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BARGHT 3 A+ 25 7 ZFHE M AR l*l ifiﬁi%ﬁfm& LM, RAMEM S BREAT ES BRI A LD
AfN AR, FHTHEAKR % R1 EEKFE, It N ﬁiﬁv/r’rﬂf 20N AEMAEMBER
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Diversity and functions of endophytic microorganisms in three
medicinal orchids

YAO Na!, WANG Tao?, WANG Yan!, SUN Manlu', ZHENG Baogqiang'!, CAO Xiaolu™!

1 State Key Laboratory of Tree Genetics and Breeding, Key Laboratory of Tree Breeding and Cultivation of
National Forestry and Grassland Administration, Research Institute of Forestry, Chinese Academy of Forestry,
Beijing 100091, China

2 Key Laboratory of National Forestry and Grassland Administration on Plant Ex Situ Conservation, China
National Botanical Garden (North Garden), Beijing 100093, China

Abstract: [Background] Endophytic microorganisms in the roots can promote the seedling
growth and improve the environmental adaptability of orchids. [Objective] To reveal the
structures of endophytic microbial communities in three medicinal orchids (Coelogyne
occultata, Arundina graminifolia, and Gymnadenia conopsea) and screen out functional strains.
[Methods] Illumina MiSeq high-throughput sequencing was employed to analyze the structures
of endophytic microbial communities in the roots of the three orchids. Conventional methods
were adopted to isolate the endophytic bacteria and fungi from the roots, and the functional
microorganisms were screened. [Results] The endophytic microbial communities of C. occultata
and A. graminifolia clustered into one group at the genus level. In C. occultata, A. graminifolia,
and G. conopsea, the dominant endophytic bacterial genera were Mycobacterium (Coe:
70.65%), Burkholderia-Caballeronia-Paraburkholderia (Aru: 26.35%), and Gordonia (Gym:
6.65%), respectively; the dominant endophytic fungal genera were Fusarium (Coe: 21.07%),
unclassified Helotiales (Aru: 46.74%), and Morchella (Gym: 91.21%), respectively. Bacterial
isolates Pseudomonas nunensis Coebll, Rahnella sikkimica Coeb32, and Rouxiella silvae
Coeb22 had the functions of dissolving phosphorus, fixing nitrogen, and secreting
indole-3-acetic acid. The hyphae of the fungal isolate Cladophilophora chaetospira Aruf26
could colonize the cells of Dendrobium officinale as the dark septate endophyte. [Conclusion]
This study revealed the structures of endophytic microbial communities in the roots of three
medicinal orchids and screened the functional microorganisms. The findings provide a scientific
basis for the protection of medicinal orchids, biomimetic cultivation under forests, and
development and utilization of functional microorganisms.

Keywords: Coelogyne occultata; Arundina graminifolia; Gymnadenia conopsea; dark septate
endophyte

WNABEYTE R A KRR T . S BRES T 2R N A BUE Ve v 5
PRERIE S W R 55 7 T R B AR Y2, T AR ST RIS RE A Wit , XS 22 R I R |
Yo LR Sl IR I AR | SZ IR, X4 SR ARG N L PR AR AU A R
FRAEAE, TR VIR AARZEE XY, REZE.

M T 22 BHE Y I 70 OB LR PR HIRE A PEAT BRI B R AP S0T k, IARR
J1s5 . MR HRHEREE = A N, HATTE IR AR JT R T 22RO N AR A i 2 S T REBE
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58, K BLBRE WA 22 B Y 1A AR E 6 (orchid
mycorrhizal fungi, OMF)Z ), %R} 4H P H #
WERE T HAMM SRR B, AR H
(ectomycorrhizal fungi, ECMF)!) | 045 4% P 4=
L 1# (dark septate endophyte, DSE)ZE8); DL i H.
AR . B, 43 W Mk Z R (indole-3-acetic
acid, IAA)ZF DI REAY A AE A T4

B X e L 24 FH A (R R0 08 5% A0 (B 1Y) 2% B AT
¥, WnF 2 (Gymnadenia conopsea) . Nl £} %
(Coelogyne sp.)FiI47 it 2% (Arundina graminifolia)
%, AR ED TR ARSI Z5H
RO A BT TG B i 5 P IS AE T
A RETE S5 T D, R BT AN ] s L A 1)
A AP PR VR S5 A RRAE , DG DUBE 22 A
P 2 RIEZ R 504 T 08 . = r MR
JEFEROR X A T P R A A A R E L A
HREGUAE Y a, Vi AR b A i f AH TR
J& (Ceratobasidium) 4>, $2& &4 e R rER IR
JE B Bl (Tulasnellaceae)! 1 41l 2 J& (Exophial a)
PR 2, DL R AT 55 B A 9 B Y - A T
(Phanerochaete) FL % **!; HEl, XFiX 3 fizy
FHZFHEYI N AW B RGP ER D .

AR 43 A T 74 b DX Y B DL R 2
(Coelogyne occultata), 7022 For A FAbaE
I T2, BT TS A A A W T 2
SRR AR L, DU AR E AR A R
B LA AV SR 2 T 22 R ) A B
PE AR HE A A B R IR AR

i R

1.1 #MH

ORI DURE: 22 AT I 22 AR AR BT 2023 4R
9 ARAVER EHIAX(E 1A-1D), TZSHIERFEL,
T 2023 42 9 R BALETEALIL(E 1E, 1F), &EFP
ZRMEYIERE 5 YRR, BRI MEORAE 2-3 S

BRI AR B, B ED I A ol 8 25 B e 2 .
AR BN ROFE L B T IOWAE N, TUK EORAF iz b
B EIATIEEAE I

YePR 4k Fz 41 fit(Dendrobium officinale) 4l i
VR B IR RE T 42 TR 19 K e A fi
% ¥ N TE Murashige & Skoog (MS)Hi5#3E: |k
HAEWI A BT, WA 1 eme HHE ST ES
A Y LA B RS 22 R ) B AR L TR ) G
F, HE RS G B TR A U LA 2 22 B A A ol
TR MR AR, EPER I IE B (Tulasnella)
PR JL2 HEAT ELDA P BORT IR, B PR JL2 43
B E A EARER, AT R SR B A R AR A
Wi R, HAAWRIT R IT.
1.2 EFE. FTERFIUEE

R2A Hiff Bk (g/L): BERRE TR 0.5, F A
0.5, MEEF/KMY 0.5, HEWE 0.5, TIEEHIER
0.5, KoHPO4 0.3, MgSO, 0.024, WH#fZ 0.3,
BiiR 15.05 S48 A A BEBUIE (potato  dextrose
agar, PDA)Y: 3% 5t = % SCHk (22 BC il 5 £
(oatmeal agar, OMA)&% 35 32 % SCHk[ 25 il .

E.ZN.A.® High Performance #H 4% [H 4]
DNA #2HUA £ &% E.ZN.A"E I K4 DNA
PG A, Omega Bio-Tek 23 ) ; 41 B 2K 40
DNA #2BUS5H &, RIRAARHE AL ) A RA
A PCRYESY, A TAY TR RN A
FR/\H]; 2xEasyTag® PCR SuperMix, dtiai4=
SR A BR/A F] . PCR AL, Bio-Rad A+ ;
B TAES, N ERESIEARARAA
Illumina MiSeq PE300 il ¥ S/t F- &, FiEsE
AV E AR R A A
1.3 #EYMRREES

B A R 2 T B 5 AU R RN R, K
MPEARER 15 min, JCREACIE TR EK > K
YA RIS s TAER N, TEXHA N
PEAT R RE(75% L BRI 30 s, JCREK M
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1 =MZAZRMEY
Figure 1
Gymnadenia conopsea.

1R, H BRI E 1% E RN AL FE 5 min,
TR K e 5 R, JCR A T R K. Yl
25T B BT RS 2 58 7 U SRR ANV R A AR
Wi, BERIA AR YI A, 2-3 mm KRB . )
B 200 pL d5eJm — R e JCK , AT R2A
BERILAN PDA B53R 3k |, 28 °CRE5% 7d, il
FITHEROR

WK B S R RE AR 9 ) D 22 BHE P A A 2R 1 T
ERERA T EELRGAEN, BERT
0.5 g Ml e TR I 7 A 5 T-80 °CIR
125 AT AEY B BRI T 4 °CIR1E, 4h
P
14 WRBAEMEVBEESBENF
S5#ES

% E.Z.N.A.® High Performance 184/ 3 [X

A, B: JpMUIHE%; €, D: T2 E. F: FZ,

The three medicinal orchids. A, B: Coelogyne occultata; C, D: Arundina graminifolia; E, F:

41 DNA $#2B0L7 &, M 0.5 g RMH AW
HRFRAE S PR L 4] DNA. H54 799F
(5'-AACMGGATTAGATACCCKG-3")Hl 1193R
(5'-ACGTCATCCCCACCTTCC-3)¥ B 4M i 16S
rRNA J[H V5-v7 X H 514 ITSIF (5'-CTT
GGTCATTTAGAGGAAGTAA-3")Fl ITS2R (5'-GC
TGCGTTCTTCATCGATGC-3") ¥ ## L i ITS1
X ZHE b 36 AR W 2 25 BB AT BR A wl
17 PCR ¥ | =¥y alifb e il Wy
gk B B E NCBI %0 #E 2 (PRINA1118021,
PRINA1118027).

FIA QUME 2 F- & X P T A I L Fmgt
oI AR . BN ¥ 81 48 5 (amplicon
sequence variant, ASV)iE X R ¥ 4 A0 BLPE A
100%9)% 41 . 3T SLIVA %4t fl UNITE %k
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PRSI AN M EL D ASV D T RP R ;
JH Mothur v1.30.2 #17 a 284537 ; £ ] QIIME
v1.9.1 #47 B ZHEME53 45 ff ] FAPROTAX Xt
A A0 A EVE EAT DD RE TN, A FUNGuild
XN A ELRE I A T D RE T .

1.5 IRBAEREVHNTELEE

WA P 4> B4 - 1 1.0 ¢ RIS
PR BT JC R E R NS X 5], SRR R LR A1
AR L ST BN AE AT, B 107 R REEE AR ZH 21
EW 100 pL %A T R2A A3 35, 28 °Cfl
B 3-5do RBUBSAFAEZRWRRE, &
R2A [EAEE IR 3L Falifh 2-3 . $REaifh e
PRI ZH DNA, LA 27F (5-AGAGTTTGAT
CCTGGCTCAG-3")H1 1492R (5'-TACGGCTACC
TTGTTACGACTT-3") A ¥ ¥ 514, #17 16S
rRNA JE[H PCR 4 #4128, P3Pk =4 T A
Y TRE( ) ey A BRA I, P45 RS
EzBioCloud %8 FEVEAT LR, 1 22 TR R Y 42
M, FFHEALE R 16S rRNA FE[H P 41 &
GenBank (45 % .

A BRI B % . SR A S) Rrikar
BTN A U, R R T S AR B U)LY
1 mm AU H, BT PDA. 1/2PDA. 1/4PDA ¥4
FRE L, 28 CHiEiFAHERKEHE., hAE
W 22 1€ PDA K93k bifEgalifth 3 U5, I
FLN4H DNA, LLITS1 A1 1TS4 Jy5|#2%F I1TS
FEAN TP Y, 45 RIESEE GenBank %
I PE
1.6 INEEEPRRVIFIE

RGN ATk . fii ] Ashby 3557 0O 1%
[ & A0 ; {# A Pikovskaya (PKO)E:;FF #:BY
I 5¢ 4 08 1% 77 J5 DV 35 B A T ML AT ML
BTk T Salkowski Fb 68,32 P30 1 4 9 b
TAA REJ7iEAT R M 32K .

IR R L - R0 B ARAT I LR R R 5
B A OMA B 553 b7 ILI% 5%,
WL LR -5 Bk B A AR B 56 2R % LR 5 BRLA
D5 5 ECRRT TR R S RS TR R bk T2 R T4l
Xt ORI, B S BT bR - IR R i L R 2 ) Y L
(S

2 HZR5M

21 AEREVINFHIESITS o 2
g

SR Py AN g A A, 3 R
LRV AR TR LA I F 524 687 Ak AN
JPg)s Ho, DB DLEE 2% (Coe3) Hr 4G 21 i)
FES B /D47 071 45), MTF-Z(Gym1) 46
PN B 2 (94 145 55). Tz,
J7 TR B AT Sz A it e R 43 A TR 1Y) B 9 R AR
(B 24A); #eHEAEA /NP AN B 5, Sl Aa
| 6 826 N4 ASV,J& T 37 11391 Fl 836 J& ;
Y DU 2% MR P A 41 T B TR O P R R R
Z L FAT I 22 F1FZ(E 2B, 20),

M 3 T2 24 BHE R ILAS IS 749 110 4%
1o I B T A R R R R ) OF- & (K 2D);
i BRREA T/ NF S8 (Gym2: 58 698 %) A T4
Ve, HeRaE] 465 NE ASV, T 617192
156 J&; Hrpb, F2MIMNE B EFEE YR
Fu B BT 22 (8 2E), YRR R %
I FOP DB 22 Rt 24 (] 2F).
2.2 REMEDEE B SHMRIMA
X 53 4

B YA IR B B AT REAS )2 G R Bt
AR FH], LEJRACTEBE 0 DL 22 F0AT I 22 M
WAE A DIREIE R —/ N2 (B 3A. 3B), 3
BEVE 25 o2, TS FS RN A MED
REVE S M AE R R 22 5%
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Figure 2 The rarefaction curve and the a diversity of microorganisms in root of the three orchids. A: The
rarefaction curves of bacteria on ASV level; B: Sobs index of bacteria on ASV level; C: Shannon index of
bacteria on ASV level; D: The rarefaction curves of fungi on ASV level; E: Sobs index of fungi on ASV level;

F: Shannon index of fungi on ASV level. Coe: Coelogyne occultata; Aru: Arundina graminifolia; Gym:
Gymnadenia conopsea. *: P<0.05; **: P<0.01; ***: P<0.001.

TE A PRI T T (] 3A), BRI DLAE 22
7L 1 7 N - B 0 B/ B 3 ol < W
(Mycobacterium) (Coe: 70.65%; Aru: 5.74%), 1A 73,
B RS TA R - PLA 2 TR -\ v 2 /R A PR
J& (Burkholderia-Caballeronia-Paraburkholderia)
(Coe: 14.15%; Aru: 26.35%)F1# [ J& (Dyella)
(Coe: 3.62%; Aru: 18.35%); T2 HE A KE T
P @ (Gordonia, 6.65%), i L b J& (Pseudomonas,

6.32%) FIR K4 I & (Delftia, 5.99%).
RN 2B AR O A R A
ZE SRR (E 3B), BN DLRE 2% AR S R
J& (Talaromyces, 17.06%), #i /] J& (Fusarium,
21.07%)FIE L H B (Mollisia, 19.14%); 72240
HE AR IEH H (unclassified Helotiales,
46.74%), Arcopilus (14.99%)F1A% & (Trichoderma,
10.93%); FZLHJE ¥ 17 JE (Morchella,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1172 A i AR Microbiol. China

A Hierarchical clustering tree on genus level

Gym3 I
Gym! I
EGymZ . -
Coc2 |,
Cocl |
L Coe3 |,
A TS
EAru2 ETTaaaa.

Aru3 _n..ll -1
10 20 30 40 50 60 70 80 90 100
Relative abundance (%)

: }ijeu; W Lactobacillus
seudomonas W Microbacterium
W Gordonia

W Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium

! Unclassified_{ Rhodanobacteraceae 5;%?;5;:3;? ¥ Aveiohacteracens
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———Co IR
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0 Mollisia I Clonostachys Unclassified_o_Conioscyphales Pyrenochaeta

B Arcopilus I Metapochonia " Unclassified_f Nectriaceae B Gyoerffvella

U Trichoderma 0 Apiotrichum M Unclassified_p_Rozellomycota Others

B Unclassified_k_Fungi

B3 ZMARAZRENRBALEREVEERKIEARRBARIMAERS T A: NWAEME; B:
N A FLTA

Figure 3 Hierarchical clustering and species composition analysis at genus level of endophytic microbial
communities in the root of three medicinal orchids. A: Endophytic bacteria; B: Endophytic fungi.
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91.21%), A FH(unclassified Pezizaceae, . P12 A TR B9 B A RE 2 & & T2 A0

3.25%)#1 Apiotrichum (2.36%) . X T3 WA 22 FHE
VIR ECDA SR, DA DUBE 22 s I 21 3R 4325
72 H- H (unclassified Sebacinales, 9.74%), \F-=
rh kI 2 A = B2 %) £ $H A B (Cer atobasidiaceae,
0.38%), £ 3 Fhzh H 2 RHEYAR N3 AR A 2
2 FE PRI R LA
23 =HMAHAZREYNEDRED
BE T

K HI FAPROTAX Titiil] 3 24 FH 2= B AR
T N AR AR HE 75 SRR (] 4A), Ly RS 14 Fh
Z 5 B E(P<0.05) M EwThee, Hrhw A ke

5+ 7% (aerobic chemoheterotrophy) . 1L BE 5+

(chemoheterotrophy) . [ % (nitrogen fixation)#l
fili iR £h 34 7 (nitrate  reduction) 5 I REAH X 3 45

A

m Coe m Aru m Gym

Intracellular parasites * (0.027 32

Nitrate reduction *(.038 99

Nitrogen fixation *(0.027 32
Aerobic chemoheterotrophy *0.027 32
Chemoheterotrophy * 0.027 32

-10 0 10 20 30 40 50

lue

<
>
R

IR DLEE 22 (P<0.05), T2 N A2 B AR ER iE
JE IR B2 v T ORI DUEE 22 F T 22 (P<0.05)

K] FUNGuild Tl 3 22 B PR N
A ELERER DIRE (B 4B), {5 Hr & I Zh RE I &
W ASV, R BLBRIT UUEE 22 FAT I 22 P A FUR LA
A& LB 4 7 (undefined saprotroph) iy ¥, F
Z: N AR L LA A A TR AR - R SR AR TR - R B
J& 4 B (ectomycorrhizal-undefined saprotroph-
wood saprotroph)ii & 25 U Sk L B L) 58 19 £
24 TFIIEFERETESTRETGIE

M3 B2 ] 22 BHE AR TR AL 0 B4R 31 Bk
AT, B2 AR AR N 53 1 AR A5 1Y e 51 AR AR
R 100% Y B HIRRS , HARTT 13 BRI AEANE

100

B (=) o
(=] (=] (=]

Relative abundance (%)

(]
<

Ectomycorrhizal-undefined saprotroph-wood saprotroph m

Dung saprotroph-ectomycorrhizal-litter saprotroph-undefined saprotroph

% 4

=M H ZRHEYR B E R R ThRE T

Othersm

A NAENE; B: WAEER.

Figure 4 Functional prediction of the microbial communities in the root of three medicinal orchids. A:

Endophytic bacteria; B: Endophytic fungi. *: P<(.05.
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(E ), BT 8JE 12 F; SEEErait
BRI, 6 bR HAAUE S 100%H) ASV,
Hr 5TkE Coebd3 JF 51— ASV3172 fERE
% AR E R (5.37%), X E AR A TR
[ R INBE ; JE FC AR LI i (Pseudomonas nunensis)
Coebl1. (Rahnella sikkimica) Coeb32 FIfihkeE
[ (Rouxiella silvae) Coeb22 [A]H; AT 51
RN 43 I TAA I EE

M3 B2 2L BHE P AR TR L2 B AR AT 9 #E
FLEA B2 TR FIA ) P9 53 1 3R A5 16 P 4 A AR
& 100% M B2 itk IG , 23R 5 R AR B
(# 1, B 5A-5E), J&F 5 MARRIMHIEHEIT;
B R e P A R R B, 3 MREL I ELAT AE R
£ 4 100%019 ASV, 5 Coef34 J¥ 5l —E( ) ASV293

z1 NEEFNAENEERHKNEEERERE
Table 1

FEREVE HOAE X FE BE R R (19.14%) o TEBRSRAE T,
LR AR 5 S TR S TR BR L2 (1] SF. SL)RI
AR A AR 2R (B 5G-5K), [A] 9 AR H K
Goef34 Fl Cymf42 55w & B A7 e 5 ¢
Z(# 5G. 5K), Bk Aruf44 Fl Aruf26 5
P E A (B SH. S1). $F48k K A it 5 B
B FE R (K SM-5R), S5ERE Aruf26 300
BREZ AT IEH AR R (B SN), M EIZm RN
Cladophialophora chaetospira; & gs & #1,
Pk Aruf26 T8 22 0] 5 B AR 2R B A SR L NS, TE2 B
AR 22 T 4 R (18] 6) , T 22 0] 27 75 20 0 e 5
TRBEAMN; SRk Gymfd2 HRE SR8 A
ER A R A R SE TS, HHkR Coef34 A
Coef24 FLEEFR 041 A A SE T (B SM., 5P).

Plant growth-promoting properties of the isolated strains

Isolate NCBI accession  Taxonomy Similarity Corresponding IPS OPS IAA NF
number (%) ASV
Arubl1 PP851157 Bacillus altitudinis 99.79 - + + - +
Arub34 PP851155 Bacillus hominis 99.93 ASV187 + - - +
Arub23 PP851156 Bacillus toyonensis 99.93 ASV135 - - - +
Coeb43 PP851149 Paraburkholderia bryophila 98.72 ASV3172 + + - +
Coeb36 PP851150 Pseudomonas edaphica 99.36 - + + - +
Coebl1 PP851153 Pseudomonas nunensis 99.79 - + + +
Coeb32 PP851151 Rahnella sikkimica 99.63 - + + +
Coeb22 PP851152 Rouxiella silvae 99.43 - + + +
Gymbl1 PP851145 Bacillus mycoides 99.86 ASV187 - - - +
Gymb45 PP851148 Bacillus toyonensis 99.93 ASV135 - - - -
Gymb322 PP851154 Gottfriedia solisilvae 99.51 - - - + -
Gymb52 PP851147 Peribacillus frigoritolerans 100.00 - + - - +
Gymb10 PP851146 Staphylococcus war neri 100.00 ASV4277 + - - -
Aruf44 PP854981 Phaeosphaeria spartinicola 97.96 - - - - -
Aruf26 PP854982 Cladophial ophora chaetospira 98.11 ASV22 - - - -
Coef34 PP854979 Mollisia novobrunsvicensis 100.00 ASV293 - - - -
Coef24 PP854980 Trichoderma viride 100.00 - - - - -
Gymf42 PP854978 Uncultured Lachnum 99.45 ASV275 - - - -

IPS: WATCHLBE; OPS: WAHMLEE; IAA: WIWEZFR; NF: W% +: ATWAHCHIB =L, — A7 AME .
IPS: Inorganic phosphorus solubilizing; OPS: Organic phosphorus solubilizing; IAA: Indole-3-acetic acid; NF: Nitrogen

fixation; +: A visible production of related substances, —: No production of related substances.
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El5 HBERSHNEREKRLREINGERFIE  A: Mollisia novobrunsvicensis Coef34; B: Cladophialophora
chaetospira Aruf26; C: Phaeosphaeria spartinicola Aruf44; D: Z%{8 K% Coef24; E: RFEHKB#:
W& Gymf42; F. BB EHE JL2; G-K: Ffk Coef34, Aruf26, Arufd4, Coef24., Gymf42 5 E
JL2 (L)XFIRERE 3% 5 M—R: BFE Coef34, Aruf26. Aruf4d, Coef24, Gymf42, JL2 SER7 A1 k4l bt 557

Figure 5 The colony morphology of isolated fungi and the functional strain screening. A: Mollisia
novobrunsvicensis Coef34; B: Cladophialophora chaetospira Aruf26; C: Phaeosphaeria spartinicola Aruf44;
D: Trichoderma viride Coef24; E: Uncultured Lachnum Gymf42; F: Tulasnella sp. JL2; G—K: The interaction
between JL2 (L) and Coef34, Aruf26, Arufd44, Coef24, and Gymf42; M—R: The interaction between
Dendrobium officinale and Coef34, Aruf26, Aruf44, Coef24, Gymf42, and JL2.

A a5 B

100 pm 50 pm

6 EHK Aruf26 KX ARRIMIIETE A EREAOBGTRET; B: 7EERE A BT 40 N

TEFH -
Figure 6 Colonization of isolate Aruf26 in the root of Dendrobium officinale. A: In the root of D. officinale;
B: In the root cell of D. officinale.
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AR e 1 R ) G g B
HoR, b 3 Mgy H 2 B AN AR AR 2
FEPE . BER A5 SR Eh R it AT v . W 17
3 gl ] 22 BB P A TR W A 0 2 R DA DR
DUBE 22 rh 7 BEARAG R | 70 TAA [ &Y
i A IH bk Pseudomonas nunensis Coebl11 . Rahnella
sikkimica Coeb32 #1 Rouxiella silvae Coeb22; M
A 22 h g3 2 R] R B AE A fRH ML N ) DSE
¥ Cladophialophora chaetospira Aruf26; M FZH
3B ARAS R T A & (Lachnum) B H F bk, %)@
RN TRAR BECY, AT AR A P

TE N A 20 T8 PV 2 1 TG, DRt DL B 22
P 22 B 8 A 40 0 SR S o BORE TR TR
Burkholderia-Caballeronia-Paraburkholderia.
TE R v, 3 B T R 40 T D A i G 3
N A4 40 7§ 29 ;  Burkholderia-Caballeronia-
Paraburkholderia #il B 72 /K f& f 1129 4
RS g, LA BAGED, AR
NG I DUBJ: 22 v 23 B AR A5 Y 1 5 28 4P 5 7 R
1% [ 7% (Par aburkhol deria bryophila) Coeb43 1 H.
AIERIRE. FSNAMELEE B
J& SR DL AR ) 4 A= 41 TR (plant growth-promoting
rhizobacteria, PGPR)*® | H.A5 [ i TCAL#EEY . 4
W TAA FIE AT RE, AT GBI it DL A 2%
thor B ARAS T R B . AW TAA
S RE A M B M 7 J AN TR T bR Coeb11, {HRREM
TS B R B 4T .

TEWNAE FLR VR AR T, AT 22 A
S RN B T B A AR AR EL R A,
WM B AR EEY, X5AKLTS
HEFR A AR FL LR — 2, AWF5E Bt
DB AT 2R B 38615 2 sREEE H H
B, Hh Bk Coef34 (ASV293)7E Bl i Il £ >4 o

FOCHERE . AT 22 R Bk TR
J# 1% ¥ Cladophialophora chaetospira Aruf26,
TERT O TAT i 22 AR N L AR 3 B F 9 s
k1 T Cladophialophora sp. (& 525 14h,
Cladophialophora sp./f A N 4= i 7E 5 1 11 5% 1+
K AF Il A 2], 32 8 W] A S Az B T 411
TR RG22 , (e Uk R AR A K FEARDF ST T,
BIRSAF T R PR Aruf26 5 8BS A K |
AT, a8k B A LR IR e LR 22 0]
P AN, 5 R R N A BT Exophiala
equina 7 A M- D1 £ >4 (Coel ogyne viscosa) i P f)
TEFHZE R REUT Y T RR Aruf26 A5 AT HE 22 R
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FHE Y I 55 R AT BRI

G54 R LR I T R W
I, OTTE SR AT PR T S AL 1 [R) N 345 P 7E
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