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Abstract

Aims The in situ and ex situ seed baiting techniques, which have been developed in recent years, are effective
methods to study the compatible mycorrhizal fungi of orchids. Our aim was to obtain the compatible mycorrhizal
fungi of epiphytic Cymbidium mannii using the ex situ seed baiting technique.

Methods Bark, moss, litter and humus around the roots of adult plants of C. mannii were collected as substrate
to cultivate C. mannii seeds in the laboratory. The fungi were isolated from developed protocorms and identified
by morphological and molecular characteristics. The effects of different mycorrhizal fungi and light on seed ger-
mination were examined by in vitro symbiotic germination.

Important findings  The isolated fungus was identified as a species of the genus Epulorhiza and was named as
FCb4. After 58 days cultivation, seeds inoculated with FCb4 strain and FDal7 strain (Tulasnella, isolated from
Dendrobium aphyllum) had a high germination ratio, whereas seeds without the fungus failed to germinate. There
was no significant difference between the germination ratios of seeds inoculated with FCb4 and FDal7 strains, but
FCb4 was significantly superior for seedling formation and development compared with FDal7 in light. This in-
dicated a lower degree of symbiotic fungal specificity on seed germination than the protocorm development stage
in C. mannii. The fungus we obtained was effective for seed germination, and protocorm and seedling develop-
ment for C. mannii. Germination and protocorm production were higher in the dark (0/24 h light/dark) than the
light condition (12/12 h light/dark), whereas the subsequent protocorm development was better with light. These
findings will aid in seedling production and reintroduction of C. mannii.
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VE R R T )< TAE AL 2R B (flagship group),
2 RHE YR R A R A B ORGP BERT K
525 SRR [ Rl DO G 22 R )T R Sk
BRI, BT 2RSS kA B
FOR . B B G R AR RREAL 2 PR TUEAR F
JF J& 1 2= BHE Y 1] H (reintroduction), & 241 >4
Bl M W) 25 & & §7 (integrated conservation) i B
(Stewart & Kane, 2007; Swarts et al., 2007; Stewart,
2008). SR, ERHREH A [R]UH A E AR AR A B
ZINXE, B Tt LR G 2 E IR B A B L Ak
LA BT DL R AN S A SR ) 2 TR AR B RS, [0
VRA R 8 2 1 50 T AR L ) o

Toft 5~ 107 R ZR AR By 1 A7 30 A1 BR A W A ==
B P [0 VA i B 1 = 22K 3% (Batty et al., 2006;
Brundrett, 2007; Smith ez al., 2010). = FHEYI I+
EF AN, A RE AR, 75 HRFAE TR
T R i AR SRR A 1) L AR SRR IR HCE SR ) o
(Arditti, 1967; Smith & Read, 1997). HAR4)(rhizoid)
S W 2RI B A0 T i), T8 T BT 1 R
Tt 7 R D K ZE 0 R, A TR R T 4 R AR
(Rasmussen, 1995). =Rl %) i a8 i #OIR D) I AE
FEHEJ5T b, AR o = 4 1 IR BOK 23 343
TRT 2230 T D 3R 2 3 THT R RRCIR 4 10 N R ) A
Mo, Ik A A R R BRZE ) A2 KR 434k (Williamson
& Hadley, 1970). AR AR EAT HEK R, ZFHE
Wkl KK S, 2 AR, FLR B 2218
RHCIRDHEAR T, KB AT KRR TR,
MIAERD 715 LT A, FRAR M) 2 SL IR e Rl A1
BRZE 1) B BLE 8 (Rasmussen, 1992). B4R HHER
N T FRIEAT R 1 IO W R I BOR AR i,
EIE TR A I 4l B AEREAT B AR RN, B R3] AR
B PRSI, JF HAELL S FARFA G P ) L
AL IR AR, M BUE 2K EZ IR, i
LR A BT AE H AR S T LA KSR AT 1 2l
FE RN 2 5 AR AR 358 0 )5 AT B0 ) A B 5 .
(Stewart et al., 2003). KL, KRG Z=RHEYIF 785 K
B B A RO IO, T R RG22 R ) n]
HRBEIA T, X ZERHEY A R A R
s
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KIALIK, T 2R YR 5 IR B AT 5T
TL W 2 2 BT R A R RR R AR b oy B4 B
(Rasmussen & Whigham, 1993; Masuhara & Katsuya,
1994; Currah et al., 1997; Zelmer & Currah, 1997,
Brundrett et al., 2003; Stewart et al., 2003), {HT
By AR 22 R AR hAE AR A R BAE TR S N A2 3
PRI, SRAEAGR 7 A RO A R 2 T R 32 e
ST BRI 2, 2007); FEH, RREFM®
TRHRE A0 FRY RS AR AR AR, v 7 T AR T i A 0 Aol
W A B EAA 52 (Zettler et al., 2005). Rasmussen
HIWhigham (1993)%& B T F FH k-1 4T g 2= R
T B L AR B R 4R (in- situ- seed baiting tech-
nique), K5 A MR ] JE S AR IR TR E AR
R I AR 35 T S AT e, TG R Js R =5
433 N AE B (Batty et al., 2001; Dearnaley, 2007;
P 45, 2007) o & T AH R (1) )5 B, Brundrett %5
(2003) & JE th T AP LA W R BOR (ex situ seed
baiting technique), MAEKA =2 BHEY) A FE AL 1)
JEAESE TSR I T B R BRI RS TAE
VE 7T K BB 0T, AESIG S HEAT D1 B A 5
S, BRI AR R, AT A B R pe e Ak iE
BRI BE A, AN BPAN RSB, AT Bl I
HEAT SERARAE, RN (SET- WL M7~ 1 A AR A
DA A 15 HL(Brundrett et al., 2003).

PG XA 24 2 e [ 22 RHR ) 0 A1 de B BB IX
Z—, HAHEME R I 2 FEVEGE SRR O,
1995), 4 MM 19% 1A K LR AR R A 4 R
R . 205K, m T KRR BRI e
MR IEE AL DA, 1A A L Z= 5
PR WA R BB REAG AR L, R AR AR
Zrtie iy, =R A ACEAT I AR B 52 217 5 B
JBp, Imzonk e HAT 25 HY s SN 1) 2= RHE 1)
LR, AEAHX 1 X 22 R A B8 U5E ) T
BN, X M 55 B b = RHE Y R 2 2 A
B

=2 J& (Cymbidium) 2147 5570, Horh 3 [543 A1 f7
49Ff(Liu et al., 2009). ==JEFHMZ Jy AR, 0
WA AR AR B 22 a5 A
TR R AH SCAIE 9T K 2 2 A 3 A2 e 2 O F e 1) () e 45
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2008; Liu et al., 2010; Wu et al., 2010). AHH57 LY
KU AN A7 2K 2 Ll AR AR 32 40 A R B A6 22 S8 A )
il 2= (Cymbidium mannii) AW 5N %, K Pl
T L AW R ARG 2R iR, RIGIREREE, 7
R BREE TP LA BB K O A B A LB AR T
EN TR FRHE LT IL AR A se s, i thoo) A
R R AT RO LA LR, O TR R 2 [
BEE S, R, A PR AN A A L AR AR S R
M LR A RS R IE IR 2% .

1 #RFITTE

1.1 FARMRIFIR S

W 2= (Cymbidium mannii) i = J& W A2, T
O AT AR B WA | B b X R IR [ O S,
B 2E T3 451001 600 mPIARH BT E(Liu et al.,
2009). 7EFEXU AR ALK, RfF 22 e J2—4 H, sk
TRAEAS . 752010483 A 22 FEAEIE, )
s T [ RE 27 B VG AR 49 FA s AR ) [l B A 24
AR 22 AR REAT N T R A8k, Z9390°K )5 (2011
T4 )R R IEZ B G A T2 B AR

Az 22 el A7 1 v R 2 B 7 R A4 AT A A
brel (%) A L fes AL DA L DR 1X (21°45" N, 101°02" E;
580 m), JE UG VA A Ao AR, SR A R
(Pometia tomentosa) M T FMi{= (Terminalia myrio-
carpa) WIRFTEAR, VRt 5 430 m (Zhang &
Cao, 1995). ¥4kl o0 2 FAOIRA I B 4R 228
A M AR ], WCER AR T 20150 AN [R] Sk 5 11
U AR 2SR, 500 AT SRS R IR AR AR AR,
KB =R A KRB R 4P, ReiEH T, —2
B FAR G5z, B A0 2 T A XU 9 [ K 2 1 4R
TRY X SRR A A L2 km, SRR A
el Ay J5U s PR A A L A 2B 1 VR AR, A G R R
EIEN TR A9F = RHED F 4R 50 4 Ho 1 (Zhou et
al., 2012).
1.2 MRAE
121 fFrEb AR A

W A i 2 R A AR BRR AR 020 em i L 9 ) %
Be B RRTEI . AR, AERH AL H AR IR
T, TNGERERUIN G B 28 WK B, AE R Fh 1T
AR A A B RE FR L . JRBRIE P 2 A IRUK Y,
AR FFHIK P IR B RDIRES . fE6N AR A9 emlf)
IR 2 B NS R — P, 3 R s — AL

ZA45 pm. B K9 em[FJC B 1 [REE JE e A

W RAR A 22 BESEARK R FH 75% IR RS F it
1% NaCIOW 110 min, LHE/KEVR3 G, H
TR IV R, WU R R FHTTC
(2,3,5- FA = 2R Jk DU 220 M) e (0 35 AT 05 g Al
(Vujanovic et al., 2000), #i{rH TS50 1%
H90% LA b BT AL AR R LR AT Ah, HiR
(R FJC R e AUt dr, %122 C, HRER T4
24 hJG, fF T IR B/, T-20 CUKAH
W17 (Batty ef al., 2001), FHT )5 4525 .

B TR R A gL e E BRSO
A o PR AR RES), WO BRI,
TR I 2 8 TR ol 1 B VR IR 75 QO R 1) 1 50 4
BAEL em x 1 emdLAE 045 umif e ety Hr
o FERER G B JE AT 5 I B O 2 U ) R
R e oA b, FAN IR0y oW e et 48
BEFRMBNN TAMER N, TEEQRS £ 2) C. %
W12/12 h D6/ JGREERIZ 2 000 Ix 45 1F R EAT
BrgR. AR, A ORBG IR IO o I R R
LA A7~ (A RS 0, 2 [ Stewart%5(2003)F1Wang
S Q2011 R 7 V200 1 A A AN B B 22 R B s kAT
RAREER D). THEVHIE, Bk Y
A2, JEE—E SRR IE W R (R R) A —
RO ER, B RMERGIRYY AT, BT IEA
— B ReE T A, FL A IR 25 AR AT RE R e B IR
AR AR, st — e AR R . XA
Y RARUERL, BARUINBO MR, EIERE X
R R N %R B B B B3, TRDR A RHE Y
Bl BRe R, AChARILRI 4 X LA B, 58
SER TR E. HAET, AR =RHEYR i &
FIZTRR AR B¢ R S AR D, IR 24 FHLEE I
AN A, TEBA B9 PARAERT, XA 5 BbrifE
FERPPRERE R ATAT IR

B AR T JRERZE A B,
TR IR Z(G) L & B A1 ek 2284
LERK). BIG=g/t; K=k/t, Hrp, g B
CLl R AR 750 o R SR b & B B A 1L JRER
ZKERANHT AL O RER AT AL
122 FEHREHRERRRIFERNE

MR R R IR ZE S, WA A S
G SR A WA [F] B B BR 2240 FL AR G IR o
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Table 1 Different germination stages of Cymbidium mannii seeds

B B Eilipa
Germination stage Description
0 RHIR A
Ungerminated seed
1 TR R, 7= AR W %)
Enlarged embryo, production of rhizoid(s) (= germination)
2 T RGREENE K, TR K O 15 R =E)
Continued embryo enlargement, rupture of testa ( = protocorm formation)
3 LS AR AR ZE R T BT EY)
Appearance of protomeristem (protocorm development)
4 K — R e B S A K (h i R B 1130

Emergence of first leaf and continue development (early stage of seedling development)

2.5%J% "W 0.1 mol-L W& £h 2 v, pH = 7.2),
B T4 CHE24 b7, H0.1 mol-L W& 522 i
AR VE3IK, BHK1S min, 705 H15%- 30%. 50%
FIT70%IRHE, KU IR ERZE AT /K30 min® 6
KB 7K 5 ik & T Historesin® fig H7, FFiEAT
MRS G . REG, BRIRI TV Pl L TiES:
YL, VIR R N3 pm; ¥ 003 K0 T80 v I,
3T i A S iR A 9% 4t €47 (Periodic Acid Schiff
Stain) L & 1%0t % 2 (amido black 10 B)ak 1% ! %
¥ (toluidine blue O) M 1T 4 2 fk 2% 4% {4 (Yeung,
1999). YLt 5T 2% Wil Bi (Axioskop 2, Carl Zeiss
AG, Jena, Germany) W22, 4 d 3.
123 RBRENLEERNS B

Ml AR D) et S B L B R Rk =R
B BCR AR L, RUATHEAT JRERZE N A2 BB 1 43 25
K P T B4 R A B R IR 3L (PDA; 200 gL'ty
+20 gL ' HIATHEC12 gL B, AT IEpH)E A
FL 3 B FR A, K503 T HAA N9 em
FIJE BB FE L B3RS 1 104 J5 3k 25 H 1% NaClo
WA IR RS minfa H G ZKIG T34, (ol
TAEE EHICH )R ¥ IR ER SR D) 2, Ui
W FPDARF FRHER b, 59— 3N ERZE AT
HAE TPDAR FRSE R . I 10K 15 77 st by,
FRICE NN LA N, (25 + 2) CE4AFH BRI
IR (R4, 2007).

B — BTG, fr R BREED) DA K 22
I, EME TAES BT BB, H G Hem
T Bk E 5k 25 1 10 Kb TR R R L e 22T T IR
PDARTFRIL o REBIME LK G, ABrHkEwE 2
IR 2H M PDASSE F2 0k EMM RS, HAE3-5ik
Jo, A4 . K PDATR A A V20 43 3 (1 21
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W T4 CHHTIRAF(FIREE, 1987),
1.2.4 EEXHFIE &G S

Z M Dixon (1987)1 77 AT P15 HOR 7E N
TIEFRIE BN AEHR SES . SR M IR R R 2k
(OMA; 4 gL 'fiEd+8 gL ' /5, pH = 5.8)f &L
BAR LA R B 7R o B DR AT BRI 22 Fh - 3k
AT f# AR T (McKendrick, 2000), HI4E 5% TG T Fh
TRIFI . [TEOMAREFRIERPATIHCE P 7K1 cm x
4 emfJCEIEANS:, HRBMRIRIN50 pLit =i
W(LIBORL 1)) S FE R (e Rk R RSk b 7ERE IR
FEFR AR % 1 x 0.5 e 47 B3 B A3 21 1)
FLPH (Y5 N FCbA) M a5 3200 (0 B e e, 4 11 e
B REFR L BT . W B 2410, — 4L DR
2[Rl (YL S A K Dendrobium  aphyllum) it
ERZE A 20 85 3 10 6 I 1 8 (Tulasnella) L (4 5l
FDal7); 7 —HAF R . FAEL 20 RIR10, £
TRIFEFNQRS £ 2) C NEIRRFE, 4151008
TR HIHEAT I (12/12 h, /85 ATEE T (0/24 h,
pTLIE) PEE N

A JE M DU Rh - PRT A AR O, s Rl R OB
R ER LIS ], AR IR e AR Kb TR A
WIARY B0 40 i IR A TR L, %R 10 5
RHRHEGETH I M K Z(G) JRBRZETE 8 L
HK(C), LAIAET A5 W R B AT 7 JRERZE B4
MELERK). T ERIETITER, Hh, C=c/t ch
BRI AL BT 1) 4% 55 % L T i BR 2 16 b7 £ (B
B2, 3. 42 F0),

XPANFE A FR RN R 3 REREETE 2R J
I B R JREREE B4 T LR AT B T
ZEFOINT o BT RO R G fF G ik 22 IE Sy
ATIRIR ALK 2207 2 43 #r (two-way ANOVA), FFH]
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F e /N Wil 25 22 305 (LSDY AT 22 LR H3ie A 4k
S AT AN A Bk 22 125 23 AT R F AR Z 50 56 v 1Y)
S HUEE JE URL I (Mann-Whitney  U-test)iEA T3 #7 .
JITAT H4 R FIR K (version 2.14.2)HE4T 434«
125 HEMEMS TEE

TEPDA- B 15 77 e Fo6) OR AT R L T8 B AR AL
5, AR TAES LW HRIR 223 K
5 FBURPDA R JRIE, T-(25 + 2) CHRGHEFR,
Fr T RE B A, PRE4-5 A2 29 00.5 mm
IR BR, FIH CTABYEFE I I S AIDNA (Weising
et al., 1995). K HITSIAITS45| 347 PCRY 1
(White et al., 1990), ¥ 14 )z NV 7EPCRAY (GeneAmp
9700, Applied Biosystems, Foster, USA)_[#47. PCR
¥ A 94 CHIAES min, fHFF1IK; 94 CAPEL
min, 51 CiBkK1 min, 72 CZEMH1 min, 30/RTEIL;
B JE72 CHEM10 min (BEAF 556, 2010). PCRY 1Y
PR A4k f ik B AR T AEY) TRE A PR A w AT I
v, F#A5 B IITS lv B S0 56 18 S AR BORAE
oA HdE PE(NCBI, http://www.ncbi.nlm.nih.gov/)
A TBLASTH L 434t

2 #ZR

2.1 BEHZMHFRTHEERE

FEHAT I AL AR B R 3G TR e R FR L, 24
SR ILE R TR AR b i T R E 2B 3, A
Giitah o HARAANRE IR MAERT %5 4 I Fof 4 0 52 5]
Bl R R EERCETE . EE5 IR 133K, 4K 9%
I B85 RT S B AL T AN [F] R A B Bt A B k=8
Mgl E (K1), Mrr 8 K% (G) A (49.81 = 19.09)%
(mean + SE, n = 4), Hr, & SIHr BL1-407 4 1 LL 4
SRR Ky = (42.18 £ 8.97)%, K> = (5.34 £ 2.66)%,
Ky =(1.37 £ 1.29)%, K4 = (0.92 £ 0.69)% (n = 4).
22 FEHEWERREERAINE

FRFRI33RIN, R A H R Fh -1 FIAS R B B 1) i
BREEHHATA LU g%, v LIS R E BRI K
(D7 I A B BB AR G, AN R B B i) Sk 254
FLRE R G R BEAN ], JRERZETE BRI, A
PR 22 A2 e, 1 SRR 25T e T i Jo AR 4y AR AT 2]
I, 22 %, BT DOM S 2 B Bk 2R i O R AL
158 22 A1 (#12) o
23 BEHRENEERNS S

JRBKZEAEPDARE R B IR TR G, RYIFF R34

100 pm 100 um 1 mm

Bl R A W R 133K A, AT ANE BB
Fr s JRERZEG . A, BrEO, REFREF . B, FirBt
1, FURIZER, P AENCRI LT R). C, BrBL2, Fhkgkss
WK, SRR OB BURERZR). D, BrBe3, JRERZEIZ K, HIl
JRAE IR E, WYBA, 4.

Fig. 1 Seed, protocorm and seedling of Cymbidium mannii in
different germination stages after 133 days of ex sifu symbiotic
seed germination. A, Stage 0, ungerminated seed. B, Stage 1,
enlarged embryo, production of rhizoid(s) (= germination). C,
Stage 2, continued embryo enlargement, rupture of testa (=
protocorm formation). D, Stage 3, protocorm enlarges with
appearance of protomeristem. E, Stage 4, seedling.

JEUER 25 FA BRI ACAT K B 22, T IIT 104 Ji sk 25
IR A2, N RIEE TR M7 ek R
BRI B, Sl3-4Ralifuti g, HR7 AR,
Iy Al i % NFCb1-FCb7. 7N HEAKIEPDAR; F7IL T
(25 + 2) CEEFEFR12K G, W42 HATH F 1 &
PRI TEA SR 22 WA o FERh B8 (I PDA RS %
B F10ORZEAT W 22 ] Kl AR IR L, W, S
AR A, PR IR AR, KWL, W40
X, HhE, B,
2.4 EEXHFHEE AR R

FETF R I 3L R 1 i R 5 R SE B, AN )
X FELZE VA W5 21l VR B S R I O = AR AR A, A
BB LR 24 B, EER TR G,
BIME 2GR BRI, I AERCIRY, kBB
B, #5525, AR k(O BL2) .
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ST
ST

B2 AR R R . A, REFRIIRN T, BCAHBR Y. B, RERZEN B, WZBRABRZEIN. C, JRBk=E
TR — Fr SGEP(Fr), WL PUZ PR IR D, JRIRZEAREENE X, T i 5 AR o A LA (H), SO IR 22 (7 k)8R 2

E, BEICHIRFBORIE, #iPTa AR B 221 F, EIDKRETBOCE, ST pE s 22 [, S Irs ha Bt s 4214 .
Fig. 2 Cross-section of seed and protocorm of Cymbidium mannii. A, Ungerminated seed without fungi infection. B, Protocorm
with fungi infection on the base. C, Protocorm forms the first thrust (arrow), and fungi infect the base of protocorm. D, Protocorm
enlarges with appearance of protomeristem (arrow) with lots of pelotons (arrowhead). E, Partial enlarged drawing of Fig. C, arrow
indicates loosened pelotons. F, Partial enlarged drawing of Fig. D, arrow indicates digested pelotons, and arrowhead indicates loos-

ened pelotons.

7135 7 58 K I A I 21 A3 ¥y 5% 5% L A 4 v
(BT Bea)JE ik, I ] 3 AN [) b BR ) 85 75 ML 5 33F
ATFRT 0 R R R KRG L ge v, R FChba 1R
PRI SESG 4 b AT 6 BE g2 b A 2R s 4, ANl
NG Ei R . G5 RER M, ANFEBER SO REAE
XA R (GBI S e, AN R BT R 2R
LR 56 IR 1) A8 HAE FH A S 3 58 i QWK 25 5
7253 M (two-way ANOVA), FERALEE, F = 82.545,
df =2, p <0.001; 4N, F=5216,df =1,p=
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0.027; FLEFCIEAHE, F = 0306, df = 1, p =
0.582). AR ADCIIGFRA&AT(n = 10) R B R; 77
ZAE(n = 10) FECEA R IR(KR2), 2R R AL
b BEMOAHIES 43 5 B I F Ch4 B R 55 50 41 70
HEORIR I B IR 4610 B Ml R 3 7390k (73.64 +
6.14)% (n = 7)M1(85.04 £ 5.15)% (n = 7); #FFDal7
BERRAL BEZE rhr, i R SR 5 9 4 AR IR 1
BN H14(69.82 + 3.80)% (n = 10)H1 (75.20 + 5.49)%
(n = 10), ¥ EBFE & TAHFDCIRAAT N AR RS
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;\3 FCb4 12/12 h light/dark
> 100 r 100
& A mm 024 h light/dark B
@ -] i
w5 sl 12/12 h light/dark w0 | = FCba
= —1 FDal7
KE e0f 60 |
s 9
&5
= &q:‘; 40 " 40 * *
=3
=
H_: 2 20 | 20
4§
ﬁ “5 0 1 0 )
8 MBI B2 MBS B4 B B2 MBS B4
5 Stage 1 Stage2 Stage3 Stage 4 Stage 1  Stage2 Stage3 Stage 4
=9
ne. B & M BE Germination stage B &M Bt Germination stage

B3 HEFRS8R G 22 fh 1Ak T AR A B B i LA CP BB bR R 75) . A, M FCOAE MR AL BEAEARDE AR, &b
BOW R BIFh T IR A . B, A FChbAMFDal 7 MR AR /EG AT (12/12 h Ju/ig), &BrBOi ks 7~ 1
BREERIL A . *RORF] B BRI AL B2 7] 22 57 5.2 (a = 0.05).

Fig. 3 Proportion of Cymbidium mannii seeds in different germination stages after 58 days cultivation (mean + SE). A, Proportion
of geminated seeds, protocorms and seedlings in different germination stages in the treatment inoculated with FCb4 strain under dif-
ferent light conditions. B, Proportion of geminated seeds, protocorms and seedlings in different germination stages in the treatments
inoculated with FCb4 and FDal7 strains under the light condition (12/12 h light/dark). * indicates the significant difference between
different treatments within the same stage (a = 0.05).

F2 AT B IS8R G =R W R TERUR BRI A, DL AL TN FIR B Sl Acfh 1 SR RN L
1 BRI (bR AE 1R 22)

Table 2 Seed germination percentage, protocorm ratio and the proportion of geminated seeds, protocorms and seedlings in different
germination stages in different treatments after 58 days cultivation for Cymbidium mannii (mean + SE)

Ak B eI B [i)-&S JRERZE B A ANEIB BB R AT RERZE BN P B AR
Treatment Photoperiod ~ Replication  Germination Protocorm Proportion of geminated seeds, protocorms and seedlings in
(h Light/Dark ) (%) ratio (%) different stages (%)
kBl FirBe2 B3 K Bed
Stage 1 Stage 2 Stage 3 Stage 4
FCb4 itk 12/12 7 73.64 £ 6.14 60.0+12.08 13.63+9.95 5.05+4.05 29.30 + 8.82 25.67+9.27
FCb4 strain 0/24 7 85.04£515  8389+542 2484106 17.7+1285 6661305  035+035
FDal 7 #k 12/12 10 69.82 +3.80 45.11 £ 8.74 2447+7.94 2856+7.35 13.51+£6.75 3.04£2.27
FDal7 strain 0/24 10 7520+549  66.13+8.56 9484643 1338+472  50.56+888  2.42+1.00
S CK 12/12 10 0 0 0 0 0 0
0/24 10 0 0 0 0 0 0

Y1(LSD, p <0.001).

O B A 0T Bl P 22 ol T B i K 2 AT 8 25
M), AN [ B B 8 S B A 5 G IR R A TAE
MO Z 07 22 00 i, JGRESRAT, F = 6.746, df
=1, p=0014; LRI, F=3548, df = 1, p =
0.069; B FEIALTE, F = 0.056, df = 1, p =
0.814), [}, PIFMEZRACBEAERT R IR4E R, AP
W R T RURBRZE J5, LA KA i, R

D [P IR BRZE AR S A KT B4y 1 B (322) - #EMIFCb4
BIRRAL B TR, SRS A R AT AR K 24 BB B (Y
B4 (25.67 + 927)% (n = 7), W35 m T
R FI(035 £ 035)% (n =7, W=28,p =
0.020, &-HKfJE UMK, KI3A), M85 TR
FDal7 B A0 AL BE 4 A T I EL 91 (3.04 + 2.27)%
(n=17, W=56,p=0.026, 2-HfFEUKIK:; K3B).
Ut B U R ARFCO47E G A N A Re A b e A
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TR 22 Fh 2R KOk B B4 B
25 EEMERNSTERE

N P 22 JE Bk 25 P 43 8 B IR 7R B AR U S
3 EIHIITS i BEF FI/ENCBI 1 3235 f T BLAST X E 43
Br, Y5855 4 AJ313440.1 1198 A 1 & (Epulo-
rhiza) FLIR S AR, S KAHALE 98%, EfH MO0,
HRPE PR TS S oy 1% g5 b e, IR =2 ek
25PN 43 B 1 T A 9 TR 1R e LR

3 iht

SRAF LR YR 0 R B B AR O A L
e IS M Wi fe 2 R D[R] UE ) O BEER TS, [ I
12 LRI AR PR 25 H 2L R 0 A2 7 B B
Iz HE AT St R FASTF e = RHED A
JE SR A W e BOR, A 1 AR AR 1 T
2R KL A TR G AR B BE Y I A R ik
(Rasmussen & Whigham, 1993; McKendrick, 2000;
Batty et al., 2001; Wang et al., 2011), W1 J5iith it
A R J P i 3K 2 v 4y 0 R A A ko St
A ECRR, BT DA DB AR P A B B 1 2 i)
R, REfATE . AR IRAS R A7 0 KB B )
A 2t A U (Hollick, 2004; Wang et al., 2011). {E
W A A R A S 1) 2 AR ) o 13T b R A T
BOR, BATAZE AN AT BRI, 87 (0 b Ao iy
R A i T AT M R A 3 - R 1 S A
(Brundrett et al., 2003).

ARHIFFUA FH 0T R AR 350 0 R PO B o o
FRCH I T 53R 5L, JF A 2=
T S A W R 9T, FEREFR133 KRG, 4R
BRI A A FAS R B i) Ol R b7 JREBRZE
G o ST LA W R IR IR 58 TR e Bk
IR ERZE, HET R B A O R e —.
FRCAR AR I 35 R AR T B A 2% el v 3T b A 11
By =2 JE B, A A AT A J A B A R i i 2
FRAERERR, FEAE I AT R AR B B 3L AR B
PRI, (] A B A 22 e b T 25 B SRS AT X A, A
TG R A, S0 UE WA T D 3k 73
TR 2 [ JEERZE RN T

XTSRS ERZE AT AL A ) 8, T LU
B JREREE OB AR R, W R IR TR B =
Iy BRI HIR(FCO1-FCb7), MRIFEH RIS Ko T
U5 S A IR R AR R R LR o B R R H gy
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BRI PR N AR B0, 15 I O P ) 3 A
RARAFIRERZE, BT SRAT 07 R A 3L A4 3
WA RIS 7. H AT CARIE 0 =2 R 4 (1) 3
A H R E A IR AR AR, 2
Hh e B R 1D T 1 A e 9 R AR B i B B A
N PR AT S e I e B R I S T DA 2
Tl 2= BRI Rl 1~ W K A LR (Liu et al., 2010).
] 3 25 (2008 ) M b 2 53 A3 AN [7] (19 S b 22 S A 42 v 4y
BRI AR PE M B AR R BRI AR, % o TGk
AR L T & (Epulorhiza) BL1 o Wi %58 45 SR 4E
DN, R R BT R g 2 S A A T R T 5 A
38 (1) B T (SR A%, 2008) 0 ASHIFST 45 St — i sk
TIXHEN

WusE (2010) K5 46535 J& 1 A 15 1 B 22 4% 1 s
(Rhizoctonia) /] 1 B W bR F2 P 21135 2% (C. goeringii)
Bl b o & SR Y AR 2R 23 B 11 20K L T BB A
FEAh 2P =2 o A A AR r 23 15 1 11 28 B0 v A FH AR
B2, VTR L AE R AR K B L AR B AT
LV Rasmussen (1995)FHE B A= 22 X6 B0 B 1) 4 it
FRBEE/NTHUAE 22 LinZ5E(2010) Ak B AR 22 4EFp 7
W R o B T IR AR SO 1, HURAE R T KB
B, M SRR RN T — BN T AR,
ARHIF SR 22 5 b i R o B 5 IR A LR
(L —HERET TR

AT, EAFCh4 B AR FIFDal 7 B A (1) A 3
TERGFRS RIS, #A IR AT k%, B R
T AREFE N RAL(LSD, p < 0.001), i HA2Rh B 5
By R (2 g Al i 2= M1 i & . Moore (1987)LA
T T A7 L I B ok 5 ) A I 55 T 2 27 28 T AT
JEOR SR B T 22 A% v 10 22 B AR L TS,
L T3NHE: WA E E(Ceratorhiza) 7 FAR
W J& (Epulorhiza) M & XK 1 M 1 J& (Moniliopsis), )
N PEHAR S A0 M H & (Ceratobasidium)
Ji 155 B J8 (Tulasnella) A1 0 5 1 J& (Sebacina), R Ik,
AT A ik SR Bk 25 o 43 25 B I FDal 758 ik (1
JIEC B Je8 )5 MR - 22 JE R 25 v 43 29 3] (1 FCh4 1 A (8
TR A1 ) S Ay [)— Jeg B T o PP 1 Ak B A [
FEIAAT AT R R LR E M R, UL
I 22 7 b7 1 R B B AE SR R KPS 3 AR BT Y
LM IR, HEFIFChAmR AR 1) 5250
Y1LE [y BE3FNFT B4 TE 15 1 SR K 25 R0 4 1 11 Lh 26 22
TR FDal7 bR S50 4, HAE M Beaik 31 8 3



AR F A A 22 A T

(W =56,p=0.026). BLEAMEN 270 ERE R TG
W K gt R BRI BAE WM OK Y |5 AR B
BABRI L — 1, AHFCT 2 5 B I FCb4 B b
ANSORHRE - 22 -1 A B B &%, T HLREAS 25 A2
i 2= AR KR B AT B .

—BOR A, AR 22 R R B B S ) T R
21(Godo et al., 2010), —S8HIFFT R LGNS — 4k
AR 2= b 1 A BRI R H (Arditti er al., 1981;
Ernst, 1982; Yamazaki & Miyoshi, 2006); i b4 %
T 7 38 8 256 45 1 RN R I A R BT LA R
(Arditti, 1967; Arditti & Ernst, 1984). 7EAWIT T,
PRRT R AL BEAE MG R TR 46, Rl 22 i R Y
FIC UK ZE I LG R B 2 v T RS R SR 4,
R P8 OB SRR EE JT, R A K AT I 1 &
P AR IR ZE GRS KA B4 B, TR
I, ZEREFHFCOARE KR I AL BE ﬁM%#TFﬁ%
KB AN (B4 e bL 3 3 b 2 T SRR 4
WE&pﬂwmpﬁ%%%%%,%a%#Eﬁﬂ
T 22 JREREE T A, AR IR ZE K F 5 I 54
MRBEME, WFHEK. X5 QRIREE A flin: =
AR YE S — 2, B 22 A AR T L, AT
O 7 7 W [ B I A B A= ) e 2 B Bl
FEERRT, R IE R R R G DRIk R E
SR

AT A B 7 B S AR W R B R R T b 1
B AR 22 JEBREE, JF N2 TR I 2= e
THRA BN IAETE, iE—IF R Al 2=
) = P @RI g i s B e e S
BHEDI I Z5G DR A 18T ) S BR R BRI 9T 22491

it BKAAHFEEG1170358)F & b K 5 &
HAEMAT R KRR EFEAAKFTIHELEE
TR T B . BT ARk K 18 AR HA e
ZHR YK FPRERZERFR L THIET
Fa i Bh
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