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Abstract Aims Dendrobium officinale is an invaluable Chinese medicinal herb in China that has
been threatened by over-collection and habitat deterioration. Understanding the relationship between
orchids and mycorrhizae is important for the conservation of orchids. Our aim is to examine the rela-
tionship between seedling of D. officinale and mycorrhizae.

Methods The strain of GDB181 was identified by internal transcribed spacer (ITS) sequencing. We
inoculated tissue culture seedlings of D. officinale with GDB181 (Epulorhiza sp.) and used ICP-AES to
measure the mineral element content of the seedlings. We observed slices of the orchid mycorrhizae
under light and electron microscopes.

Important findings Seedlings of D. officinale and the inoculation strain formed symbiosis effectively.
The growth of seedlings was promoted by the mycorrhizal fungus. As compared with the control, in-
oculated seedlings had 84.8% greater average rate of increase of fresh weight. The mineral contents
were elevated except Zn; the contents of B, Si, Fe, Cu and Mn in inoculated seedlings were increased by
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780%, 533%, 192%, 191% and 128%, respectively. Fungal hyphae entered the exodermis by breaking
the velamen randomly and infected other cells continuously by means of penetrating the cell wall.
Lastly, the hyphae inhabited the large cells of the cortex and were digested. The cell wall of the cortical
cells were distorted and deformed by infection by the hyphae, and many pelotons formed in exodermis

and cortex. Pelotons were often found near or encircling the nucleus. The invaded fungal hyphae were

surrounded and dissolved by lysosomes partly or completely. With changes of the hyphae from losing

cell wall or cytoplasm to remaining cavum, the lysosomes disappeared gradually. More hyphae were

dissolved and deformed if there were more lysosomes near them. The cortex cells containing degener-

ated hyphae were frequently recolonized by hyphae, and the hyphal digestion and the reinfection of
cortex cells occurred repeatedly throughout all growing stage of D. officinale.
Key words interaction, symbiosis, microstructure, Dendrobium officinale, Epulorhiza sp.
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AT A A KR AR 5 B H 3L AR 1) B AR B 4
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Wb A TG R 4iE (TR AE, 20005 BRIEIREE,
2002b), BLR X AR R K & B E
A 7™ 49 1 a7 BP0 o 55 77 T (e T R 8 A,

2001; ARZETCMFRIE, 2001; S 0K,
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J7 TDEREF3E, e )7k 1.0 mmol- L™ CaCl,, 0.5
mmol'L”" MgSO,, 1.0 mmol'L" K,SO, 0.4
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umol-L ™" H3BO,, 33 pmol-L™" MnCl,, 2.8 pmol-L™
ZnSO4, 1.0 pmol'L™' NaMoO,, 140 pmol-L™
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DNAY 3 R H 51 1ITS1/ITS4 FIITS4/ITS5
43 7 18 1L PCR(Polymerase chain reaction)XJ 1% #
& DNA | [ ITS [X 38k ¥ 47 ¥ 4% (White et al.,
1990). PCRIF] W AK 5 (20 u)EH5: 2 ul 10xPCR
buffer, 2 pl (5 mmol-L )& F 514, 2 ul (2.5
mmol-L™") dNTP, 0.15 pl Tag polymerase, 0.5 pl
DNA, 11.35 pl ddH,O. PCR ) 2 W 4 11 4 4z
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TG VR SR PR R of F BT R Ak L R X R
BB TR Q5 C, 8 R 1E75%~80%,
FeIREREE A1 000~1 500 Ix, %5 K f) )6 N IR) B Ay
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K1 GDBI81EFEMIDNA ITS PCRY™ 1 [ 1 7 1255260 dJ 148 5 1 A% e i

Fig. 1

The electrophoretic picture of ITS PCR and seedlings of Dendrobium officianle

ATNEFRE ADNA L ITSIX 1) K /N The length of ITS reigon of the mycorrhizal fungus M: Marker 1: 5|4
ITS1/ITS4Y ¥4 H Bt Amplified by ITSI/ITS4 1I: 5MTITSHITS5Y 4 [ Jr B: Amplified by ITS4/ITS5 B: 7~{%# 60
dJ5 IR AR 1 (BB 7 Sk 7R B Pl ) Seedlings of Dendrobium officinale cultured symbiotically on DE with mycobionts
‘GDB181” after 60 d (black arrow shows the mycorrhizal fugus) C: 157£60 dJ& A< H FI X TH The control seedlings

*1 S5EREFHEFOIGHEERMBEFRTRSE

Table 1

Nutrition elements content of the inoculated seedlings

E IR L HE R 54 & Nutrition elements types and contents (mg-g™')

B Si Mn Cu
CK 0.005 0.003 0.115 0.178
GDB181 0.044 0.019 0.262 0.518

1% Net increasing rate (%) 780 533 128 191

Fe P Zn Mg S Na Ca K
0.196  1.985 2.293 2.606 3.060 4.898 5.037 12.82
0.572  2.131 0946 3.12 3.705 7.130 6.381 20.10

192 736  -58.7 19.7 21.1 45.6 26.7 56.8

2.3 IR AR Ak B A AR i

Bk Bz A v 2H 0 T R R O R IR TR O L R
TR L TR TR 1R R B R R A
TR 22 18 SE R Ak 2Bk B AT RO AR B, IR AERR Bl A AR
R(E2A. 2B). T 2230 BN ARt N A B )= 4
He(E2B). fEAN IR, 47 B Hm bl
ELE R EAUNE & WY RN N5
W22, WA 22 4, TR L2 45 TR T AR K KR Ay
2RI, AT AR TR (2B, 2D); 51

P8 TR H AN B A M 17 2 JE Al YT e, nT AL E
PR 22 A AR E A AT AR 40 (&12C 2D), R
20 1 A TR AN R I P AR B
B JZ 20 1 (0 40 0 A AR R, AN S,
WIJRAR . 2 BHERURL S5 R K, AR R K,
P 22 H AT A AL M (2B 2F), 40 i 52
i K AT RE L U A B T A NS T 22 R AR R . T
2225 5 A AL ARG W N A S Xy, HTE K,
FEARA RN, K55 7 (AN ] 2 s g . IR 3
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Bl2 R B R Gk A
Fig. 2 The course of mycorrhizal fungus infect Dendrobium officinale

AF: A& I 22 Active fungus CW: 4l fuBE Cell wall P: %245 Peloton F: FLIE M2 Fungus N: 41Ut
Nucleus DF: JHf#ZEM B % Degenerate fungus Pl: Jifk Plastid VE: #R#f Velamina CO: J¥)Z Cortex VB: #§
Vascular Bundle

A: MBI 22 400 The fungi lie in the out of velamina, X20 000 B: [ 22 B WL IR AR B A A2 3578 Bz J2 o B il
T 22 25 (F Sk s B 3 AR #%) Shows the hyphae infected randomly and formed pelotons in the cortex cells (black arrow shows
the destructed cell wall), X200 C: B& 22l 3K 57 2 4 I (% 40 i 2 A — 40 gk N 55 — AN 418 The hyphae infected by
breaking the cell wall, X 10 000 D: 57 )= 4H i 5 22 45 I H B 22 B — AN 40 B e N 53— A 20 (75 Sk 75 1 22 % B ) The pelo-
tons (black arrows show the penetrating hyphae), X400 E: Y40 g 140 fo Bk ™= F 1 th 48 FZ The deformed and dis-
torted cell wall, X4 000 F: #2240 7640 A% B v A8, A0 Ie% B L K The degenerated fungus and deformed
nucleus, X6 000 G: 1ZkHn LI TF 4RI M3 1F 181 22 25 S 5843 T i (1 41 e 4% The degenerated hyphae and nucleus, X1 000
H: KRB ZNN, 78 1% se a0 itz A A 41 g %% The normal root cell, shows the intact nucleus and other cell
organelle, X3 500 I: KPH AR The normal root slice, X 100
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I3 TR AR I 1R A
Fig. 3 The ultrastructure of mycorrhizal fungi in the course of being digestd

FCW: 224 fi# Fungal cell wall  G: W24 A€M H Granulose V: I Vacuole DS: fAifLFAME Doli-
pore septum  M: g/ Membrane L: % ik Lysosome H: %% Hypha

A: BERISEHE, IS IR L 41 Active fungus, X25000 B: ZEHiFFUATHEM B 24180 Degenerating hypha cell,
X20 000 C: A JLEE K SRS LU 2K, JRUZE AT AR RE B IR 22 41 il Degenerated hypha cell, X35000 D: 7 # i {A8
B 291 B(P\ V) The hypha cell was encircled with lysosomes, X6 000 E: B 22 41 f i fif, ¥ B A [ 30 N 35 =5
ikt The lysosomes encircled and entered the degenerated fungus, X 10 000 F: i A AR 22 401 M K T Uf 94 B 10 BT 22 40
Active and degenerate hypha in one cortex cell, X 15 000 G: AbT AR BLITE 240 Active and degenerate hy-
pha in one cortex cell, X 15000 H: 5K J5HEX LA Active and degenerate hypha in one cortex cell, X40 000 I:
W22 MM ARG ¥ R M5k #% The degenerated fungus, X 15 000
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TV B8 O T A J 5 PR (613D, 3E) e A I B
22 20 W R0 TR AR A I AR B X 4y, i R B
22 20 TR R /)N, BE RS EA 0, A ) AT AR B
% IR 5% 78 R /b B8 (1) JUAE AR IS A KN 22 il A
K, XA B, A 2 2R 454 (13D, 3E).
T T A O3 A B 2 )R, TR 22T R R Y B
(KI3D, 3E). & pE 2 g, L ikaz, %
Tt A A B 2 3 2% (131

TER Je A b e J2 2 ek, ][] InF s IR VS )
(1) 50 2 VR 22 A0 M TR 4 T B 3 A %) AT 22 4 ff A
LA T i HE 0P 23 1R B 22 40 B (1 3F, 3G, 3H), &
A S0 T PR 22 T 40 T T R AR I T 22 DR e B, AR
Ji BT PR BRT 22 S AN B S AR, BT 2 B Ak % B
22 (1) TR B AR B A RN AR KR B AR T
AW S, AT SRR AN W7 bk 2k e R RS R

3 i 8

AR BB (Epulorhiza sp.)Refe BE 8k 2 A1 it 4

HTHYAEAC, R R B A ARSI R, T
Wak, RO REG, PAEFRZ, WARKIE,
TEAED) AR E IR c R & L] R BRI
Wi BRI B R B R R . XL
KW Epulorhiza sp. bk O 5 8% 57 A1 i 4185 A 3%
AR T I . FE R B 5 IR0 R S AR
A AN FRE BE 38 I (BR Zn4b), o K& TR KW
TEIAEMNE; MEICETB. Siv Fe. CufiiMn
TCER W R I AN . X 5B 545 (1999)H
M I JE 2= (Anoectochiuro xburghit). & == (Cymbi-
dium sinense)" 73 25 (134 N AL B TR B AR FE b 4L
KA H = (Cymbidium sp )L E5 11, G JE A Bk
W W PFIK 3 53 10 45 1 AH [R] 5 177 4% 1l i G 38 1) 0
IS W] G, L R DR A (MRIE R A%, 2002b) B 5T 1T
A R AR R G R (BRZndh) & & m T A I
45465, H4b, Richardson%(1992)7F Ak T34 fit
B B e 22 25 R I T =R BB IR 2R S, O
B EIMe™ . K fICa® S B 7, il — bk T
TR A L B0 22 R A WO 75 0 3R IR R R T .
FEASEIG vh, 30 WL %% 214 B R AR AR IR 4 H i a
Z TR IR, WA Ok TR BT BN AR SRR A
ik AR O TR, T A R AR R A AR AR
TE R BEAR, SR A W b B A8 5, T ROR g gk
TR AR A

R AT IR 252, A7 DR 2R 3 A 40 i v £
R LR P 22 45 1R i 2 A P 7 A — R
22 0O 1 B TR T AR AT AR, A 0 i B R 55
il R AT, g A BN I T T RO B A S Rl
T MR B AT IR A I DA PR A U AR, A T
JIE ) P T S BT 22 0 O P ) A I T A v Tl
WRIERA S, TR MK il I i 22 028 . X
PR T AT DA A I R AT, 32 380 AR T 22 1 3L
[F) H R, AH 2 5 o W R NAR TR 22 0 3 AL RCE 5%
Y £ E 0. HadlyMPegg (1989)IAy, 4b
T AR R ) P 22 3 i N HH IR M W TR I,
WR A A WO 227 = A T A o i s, E
AR HE AT A ) A0 53 W (1) Wl R N T S IR 22 1
Jeg, BRI W] LA e, 9 i i 7 202 2 AN W] 4 1
[l FE, F6TAE A0 4R A (1990) HE U 7E KRR
(Gastrodia elata) it 41 Jfl P 1) 5% 3 /N %6 (Mycena
osmundicola) T& 22 41 i (1) 40 i o 2k, g Bk
PR A DT R B (EA A R A . [
A0 0 T AR LR AR G e IR R 2
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w, E— L%ﬁ%"?@i&ﬁﬁ*@]ﬁﬂiﬁﬁﬁﬁﬁ%
TE R BR 7 8 R s J Bk 25 ik B op, YRR AR
(1999)@7ifﬂ§ﬁﬁ5&ﬁﬁgﬁf*ééﬂﬂ5@% BB
MNAZ H 22 T E LS

AR ) T AR L TR A 2 J2 4 L ) 40 Y A B 3 T
BB 22 45, A I A A A% OF B B 22 45
TR, [ I B S A A R I KR T B
B R B RE, XU T AR 2
TP 40 M A (R A7 A BB IR R, JF HA e T
L ) 0 Y60 T e PR e o A UG 5 1 o A 42 I A 1T
22 Wk R {2 M 2 5, T ) G 2
0B AZ 7 AR K ERNA, R b i f % 1 57 0 1 K

Al e 5 A RNATERZ N IR IR 8., 1 5 B A%

(IR 24748 T, A5 A RNA AR OB 5080 40 i it v, ok
Z 5l 1Y) 4 J¥ (Barroso & Pais, 1990).

TERR B A B JZ e frh, IR A2 BT B4
JHt 0 R R AR L B AR G O B, AR AR A R Al i
A I ) A 7 SBH IR R 22 AR 1R, B B AR
SEWTERAR N H bR g LI, =% 2Z (8] & 15 47
AR SRR G RIS ? F4h, B2 it
Tt v = AR (R B R0 S5 T8 s A e g ORI o AR i
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