation

ships among acinobacterial 16S rRNA gene sequences ( partial clone

sequences, 640 bp) obtained from the soil samples from root area of healthy and fusarium wilt carnation plants in green-house and their closely

related sequences downloaded from GenBank. All of bootstrap values over 50

are shown based on neighbour- joining analyses of 1000 resamples data

sets. Bar, 0.05 sequence divergence. The sequence of Haloterrigena turkmenica 4k" ( AB004878) was used as outgroup. Note: red mark indicated

strains from the rhizosphere of healthy plants; blue mark indicated strains from the rhizosphere of blight plants.
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i+ 3 B &k B 5 Sphingobacterium multivorum .
Pseudomonas chlororaphis fAHIT #Y 2 k73 25 8 bk , 1
16S rRNA H A [] P51 U0 A% T 98 % , Sy 1 76 38 b (7
it S T8 SR BF Y 53 SCR AR ) o TR AR AR b 0 b 2
FEUT T2 06 B A A D00 B TR R T 5 5 PR N T L
PR BT | R A 8L TIC A T R TR K o i A
o D T Je 1) 0 TR R A PR 2 L b Ay B R
B K (Arthrobacter aurescens) , i fil 2R 11 4% 25 4
ciscaucasicus ), W W ¥ 6 FH W
Sfulvissimus ), W B K B B B
( Streptomyces lienomycini ) , /N 5% 25 B# ( Streptomyces
parvus ) %5, 15 (gt HER FIR, 25 0 bk 1 3 b g A2 1 22 7
AN Y. 5 T i R A R 30 2 A 2 ok 1, L LT
MRR IR D R R A R P R R
W gk il & ( Mortierella alpina ) F1 K{ il ZF A%
( Cladosporium cladosporioides ) , # o #H X+ /01 H. &
Fift B — 5 TR R 9 v A S TR R R AN T R R X
W FE B T L9 56 5 (Mortierella alpina) ,
TR AR T B ( Fusarium oxysporum) , i & L T K
i 1F B % ( Eupenicillium javanicum ) F1 75 7 T #U 55

(Acremonium alternatum)

(' Streptomyces

( Streptomyces

®3 BERMBERASHEFRARGIEARNEERER
Table 3 The Discrepancy among Genus of Bacteria

in The Soil of Healthy and Blight Carnation Plant

Genera Healthy soil Blight soil
Aeromonas 2 0
Agromyces 2 0
Amycolatopsts 0 1
Arthrobacter 2 2

Bacillus 15 1
Chryseobacterium 0 3
Microbacterium 3 1
Nocardioides 3 0
Ochrobactrum 0 1
Paenibacillus 4 1
Pseudomonas 0 2
Rhodococcus 2 0
Sphingobacterium 0 3
Stenotrophomonas 0 9
Streptomyces 32 9

Total 65 Strain /9 genera 33 Strain /12genera

ARWFFEH, Br T R AR 16S rRNA KL
0 T P LA LAS , FRATTHE 1 FH A 28 2 2 A e it
T. B R2.10.1 " #J vegan packagesl.17-1 £
PCAM! | H B AT T TRAZ A 2 W 2 T 22 K 4k A 22

S (E 2), W P 4a @ ks i 19 Streptomyces,

Mycobacterium , Rhodococcus , Nocardioides ,
Amycolatopsis , Arthrobacter , Microbacterium ,Agromyces ,
Paenibacillus , Bacillus, Ochrobactrum , Pseudomonas,
Stenotrophomonas, Chryseobacterium , Sphingobacterium
St B AL A A 25 g A - 398 b 20 S 1 B G TR R A1
Ja 41 5 42 R REAE AR A 0,43 5 44 24
ZAEMR AR L3 . MR AR AR PCT Zp B &5 2R W,
HAF BUTmR Ay 57% , {d BRE 41 5 0 25 5 4 1) 1 358 1%
AW Z R O A B A B R 3 W 25 Sk (p <0.01)
2SN 66.T% s WY AEbR PC2 7 M &5 5% o, H
FRTTHRRN 50% (dFEAE AR A 41 5 42 L FEZ (0]
WA ZREE i 223 AW (p >0.05) , 22 7 %
H36.6% KEiZERA LAE 43 5 44 Z AW BUAEY 2
FEVE A 22 S AW W (p >0.05), 22 57 Rl
36.6% . [N, il FE 20 AL 25 0 4 K v B 45 3
AR W) S 22 A M A B B L X R 23 A 344 W)
25

3 it

U JUAE XAl BF A 33 A= W X R 72 Al S H
HH A Y T AR, E AN AR W
BT " N SRR W S R 4 25
R AL 7 T, O Sz W 098 B A (g B CER 10 5 T %) UF Y e
WARE o PR, il WS AR SO B LT IR E A
PRI < 7 A0 PR G Y 1 BT (R S A K A A A
FE I R A S 502 DX I R DA A A ) A
AL EA O R . ST K B A P AR AR £
R ZHL R 22 9 2H - 38 v i) A AR R T L L R
E O AT S A 22 M6 M A 45, X O [) 7 B 1Y) 22
S (R 1,3R2) s EMRME A - HE LA 2 20 + 5
0 ISR A ) 22 FE P CORp ) 2 R TR 2R B ) T R
H(RFE p <0.01), 55 5l )2 55 % & ( Streptomyces )
MZF AT I Bacillus PRASZERE |22 S BOR (R 3, %
4) , FE AR A R 2H - HE v DUZFJ A 18 ( Bacillus ) J 55 %
T ( Streptomyces) Sy Ot 34 T B, 0 Aili 25 055 Bk 41 1= 3 b
VIZE 3% B M0 B ( Stenotrophomonas ) | $§ &, W5 T B
( Sphingobacterium ) K 2 8 4 B ( Fusarium ) Fh 28 3%
2 JOIe 2 il B 2H 3 J2 Al 220 2 48, Bacillus 1) %
FEE 23 A FICL TR 1) 41 T 1 22 R 1 20 A 52 TEAH G
KER, BEMNZEAFEMEIRFEERBUMELR .,
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Table 4 The Discrepancy among Species of microbes in The Soil of Healthy and Blight Carnation Plant

Closest type strain

Species

Chinese name

Similarity %

Healthy soil

Blight soil

Aeromonas sobria T RN 90.0 1 0
Agromyces italicus BN R T 99.0 1 0
Amycolatopsis orientalis 257 PLTC K 18 R 99.0 0 1
Arthrobacter oxydans BT AR 99.0 1 0
Arthrobacter aurescens TR 99.0 1 1
Arthrobacter boritolerans i 5 T B 99.0 0 1
Bacillus cereus IR ZF AT B 99.0 4 0
Bacillus edaphicus A+ E AT 97.6 1 0
Bacillus flexus i ZE AT 99.0 1 0
Bacillus megaterium B RZEMATHE 99.7 3 1
Bacillus pumilus /N ZERAT 100 2 0
Bacillus simplex T8 P ZE AT TR 100 3 0
Bacillus subtilis R AR 100 1 0
Chryseobacterium cophthalmum L H 4 B R 98.6 0 3
Microbacterium oxydans EACTEAT R 99.0 1 0
Microbacterium shrimpcida TR AT R 98.0 0 1
Microbacterium thalassium WF K AT 98.0 1 0
Nocardioides albus 230 R R 100 2 0
Nocardioides fulvus (R et SN ] 100 1 0
Ochrobactrum intermedium [ HH B8 AT 99.0 0 1
Paenibacillus nanensis TN AL T 97.0 1 0
Paenibacillus polymyxa Z KK TEHAT T 99.0 3 1
Pseudomonas chlororaphis 23 15 2R T 97.0 0 2
Rhodococcus fascians 7 i R 2L 99.0 1 0
Rhodococcus ruber 2R AR 4H 100 1 0
Sphingobacterium multivorum ZEW AT 99.0 0 4
Stenotrophomonas humi PN TN 99.0 0 4
Stenotrophomonas maltophilia I 25 25 S % A T 100 0 5
Streptomyces ambofaciens B REER 100 1 0
Streptomyces bottropensis W LA T TR 100 2 0
Streptomyces ciscaucasicus EmER I 99.0 1 1
Streptomyces coelicoflavus PNt | 100 1 0
Streptomyces exfoliatus 5 4 A R 100 3 0
Streptomyces flavofuscus WO 100 0 1
Streptomyces flavotricini WERMER 100 2 1
Streptomyces fulvissimus e IV A 2 T 99.0 1 1
Streptomyces gardneri TN BE A 99.0 2 0
Streptomyces gougerotii A IREER W 100 1 0
Streptomyces lienomycini B ENERE 100 3 2
Streptomyces mediolani A LT 100 1 0
Streptomyces parvus INEE R 100 2 2
Streptomyces polychromogenes 2 {04 BE R 99.0 2 0
Streptomyces scabrisporus Y HLRE 700 5% 55 T 100 1 0
Streptomyces spororaveus RN R 100 1 0
Streptomyces tendae JE A S 99.0 2 0
Streptomyces thermocarboxydus P T 100 1 0
Streptomyces venezuelae 7= N i $ir e B 99.0 1 0
Streptomyces viridochromogenes [ G e ] 99.0 0 1
Streptomyces xanthophaeus R 100 2 0
Streptomyces zaomyceticus VOB R B 99.0 2 0
Mortierella alpina AR Y 99.0 5 1
Cladosporium cladosporioides A5 2 R T TR ) 99.0 1 0
Acremonium alternatum FEME (FRIEE) 100 0 1
Eupenicillium javanicum TN EH & 99.0 0 1
Fusarium oxysporum IS F A (R DR ) 100 0 2
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Fig.2 The PCA analysis of distribution of prokaryotic microbe groups in carnation soil samples. The rates of strains selected for PCA analysis was more

than for 50% in all the isolated microbe.
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Distribution of microbes and their hereditary diversity in
the rhizosphere of carnation in greenhouse

Xuhong Gao', Songtao He’, Huilin Guan'®, Shukun Tang’, Wenjun Li *, Xiaobo

Chen'

" Energy and Environment Science college, Yunnan Normal University, Kunming 650092, China

b b

® Yunnan Institute of Microbiology, Yunnan University, Kunming 650091, China

Abstract: [ Objective] To investigate the relationship between microbial community and the blight diseases in rhizosphere
of carnation for biological control. [ Methods ] Bacterial strains isolated from the rhizosphere of healthy and blight
carnation plants in greenhouse were replicated by morphology and 16S rRNA gene similarity, and investigated by using
phylogenetic analysis based on 16S rRNA gene sequence alignments. [ Results] Isolates belonged to 4 phyla of bacteria,
65 isolates from the samples of healthy carnation plants belonged to 9 genera and Bacillus, Streptomyces, Mortierella were
the dominant bacteria. However, 33 isolates from the samples of blight carnation plants belonged to 12 genera and
Stenotrophomonas, Sphingobacterium, Pseudomonas, Chryseobacterium, Amycolatopsis and Fusarium were only isolated
from the sample of blight carnation plants. At least 13 isolates should represent potential novel species based on lower
similarities of 16 S TRNA gene (90% -98% ). [ Conclusion] The result showed that either the percentage of the fungus
in the total strains or the abundance of Bacillus groups in the total strains can be the referential targets to evaluate whether
the carnation soil would be healthy for the carnational growth or lead to fusarium wilt diseases, accurately forecasting

potential risks of the disease.

Keywords: carnation, soil microbes, blight diseases
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