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Abstract: The taxonomy of Paphiopedilum Pfitz. has been disputed and needs more data for clarification. Floral
morphology and anther development in P. purpuratum were observed using microscope and paraffin section. The results
were as follows; (1) It was supported that P. purpuratum should be placed in Paphiopedilum subgenus Paphiopedilum

sect. Barbata by some floral features, including a single flower, sepal white with veins, petal spotted with blackish-
maroon, pouch of a lip auriculate on both sides, and a staminode lunate. (2) At the early stage, anther primordium
developed into a pair of laterally juxtaposed thecae. An incomplete sterile septa was differentiated in the center of each
theca, giving rise to two arc-shaped microsporangia. When anther split, the sterile septum was discomposed and
degenerated resulting in a mass of sticky pollens from two pollen sacs were fused into a unit. (3) The developed anther
wall consisted of an epidermis, an endothecium, a middle layer, and a tapetum, conforming to the monocotyledonous
type. Both tapetum and the inner tapetum cells contained 2 nuclei. At the stage of 2-celled grains, degeneration occurred
in the epidermis and tapetum layers, while the endothecium became thickened fibrously. (4) Microspore mother cells
underwent a simultaneous cytokinesis resulting in microspore tetrads with varied arrangements of tetrahedral,
isobilateral, and decussate types, and the meiotic activity of microspore mother cells in the same theca was obviously
asynchronous and different meiosis phases could be observed. (5) Microspores produced 2-celled pollens via a mitosis,
which could be retained in pollen tetrads or released as monad. Based on the data available, some key features are
selected for taxonomy and conservation biology of Paphiopedilum in Cypripedioideae, including the differentiation of

incomplete sterile septum, the monocotyledonous type of anther wall, the binucleated tapetum, differentiation of the
inner tapetum, simultaneous cytokinesis, the sticky pollens, and so on. This study provides new information for taxonomy
and conservation biology of Paphiopedilum, as well as of Cypripedioideae.

Key words : Paphiopedilum, Cypripedioideae, anther wall development, microsporogenesis, male gametogenesis, pollen

dispersal unit, taxonomy

#2% R} ( Cypripedioideae Lindl.) BFETE A& 4F
TEAE 2B B A AURR , 32 22 P H B A PO R] & I
A AAE 25 T 2L WOk 57T R B A8 B, BT R DXl
T H 4 4 4 W #} (Dressler, 1986; Kocyan &
Endress, 2001 ; Singer et al., 2008) ., 1R 2R+
ﬁiﬁ*ﬁ,/\ﬁﬁﬁTﬁfﬁ%hﬁ’ﬁ’J RS B AT
=T B e SR Y 2% R} (Apostasioideae Rchb. )
MRS R BGE B HE 5 8 20 180 Fh, 1> & 4
A A0 ST AR E B9 H B ) 46 ( Dressler, 1986; Cox et
al., 1997; Pridgeon et al., 1999) . Bf T Fd &M 4F
AH3 Ad‘@ﬂ%,ﬁ% 2 /\E’Tﬁlﬂi&]ﬁﬁ%ﬁ,
B #1 2% J& ( Cypripedium L.) Fl 58 % J&§
( Paphiopedilum Pfitz.) ( Cribb, 1998; EB s Ik
1999; XUAR{ESE,2009) o A9 22 A H 8 X umf)l
{B.(Cribb, 1998 ; HEH¥sK ,1999) , H B A4 ¥ JF 45 2
K, B~ 50 22 JE A 22 JE B ek 9 A B K AR
a4 s (I ARl R0 B D Ry RO AR R
2021) .

KLk 5822 & 1 70 28 RGP UK, )
FEARPTEIR T W8 M oAb B, 0 Y
R R GR Y B WY 2 ( Atwood, 1984 ; Cribb,

1987) A4 1~ ( Karasawa, 1980, 1982) %4128
X2 R B 6 R . JE ok BTSN i s
Nz XN 43 A 3 AW & ( Cribb, 1998; Pridgeon et
al., 1999) 152 T 437 R G 2 UL 19 347 (Cox et
1997; Chochai et al., 2012; Tsai et al.,
2020) ,(HHLA I 9L 22 )8 59 7 2K RGEATS IH R 94
A8 B RS (BRHE 7K, 19995 X1l i e 45, 2009 ) ik
TR . TEEEE 2R R RGN OR i
BB T R L 25 0 1 AR 2 s i W) b 48 e
K H ( Cribb, 1998 ; Pridgeon et al., 1999 ; BRHE 7k

1999 ; XU 25, 2009) , HAR LS5 H 1 73 224 (L
W /b 3% 3] 5 VE, Cribb (1998) A K ¥ 22 W J&
( Paphiopedilum subgenus Paphiopedilum ) B9 5. 1% Bt
2 (sect. Barbata) ¥ B FAE | JE 356 B
SEEYERIR g5 4 i R 5 B I e ) B B S5 ] ] T
WA oy BRI, BB B X 0 T 248 T H A
(sect. Coryopedilum) , J& 75 5 ii EL 0 2 46 41 a1 1E
P, AR T T HOR 45 4, i oG T v B TE BB
Lyt [ P. purpuratum ( Lindl.) Stein | Jg& " [ 58
2 R R T | PR A iy 44 K R W) 5 AR
AT B U IEAR A R A = R L

al.,
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LS A1 B R AT 0 A (X B4R 2, 2009) o AR A
JEME/ N T R I SRR, SR EUSE WO E T
Y11 2% 7 J& ( Cribb, 1998; Pridgeon et al., 1999; Hf
Tk ,1999) . ITAERIM T T R G ik — Lt e s
AFBAE TN 2H ( Cox et al., 1997; Chochai et al.,
2012; Tsai et al., 2020) ,{H2& , CTERIEASH
TE25 K B R AE IS BB D |

IS FIAELS & & MR R b 2 B 2R R
grepth R4 EEE ], AG RS & S nIE
B AT EHESE AL E B E AR R R
DHERRAE N R A0 M R o R R AE 2
B B BOK B 90 48 ( Burns & Bernhardt, 1985;
Dressler, 1986, 1993; Johri et al., 1992; Johnson &
Edwards, 2000; Harder & Johnson, 2008; Z=
2023) , H %% kL % 2> (Sood, 1989; i K B 4%,
2020) . HwOHTHY RO RGN B 5 AR
I FIRIR AR 70 28 R G0 8 SR T 0k
REHEZE ( Chase et al., 2015) ., A ZR A AT
GORLSE P AE B 3 M0 FOME R n L 22 R
( Apostasioiedeae ) ( Kocyan & Endress, 2001) B4
PR B 1Y) 2% W B} ( Orchidoideae ) ( Swamy, 1946
Maheshwari & Narayanaswami, 1952; Kant &
Bhanwra, 2010) #1 # == W #} ( Epidendroideae )
( Bhanwra & Vij, 2003 ; Kant, 2019, 2023 ; FHK5E
45,2020) , TEHA BUMESS B9 22 R A 22 8
AL 2 & B i B A 5T U8 OB £ (Swamy, 1949;
Brown & Lemmon, 1996; Sood & Rao, 1988; Kant,
2011), H 98 22 J& 19 1E 25 & B BEORH A X A 0L
(Swamy, 1949; {E¥ M EARHE, 1987) , H4 3 4
JE B PR32 N B = (Johri et al., 1992; Cribb,
1998) o AHIFFE H A4 2 At 5 8 A0 A0 B B0 R FOR
WMEE T 58U = W ALSS AR 25 K B L B A
H MR AU o3 A A oAl AE 25 BESS R i Jo 2
T ACZIE SRR, 456 A BERL, L o i
Hoordeop i S, LA 98 22 @ oK) =2 B Y 432
FRR R E SR AR ROk

1 #HEF*

LY 22 R B TV R MO K 2E R B
S (= ERYEYR B A RA A LR
W), A K LA IEH I, 2017—2020 4, 4L 4
SRR K B A R3S FUF AL B 15 2 /2

AR e I AL, 76 PR R R 2 A 5 B (Leica M165
FC) TSI G 86 AT A8k B S AL 25 M T 28
FEOEIFHA I AR MPRHE 2 7E 50% WK ,24 h /5
BN T0% RS IR AORAT . O 2 5 MR} 1%
REILE R 3 AP B (Jh A AL T
W) B BEICS ~ 10 e, REZ T A 16 FE
KW IRBE I R AL A YR ( Leica
RM 2235 D) RN 8 wm) , U1 21 B |
SK 2 IR IR ARG G 8, PR IR I 3 R 5 AR
KAV R YA 7 e B 5 385 ( Nikon E100) T i
ZEI1 40 BRI R 4 %8 4K 4 ( Adobe Photoshop
CS6) HVEE MR, ~FHEY M ARIESH (hE 4
Y450 T W) (koL 48 ,2009)

2 HER M

2.1 TR B FHE

LU0 2 HA LU AR A S5 A RRAE (BRI
1) ﬁﬂ’:,%%{iﬁ 30 cm L\J\J:,?Ej(,(%%@,%%
WAL A RO, %G, T 2R
RS ; B R P, 5F 580 M R AR
K MBI BE , B2 21t k&g, i 2% i IR A
B 5 R IRIRAS IR, B8 11 5 ), i i JC Bk 22, 7 2L —
AL H R A ) N, BYEIR SR,
FREEE T, AT LR B Al 55 A B8 (A S A Ao 2k
ARG R BRI 4375 6 I, 5 e S
FE INSA 1 BT B S, A8 22 N B 3
APl ST AR B AT S IR AR PR BT T S 5 R
HH T 5 90° & M A4k (b 1:2-4) , IBALAERS
FBLIEE R (B 1.2,3) B3k BPEk, ot
WL 3 TRBL (KM 1:3-5) , B2k F R0, miAnr
BHESE SRS (B 1.5), AT A2 —XF
MLEAE 2 8 (B 1:6) , B A6 2 % T AL
WA — 2Rl (EIM1.5,6) . KBIEM, L2 0
AR (IR 1.7) , 88 B3R DR 22 gtk
K — B AE# (IR 1:8) .
22 HHABELRT

R BAAE 25 R U T b, RO R B A A R S
RPN A 1 FR] B MERS AR 25 34 i — ) A=
WA R, WhE S A K AREEEEZ
BB ) o X A6 24 % 3 2 A 1 3 BE 4 it
Ok, B R R, R — R TE N 2y
PRl (BRI 1) o AE25 % b Ay — A 4 D 40 i
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1L AETE3s, 2-4. EAE AR (2) DT (3) 1T (4) , - R A B EE | PR BTG B AT Sk 2220 IR Y Jid Y38 Al e 35 0 P AR 7T

IEJW o 5,6 UG BRI (5) MM (6) , At kK1 3 KA, AT E MR H— Xﬂ'ﬁjﬂ(}qﬁ”( i Sk AR ) B0 A= 25 2 LA
BIEWBCAIEL) R — X AE 2 B W IT R (kiR ) o 8. MUAAEZYIT L, AL 2 BERR i, 82 (DO O B EAE M ], a. 4EZY;
FEZGRE, d. PR B2, g B L B p. 1B, w%ﬂHﬁh;maEmmmﬁnE% t B2,

1. Flower. 2-4. An ripened gynostemium in back (2), side (3), and front (4) views, indicating a disk-like gynostemium, a fleshy shield-like

stigma, flat vestigial stamen with semilunar shape and two fertile stamens. 5, 6. An undeveloped gynostemium in top (5) and side (6) views,

indicating 3-lobed stigma and anther consisting of two lateral thecae with a longitudinally shallow groove (arrow indicated). 7. A ripened anther

with a slit on each theca (arrow indicated). 8. A ripened anther with remaining of anther wall and a mass of sticky pollens exposed. a. Anther;

aw. Anther wall; d. Dorsal sepal; f. Filament; g. Gynostemium; 1. Lip; p. Petal; sp. Sticky pollens; sta. Staminode; sti. Stigma; t. Theca.

B I ZEQR=ZRERSHEE
Plate I Floral morphology in Paphiopedilum purpuratum
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A3 R G 0 B R R A H R S 5 AT BRI A
UL N, e o 1~2 gt mi K, K& N
BA2BMANGHEE(ERT:2,3), /MMEFE:4
LTI A6 245 % 3 B2 R ) — AR R 40 i 48 2 kP
JARZIE I T B 4 )2 40 009 AR 25 B |l A
BN R AR NERE )Z G ZE (B
:4,5), ik, {25 R FRAN LA 1AL /)
761 R 48 B a0 55 o3 2L T, 2% Rz 240 M 22 Oy 3 5 1Y)
KRR 1,7) A 02 PR AR 0 bR (1B
M:4-6); 25 N REAN 3G K2 7 K 2K B
(B T:4-10) s 24040/, BRA2; o082 4N i
HRHA BB (R T:4-8) . fE/NMEF U
SR/ BRI (R T:6-9) , o2 FE
3 JZ R A S, 2025 DN RE A it 4k S 14 K, 3R R A g
AR A2 LT, T8 2 BE AR T 3% B BRI RN
AREFYE Y 25 % N BE 2 (AR 11:10) o M
A8 25 BNV o A U 1 L nT DL SR R A 4
ZURE fife W ., 4 245 TRUHS 1M1 5 Ak 1) A 245 BE 253 (181 Wit
I 11) , BAEWNR, fEwon (R I:12)
23 NBFEEMERFELRE

KBRW, AR T HARH %
G354 A T A L, 24 2 v e i 6 D 4 i oy Ak
PRy 1A B B I AL 2, 55 AN A 76 5 40 At 43
b e o B0 R A I BE R Y i A 4 i (TR R T 1
2), BHEE S AL T B K HES R BN
TREYHME (IR I 1) o /N 200 it 26 a5 73 24
I RyaT (E R 2,3) (R 4) 5 3 (K
R I 5 ) A 54 24 T8 A% 1 4 T TRl — 4~ 40 i P9
B IE DU AR HES 1 4 S FAZ (E BRI 6) . Z )5, 4
ASFAZT BT B B T AN R R AR T 3 ok
2 W A U N S R s N TR NS ||
7) ZEA R AR (AR 8 ) A A8 SRS (B AR
M.9), #%&, /INMETFA 9 DU 21k 3B Sk
(BRI 10) , A AATS R 45 78 DU 434 P (&1 e T
1), dkgeil ot A5 225y 2 % T B 2-# ek
il USRI 12) , PR, 228000 22 Al /)N
6L B3 290 A K0 o0 24 10 i IS 43 24 5 3R ] s AR
(Johri et al., 1992)

3 Wik 54k

MESS L H AL 25 &5 WG 7 R AE, R 45 18 2y
FRH ACLYRE LT IR /LT A R oy 2

T5 2 /N I AR HE ST 2 LA K ok 5oty X
G ERT YT R 2R R A
Y& (Johri et al., 1992; Dressler, 1993; i H ,
2005 ; Singer et al., 2008 ; 25 ,2023) , A5
R T AR KB MR ROR, S fE R
=R A AL 2 A AL BB R 0 22 SRR 22
BE B0 WL EOSURE 5 A 22 R, HR BB 5 1Y
753 22 WAL Vanilloideae ) FI4E 25 K B W5 LR
25 (Z2F5%,2023) o I, ARPFSOULES T S8 4
MIAETE S TAE 25 K B IR A FRAE 456 BLA GOk,
FeB T T eI 20285 8 30, BRI
3.1 FARRUESMAZIRERNSEFEN
o = B A SR 8O R FUR B
AR AR 8 1 A6 T8 SRR AR, W X T K 2 4 s
ZmPRh, BAT B A AU B EAREE R
2, X IR IE I DL T4 S0 8 22 BT T 19 5 48 B
IR 5 DL SR — & i Z AL T H-4H 1 3 4
Fl, BUFELARSECE 220 3 IS [ FIRYE =2
(P. callosum) LY (P. barbartum) 57 [KYR 2
(P. lawrenceanum) | ( Cox et al., 1997; Chochai et
al., 2012; Tsai et al., 2020) FIE ™1 2 ~Fh [ F
Y22 (P. venustum) % == Y8 2% (P. wardii) ] (X
b g 2%, 2009) , Jm H 8 B E SR 22 (P
rothschildianum) | 2 J5 Y8 *% ( P. sanderianum ) F19E
HRIZ9E 2% (P. philippinense) , EATTHR AT X P4~
B RE T LB FFE (Cribb, 1998) . X fU-F-
WG PAEBEM 4 2 AL TCH-H Z RV TR
—ERGRR AL, W, % )R
AT 85 1 B S 5 R 7 98 2 Ja A ) 22 57 B {2 ( Crribb,
1998) , Hoor2esa i EAF E AL,
32 EYR =T BHEREAB AR EH LR
RO AL AT RS B i — A R
JGHEEAG Fh M 9 HOB 51T (pollen dispersal unit) ,
RIAE B RL B 285 1 W JoORY 2 O — W1 R AR 22 S B
(9468 141 (pollinium ) o A7 BIF 58 WA Ay A6 Ay SR Bl 2R
e LR M 4r K FE R AR Z — (Swamy, 1949;
Poddubnaya-Arnoldi, 1960) ,#J>% J& i) 18 4t 9% 4
TR 2-4 Jfg 7Y KL AE B (Sood & Rao, 1988) . A
it JE R MBS — R 5L T 22 R (AR AR
HE,1987) FIFY 2% J& (Kant, 2011) BLEA M HOR #L0T
BRI AR B RL, 3k S RGP TR A T 40E )2 AN
MR AR e RO IR R T, S A B ORI MR B
PR AERY ST, HATRE AL 24 N 1Y A6 B K
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1. FAEZG oAb ) — XU AR IR 25 %, e o A R B IR L, A AT A LU 2 A/ T3 MR TR
WURL, 2,3 AFERBEHLSNZ M 1~2 BRI N ZAE(3) . 4,5, /T R4 M0 2L 1 19 4 2 B2 RE
TE GV E B (TSR TR ) o 6-9. /NET DU SR I P48 24 BE | (0 415 14 0K 1 38 F2 3 KAy 25 38 P BE R Ak 1) v 2 NGB 2
TE: SUEZ R (AR TR o 10, UL 25 I AU AL 25 BE 7R 3R B Wit , 24 % N BE LR RIS . 11,12, )RR 25 i A i
(1) FRE VI (12) , 7 SO 7 B R 2 A e, AR 25 = TOUAR AL 2 BE AR WOF IR R (10, §7 3k 48 ) o en. ZFRALLL; ep. )X en. 24
ENEE; it. WEED)Z; m. T2, sp. /IMUTHE; ss. AERREAL, st. H3k; t. )2,

1. Two anther primordia surrounding a stigma, indicating each containing a pair of lateral juxtaposed thecae, a densely-stained microsporangia was
differentiated into a sterile septum at central, and each theca was divided into 2 U-shaped microporangia by the sterile septum. 2, 3. Sterile septum
tissue differentiated in the center of each theca with 1-2 layers of inner tapetum (3). 4, 5. Developed anther walls during sporogenesis, including 4
layers, noting binucleated tapetum (white arrow indicated ). 6=9. Anther walls at microspores developed, containing toothed epidermis and enlarged
endothecium, while middle layer and tapetum degraded, noting binucleated tapetum (white arrow indicated). 10. Anther wall at ripened anther
stage, indicating debris of epidermis and fibrously thickened endothecium. 11, 12. Longitudinal (11) and cross (12) sections of ripened anther,
indicating a slit of each theca and collapsed sterile septum (11, arrow indicated). en. Connective tissue; ep. Epidermis; en. Endothecium; it. Inner

tapetum; m. Middle layer; sp. Sporangia; ss. Sterile septumj; st. Stigma; t. Tapetum.

B I ZEYREMNRLGERE

Plate I Development of anther wall in Paphiopedilum purpuratum
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L/NMETEANE, 2~5. /NMET-ERANHUBECN 2E TRRTIN(2,3) , Il (4) FUS I (5) o 6. 2r 3R I YIS0, 7 IE P A ST Y 4 4>
T A W0 AR RE . 7-9. /NET IO A AHES) R R P TENA (7)), A X FR (8) FI T A AL (9) o 10, DI 434 HEL it g
HR B/, 11,12, A B/ CRRETE U AR, 2 B i 2- 4 A ) DU 5 488 (11) 5 A I/ FIF R ok 2 o 2 41 i A
HIERAEMIRL (12) , ge. AEFEANN; ve. EFRAME, (BN =2 pm)

1. Microspore mother cells. 2—5. Microsporogenesis: Meiosis prophase I (2, 3), metaphase I (4) and anaphase I (5). 6. Anaphase II, noting
no obvious daughter cell walls between four subnuclei arranged tetrahedrally. 7—9. Varied arrangements of microspore tetrads: tetrahedral (7),
isobilateral (8), and decussate (9). 10. Mcirospores released from tetrads. 11, 12. 2-celled pollen tetrads (11); 2-celled separate pollens
(12). ge. Generative cell; ve. Vegetative cell. (Scale bars=2 pm)

B I ZHYRZPW/NEFREMERFERE

Plate I Microsprogenesis and male gametogenesis in Paphiopedilum purpuratum
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JL— A B A% 0 KR B R AR (A 32 0 AR A
1987) , 31X 5 H At 4 AN RF AHURY B o0 28 R EUR A
[7] (Singer et al., 2008) , AHFFE W5 F 2L 40 4 =
JRCEAAE 24 PN 1 AE Hoy 200 1 5 A A i, BV AT SR AE
WA A K, IFAE 0 748 22 J& ( Vanda Jones ex
R. Br.) (5K 48 4% ,2019) F1 11 J§ 22 )& ( Pennilabium
J. ). Sm.) (ZEBEAE 2020) ALK AR FEHES &%
XFE Y« R VB B 7R K I 98 2= ( Paphiopedilum
dianthum ) (% ZE 4§, 2007 ) Ml &k 4L Ky =
( Cypripedium henryi) (Li et al., 2008) W& ¥ & &
[ EMTRT B, SCHE TR WL A (AT B R AR
1987) , itk — 2D B A 22 OB 09 45 53 2 ) 2 e
TS R NIG 2 J7 TH B8
33 =RRHEHEBMNAETRBARSUNEEH
MAGRRY fE2PEA kB Rh AT
I 5 2 21 3 Ak IR figp 0 T B 5 A SRR [6]
oy BT 2R Y B I AR R (2R, 2023) , TER
AU B 22 R FUR 22 R A 2 Rk B T R
o RUNAE S R R b L A B RR IR A 2 2 H |
i) ) A B XS T A6 K3 /N B (massulae ) 1AL ¥y H
(pollinium ) AYZE I A% H 2 ¢ # % ( Freudenstein &
Rasmussen, 1996, 1997 ; Freudenstein et al., 2002
Kant & Goel, 2013) , X2 AT KAL)
o R R SEAE N 2 73 F) S KON ] (55
REAER) BH A (2.4.8) AIESZHE (2
Zx FL EH R WHEUK BT ( Freudenstein &
Rasmussen, 1996; Singer et al., 2008; Kant &
Hossain, 2010; Kant et al., 2013; 5K #%5%,2019;
FAE,2020; THIKEAF,2020) A BT WL 46 F
Lo s AR AL 245 o0 A o — X A 25 % A
2l rp e 1) 6 D A B A A — SR AR B R IR ZH 2
T B — R EE i 2R MR OB /N 3, 3X — i
TEHT BB 5T b B R 15 B H 0, 200 1 46 2 % 4K
HFA B BB 2001k i 2 &, il an B R A9 2
(C. cordigerum) FlJ k4 =2 ( C. japonicum ) # 43
kR 4 ZAEA R 4 A4~/ F 5 (Sood & Rao,
1988 ; Ghimire et al., 2020) , Jy#Rff A 2 R4
RB R IFE IR TN, Hi, £ %
AR RIS T B M 20 2034k 22 8] 9 56 R A AR A
#iT (Kant & Goel, 2013)
34 EGR=ZBFTHERABRZENIELFEEN
B R REAR 4 )2 B TR, X
W ZWR A MR A RIYRF, B 2k

Wil Bilan, [A]J& #5991 R ED 58 2= ( Paphiopedilum
druryi) (Swamy, 1949) Flt 7850 2% ( P. godefroyae)
(AR R EARME, 1987) UL BER 5 2 B T AA
B A 22 )8 9 H S A 22 (Sood & Rao, 1988;
Kant, 2011)%1]53}37]‘(*/‘]% ( Ghimire et al., 2020) )
6~8 J2, NZRAALL RE , TE =R Bp i RLAE
REZ LT 22 AL, NEE M 22 )& ( Goodyera R. Br.)
(Sood, 1988) . % 22 J& ( Ophrys L.) ( Aybeke,
2012) . & K 1€ J& ( Habenaria Willd.) ( Vij &
Sharma, 1987; Sood, 1986) ff # % J& ( Herminium
L.) (Sood & Rao, 1986) fl & /& *% J& ( Satyrium
Sw.) (Rao & Sood, 1979) LA K 4 22 \F B} 1) 1 J§ 2%
JB (2845 ,2020) 55, 1 22 J2 B AE 24 BE K i T LA
B 22ER BT AR (9K AR, 2019) AT 22
J& (Arundina Blume) (TR 3E4E2020) &5, I 4b,
0022 PR AR 24 BE L 5l B 4~5 2 A1)
M7 BAT 2 JZ IR A 2 as Y BE (LG T AR 24 B
FAY YRR AE R 5325 2 2 SUOTF R 942 & (Kocyan &
Endress, 2001 ; Singer et al., 2008) , Kt , A5
NN AE 2 BE 1) R RO BIAE 2 RHE Y I AE 25 & &
AR 2R X 7 H A B T A BRI (S
H,

BT ) 3R 2 A A% R A% (ELR 4y
Pt U BAE R N R, B —E 17026
255 X (Johri et al., 1992), 250Y1 2% A4 2 BE G B
ERATRBEHAR N A EE AR E XS
FEERYE 2% (Swamy, 1949) Flh 7890 > (£ 25 F £ AR
HE,1987) MRS R —E L, HE5MN 2L EHBEMN 2
(Sood & Rao, 1988; Kant, 2011) #l i ik # 2
(Ghimire et al., 2020) H ¥ 4585 )2 1) 45 B AT
XU I 2R 2 A0 A 1) B B B T DAAE R g 22 R
A 2= g SRR R oy AR AR 2 —. A L,
Swamy (1949) ¥4 2 RGNS T 228 16 J& 28 Fdd
PR TR K & MR 7 R AR, Forh B BN 22 B A
XURZ G H J2 , WY DX 031 3 G At B0 B 355 2% 0 == B A
Wy, PRI S GRS J2 BN A 2 A 22 AR ) S S R A
Z—. A, JEkK Sood (1988) th & B T 2%\ B Y B
2% ( Goodye rarepens) WATERIZ B E IS y FF
P2 HIZ R AE I AR HOSURE 88 22 B A 22 0 B I A
XAESG NP4 R A AR B UESE, A = FBHE
iR FVORNRI B G E B, LT
R, 22 B FRE 22 B AR R R (Vij &
Sharma, 1987; Singer et al., 2008; 7KHi%%,2019),



110 70 W 44
ML Z AR D UL S BAER 22 R Se 22 8 BB b 45 3 7k sE, xf 7 BRA% =2 B0y i e
DL =R FI RS 22 R — Se g Rh ek pi 2t | MBS REAEEE L,

( Epipactis Zinn ) ¥ %) (Sood, 1997 ; Bhanwra et al., 3.6 &it

2006a) | & M % ( Cymbidium pendulum ) | 75 ME %=
( Smitinandia micrantha) ( Bhanwra et al., 2006b)
LA AL 22 ( Spathoglottis plicata ) ( Sriyot et al.,
2015) 55, BLAN, 7E 82 % ( Spiranthes sinensis ) B A€ 24
REFE SR A0 AR S AR A,
22 X% (Sood , 1989) , 3XAE 5 BUYL 22 I A6 24 K
BB EES, Wi, AT ENRE KT B
PR A6 245 B 235 ) 1) 440 R 0 K ff 0% )23 4 i A% 5
H (Johri et al., 1992) .
3SEGREZMMNFREMERFELEN S
XEEX

SEELYR 2L /AR B 20 P £ [] B R 5 4 2
T3 2T BN PU 534 S 5 A 22 5y RIE L T 2~
S AR A6 A | e 2L BRI AR By AN DU S A8 Ry SR A 1 B
Z,X 5822 W R BLA O 5T R AR K — 3
(Poddubnaya-Arnoldi, 1960; Sood & Rao, 1988;
Brown & Lemmon, 1996; Kant, 2011; Ghimire et
al., 2020) , ATAE R iZ AR DX - H A S B A9 R i
SRR, BRI BT I R A 22 8 O i S AL
4334 (Guignard, 1882) ,{H I K45 3| J5 L2 HF 5% ¢
BHOSCHF, = RHEZY R T R, Wi 2L
53488 Ry 3k T 3 25 AU B BT 3 AR R D | IR
WFTTAR 28 (5K 5%, 2019) ¥ % & ( Aybeke,
2012) F145 7 2% J& ( Spathoglottis Blume ) ( Sriyot et
al., 2015) o PRI, /ML 2 A 10 i o - 22 07 X7
2R3 2 R g8 b i AL P (B 1 N OCTE
(Furness & Rudall, 1999 ; Furness et al., 2002) ,

B8l 2L /N IO o AR HES Or K24 4
58 T PO T AR | 22 A7 X PR R R 5 28 SO Ay SR /)N
6504 73 A HE 2 J7 2R o3 28 o 0 SCRR B TR B
B, CAPTIERY], 2 FRg /N 1 oK HE S 7
KEME, 2385 Fh, 46 E AR A4 X fR A+
FASSCHY T AR ZE AY (53 L, 1982 Johri et
al., 1992) . oo, JF DU A 5 5 DL, 2 A7 3 FR R
WZ, MR IUFHES I 2 A 2 RHE AR E
S RN A 5V 1 D [ = B S =N B A N 114 8 N ]
HEF 7 25 HOk 50T R 1O A AR B 1 RS 5 =X
BEARLRFE— 2, X 7E 22 WA AL /N (Kant et
al., 2013 ) FIAR 22 S B i B (& 46 8 AT (K 5 45
2019; HKEEAE 2020 220855 ,2020) L2 Kk

R N e S T DB A USR5 A
(1) 58050 222 A S0 8 =5 AoB A IR AR AL i
PRFETE S0 22 BB Ry /D UL, W LA S i 22 & R
AEBER M Z AL T H A R A, HoR% LR
EAFIRLEIRTT , (2) B BUYE 22 e AL 3 WA T AE
I IR S AT 45 A8 22 S DR AR 8 B & Rk #t b, ]
M R IR A R DL R R A Sk m IR A K A
TEAE R B8, RIAERE T, OF H =3 Z ) i AR K
JEAEAEW] W Ak, W B ESS AL 25 R B R TRk
MESSFAE L o (3) SEB0YE 22 W AE 25 BAT — Xl AR
AT W B 2L 501k, 5 R & A8 4 i ok
&A 4 FAEH 4 /N TR R AR E
FROGTE, (4) BHLJZ 40 M A8 B 80 T 198 22
B A 22 Ja () LR K] 43 A A 2 — , i O U,
JR BN, (5) BB 225 R B WG 7 4
AESARDC 2= B REAFAE W] 0 53 W), AT — & 10 40
KYB L, OIEALLENHRE LN KT R
B SRR B A iR E I B 2R AT
PMARRIHEFIE X 5E . (6) BLA BEORRMIER &
FAEZ & & R IR “F R AETE 22 B [6) 73 S 1 1) X
B . 25 5 ( Aybeke, 2012; Sriyot et al., 2015; #HIK
FR4F,2020)  HBFSE IS B SEEEA 2 200 Fh (1R )
HGeit) o B, A b E PR DL BB o3 2R (A
TR JEw G R SERR) AR IT TS, 18 R
RBORE, Nl A AL 43 28 AR G0 ) R ik A
JE 2 R IR 27 UE 3 ( Swamy, 1949; Kant, 2010;
Kant & Goel, 2013; Valencia-Nieto et al., 2016) ,

B =hFAGADHAAARAI] IR
Sk Aeip B A ARB TR, Ba kLK F
AN SR AR ERF G, F LI
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