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Abstract

Aims Previous studies have shown that Dendrobium plants form a specific symbiotic relationship with fungi at
differentiation stages during natural seed germination. In order to explore the evolution and adaptation of this
symbiotic relationship in interspecific hybrid progenies, this study was to understand whether the strong specific-
ity with symbiotic fungi during seedling formation and differentiation was also an important factor limiting the
formation of hybrid progenies in Dendrobium, and the relationship between hybrid progenies of orchids and sym-
biotic fungi during seed germination stage.

Methods The effects of fungi on germination of interspecific hybrid seeds of D. officinale and D. tortile were
studied using the highly specific fungi strains Tulasnella SSCDO-5 and Epulorhiza FDd1, which can effectively
promote seed germination and seedling formation in D. officinale and D. devonianum, respectively.

Important findings The results showed that both SSCDO-5 and FDd1 strains could effectively promote the
protocorm and seedling formation of hybrid seeds after 68 days incubation with no significant difference. The
SSCDO-5 strain from D. officinale did not show any advantages, and the seedling formation rate of hybrid was
lower than that of FDd1 strain from D. devonianum. The seedling formation rate incubation with SSCDO-5 strain
was (22.13 + 6.62)% while with FDdI strain was (29.53 + 5.51)%. The specificity of SSCDO-5 strain with D.
officinale at seedling formation and development stage was not inherited or expressed in hybrid progenies, indi-
cating that hybridization broke the symbiotic relationship of this specificity, which enabled hybrid progenies to
establish new symbiotic relationship with different fungi. Our results do not support the hypothesis that the speci-
ficity of symbiotic fungi is an important limiting factor for the formation of hybrid progenies in Dendrobium. We
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speculate that the symbiotic relationship between Dendrobium plants and fungi during seedling differentiation and

development is formed and established in the process of adapting to specific ecological environment.
Key words symbiosis specificity; mycorrhizal fungi; Orchidaceae; Dendrobium; hybrid speciation; symbiotic

seed germination
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Fig. 1 Seed germination, protocorm and seedling formation of three Dendrobium species under different treatments at different
stages. A, Germinating seed and formed protocorm of D. officinale after 30 days incubation with SSCDO-5 strain. B, A seeding of D.
devonianum after 58 days incubation with FDd1 strain. C, Seedings of hybrid after 68 days incubation with FDd1 strain. D, Seedings

of hybrid after 68 days incubation with SSCDO-5 strain.
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Fig. 2 Percentage of seed germination (A, D, G), protocorm (B, E, H) and seedling (C, F, I) formation of different treatments in three
Dendrobium species (mean + SE). Different lowercase letters above the bars represent significant differences between different treat-
ments at the same stage (o = 0.05). OMA, oatmeal agar medium without fungal inoculation was used as nutrient-poor control treat-
ment; MS, MS medium without fungal inoculation was used as nutrient-rich control treatment; SSCDO-5, treatment of fungal inocu-
lation with SSCDO-5 strain on OMA medium; FDd1, treatment of fungal inoculation with FDd1 strain on OMA medium.
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Table 1 Multiple comparisons on seed germination rate, protocorms formation rate and seedlings formation rate of different treatments for three Dendrobium
species (mean + SE)

ZE K kR it WA it FACHN
Multiple D. officinale D. devonianum Hybrid
comparisons
FIFHRRE FEIRZEEE R FTFEIRR JREREERE 4% FTFEiRR EEREERER K
Seed germina-  Protocorms Seedlings  Seed germina- Protocorms Seedlings  Seed germina- Protocorms Seedlings
tion rate formation rate formation rate tion rate formation rate formation rate tion rate formation rate formation rate
OMA-MS —0.1393 + 0.000 0 + 00000+  —0.0444+ 00655+ —0.0214+ —0.0120+  -0.0393+ —0.0172+
0.058 2" 0.042 7 0.053 4 0.071 1 0.063 9 0.051 6 0.058 1 0.053 0 0.064 4
OMA-SSCDO-5 02353+  —0.8888+  —0.6966+ 03121+ 03548+ 00968+ 00369+ 07040+ 02213+
0.057 7" 0.042 3™ 0.0529™ 0.069 5™ 0.062 4™ 0.050 4 0.058 1 0.0530™" 0.064 4™
OMA-FDd]1 02423+  —0.0655+ 00655+  —0.0948+  -0.6517+ —04368+ 00701+ -0.8004+ —0.2953+
0.058 2" 0.0427 0.053 4 0.070 5 0.063 3™ 0.0512™" 0.059 1 0.0539™" 0.0655™"
MS-SSCDO-5  —0.0960+  —0.8888+  —0.6966+ 03565+  -02894+  —0.0753+ 00249+  -0.6648+  —0.2040+
0.058 2 0.042 7" 0.053 4™ 0.068 1" 0.061 1" 0.049 4 0.055 3 0.050 4™ 0.0613"
MS- FDd1 01029+  —0.006 6+ 00655+  —0.0504+ -05862+ 04154+ —00581+ -07611+ —02780+
0.058 7 0.043 1 0.053 8 0.069 2 0.062 1" 0.050 2" 0.056 3 0.05134™  0.0624™
SSCDO-5- FDd1  —0.007 0 = 0.8233 + 06310+ —04069+  -02969+ —03400+  —0.0332+  —0.0964+ —0.0740+
0.058 2 0.042 77 0.053 4™ 0.067 5™ 0.060 6™ 0.049 0™ 0.056 3 0.0513 0.062 4

OMA, N MM AR IR EAE N E SR Z 5 AL HE; MS, AEHMIMSRFREAE N E £ = AL HE; SSCDO-5, #MizzRiFrdk L HfSSCDO-5H
PRALEE; FDA1, 35 975E EHEPNFDA R kAL 2 R (1 Ab 2

OMA, oatmeal agar medium without fungal inoculation was used as nutrient-poor control treatment; MS, MS medium without fungal inoculation was used as
nutrient-rich control treatment; SSCDO-5, treatment of fungal inoculation with SSCDO-5 strain on OMA medium; FDd1, treatment of fungal inoculation with

FDd1 strain on OMA medium. *, p < 0.05; **, p <0.01; ***, » <0.001.
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##(Masuhara & Katsuya, 1994; Zelmer et al., 1996;
Brundrett et al., 2003; Stewart & Kane, 2007; Non-
tachaiyapoom et al., 2010), B A AR R AR R AT RE
AR AR ENAS R 9 AR B8, 19 3010 B AR AR 2
BENLE), SEOAETRR, B AR AR A 5
TH R AT A BT E (Zettler et al., 2005), SR,
1R 2 W 7t 45 FLAR 2 B PSR AS 10 S0 1R R A U2 it M1
R, XFEMEGRERKERE ERHTRAT
Arditti (1967) 5085 K brfE, BRI AR K5

AERCIRVIEDN R R, FREAA DG R0 e 48
TR B RIS, T 2R R P R R
B B K AR SRR B, EAeKER
B A UK (Rasmussen et al., 2015), JE3EFIIH
PR BT BRSO T &, (H A RE SRR S SR 4
X & (Bidartondo & Read, 2008; Rasmussen et al.,
2015).
TEBRATRAF A fHEED o, BER T
FHIFE 25 5L, RIFFF 55 FH AR B IR TE B J5 2R
KA W B B LA, TEYNTE Y Y
B BRI — P, SEIGUE WA R SR IR I B #
REAR HEFR 7 R IR ER ZE T R, (H B REA AL fe
T T AR B (Zi et al., 2014; Huang et al., 2018;
Meng et al., 2019). 50, A6 5¢ it A FIFDA1 I B K,
TEFAVTIREAT fHFh - 3 AR 3G IR S0 RIS, ST sl
(72.36 = 11.1)%, REZHH LAWK E, HEIE
St HE AL T ()2 Fh LB, FDal7HIFCb4 R HR, 735N
T 1% (Cymbidium mannii)F1 5L f8H(D. aphyllum)
T8 K B0 RO R R (BB IR AR, 2012; Zi et al.,
2014), EIRHASEEAT Rk A I A kR T B R R
BRI R, (HFDal74% i Ak 35 1 41 1 % AN
(0.74 + 1.7)%, 1M FCb4¥% B A 3% A W 42 21 %)) 1
B 7 ARG IR0 K, FDal74% B Ak 31 4 i T %
HK(23.59 + 24.52)%, FCoAFETE AL 4 T T R
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H(9.08 + 12.51)%, TMFDA1# 5 AT 4 T R
FESAEREFRS0R I 5t O AN, FDA1 K B AEtRIZE
e B A A FH A B RO RO e, R
ZRHEAE B AR T M) v Y B D S B R T
% (Huang et al., 2018).

R PR o L T A 2 R B 2 S ) — PR B AR
WERE, WRIRZARRHEYF T KA RO E
H B (Liu et al., 2010; Dearnaley et al., 2012; Zi et al.,
2014; Huang et al., 2018), J8 # AR & & (Epulorhiza)
WA N 2B IR E B (Tulasnella) 1) 6 T & &
(anamorph/teleomorph pair; Dearnaley et al., 2012).
AHEFTH, SSCDO-5 ik Jy [ M8 1 J& L, FDd1
PR 96 v AR T Je SR, BE 00 A RO e 1 Bk B A it
VA R ER ZE NG T %, AT AR &
B BRI TR SR —PE(EI2), IXAIIRATSERT
it 5545 - — % (Huang et al., 2018; Shao et al., unpub-
lished data), fijix Fift & — P [ 3 A2 50 222 ] T2
FNYEZR (1), = FHEP TR FUT B 5 5 2 W e A 3%k
PR, HALH IFAE R . EXA R 28
TV T B AR LA W AR FC A I, AR B A
T A AT R G, A G T (R R R
2 S EFh T 3% K PR K (Ramsay & Stewart, 1998;
Yamazaki & Miyoshi, 2006; Lee, 2007; Kauth et al.,
2008; Long et al., 2010), TiEAM FERIFASEHT
BT ER I, SR IS IR B e ik ab B
FHECAL, FESRA R B AP, 4T B
BRI [A) SR 3 O, R B S 3 S 4 T R
(Zhou & Gao, 2016), X & 15 tHIE 7~ Fp1 0 B 454
MUEC R ST 1R 8 BIAE 5 A% ARSI, —J7 1
A 2R A0 ) L1 REDROEAR Qe 1, bR A AN
LEITE N, 53— J5 1 AT LAB IR AN SRR R R 4R G2

AT, FRAH T ISR — Bk BT,
SSCDO-5 B ¥k A FDA1 B ¥k #8 BE A R0 g 1k 2% 58 A+
FE R BRZEAN A W TR R, SRR M 3 2 A) TG {2 35 22 5
(1#12), {ERIE T8k B A it I SSCDO-5 B Ak AMEIR A
RILMAH, RIMAEZRAS A AT SR BT R
T U5 % A ) FDAI B & (SSCDO-5: (22.13 +
6.62)%; FDdI: (29.53 + 5.51)%). % AHF 5N =,
SSCDO-5 i b A Bk B2 A7 fish £ 401 v 2 AN 7 B B
L — IR RCA E A A JE AR A5 B L BRI, B
BUERAITHE T XML — TR R R, 54
A JEARREE MU [R R LR R SR 3L AR G R IX—
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SRA TR RAIR T RAERE T — 2 AR
T2 JE AR R i) 2 PR DR 2 B is, (L mT DA
I == BHE AN EL B () A2 06 R R AEE BURR 8 A AR
Bk FE AR R AN LY . StimartFl Ascher (1981)
1 Y8 2 J& (Paphiopedilum) {E ) Fh ¥ (1) AE 3 A8 05 & A
FH R I, A8 Fa AR - L 5 A Fh b B2 5
WA, PR NAR T Bl B A R AR, IR E A
FFP -1 L — PRI AR 0 R ST AE R 8 (D R 254 |,
HE 4 REAR B M BEAS I E (R 25 3R, BV 2% 52 J5 AR Fol
T-REFIEE )2 B 7 L4 ¢ &R« Hollick%5(2005)
IR T 45 R W, Caladenial@ 1154 BSR4+ A2 Mg
8 R FHSE A LB, (R E BE R 58 4 AN [R] ) 20 B g 57
AR, AT ZRHEY I L E LA R R 2
HEBFEAER L — 1, ABFFTE R 5 Z AL, Schatz
LQO10)TEXT L] Z BAEM B 7 R B, 248 )5
AL BEARAT F5 AL TR AR LB AR, (H AR LA
XPARAE JEARIIMR G2 sy, T i 1 FRAE KA
S R N Pale SV S Bl AW AR S R SINEN
ST G R . R RIHT B AR 22 TR TR I 48 S5 A 1)
WA B, TR AR TR R A A 2= RHE M) R S K
BRAKE DEMNE, FEZM AR, 1
AR R RE T E IR A 4% (Martos
etal., 2012),

1E = RBHEYIR 737 K B BOF H w4 K R T
Jt b, EHATTIRIE AL T F X P B R RS R R
ML, AP AGIAN, Frig 2 g R & A
WYEEATE R, FEITREZ RO, F,
MG FRIA R XX P AR R R TR . AR
ANIE NS AR B S5 7 T R AT, GRS
PATHTRHTHINR

S5 3Rk

Aceto S, Caputo P, Cozzolino S, Gaudio L, Moretti A (1999).
Phylogeny and evolution of Orchis and allied genera based
on ITS DNA variation: Morphological gaps and molecular
continuity. Molecular Phylogenetics & FEvolution, 13,
67-76.

Arditti J (1967). Factors affecting the germination of orchid
seeds. The Botanical Review, 33, 1-97.

Arditti J, Ghani AKA (2000). Numerical and physical proper-
ties of orchid seeds and their biological implications. New
Phytologist, 145, 367-421.

Bidartondo MI, Read DJ (2008). Fungal specificity bottlenecks
during orchid germination and development. Molecular
Ecology, 17,3707-3716.

©U 00000 Chinese Journal of Plant Ecology



VSRS LA FOEXT 2 RHE AN ) 5458 Ja AR T B A IS 381

Brundrett MC, Scade A, Batty AL, Dixon KW, Sivasitham-
param K (2003). Development of in situ and ex situ seed
baiting techniques to detect mycorrhizal fungi from terres-
trial orchid habitats. Mycological Research, 107, 1210-1220.

Chase MW, Cameron KM, Freudenstein JV, Pridgeon AM,
Salazar G, Berg C, Schuiteman A (2015). An updated
classification of Orchidaceae. Botanical Journal of the
Linnean Society, 177, 151-174.

Coyne JA, Orr HA (2004). Speciation. Sinauer Associates,
Sunderland, USA.

Cozzolino S, Widmer A (2005). Orchid diversity: An evolu-
tionary consequence of deception? Trends in Ecology &
Evolution, 20, 487-494.

Dafni A, Ivri Y (1979). Pollination ecology of, and hybridiza-
tion between, Orchis coriophora L. and O. collina Sol. ex
Russ. (Orchidaceae) in lIsrael. New Phytologist, 83,
181-187.

Dearnaley JDW, Martos F, Selosse MA (2012). Orchid my-
corrhizas: Molecular ecology, physiology, evolution and
conservation aspects. In: Hock B ed. Fungal Associations.
2nd edn. Springer, Berlin, Germany. 207-230.

Dearnaley JWD, Perotto S, Selosse MA (2016). Structure and
development of orchid mycorrhizas. In: Martin F ed. Mo-
lecular Mycorrhizal Symbiosis. Springer, Berlin. 63—86.

Gao JY, Liu Q, Yu DL (2014). Orchids of Xishuangbanna:
Diversity and Conservation. China Forestry Publishing
House, Beijing. 15-31. [Fiil =, XI5&, RAFH (2014).
PO RR AN 2 BHE Y 2 AR AN ORI, o [ ARl i
#t, JBE. 15-31]

Hegarty MJ, Hiscock SJ (2005). Hybrid speciation in plants:
New insights from molecular studies. New Phytologist,
165, 411-423.

Hollick PS, Taylor RJ, McComb JA, Dixon KW (2005). If
orchid mycorrhizal fungi are so specific, how do natural
hybrids cope? Selbyana, 26, 159—170.

Huang H, Zi XM, Lin H, Gao JY (2018). Host-specificity of
symbiotic mycorrhizal fungi for enhancing seed germina-
tion, protocorm formation and seedling development of
over-collected medicinal orchid, Dendrobium devonianum.
Journal of Microbiology, 56, 42—48.

Kauth P, Dutra D, Johnson T (2008). Techniques and applica-
tions of in vitro orchid seed germination. In: Teixeira da
Silva JA ed. Floriculture, Ornamental and Plant Biotech-
nology: Advances and Topical Issues. Global Science
Books, Iselworth, UK. 375-391.

Lee YI (2007). The asymbiotic seed germination of six
Paphiopedilum species in relation to the time of seed col-
lection and seed pretreatment. Acta Horticulturae, 755,
381-386.

Liu HX, Luo YB, Liu H (2010). Studies of mycorrhizal fungi of
Chinese orchids and their role in orchid conservation in
China—A review. The Botanic Review, 76, 241-262.

Long B, Niemiera AX, Cheng ZY, Long CL (2010). In vitro
propagation of four threatened Paphiopedilum species
(Orchidaceae). Plant Cell Tissue and Organ Culture, 101,
151-162.

Mallet J (2005). Hybridization as an invasion of the genome.
Trends in Ecology & Evolution, 20, 229-237.

Martos F, Francios M, Pailler T, Kottke I, Cédric G, Marc-
André Selosse (2012). The role of epiphytism in architec-
ture and evolutionary constraint within mycorrhizal net-
works of tropical orchids. Molecular Ecology, 21,
5098-5109.

Masuhara G, Katsuya K (1994). In situ and in vitro specificity
between Rhizoctonia spp. and Spiranthes sinensis (Per-
soon) Ames. var. amoena (M. Bieberstein) Hara (Orchi-
daceae). New Phytologist, 127, 711-718.

McCormick MK, Jacquemyn H (2014). What constrains the
distribution of orchid populations? New Phytologist, 202,
392-400.

McKendrick SL, Leake JR, Read DJ (2000). Symbiotic germi-
nation and development of myco-heterotrophic plants in
nature: Transfer of carbon from ectomycorrhizal Salix re-
pens and Betula pendula to the orchid Corallorhiza trifida
through shared hyphal connections. New Phytologist, 145,
539-548.

Meng YY, Shao SC, Liu SJ, Gao JY (2019). Do the fungi asso-
ciated with roots of adult plants support seed germination?
A case study on Dendrobium exile (Orchidaceae). Global
Ecology and Conservation, 17, €00582. DOI: 10.1016/
j-gecco.2019.e00582.

Nontachaiyapoom S, Sasirat S, Manoch L (2010). Isolation and
identification of Rhizoctonia-like fungi from roots of three
orchid genera, Paphiopedilum, Dendrobium, and Cymbi-
dium, collected in Chiang Rai and Chiang Mai provinces
of Thailand. Mycorrhiza, 20, 459-471.

Ramsay MM, Stewart J (1998). Re-establishment of the lady’s
slipper orchid (Cypripedium Calceolus L.) in Britain. Bo-
tanical Journal of the Linnean Society, 126, 173—181.

Rasmussen HN, Dixon KW, Jersakova J, Tesitelova T (2015).
Germination and seedling establishment in orchids: A
complex of requirements. Annals of Botany, 116, 391-402.

Roberts DL (2003). Pollination biology: The role of sexual
reproduction in orchid conservation. In: Dixon KW, Kell
SP, Barrett RL, Cribb PJ eds. Orchid Conservation. Natu-
ral History Publications, Kota Kinabalu, Sabah. 113-136.

Schatz B (2006). Fine scale distribution of pollinator explains
the occurrence of the natural orchid hybrid x Orchis ber-
gonii. Ecoscience, 13, 111-118.

Schatz B, Geoffroy A, Dainat B, Bessiere JM, Buatois B,
Hossaert-Mckey M, Selosse MA (2010). A case study of
modified interactions with symbionts in a hybrid mediter-
ranean orchid. American Journal of Botany, 97, 1278—1288.

Sheng CL, Li YY, Gao JY (2012). Ex situ symbiotic seed

DOI: 10.17521/cjpe.2019.0048

©U 00000 Chinese Journal of Plant Ecology



382 HEMIEZ R Chinese Journal of Plant Ecology 2019, 43 (4): 374-382

germination, isolation and identification of effective sym-
biotic fungus in Cymbidium mannii (Orchidaceae). Chi-
nese Journal of Plant Ecology, 36, 859-869. [##&H1%, &
B, Bl (2012). BEM- 2RSS A B & Kl
ML W BMEE. MW ESYHR, 36,
859-869.]

Stewart SL, Kane ME (2007). Symbiotic seed germination and
evidence for in vitro mycobiont specificity in Spiranthes
brevilabris (Orchidaceae) and its implications for spe-
cies-level conservation. In Vitro Cellular & Developmen-
tal Biology-Plant, 43, 178-186.

Stimart DP, Ascher PD (1981). In vitro germination of
Paphiopedilum seed on a completely defined medium.
Scientia Horticulturae, 14, 165—-170.

Swarts ND, Dixon KW (2009). Terrestrial orchid conservation
in the age of extinction. Annals of Botany, 104, 543-556.

Vujanovic V, St-Arnaud M, Barabe D, Thibeault G (2000).
Viability testing of orchid seed and the promotion of
colouration and germination. Annals of Botany, 86, 79-86.

Whitehead MR, Peakall R (2014). Pollinator specificity drives
strong pre-pollination reproductive isolation in sympatric
sexually deceptive orchids. Evolution, 68, 1561-1575.

Yamazaki J, Miyoshi K (2006). In vitro asymbiotic germination
of immature seed and formation of protocorm by Cepha-

lanthera falcata (Orchidaceae). Annals of Botany, 98,
1197-1206.

Zelmer CD, Cuthbertson L, Currah RS (1996). Fungi associated
with terrestrial orchid mycorrhizas, seeds and protocorms.
Mpycoscience, 37, 439-448.

Zettler LW, Piskin KA, Stewart SL, Hartsock JJ, Bowles ML,
Bell TJ (2005). Protocorm mycobionts of the federally
threatened eastern prairie fringed orchid, Platanthera leu-
cophaea (Nutt.) Lindley, and a technique to prompt leaf
elongation in seedlings. Studies in Mycology, 53, 163-171.

Zhou X, Gao JY (2016). Highly compatible Epa-01 strain pro-
motes seed germination and protocorm development of
Papilionanthe teres (Orchidaceae). Plant Cell Tissue and
Organ Culture, 125, 479-493.

Zi XM, Sheng CL, Goodale UM, Shao SC, Gao JY (2014). In
situ seed baiting to isolate germination-enhancing fungi for
an epiphytic orchid, Dendrobium aphyllum (Orchidaceae).
Mycorrhiza, 24, 487-499.

Zotz G (2013). The systematic distribution of vascular
epiphytes—A critical update. Botanical Journal of the Lin-
nean Society, 171, 453-481.

M O SUEHE: 2 W

www.plant-ecology.com

©U 00000 Chinese Journal of Plant Ecology


Hp
打字机文本
扫码加入读者圈
听语音, 看问答




