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Research progress of saprophytic orchids
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Abstract ; Saprophytic orchids also called fully mycoheterotrophic orchids, without leaves and chlorophyll, losing the pho-
tosynthetic ability to create organic matter and depending entirely on mycorrhizal fungi for their supply of nutrition. In recent
years, their unconventional mode of life have attracted attention of biologists in the field of physiological ecology and evolu-
tionary. Based on collecting the Flora of China and the newest related literatures, there are 81 species in 23 genera of sapro-
phytic orchids in China. Species fall mainly within genera such as Gastrodia (24 species) , Neottia(8 species) , Aphyllorchis
(6 species) and Galeola(5 species). The mycorrhizal fungi of saprophytic orchids have more differences compared with oth-
er orchids bacause of their particular nutritional requirements. Numerous academic studies have shown that there are two
major groups of mycorrhizal fungi of saprophytic orchids. One is ectomycorrhizal fungi, the other is non-rhizoctonia SAP fun-
gi. In addition, the specificity between saprophytic orchids and their mycorrhizal fungi were discussed, advances on nutri-
tional source and evolution of saprophytic orchids were summarized, the problems in current research were mentioned, as
well as the future research were proposed. Overall, the review provides a reference for resources conservation and further
study of saprophytic orchids.
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ZRHEPIE A TR S 24 A ER A = BE
A, AT AEAE ) i 85 Ay B R HL AR KA s Y S
Z— o MRAEXT B A A [ 22 BHE Yl oy
ZFRZEAL G4 SR A (Autotrophy , AT) | i 2R AU
Pk R G E A E AR TR A E R
( Mixotrophy , MX) , Fr d5 i i &K 4>k B YA A1EH , &8
1ok B A B B 58 4 AR 57 57 AU ( Myco-hetero-
trophy , MH) , R 58 ARKEE A HR $2 HEE 57 (Dear-
naley et al,2012) . J& A= 71 22 BLA 4 B 52 4 AR =
FRcs MRS AR, A 2 5O E A AR
ARG EFR A ZPHEYAR L, B SR AE AR K .
HEIR AL TCAR  (HAA N 0y b HOR 2R i 2E 2K
SEL DB A A T T 5 R A R T B
&, HRAL R sbh e S A 22 5NN T
CO, B84 W AR AR T b T B0 TR T8 I A R v it 7
a5, BRI A I+ HhAE T e, BAEE T
PR A AT 1o X T 2% ( Rhiazntheall gardneri)
2 A AR R L ERAE M R 58 8 ( Merckx et al,2013a;
Hynson et al,2013) . 5380, J8 A 24 9 o {4 3 (R 41 3R
b, Z 506G VR RT3 2k AT e 2k 550728 B A1 4 R
(Delannoy et al,2011; Logacheva et al,2011; Barrett
& Davis, 2012 ; Schelkunov et al,2015) .

JE A 2 A L T R TR AR TR A UIAH R 2
WF5E 2 RHE AR AR CE R, AR S RGP A ol Z 0
AT o AEJE AR 22 X0 PR BEOR My, HUAE K AE— 4
NI ZE A SR AR AR T 5 B AN Dy 1 B 4
PRI A 2287 AR B2 5 H ks . HET R A AR H
TR 0 T R R A - 1 2 R0 Rk R B A
Fa A 22 N TERE SR 0 R WA 1, AR LR S A
A E TR IR TR T R A 22 SR
SRR AR G ER A AT BE A FH T AR B AR %
A DR — WG SR R BE PR ) R, H S i X F AR
22457 T BT AR G ik = ) AR SCRE X A 22 X AR
GRIEHE N E NS — S BB AR I, B AE NI
A 22 BRI N T F SRR

1 JEAEZHAEXFEBRR

“RREW T EY MR KR —, 2R A
880 J& 22 000 Fi, ]V 434t T W A% AN AR i T 200
T X DL AN ) 4% Fl B b AR 23S R G ( Dressler,
2005) . JEAE A S RHE Y T O e EIAR DS, A ER
I3 AR BT AR 22 2045 40 J& 200 i, HorR o 90% 18

A 22 A TR AT b DX R i 2 S U 18 #RHE TR AR
(Merckx et al,2013a) . Ff ] R BT b DX T T
R, (B ]t ™ ] B Aty I Ay A
AN AR R A B A RN R B 2 R
ol PR [ AT 3 W R A 22 R, P
JEA: 220 81 M (3R 1) AR A TE 1 B 22 R AN
LRI 23 AR AL E KRS (Gastrodia) & 522
J& ( Neottia ) . TG % J& ( Aphyllorchis ) . 111 3 5 J&
(Galeola) & 5 = J& ( Chamaegastrodia ) | A 5 % J&
( Cyrtosia ) Fl'ds % J& ( Lecanorchis ) %5 , i LK K&
LG22 Jm B S AR R R 2, 43 24 TR 8 Fif,
H L A 2 A A A LR P TG R AR L AR T R A T
R DR B T R R R W RS, R R
F LR ST PSR (X)) R s %,
1T M T B Az 22 53 A 1 e 24 528 s /> ( 5885 R
FHeK,2013; KBRS, 2015)

BEE PR AT TR BT R OB OBnid k8 &
Bric R 2 & B, BEATHASE (2011) K
T XU 2% ( Didymoplexis vietnamica ) 75 1 E A 43
i, i 2% ( Didymoplexiella siamensis ) Jiic % H
ISR TE S AR, (B IR BBk (2015) 76T P RS
P RINE B T X FhE A 22 1950 4. 53 4b, Zhai
et al(2013) 48 1) AH P HE L & B —Fhh
FRRE A 2 TE 2t Fs J WOk B, AU LA 4
A, Bt LA A 44 S 7S 2% ( Danxiaorchis singchiana)
FHA ST IS FFER 22 8 ( Danxiaorchis) o FFEE 22 BB
RN T 2 RUE Y R B S A SR 2R R
BRI EE R R, XS B GRrid
SRJE FHTIC SR A 22 0 R I, W WHSEAE Y 2Rk
DLSEYIX R AR AL T H R}, Rl ] 22
BHE PG T AR AN 2 T AR A, — L85 )
i AR B, CA IC 2R 22 A6 S H o34 3 R Al RE
IS e o 15 e

2 BAEZMERAEW R

J A 2 TR A A S IR R 2 5 B S
KEAARREAEFIAR R R IR A= =2 TR AR B 1 9 45 5
XA LR E T R CEE, KipPLE Ak
2% i 1] F-5 22 % R 28 ( Rhizoctonia ) HR A , X
ST & T MHEFRE (Ceratobasidiaceae ) AR
BEF Tulasnellaceae ) A1l 72 B- H ( Sebacinales) 1Y E
W B TEMRAT AR T AR X | 58 4 R AR S 97 A
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Table 1  Species and basic information of saprophytic orchids from China
we BE O Syt R b 4k
Genus . T Flowering and . ;
Number Species name Distribution o Habitat Elevation (m)
name fruiting phenology
1 28 PN P S R R TP P B 6-8 A UM ARG 54 700~1 500
Cymbidium C. macrorhizon Sichuan, Guizhou, Yunnan, Chongqing, Fl. Jun.—Aug.  Forests along riversides, forest
Guangxi and Jiangxi argins, open grassy slopes
2 2R = W 6-7H  ENTIEEREE A 1 500
C. multiradicatum  Yunnan FI. Jun.—Jul. Humus-rich places in dense forests
30 MR ke B R LTSN S8 A BT BT 700~1 500
Aphyllorchis A. montana ey FI. Jul.=Sept. Open forests
Taiwan , Hainan , Guangxi , Guizhou,,
Yunnan, Hong Kong and Fujian
4 i LLITEm: 22 [LE: e A, AT 2 100~2 600
A. alpina Xizang o A Forests, riverbanks
FL. Jul., fr.
Sept.
5 IO = HM7-8 4 KT 1200
A. caudata Yunnan Fl. Jul.-Aug. Forests
6 R =S/l J7AR LV GRS £ 8 A MR A3 L ARA
A. simplex Guangdong, Jiangxi and Hainan Fl. Aug. Sandy soils in thickets, Unknown
rocky slopes
7 RAETE % [LE wW6-7H AT 2200~2 400
A. gollanii Xizang FI. Jun.=Jul. Evergreen broad-leaved forests
8 INETEH 22 i35 1 6 H LR 1 400
A. pallida Hainan FL. Jun. Evergreen forests
9 KE=R i Sk =2 =H 15 A PR 2 600
Cephalanthera C. calcarata Yunnan FI. May Leaf litter in broad-leaved forests
10 k2 P =H e s H AR KA
C. gracilis Yunnan FI. May Unknown Unknown
1 Bi2E REDHE TR S AL LT BT e 6-8 1 AR IR 1 1 500~4 100
Neottia N. acuminata PR AL W SR PE . FL Jun. —Aug. Forests, shaded grassy slopes
PARHY
B
Jilin, Inner Mogolia, Hebei, Shanxi,
Shaanxi, Gansu, Qinghai, Hubei,
Sichuan, Yunnan, Xizang and Taiwan
12 JRS R EN 16 A RA 1 800
N. brevilabris Chongging FI. Jun. Unknown
13 Elwig=t WS AL B VE L H O T, B T-8 A MR EUMERRIEAL 2 000~2 400
N. camtschatea i FL. Jul.-Aug. Forests, forest margins,
Inner Mogolia, Hebei, Shaanxi, Gan- humid places
su, Qinghai and Xinjiang
14 [ T = 7 SN R I £ 7-9 1 AT F Y L (1500~)
N. listeroides Shanxi, Gansu, Sichuan, Yunnan FI. Jul.=Sept. Forests, grassy slopes 2 500~3 900
and Xizang
15 KA H P = wIT-8 A AR SR L 3 000~3 800
N. megalochila Sichuan, Yunnan FI. Jul.-Aug. Pinus forests, shaded grassy slopes
16 i i BIRTT bR £ 7-8 A M KA
N. papilligera Heilongjiang, Jilin FI. Jul.-Aug. Forests Unknown
17 HE 52 =W AR AH AR
N. tenii Yunnan Unknown Unknown Unknown
18 KREMSHE>= Ry KA IR VR FZ I BRI AE AR T 2 900
N. taibaishanensis Shaanxi Unknown Mixed Abies fargesii and Betula
utilis forests
19 FTE2E & g AL T 7Y £ 8 A M 1300~ 1 900
Holopogon H. gaudissartii Henan, Liaoning and Shanxi Fl. Aug. Forests
20 YT PN WM T7-91  WEAPEMT 1 .500~3 300

H. smithianus

Shaanxi , Sichuan

FI. Jul.-Sept. Thickets, forests
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wg BE Gyt LA b 4k
Genus . AT Flowering and . ;
Number Species name Distribution o Habitat Elevation (m)
name fruiting phenology
21 XE2E - W Ly £ 8 A BT ST = i LI 700~800
Dipland- D. sinica Liaoning Fl. Aug. it
rorchis Humus-rich soils in Tilia forests,
shaded places
22 BEiZ)E JIE SR (N e 7-8 A LA AR Bl Ak 1200~2 600
Chamaegast-  C. inverta Sichuan, Yunnan FL. Jul.-Aug. Damp places in forests, along
rodia alleys
23 Tl VUL P T wWT-8 A AR TR AL 2/500~2 800
C. hikokiana Sichuan, Xizang and Zhejiang Fl. Jul.-Aug. Damp places in evergreen broad-
leaved forests
24 LdEed R Bl 163918 A RS £ S [ g R TAE 1.000~1 600
C. vaginata Hubei, Sichuan Fl. Aug. Along valleys and in damp places
in evergreen broad-leaved forests
25 Pl A JAR AR 8 - WAL AN S A £ 1300~1 570
C. nanlingensis Guangdong 10 H Herp
Fl. and fr. Humus-rich soil in evergreen
Aug.—Oct. broad-leaved forests
26 FE=E Jont £ WV AR B RS T s el 4-5 1 BT ATkl 0~500
Eulophia E. zollingert Jiangxi, Fujian, Taiwan, Guangdong,  Fl. Apr.—May Sparse forests, bamboo forests,
Guangxi, Yunnan grassy slopes
27 KRR PN EAR LT BRI NS L, AR BUAK N, o zs s, pR gk, HEAA 400~3 200
Gastrodia G. elata LG BPG HOR IR BB Amd, 5-7 H BUIE 3
WL YTVE BV e WAL IR . FL and fr. Sparse forests, open places in
P BN e P May—Jul. forests, forest margins,
Jilin, Liaoning, Heilongjiang, Inner thicket margins
Mogolia, Hebei, Shanxi, Shaanxi,
Gansu, Jiangsu, Anhui, Fujian,
Zhejiang, Jiangxi , Taiwan , Henan , Hu-
bei, Hunan, Sichuan, Guizhou,
Yunnan and Xizang
28 JER IR =M R W3- R 1 600~ 1 800
G. angusta Yunnan 4 1 Unknown
Fl. and fr.
Mar.—Apr.
29 TR R G w9-10 3 MF AT ATk 800~1 200
G. appendiculata  Taiwan FI. Sept.=Oct.  Forests, bamboo plantations
30 UNAWN S G wWo-11 A AT 1200
G. confusa Taiwan Fl. Sept.—Nov.  Bamboo forests
31 BRI B TERW 2 A (e ESil
G. fontinalis Taiwan Fl. and fr. Feb. Bamboo forests Unknown
2 HRI Hi% M7 A (N CURIATEVL 1100~ 1 300
G. flabilabella Taiwan FL. Jul. Open humid places in forests
33 KR RIS HMs-6 4 T 600~ 1500
G. gracilis Taiwan , Yunnan Fl. May—Jun. Forests
3 HIRIR Hit v EM6-10  MF e
G. javanica Fujian, Taiwan FI. Jun.=Jul. Forests Unknown
35 BIERIRR = R W9- KT 1200
G. menghaiensis ~ Yunnan 10H Forests
FI. and
fr. Sept.—Oct.
36 NS G e 12 A NSNS 200~300
G. pubilabiata Taiwan FL. Dec. Bamboo forests, bamboo plantations
37 B[4 PPN B R A e 10 A M 900~ 1 500
G. peichatieniana  Taiwan,, Guangdong and Hong Kong Fl. Oct. Forests
38 PER R = TERM 3-4 A IO T el 1.900~2 300
G. tuberculata Yunnan FI. and fr. Bamboo forests, forest margins

Mar.—Apr.
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Genus . AT Flowering and . ;
Number Species name Distribution o Habitat Elevation (m)
name fruiting phenology
39 BRI AR e EM8-9 A  EMT 1200~ 1 400
G. wuwyishanensis ~ Fujian Fl. Aug.—Sept.  Dense forests
40 TR KRR 53] W 4-6 7, RERPGFRIMT 800~ 1 000
G. longitubularis ~ Hainan RHI5-7 A Dense tropical forests
Fl.Apr.=Jun.,
fr. May—Jul.
41 A RI G #3913 HEMT 300~400
G. shimizuana Taiwan Fl. Mar. Evergreen forests
42 EPi] Bis R 6 - REHATE 500~900
G. albida Taiwan 7H Broad-leaved forests
FI. and
fr. Jun.—Jul.
43 AR = I AW 5-6 1 PRI 500~800
G. albidoides Yunnan , Hunan Fl. and Broad-leaved forests
fr. May—Jun.
44 AL A G 1E315 A W AR S AR o e Ak 950~1 100
G. theana Taiwan FI. May Humus-rich places in broad-
leaved forest
45 PriEo G R 3-5 4 WAEMEA A 700~ 800
G. flexistyla Taiwan Fl. and fr. Secondary forests, bamboo forests
Mar.—May
46 BRI fil w2 H, I REEBR, PARBAE AR 100~ 600
G.uraiensis Taiwan Bl a-5 H Broad-leaved forests, bamboo
Fl. Feb, fr. forests or secondary forests
Apr.—May
47 A ail R 6-8 A WM TR L 150
G. callosa Taiwan FL. and fr. Floors of rain forests
Jun.—Aug.
48 7 AR avl R 5-7 A AR T B i b 500~ 700
G. sui Taiwan FI. and fr. Moist and humus-rich places in
May—Jul. Broad-leaved forests
49 KUK KR ) W 3-4 4 FREGEHAT 1100~1 200
G. damingshan-  Guangxi Fl. Mar.—Apr.  Evergreen broad-leaved monsoon
ensis forests
50 TERFR R i W 7-8 7, WA SR MRS T E 1 600~1 700
G. huapingensis ~ Guangxi Fo-10 4 BB FE PR
FL. Jul.=Aug., Shaded and damp humus places
fr. Sept.—Oct.  in mixed subtropical evergreen
broad-leaved forest
51 AR AR RECICT I N M 4-7 A M SR 114
Didymoplexiella D. siamensis Taiwan, Hainan, Guangxi and Fl. Apr.—Jul. Shaded places in broad-
Hong Kong leaved forests
52 fGAEEE AU jis3se] e 3 A WA IR AL 700~ 800
Didymopl- D. khiriwongensis Hainan F1. Mar. Humid evergreen forests
exiopsts
53 WEZE  WEX G AT R R 4-5 4 IR iR X 600~ 800
Didymoplexis  D. pallens Taiwan, Fujian, Guangxi and FL. and fr. TEH
Guangdong Apr.—May Broad-leaved mountain forests,
thickets in coastal areas
54 AN Gl AR 3-5 7 BAIIAARE A7 TR 100~ 300
D. micradenia Taiwan Fl. and fr. ZEAT T R AR
Mar.—May Wet rain forests, bamboo planta-
tions, seasonal drought forests
55 R U] WA 3-4 7 A EWAT G KA A1 250~350
D. vietnamica Guangxi Fl. and fr. 11138 J B A v
Mar.—Apr. North tropical monsoon forest,

humus in rocky limestone slopes
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Genus . AT Flowering and . ;
Number Species name Distribution o Habitat Elevation (m)
name fruiting phenology
56 LR L33 Pl S R PG R e B 5-7 A B AR sl AT AR T 28 BUR 1 800~2 300
Galeola G. faberi Sichuan, Guizhou, Yunan, Jiangxi, Fl. May—Jul. VT Ak
Hunan and Hubei Humus-rich and humid places in
open forests or bamboo forests
57 EERIE 5] Bevt 228 IR iR WAL T B S-8 A, BT, WEREE D, A 700~3 000
G. lindleyana KUV N RN . A, RBiHo-10H e AT Ry
VEE  H AR 7Y Fl. May—Aug., Sparse forests, sparse thickets,
Shaanxi, Anhui, Henan, Hunan, fr. Sept.—Oct. humus-rich and moist rocky
Hubei, Guangdong, Guangxi, places along valleys
Sichuan, Guizhou, Yunnan, Taiwan,
Xizang, Gansu and Jiangxi
58 BT L E73 - =R R TN W 6-7 H  MPEILAE TR BH I 800~2 300
G. falconeri Anhui, Taiwan , Hunan , Guangdong FL. Jun.=Jul. Open places in forests, bamboo
forests, sunny slopes
59 1L 3] B 4-6 A AP sl R TRk 400~ 500
G. nudifolia Hainan Fl. Apr.—Jun.  Forests or shaded slopes
along valleys
60 S LL R =i HHI5-6 A LI E ST BIRA 1 100~1 200
G. cathcartii Yunnan Fl. May—Jun. Shady and humid area of
montane evergreen forest along
river banks
61  AM2E EE B wWs-e A MTHRTE ARA
Cyrtosia C. javanica Taiwan Fl. May—Jun. Bamboo forests Unknown
62 YNGR S0 B Wa-6 T a5 Bl 500~1 400
C. nana Guangxi , Guizhou FL. Apr.—Jun.  Forests or shaded places along valleys
63 LITEANAE S LR WL TR | 2P I HH5-7H, T 1 000~1 300
C. septentrionalis ~ Anhui, Zhejiang, Henan, Ho A Forests
Yunnan and Hunan Fl. May—Jul.,
fr. Sept.
64 G =M M 4-5 1 L SR T AR T BT 1 400~ 1 450
C. integra Yunan Fl. Apr.-May & J@iEak
Nutrient-rich wetlands near
rivers in evergreen broad-
leaved rainforest
65 I 2E EIGES ERCRGT W 4-5 7, PrkErE siE AR Below 500
Erythrorchis  E. altissima Taiwan , Hainan K8 H Bamboo forests, evergreen broad-
Fl. Apr.—May, leaved forests
fr. Aug.
66 =R i (EE R RN i #]5-7H KT 800~ 1000
Lecanorchis L. japonica Fujian, Hunan, Taiwan and Jiangxi  Fl. May—Jul. Forests
67 2 =M ARH AR 600~ 700
L. multiflora Yunan Unknown Forests in limestone areas
68 R H E NN IR W 8-10 1 MTFBERAL 600~ 1 000
L. nigricans Fujian, Taiwan, Jiangxi and Hainan  Fl. Aug.—Oct. ~ Damp places in forests
69 Y& e /i 15 A [ 7N 1 400~2 000
L. thalassica Taiwan Fl. May Broad-leaved forests
70 BEEEJE BEHE JANEI 5 =R M 6-7 A AR BRI PR AR 1 800~2 000
Yoania Y. japonica Jiangxi, Fujian and Taiwan Fl. Jun.=Jul. Coniferous forests, damp
grassy slopes
71 IR GEIE >% i AR L3R A AR T 800~ 1 200
Y. amagiensis Fujian Unknown Grassy slopes, forests
72 BRI FARUM A S L CHOR L BRI 6-8 A AT EkEAA 2 000~2 700
Corallorhiza  C. trifida WwF e pu i Fl. and fr. Forests, thickets
Jilin, Guizhou, Nei Mongol, Hebei, Jun.—Aug.

Gansu, Qinghai, Xinjiang and Sichuan
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Genus . AT Flowering and . ;
Number Species name Distribution o Habitat Elevation (m)
name fruiting phenology
73 OREER JEE BER G SF PR R 4-9 3 WA st A it
Epipogium E. roseum Taiwan, Guangdong, Hainan, Fl. and fr. Moist broad-leaved forests,
Yunnan, Xizang and Jiangxi Apr.—Sept. shady places along valleys
SR A T IR
%}gﬁgg‘ H’ﬁ?%ﬁﬁgxlﬁl“lxzﬁﬁ\ﬁﬂﬁ\@{g Xzﬂ;ﬁ 8-9 H )H(T %Iﬁ'ﬂ&%ﬁ%})\ﬂ:Zi&
74 E. avhvllum Heilongjiang, Jilin, Liaoning, Nei FlL.  Aug. - F l\ A laces 1 200~3 600
- aprynum Mongol , Shanxi, Gansu, Xinjiang, Si-  Sept. Orests, crevices, mossy places
chuan, Yunnan, Xizang and Taiwan
. ; /% oy fE VR b
HARRS A 1 9 )1 ST S TR
75 . . . . Picea  forests, moist broad- 2 200~3 000
E. japonicum Sichuan , Taiwan FI. Sept.
leaved forests
o EEEE m 25 W78 SR ) 0003 700
Risleya R. atropurpurea  Sichuan, Yunnan and Xizang FL. Jul.-Aug. Picea forests or thickets
L, WEEE A £ 25 W67 below 1200
Stereosandra  S. javanica Taiwan, Yunnan, F1. Jun.—Jul. Evergreen forests
. = e e e e . A H SRR i1 Ak
BRE  BUREIR: PR LY I A
778 . Lo . . Damp places in broad-leaved 1 000~1 800
Odontochilus 0. poilanei Xizang, Yunnan and Hainan FL. Aug. .
vergreen forests, valleys
R ] AR AR Y
2 PRWES R M 1£31 8 1 ke 1300~1 600
0. guangdongensis Guangdong,Hunan. FL. Aug. Humus-rich soils in evergreen
broad-leaved forests
- e s N #\\AW 5§ 9% i
BEASIR EE T fems-e ) LA R AR AR
80 0. saprophyticus ~ Hainan, Guangxi Fl. May—Jun Sz 900~1 100
- Sapropy ’ & -y ' Leaf litter in tropical montane forests
e 4-5 7,
o JHEEE I BS-6 1 HF s
Danxiaorchis  D. singchiana Guangdong Fl. Apr.—May, Forests
fr. May—Jun.

S Z3Hk: Chen et al,2009; ARHIN,2008; #EATHASE ,2011; Fan et al ,2011; M-{EF% 2012; Zhai et al,2013; Hsu et al,2010; Hsu et al,2011; Yeh et al,2011;
Tan et al,2012; Hsich et al,2012; Hu et al,2014; Huang et al,2015; Hu et al,2014; 274 ,2011; MM 2013; #HES% 2014, BREES 2015,

=2 D)3 o — AR AR B AR 1 1 AE TR AR L ( Ectomy-
corrhizal fungi, ECM ) ZREUIRIE , iX & ECM B £ 45 i
SeH-H 2045 B} ( Russulaceae ) | 2 FH F Thelephora-
ceae ) . K W M B Bl ( Clavulinaceae ) 1 EH B
( Dearnaley et al,2012; Hynson et al,2013) , iX §L 22
UL RS SE H HALS TP E2EEHE A SEHEA
B EHE(Wei et al, 2011) , A BHEE—LERIARRISL
AR LA [R5 —SE A 22 SR A AR 25,
58 22 JB 1 Neottia nidus-avis ( McKendrick et al,
2002) #N Hexalectris spicata ( Taylor et al,2003a) ; B
KR ETE IR 2R B D, LR
LAY PUFR T2 20 A B ECM A [R] 2 2
PGS AE 22 B B AR LB, A 33 22 )8 B9 Corallorhiza
maculata F C. mertensiana ( Taylor & Bruns, 1999) ,
Dipodium variegatum( Bougoure & Dearnaley,2005)
D. hamiltonianum ( Dearnaley & Le Brocque,2006) DA
W Limodorum abortivum ( Girlanda et al,2006) , 73 4h

PIFR A 2% Corallorhiza trifida ( McKendrick et al,
2000a) 1 C. striata ( Taylor et al,2003b) , DL & k&
=2 J& 1Y) Cephalanthera austinae ( Taylor & Bruns,
1997) W SR AR Y B PR A S T AR SC R . AT
SR, T 2% (Bougoure et al,2009,2010) F1—Ff
B % ( Chamaegastrodia sikokiana ) ( Yagame et al,
2008a) Y T HL L T A 2 — 26 A T R HLA
I, A 22 A R R 22 B R S LT T T kR
KA,

AN fE—S8E = ECM B B9 G AR i 42
245 R 22 K R IS8 A2 TR ( Non-thizoctonia SAP
fungi) FAE | 33 28 0 30 AL 40 i PR KRR R
J& B ( Wood-decaying fungi ) 543 it 45 i 47 % 19 )8 A
W ( Litter-decaying fungi ) ( Dearnaley et al, 2012;
Hynson et al,2013) , BN, %3 (Armillaria) F1/)>
18 I8 (Mycena ) B & KK ( Gastrodia elata) 1K K&
i Y A AR R A (O B M A, 1989
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Kikuchi et al, 2008) . [ 7 Kk, £ ML £ P 2R ==
( Cyrtosia septentrionalis ) L & 8L T % A 0 & 19 &
( Terashita & Chyuman, 1987; Cha & Igarashi,
1996) , {8111 >4 ( Erythrorchis spp. ) B BRI AR EL b W) 40, &5
T34 & B+ ( Hymenochaetaceae ) F1 22 fL & £} ( Pol-
yporaceae ) i) Z K J& T ( Dearnaley ,2007) , M &%
2= ( Epipogium roseum ) HFE 1 3 25 | (1) FL TR 7E R 48
KB LSRRI (Psathyrella ) F1 94> )&
( Coprinus) B EL# AHIT ( Yamato et al, 2005 ; Yagame
et al,2008b) , it Lee et al(2015) Ji# T rhE &
TR AR AR 7 R AR 2 TR AR B, R B
6 TR SAP AT E H YA , B LI ( Galeola
falconeri) FIRSR 2% ( Cyrtosia javanica) B AR T AFLE
Z AL H WK AE R ( Meripilaceae ) ) EL A, TG
W IR Hi ( Gastrodia appendiculata) F& 7R ( G. fontina-
lis) A IRF (G. flabilabella) #1 G. nantoensis 1) R
HE & T /MNEE (Mycena spp.) . Gymnopus spp.
Hydropus —ZS B LT . L, B} ECM B 4b, E 2
R 0B AR TR S A 2 B SR A AR A

3 RAZWREWH T K

MAANTIA RS 2= RS ) BAT AR LR LR, 22
FHEY 5 HARE W Z R — P — B2 E IR
MR IR, AR SR A 22 501G A FR AL 22 AH H A
FE 75 Y0 B AY B AR LT (Smith & Read, 2010;
Merckx et al ,2013b) , J& A= 2% X H A B R A TR
e 1 — 1k RIAE R Z 808 4 == A —Fh el L
PERAPER AR L, HoX Se B BACHT R T ECM
B SAP TR, W05 IR G s AN i — S R T R
JiRJE 2 T AR 22 0 L3I A2 T ( Dearnaley & Bo-
ugoure ,2010; Lee et al,2015) , \\ & 58 2 J& Neottia ni-
dus-avis 173 B 1) E 16 #B & T4 52 5 )& ( Sebacina )
FLH (McKendrick et al,2002) , J8 & >0 5 AR
HE R 8% —7E ( Yagame et al,2008b) . TG
3& 56 >4 ( Eulophia zollingeri ) J&—Fh |12 43 4 /) &
H: 2% Ogura-Tsujita & Yukawa (2008 ) 43l N H A
FRAPESEN 7 DRI RE T 12 HRIoH
R AN XSS SRR B BT AT 40 18 3 Y TR AR L TR
HJ ITS F?ﬁﬂ%ﬁ%?%ﬁﬂ( Coprinaceae ) T /N YE A 7
( Psathyrella candolleana ) %) )7 5 AH 3T , 5t B JC i 5€
Jd = 5k — R Y L HAT AR R — e, TERFSE
JEHEREY AT 5T A A T S BOX s

L—PERY MR HLE . (1) AL S 77 BUAE o i e
EFRT R Rk PRIR e 538 1Y H bR 5 (2) M)
5 LAY B AR 45 4 S B — e A AR B AT
i RIER T A BO LR R, 7] RE R Z B E AR 2
TR AR AR S FR A AU A ) ( Bidartondo , 2005 ; Merckx
et al,2009 ), XMULEME—EFEE LR T L —
PR R (HATS SR B = FE 8 Y UEHE R 0

AR, Fe ) A = BRI A B B R AR E A
Roy et al (2009a) ifF 5% & A, 4347 7 2% [ #40HT Hi X A9
Jo M 2% ( Aphyllorchis montana ) F1 & %5 Jo it 2% (A.
Caudata) YA )12 W AR B H |, B2 To M 2% [6] B 43
RN AR s NN R N iR SR L I SR DS
B, MTEH 22 B N A B A 2R E 23] T 9 A RHE
ZZ (LR R ORI R WS H 2
J& Rhizoctonia Coltriciellaceae . Heliotaceae . ¥3E # Bl
Amanitaceae\%ﬂﬁ%ﬂ‘) . DNA 450012 1 , By =
F& 5 2% ( Epipogium aphyllum ) FY) T8 AR BB B T < 18
H % 3542 )8 (Inocybe ) FLI AL, i AL — SL 25 4
( Hebeloma) | 9% 5 4+ 1T % J& ( Xerocomus ) . | %% J&
( Lactarius) F1 3 J& ( Thelephora ) E.1# ( Roy et al,
2009b) . PRI, B A 22 SRR U 2 )Y — PR
R TS IR, RV B & — M A 2t A
AR B FEARFARE 2R

PLESCT A 22— PR HB #R 2 ST 0 AAE
FE R T o3 B S I TR AR LT, TR S0 2% T S A=
2R RRE AT B B R ARTER AR TR,
Horp— S0 B A RE (L Fh 710 &, iE BEtE — 2D 4
AR L FIC RS, R L B AN 2 A >
0B ) (Umata et al,2013) o X Bd B R F7E 85 &
] BE AT 2R — PRI X AR A & — T LA
TE—E R BRI A 22 K A KU, 7 2248 1 Y
I , IBARE IS A= 22 A rh 0 8 3 ) BB A S B fiE
FE[R) R 22 BHE Y05 B T &, d BB ) 2 R RRAE b
Tl R RN BERZE A L W B B S /N S EL
AR IR (R Ep AL A SRR, 1989) | i 5 KRR
ez 1 TR MR L T %6 IR TR (Armllaria melle ) W) 2%
I R PR R 8 & (R ER M HR AL, 1988) . 1X
U HITEA ] A A I 0, 8 A 2 AR LB Y % — 1
LIRS Sl et

4 JEELWERKEE

PR AR L B I 2E 22 LA A AR BB R 2 R, LR
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TEAR B 22 200 L P 1 T b S T R e 9 R 22 R A
Yy o 4 e AR A T LR S SR AR, ORI
H B RA LUK S 105 B A B, BT DL ]
IS R B R AR R A B P Bk B A PIL
YRR | JE Az 250 e 3 2 B TR ) B AR IO AR YO &
7B BT I i IR A LY (McKendrick et
al,2000b ; Taylor et al,2003b) . it ek, J 2k 22 I
6] F45 4 — SRR Y ECM T SRRV 00 )8 2 T
RS PR X R RR IR I B IR IR O &R

TEABRG T FRETE R AR R REAEE R, A
PyiAsd w5 HOR IR i) B WA ALY R A2 3R F
PRI 38 5 o A B R 3% ) AR 2 8 T LGB R sl
Y E R I ( Dawson et al,2002) ., HHT, 7E#R I
R 8 FR R PR It T R X R J7 ¥ ( Dear-
naley et al,2012;Hynson et al,2013) , A5 &8, 5
JHRIARIE 1O & F SR A A L, ECM B 91 A 3
HEC RSN BARF R MARSE 5 ECM B LA i 15
Az 22X 2L BECM B $A7 A LAY [R] 37 2% = B ( Bid-
artondo et al, 2004 ; Liebel et al,2010) , 1 J& 4 2% By
i (1 DEM AR A T T I 28 ECM 1, PRI, I 2
22 ] G- S R P AR A g 3k S 3 [a] ) BRI J—
A = A R (tripartite symbioses ) , T AJ PAFR
PRI BB IE , DRIE T8 A == R — IO R
AIPREE S5 T AAE . 3R = F A SC R A X
AR E BA o Y S TEX 22 AR T R
PP [ it 5 AR A 5 AL AR /Y ECML T FIRE E 1Y
RN,

TIAN KT AR TR, P C I E & PN
TR 5 xS T AR 1 AR 2 SR A AR
B [F) 132 2 =F & ( Dearnaley & Bougoure, 2010; Lee et
al 2015) , [R5 S RF T8 57 70 5 MBS A2 B9 A Sk A
R 7 Pt ) L T P DA T ) S 2 =2 A X R W e
s, X FARKIEERZ ECM P& 1 XA 3= & Al kL
75 R AR 0B A 22 X ST AR T I A AE R
DAFRRIMES 25 BTk, € WAL R Hr R
TERIFFEIE A 22 5 HUR AR EL B 178 77 0 R I UG 14
Z IR AHER TR ERIBIFEAL, P ) 2R 1
FRBELEHLHIEATERE | PRt , 10 75 Ak B2 i 3k 77 T8 1Y
WFoE TAE,

5 BA=ZmWARARHAAN

JBE HE 22 BN S 2 R Y B AL i SR

FRE X IR R L B — H R
FA TP SCTE A £ L (R AL, 2006) . — P8k 1Y)
WA AR 22 G 6 F R BLRY 22 A8 W7k 1k i
K, MR A 77 1 2% W2 R 4L 5 [ A (Selosse &
Roy, 2009; Motomura et al, 2010; Merckx et al,
2013b) . fE=FHEYI LSRR, E SR B 2L
AR AR LT 1 28 A AT A TE — B — — X B YOG
%, Yukawa et al(2002) 75387 2 & ( Cymbidium ) 36
M2 AER RGER T KRR I, TSR C. mac-
rorhizon 1 C. aberrans 72 [Al— AL 32 T PN GH 4R
ot RIS SR i 2% 28 B S B 2% (. lancifolium ) 5
B b BN 5 — Pkt 2235 22 (C. goer-
ingii ) B AH IR 3, oA 14 22 46 W) 3R 70 et 1) 14 52
o BEJE R E W) 47 3R 43 A ik 52, T i A R Y
C. macrorhizon F1 C. aberrans J& T 5¢ 4 W R 7 57 7l
2SS ENTRRM I R H 2 g 2= s TR &
BRI ( Motomura et al,2010) , 1M AP 52 2 R 7
PRI AL — M S S H A ECM R LA 4 22
G - 22 17 B AR L I O () T 22 A B (IR T P
FHAFHERL) F ECM @ (#857cH H 2L Rk R
FHAURI AL 5066 AR AW A KL (C.daya-
num) WA FURH B — S 22 B T (R B BRI A
HEEL) ( Yokoyama et al, 2002 ; Ogura-Tsujita et al,
2012) , ATLAE Y, BRI BN B 5 215 40 = 75 1
P E R IR AR A R b S A R SR
LA B AL ECM B, R, SE R AR 77
A2 R R A B IR 2 H B MR A& B MOLE
H 58 22 A3 58 A AR S e B 22 X R R U LA
—E W B, AR Y PR A T 22 R A
JERFEY T, ESLEE 228 (Julou et al,2005; Abadie
et al 2006 ; Sakamoto et al,2015) HHF 22J& ( Zimmer
et al, 2008; Cameron et al, 2009 ) Al & # 2%
(Tesitelova et al,2015) Wt % B8 T A0 L1 A9 22 16 K1
o (HH T2 22 BHE Y BRI LLSRAS | X s 4
Rk gz R SE R R GK F AR, R R 2
KARBIEW AN RGERE RRZLBA R ENIE,
PR 3 — (R Y ST R T X 2 R R K E
KARIATHIRAMIIGE

6 RELHFREZ

22 S 22 BHE Y A 6 7 U iR B A

JE§He
REVIN— SR, ERGAT LAAE

A&
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B WD S AR Y B 2B A DR S i
P HA I B 20 2 S (RN S, 2008) o HAH L
TR W AR 2 R AR 22 O T8 AR 22 n
FERRE D, E AR R T
B fH A PR R AR L S E | R R R A AT
PR R A AR AR AR T T . R TR A 2 R A R
il AR Z BB CTE AT, B R SERF 5T TAE#R I
A SRR AR Z [ U R, AN VR 208
A IR B IE R T 508 BRI A4 22
VR S L AR AR, S EOX AR — 1k
(R A 45 J AR 22 5 TR AR T A e i e A
S PR A, PRTAR L TR T T 2E =2 1 B Al i v e 3
AP 2MERT JE AR 22 3 2ok 3 ] Y BT 5 ] ] 4 (A
YRR AE — ke, = [ B AR B A B AR HIOC R U2
Haq

r D AR 2 A 5 A ) 1Y) R B S KRR
H RTXT KRR A ARIE TR A2 1800 245 B2 R4 I TR
o A58 T T RFFEER U R G AR A, B RLTE 20
42 60 AR h R R 2l 1T N AR B YOG
R ORI AL, 2013) o SRTATER 1 KRR, A A 22 /Y
MRS A . 1L ( Galeola faberi) F17E 2 111 3
Eﬂ( G. lindleyana) SRR T IRAE Y , 5RA A
A2 AL (J5 & S FBL AR, 2006 ) , . 45 5 43 31)
A BRI EATH A 7 B AT i A (B pE i A
1988 ZFBE W45 1 1993) . LAk, RS (2008) |
gk FEE (2015) 430 ) &y Ll 5 85 22 F Jg it 36 5 24
M LTIHEAT TSRS # T X0 8 A 22 A
FEPERSIAI, BRIGZ AN JE AR 23 2 BTE = B
YIX R A SR @A SHrd sk B4 s iy e
(FRESAE, 2013 ; 1712 PEAF, 2014 ; 1 53 R 45, 2014)
AT D, e D AR 22 0 DG T AR B LR AR, 45 O T ) E
FETAEERA TR ITEE

AR PREE B AR AN R i 3 A R RS U
A 22 PRI B AR D 7 (] — 3 A1 AR X P DL
B, AL TR EE WG 3R, A e 2= B P 1Y ¢
PR R e G B Y B AT N TR A IR A
B HFIRZ 2 RHEY AR BE R B H B R B G R
AR 22 N TARIE MERL ), 7RSI 451 R, B
BB A 22 R G AR L A A B R T LUK g
2 FF 48 ( Yagame et al, 2007 ; McKendrick et al,
2002) X Ui BITE AT IR A2 22 00 B E AR Y W) i 22
AR B AL AR R T
FEr T EAT LA I AT IR AW ST A 22 1

GOIRBEATIR AR A 7R AER o7 g 4 AR LT
1678 B A 22 AR ECRR B 2 REVE AN L — M S5 B 4L
ARFHTT 8, RAWT ST B AR L 5 0 A 22 L A
FEHL] s i fe oI AR 22 B T R AR AE KR H
M AT R BRI R AR 22, LAE JR]
Y fige oot =2 BHEA Y b Z ARV OR 7 BB IR A F
AEEFNL,
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