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2.k 8 E 0 K B I A R PR 8], & 710119

TEE R 85 A BTN AR 5 22 AR5 A 0 02 0 RO, T AR 22 B AR 2R 45 1 P AR L o 7 S
2 BREHE MR C2yl M Slgl, Xt HSEAT I B4R ITS % . 40 2 Mk BT A X KB 2 ah BB JR AR K
T TC R WL SRR A s IR A I T B A AR SRR R P E R R . SRR 2 MREA R HE K
A LA RAR R AR K B B K R A RN C2y 1 A LT X R AE B R E R AE I 2 4 o NLPLK,
Fe Z8" R ICZE MW fo R FARIL 1 Fe JUE & B AT IR 163.24 %0 5 WAk Slgl W) i 2 4 3 M Bk % Ca, Mn,
Zn B, AL PEAE R A Ca A1 Zn & 1 5 X% R 62,00 %0 F1 68.09 %6 s T A5 25 4 Rl ITS 31 40 A7 5 5 R W C2y1
2R L R SR R AR H R (Epulorhiza sp.) BLW , Slgl AL WFL Cephalotheca JBFEH . BE5H H MR W,
C2yl THZZ AR A AR K2 40N, T I g LA (W B 22 45, i Slgl U AE 2R R s A 2V R 4 . TR AR 1k v A ki iF

R AL =2 SR T 108 3 A A N B 3R R A T A ) Ao 288 4 6T X JF AR 298 iz = R o — o R ) EL A
KGR R WARKE; NAEEE; R TS FH; HAESH; 97 RTR

FESES S682.31 XEARIRE A

RHE Y W TR b A — AR K
6. TEHSRAAET A 22 B 4 R 85 & F
BRZE A B BRI T AR L AR . ARk
FRIBIF ST 2R W], — SE gt (0 22 LA W) 6 Rk 30 47 SR AR
T DA AR LA g LB R AT s 1 B SR L A
JH T AR L TR 4R ey 22 R AR 0 AL v R R T R N
mARKCAT IZIRIE AW L2 I (5
& A BB (Dendrobium spp.) UL B 4 46 3% @
(Anoectochillus spp.) YT MEHK L, N THE KR
ARBONE F= SR B A 432 TR 1Y) 2E R B RS R LS R
FEARR AR AR A A ] P ARDHDH: M AR Rk Y 6 BT
I KRR T B LG X BRI W S, Sk,
At FLE )Tz W T B 22 B R E WSO
T o G 3 o AR I B R Oy A A B LR
2% (Doritis pulcherrima) ) 5 %5 4 W Bk, N T &
WAL B TR =2 218G O RS R BTG R 2 ik F
100 %6 3426 R SCAE I G 28 3 11 A 18 Bk T DL 3
J& 22 B v A A b PR Y1 24 B BT KR T
XF A (156,252, i 7E WL 5 M (6 B 19 = s
(Cymbidium spp.)MYA %5 H B 07 % -5 0 H 75 1 .
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P HARZEARME 2)E 20 24 ARl g sk
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— PR HC T T 2 BT LA R AR R 2 A R
A B ST TE 3R W L B I B A S s A T
FURH TE 22 AEAR AR v 09 5 B AL B A O A ROR T T
AR AR A HE AL B 2% 20 55 8 4 A K 280 kA

1 #RlE7I*®

1.1 ik

ARl B A R 22 (C. goerigii ) NPT 2
(C. cyperifolium) W HZMEA 4~5 K B &5
em AT MRK 2~3 em AREL 3~5 HKH—FWK
3 2 “Golden Boy’ HIEAARTE .
12 EHFE

A BB A3 B R HTES A 150 mg/mLL 1Y i IR
BERE R R 150 mg/mL R 2 MU 3K & 1 WAL PDA K
IRk

RACHE 22 41 B W 58 R T MS+ 6-BA 2.0
mg/L+NAA 0.3 mg/L-+ #-Fit 200 ml/L; AR
K MS+ 6-BA 0.2 mg/L-+NAA 0.1 mg/L-+ jf
PES 0.5 mg/L+ PR 100 g/L, i REFHRIE R
WM 3 6 AR, 0.6 Y0 4% S1 k. pH 5.8,
AR FR N DE g3l
I iE
DA BB 4y B S 4l . TUEF A 2% MR ff AR
B oK )E B SN LA, 25 AR Bl
FXRM 5% 1 min + 0.1 %% A4LK 4 min, K3
FARBEE R R A 75 4B 2 min + 0.1% & ALK
8 min; ZJE L KIEDE 4~5 WK, i H %558 AR
A B IR alifb 35 55 2~3 L A PDA #HI% IR
TRAT

DM R TR AL . B R FD T PDA
Fige i 1,28 “CIHIR B 35, FF B 22 KW A (4
T dLEADEERE RN, AT AE PDA S Al ks 57
AW R E D SITREAR R 0.5 cm W YF. & .

DA R AT E . BT A WA EE 5K
A e SR B 3R 3L (DE) WP 3L 5 9% . 1 25 C i
AT R 20 A, BEROEIR 12~14 h, 6 R B
25 pmol/(m* « s), MW EE 2 H A TTH K .
R AR DA R AR ke A A KPR B8, I ) Bt 00 5% R AR 1Y)
EKEE SR, XTAAH 20 d KR R PEAT Y @ Ab
PRV T LR R S AR AR R AR Y 71k S
BRC17], FE LB K. 10% KOH 30 min 90 “C K%
4 hBEH—10%0 H, O, 1 30 min—5% LRk
90 min—0.05% &M% « ZBRH M1 = 6), FiR YL

1.3

3 h— MR H il o0 8 45, 15 AR 4= gL 1Y T Bk

DAt RHEMEE ., AT EEWES B
FIEAE PDA 85 35 5 v A= K 19 B8 7% FHTRT 22 R 1IE L 2
A B AR SEK . TR DL BB DNA Sy 54, il
M50 ® X ITS1 (5-TCCGTAGGTGAACCT-
GCGG-3")/1TS4 ( 5-TCCTCCGCTTATT-
GATATGC-3)"" ok B 5 3 514 ITSIF (5'-TC-
CTCCGCTTATTGATATGC-3")/ITS4M 4 184 %
YE AR ITS H B, I8 4 H PCR P24 0t 470 % .
¥ 3815 1 DNA ¥ 41 #E GenBank ¢35 & o 47
Blast H %F, U % 41 & & Ffb 9 ITS 7 %10, LL
MEGA4.0 JAH # R 58 & B B LLor B ok 4 ik

5) gt 2B LT K AL 22 4 i AR RN A i,
A3 2 A AR 8% 1 BRRR FR 0T S O 10 AR L AR B AR
KIFH AR IR, 1 85 X0 JCi5 J 1y 4 1
PEATHE B AL R0, N PDA SEMR I R A E E %5 0
G T (AR 2 0.5 cm) B T DE A 85 35
HRAEHE 2229 1.0 em 4b, BRI 2 MO DF FH G
B BENG B xof IR, AR b B 20 #k % 3 AN EEE L 2
B AR A5 d JE PR UOPRICE A AR G T o T 90 S AR BRI
MK . THRRTAR & AR R R i AR 4/ SR £ < 100 %)
FAR R AP A 43 28 (R AR B/ B AR 2L < 100 %0) 5§
A AL 221 28 60 °C Mt & 0E BT A S AR A T
Jih EM TR AR TR RS, tRESES M
Wl by 451 I £ vk . N G R iR B R AL
SAOKZE B IE T & S5 A e B AR TN T AR R
KDN-F) , HAl 5 6 % & & H 1CP CHL B & 55 B
TR & 46 ICPE-9000) Ml . FH SPSS #1 F *f 4%
bR HEAT W R 25 AT

6) A= 254 WO EE . dEEE SR 45 d 5 HUR A
Ab B R AE 2 AR BER A S D) R ik AT R ) IfT
ST, B R ZE WO TR Y B R B O
e AR IR AR AR RS T G Y E R RN T
10Y% B 2 — W R AR BE 2~5 d, R /41 [ 4 0
WEL B 2213 AR UG L

2 BRSO
MAEHESALELHERER
NIF 2 RHE IR R 53 B0 O bR ICR ol i 36

B o7 A0 e th 7 2 BRECE C2yl.Slgl, fE W # it
PR 2 A B R AR MR (EH1B.C) X AR R
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D E F
A A A HAG BR AR A B 5L K No obvious root elongation of un-inoculated plantlet; B,C: B C2yl I Slgl 2055 22 p 3L 45 3%,
2R R B K Distinet root elongation of orchid plantlets inoculated with isolates C2y1 and Slgl.respectively; DX} B AR A 9 e (7,
B oR HEA H 12 Y4 None of fungal structure was detected in mock-inoculated roots; E.F: 4328 C2y1 Al Slgl 4b B () 22 AR YL IR L
N EH IR Y FEE Root staining patterns of plantlets inoculated with C2yl and Slgl,respectively.
B 1 EHE C2yl #Slgl RHEEKRRAMRKRBRJLBLER
Fig.1 The isolates of C2yl and S1gl colonized the roots of Cymbidium plantlets and contributed the root elongation
o 5 45 507 2 BB AR TR 22 AR AR IR A K e AT R R KRR 5 d R
JEH PG 6 R ETE AT AR 2RI A . Y% B 2.0 om, A7 A 98 7 T 22 78 B BB 3 ™

PR 2B A £ R AT o — 2P S PRS0 BB L A BB A L AT B 2 BRI A
22 AHmEEMNERE A BAT 22 B R B M RLRRAE 5 B Sl K

2R A A H WAL S MEE (B 2 Bon . BUE B0, Rl TR R L RAERZ A 0. 90E
B Coyl BRI EE EAERZ A GO, 2R V8N R A REERE . 78 PDA B3R IER IR 5 d AWK H

10 pm

A:ETH C2yl € PDA ¥R B 5555 15 d M5 IE S Colony morphology of isolate C2yl in PDA at 15 d; B.C: H 1 C2yl H L&A
ST AL B AR A3 S T 22 TH S I R R L& BROIR. The hyphae of isolate C2y1 showed rectangular branching and terminal swelling into mo-
nilioid-like cells; D: B Slgl 7F PDA i H K5 15 d B HE ¥ IE L Colony morphology of isolate Slgl in PDA at 15 d; E.F. H.1# Slgl
T 22 458 ./ KL F 774 The hyphal structure of isolate Slgl and abundant spores; CS; JEH #1F Chlamydospores; SP ff) 145 %t
FAEAR K Basal swelling of phialides; S: 4347 Conidia.

2 HEEC2yl MSlgl £ PDARFHERESR 5 dMEERAL LR
Fig.2 Cultural and morphological characteristics of isolates C2yl and S1glon PDA media at 15 days



46

LS S NI %

35 4

2.0 cm, W V& LG R8 WOIR  FLTE T 22 A W L LB A
OYAE A K 0 4 A A 7 A 6 A 3 S A IR
KL LT BT L 0 R (R 2F) L JR I 4 1 R B i
WK (B 2E)

¥ 2 B BB ITS J¥ 9 4 GenBank I i 17
Blast o, #E 0T 5 FC R F 5 A #5 e AR AL RE Fi 3 25
RIBERE, NI A 2 () U5 afF fb # L 30F 47 R 2 4y
Broz5 R 3 fron. EIE C2yl ITS J¥ 51 (NCBI
ok KJ499809) 598 AR I @ B 1A E pulorhiza
sp.9CATS &35 . HQ853685) iy AL BE Ky 100%,
5 Ma 2P R E W Epulorhiza sp. (ITS % 5% 5.
AJ313442) ML EE A 99% . 5 Zhao 5 L3 1Y I8
PR B Jm E B MLOL MAHRLEE S 97% . ZifA C2yl
P22 T TR A K TTS 3 40 ) 8 B X &85 21 L o6 e
TR B R B . BB Slgl ITS 51 (NCBI %
E5:KJ69917) 58 #Z B H W Cephalotheca sul-

furea FARIFR H 90% . H 5 Yaguch " i i
C. sul furea [RIWF 5 & AR P8 L AR 5 F0 1TS 7
G R YR L X 28 ol H 452 h Cephalotheca J&EH
23 HEMNAKEE=ZEFEKHTM

AR 45 d J5, M E Bk C2yl (Slgl =
B & T CKAR 2, EARRM KRR L.
B sga, B2, Hh 5 HEE C2yl
oA 1y 22 B L AR kAR Rl 94.5% . @ i X R
T4.5%0 55 Slgl Az i 22 v AR 28 A0 3R ) 1R
53.9% (R D, KPHEEF 2/ 52 EILK, #
Flt C2yl (Slgl BEFR I K AL 3 2 20 35 1 L e 5T o 3
1R 5 %) B2 2 A) 22 5 3k 31 i 3 KO, BB X 2 Bk
PR AT KAE 3 22 3 W A KA I AR R . it
SN BERDEE C2yl A1 Slgl M1 25 M T & MR T
JoT o A A R TR R L C2y 1 Ak A 22
TR R E = T Slgl AbHE,

89p hiatemonium inflatum Gu566291
mCephalotheca sulfurea Eu823315

00~C2y1 KJ499809
’—gg‘iEpulorhiza sp.9 Hq853685
100 Epulorhiza sp.AJ313442

\
~ HCL3 KJ499807 B\

Cephalotheca sulfurea Ab278194

| 95— MI101 KJ499806
Al L Zhge-1 Hm214462

Cl01 KJ499808

—

0.02

B 3
Fig.3

Slgl KJ699117

0.01

FANGEREDHERR# C2y1(A) K Slgl(B) 5 X B # I & G it L it

Phylogenetic tree constructed by neighbor joining (NJ) method,using the ITS sequences of

isolate C2y1(A),S1gl(B) and the related strains

R 1 HEFC2yl M Slgl M REE=ZEKSHWH M
Table 1 The inoculation effects of isolates C2yl and S1gl on the growth parameters of C. hybridum plantlets
SERTEIIK /g M TR /g WRTRiR/g  MTEE/g HilRK/m  WREK/om  FIREER/ REBKER X%
Qb3
T . Increased Leaf dry Root Total dry New root Elongated Percentage of Percentage of

at s

FEAmEnts pesh weight weight dry weight (4>) weight length root length  new root initiation elongating roots
CK 0.12+0.028¢ 0.16+0.020b 0.04540.004b  0.2040.017¢ 0.0940.032b  0.25+0.238b 20.0 35.0
Slgl 0.49+0.013b 0.20+0.003a 0.065+0.012ab  0.2640.014b  0.7940.270a  0.8640.110a 77.8 88.9
C2y1 0.92+0.053a 0.22+0.008a 0.0844+0.001a  0.3240.006a  0.9740.380a 1.24+0.120a 94.5 82.7

W R BUE Dy 2 BT 5 RAGE 22 WA 3R 45 d R RS R R IR TR B 25 1 (SSR o) #4725 5 W 35 PRI 46 . R R = Bk 5%
NESEE(P<<0.05), FIA, Note: Plantlets were harvested at 45 days after inoculation with isolates Slgl and C2y1 or mock-

inoculated. All the data were means & SD.In each column,different letter indicates significant (P <C0.05) differences as evaluated

by Duncan’s multiple range test (DMRT).The same as follows.

24 AEEELEBENAZE=HZEZSENFMN

MR 2 AT DL Y, 2 L AL 3 A RE Y S
BESTEEGEES AL FEHARF C2yl A
CK W EMRME TR a a8, & CK
46.32% HMHL4E K a I 4R b B R4 H51E 3 A&
A, Ud I L A AL BT S O R A B G T G B
A VE FH R A R Bl 22 K B G B DR IE T AR bR A AR
Wk E .

25 HEEMNAXEEZT RTEHRIEENE

2 i B TR X K AR B 22 4l T 5 G 2 W IR T A
3R 5HEE C2yl LR FR MM NP K. Ca
JCER A LT BB AT R 0, i 4 R RS
Slgl MHEHEH Ca CE M T B ML E . Xt Tl
JUE L, HE C2yl W E(RHE T RAEE 22X Fe TEM
W, TRAR AL Fe JT 2 & &t X IRy 162.24 %
I BB S1g 1 W) 35 4 F 1 R BE X 13 2 o6 R Min Al
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2 TREELAENBAXEE=HNHEREIEIN
Table 2 Effect of isolates C2yl and S1gl on the chlorophyll content of C. hybridum plantlets
Jis] WK a BE/ (mg/g) MR b [ i/ (mg/g) 2R A i/ (mg/») HERE a/MHEE D
Treatments Chlorophyll a contents Chlorophyll b contents Chlorophyll contents Chlorophyll a/Chlorophyll b
CK 0.36740.024b 0.13340.01a 0.5004+0.03b 2.774
Slgl 0.48740.018ab 0.17540.03a 0.66240.05ab 2.870
C2yl 0.53740.053a 0.1754-0.03a 0.7114-0.08ab 3.119
®3 HEHE C2yl ¥ Slgl MAEE=ZF KRjvE R0
Table 3 Effect of inoculation with strains of C2yl and Slgl on minerals accumulation in C. hybridum plantlets mg/plant
Qb K ICE Macro-element i ICE Micro-clement
Treatments N P K Ca Mg Fe Mn Zn
CK 30.80+ 1.21b  0.7640.02b  2.9640.15b 1.2140.06b 0.5740.05a 30.40+1.21c  25.354+0.02b  37.3540.15¢
C2yl 34.13% 0.23a  1.0140.02a 3.76+0.03a  1.71 £0.02a 0.644-0.03a 79.72+0.23a  30.7240.02ab  53.28+0.03b
Slgl 31.9740.14ab  0.8240.02b  3.4140.19ab  1.8340.19a 0.67+0.03a  43.014+0.14b  33.7940.02a 62.7840.19a

Zn (R 43 330 v G R 33,29 %0 R 68,09 % .
26 EESZRERMNEELEHMNE

HH R AA AT DU Y K6 322 24 85 v i AR 32 22
HARYE R MR AR A k. B Slgl RAF7E FAR
Bl A B, 7E R ) A0 A P R W A Y 4 A (B 4B,

O, HE C2yl WL R A 2R B2 JZ 40 i I I8 1
KA T 2225 (] 4D) , I Al WL 3 B 22 25 1o 20 Jfd B 4=
Y4B 1T 40 1l (P AF) , 75 B2 J2 40 0 PN AR B 7 7 A 1Y
T 22 FIEAE BT AL RO TR 22 (18] 4E) . I A" i
WL 3[R R B B G 7 B2 20 M v TR 22 R 22 45 B

A:CK, £ WA R Y None fungal structure in CK; B.C: ELF Slgl 7EAR 4NN A9 40 4 » 5 B0 A0 T AR B 40 i b 78 AR B B 3l A K
H B4 The hyphae of isolate Slgl colonized the velamen cells of orchid roots and also aggregated on the surface of infected roots; D,
EF: B C2yl 76 KAEH L AR AN 40 A, Ko 008 22 254770 T BRI ZEAR W 40 i AT BL I A7 7E Typical fungal pelotons were
detected in the cortex cells and hyphae of isolate C2y1 also existed in the velamen cells; CO: )2 Cortex; EX: #} ¢ )2 Exodermis;
VE: % Velamen;P: B #%5 Peloton; H: W% H yphae; PI. #f Pith.
B4 AEEESEEE 45 dRBYFEHER
Fig.4 Colonization characteristics of different fungi in roots of C. hybridum at 45 days post inoculation
P A N 2 A R 5, O 1 R TG 3 W S B DT 4
3 T B S VAo ES ST

el LAY 22 B YN AR B L AR I 52 L
AWFFERY R AR R C2yl 5 KRR

H B # (Scbacinales) | f ¥ B Bl B F (Ceratobasidi-
22 AT R LR ) 22 B A ) AR S5 4, TR AR aceae) M IE R B E F (Tulasnellaceae) , AN 5

i
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C2y1 Sy 3 TR R T AR T J T L 2% T R RE 0% X
TR NP Fe %8 il 7T R W, 5 Zhao 551
o g R —3, B AE 1984 £ Alexander ZE15IF B
R =R I P e R & e 2dE WARME Y
9100 %, 22 2 W AR iz P ot R iy &
LA E Y Cameron % IR W] A AR L 76 BB B 4%
o] f R I i N JCZ s Wang 455 g 18 AL AE % 22
it M A JE AL R B Fe 512 19 B A6 ;. Zhao %571 IA
R4 G RE W R Fe ST R BIW K. iR 5 H T AR
SRR FR AR pH A C,

AT FE N AR 22 B W) AR 2R 00 B Y A Bk S1gl
R 22 EF Cephalotheca J& BB %W R BLEE S K
LY A 25 36 4E K. Hammad 5" K G AR
RABET C. sul furea AGHO7 B , 1% B ¥k BE 5 17
B R (GAS) AR YR I 5 4 i Waito-C K
SRR ARG . 3 Y TR R I O R R BE S A 0 At
AR, FEAR GG el ECTA S1g1 i fE W % i
PERAH MR A M, A Slgl BB 1R Y R AE
AR B AN L AR AR B XS CaMin . Zn S
JRICE MM KA R B Ca BEHY INAE Y
PLHED  Zn e S 5 S AR B B 1k SRR R
HOE B K AL B RS 5 A K EN G .

AR UEY] 2 Fh RGO R LT Y EE#RE S K
6 20 U A i 22 B 22 BT C2yl ¢ Slgl B
e R AR AR W B K R BT R NLPLUK Y
W X T RE S H I MR A G, =R LR BEAE
DRA 2% AR 2 240 vb O i e AR ) TR 22 25 4, T R
T 3 AR o 22 BHAE ) 38 5 T A R R A b i B
W 22351578 721 . Richardson £8P 78 4b T 74 %
WrBC i 22 245 h R I T mk B BE IR R G W Itk
MWE Mg*" (K" Fl Ca’" 8 F., IEMFRER
B, 2R AR L T LU H Y 0 B TR s RGN
G I 320 L B SR A I, BT S1gl g
AL R AL L A K H R BRI R R X
o G2 VR T2 15 U5 T 2R 5 3 00 58 A e it — 20
W

& % x M

RS Y Y= I | I S = B o I O | 7 P e = Y A
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Abstract
tificial mycorrhizae. In this study, two endophytes(C2yl and S1gl) obtained from roots of wild orchids

The vegetative growth of Cymbidium hybridum plantlets could be promoted through ar-

exhibited obvious growth-promoting effects on the C. hybridum plantlets through increasing root
length,biomass and chlorophyll content.Furthermore,isolate C2yl increased the N,P,K,Fe contents of
the symbiotic plantlets.Especially the Fe content of the treated plants increased by 163.24% compared
with the control.Isolate Slgl significantly increased the accumulation of CasMn,Zn (by 62%,32% ,and
68.09% ,respectively) in symbiotic plantlets compared with the control. Combining with internal tran-
scribed spacer sequence (ITS) and the morphological characteristics,isolate C2yl and Slgl was identi-
fied as Epulorhiza sp. and Cephalotheca sp.,respectively.Microscopic studies showed that hyphae of iso-
late C2y1 infected the root cortex cells and formed typical orchid mycorrhizae, whereas hyphae of isolate
Slgl aggregated in the host velamen cells.It is indicated that artificial mycorrhization can effectively pro-
mote the vegetative growth and mineral element absorption for Cymbidium plantlets.Different fungi ex-
hibit some degree of complementary promoting effects.

Keywords Cymbidium hybridum ; mycorrhiza fungi; endophytic fungi; mycorrhization; ITS se-
quence; symbiosis; mineral elements
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