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Abstract

Salvia L. is a large genus comprised of 900 species of annual, biennial, or perennial
herbs, or shrubs. Although about 140 species are in cultivation, only a few salvias are
commonly found in commerce and gardens. Interspecific hybridization could contribute
more Salvia cultivars. Salvia coccinea Juss. ex Murr., yellow-flowered Taiwan-endemic
S. nipponica Mig. var. formosana (Hayata) Kudo, S. patens Cav., and S. splendens Sell.
ex Roem. & Schult were collected and studied. The objectives of the study were to
determine the floral structure, pollination system, in vitro pollen germination, and
hybridization crossability. Pollen tube and nutlet growth were observed after self- or
interspecific pollination. Interspecific hybrids of S. coccinea x S. splendens were

obtained, and progeny traits were investigated.

Observation revealed that S. coccinea ‘Snow Nymph’ had homostylic flowers and
immovable stamens. Salvia nipponica var. formosana had typical lever-like stamens, with
fertile theca concealed in the upper lip and the sterile lower connective arm restricted
access to nectar. Salvia splendens “Vista Red’” had pin and homostylic flowers and
immovable stamens. Salvia coccinea ‘Snow Nymph’ and S. splendens ‘Vista Red’ could
set seeds without pollinators, while S. nipponica var. formosana must require pollinators

for pollination. All these three salvias were self-compatible.

Supplement of sucrose and polyethylene glycol-3350 (PEG) in the modified
Brewbaker and Kwack medium with 0.1% casein hydrolysate could improve pollen
germination and tube growth of Salvia. Highest pollen germination was recorded in
medium containing 5%-10% sucrose + 30% PEG for S. coccinea ‘Snow Nymph’, 10%
sucrose + 20% PEG for S. nipponica var. formosana, 0% or 10% sucrose + 20% PEG for

S. splendens ‘Vista Red’. However, pollen of ‘Vista White” germinated well with media



containing 0%-15% sucrose + 30% PEG or 10% sucrose + 20% PEG. The optimum
osmotic potential for pollen germination ranged from -2.45 to -1.42 MPa. In these three

salvias investigated, sucrose benefited but was not necessary for pollen germination.

Effect of flower age on pollen germination rate was measured with medium
containing 10% sucrose + 20% PEG. In both S. coccinea ‘Snow Nymph’ and S. splendens
‘Vista White’, pollen had the highest germination rate at 1 day after anthesis. In S.
nipponica var. formosana, pollen had the highest germination rate at anthesis. Highest
germination rate of S. splendens ‘Vista Red’ was obtained at 1 and 2 d after anthesis.
Stigma had became receptive at anthesis in S. coccinea ‘Snow Nymph’, S. nipponica var.

formosana, and S. splendens ‘Vista Red’, indicating these plants were not protandrous.

Among all cross combination tested in this study, pollen tubes were observed in the
style base at 1 d after pollination when S. coccinea ‘Snow Nymph’, S. nipponica var.
formosana, or S. splendens ‘Vista Red’ were crossed with S. coccinea ‘Snow Nymph’, S.
nipponica var. formosana, S. patens ‘Blue Angel’, or S. splendens ‘Vista Red,
respectively. Pollen tubes of S. coccinea ‘Snow Nymph’ were arrested on stigma of S.
nipponica var. formosana. Pollen tubes of S. patens ‘Blue Angel’ were not observed in
style base of S. nipponica var. formosana until 2 d after pollination. Mature seeds were
obtained only when S. coccinea ‘Coral Nymph’ or ‘Snow Nymph’ as female parents
crossed with S. splendens “Vista Red’ or ‘Vista White’. Nutlets did not enlarge when S.
nipponica var. formosana was crossed with S. patens ‘Blue Angel’ or S. splendens ‘Vista
Red’. In most cross combinations, hybrid nutlets showed only partial development

indicating that post-fertilization barriers existed.

The megagametophyte of S. nipponica var. formosana was, but those of S. splendens
and S. coccinea were not, surrounded by a differentiated integumental cell layer. Selfed-

embryo and endosperm of S. nipponica var. formosana developed slower than S.



splendens and S. coccinea. Most hybrid embryo and endosperm aborted and resulted in
basal shrinking and/or browning nutlet at 8-16 d after pollination. Nearly-mature embryo
was obtained in S. coccinea ‘Coral Nymph’ or ‘Snow Nymph’ as female parent crossed
with S. splendens “Vista Red’. Embryo reached globular to early-heart stage in S. coccinea
‘Coral Nymph’ or ‘Snow Nymph’ as female parent crossed with S. nipponica var.
formosana. Embryo most reached torpedo stage in S. splendens ‘Vista Red’ crossed with
S. coccinea ‘Coral Nymph’ or ‘Snow Nymph’. In contrast, embryo and endosperm
aborted 4 d after pollination when S. splendens ‘Vista Red’ crossed with S. nipponica var.

formosana.

Hybrid weakness was observed in S. coccinea x S. splendens progenies. In this study,
only progenies of S. coccinea ‘Snow Nymph’ x S. splendens ‘Vista Red” and S. coccinea
‘Snow Nymph’ x S. splendens ‘Vista White’ grew and flowered. Both hybrid progenies
had new plant and inflorescence appearance. Most flower characteristic traits of both
hybrid progenies were between two parents. The selected progenies had more nodal
florets than S. splendens. Both hybrid progenies had green with gray-orange, red or purple
calyx and orange-red corolla. Corolla had white blotch in progenies of S. coccinea ‘Snow
Nymph’ x S. splendens ‘Vista White’. Both hybrid progenies had pollen polymorphism
with low fertility and could not set seed after self-pollination or backcross with both

parents.
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% (Introduction)

Rk ¥ f(Salvia L) 5 & 254 (Lamiaceae)z. — ~ = & 5 & 4 ¥ & -~ F &

\

\

TR
# & & % 5412 4 (Griffiths, 1004) » H 5 & & 2 753 74 (Anella, 2000) » % - &
7% 3.9 M%< (USDA, 2009) - 4 1t 4 8/ ¥ % (Clebsch, 1997) » # ¢ 44
140 1 32 44 (Griffiths, 1994) » =7 £4 & & B " & > (Anella, 2000) -

;{gﬁ_ﬁ“ 3 T = BLE X #7548 (0gden and Ogden, 2010) -

rE P CEZ 2257 6 5 1k (ClakRen-Bockhoff et al., 2004a ; Walker and
Sytsma, 2007 ; Wester and ClaRen-Bockhoff, 2007, 2011) » * R & 445 B )14
(heterostyle) (Barrett et al., 2000 ; Haque and Ghoshal, 1981 ; Miyajima, 1996, 2001 ;
Neisess, 1984) 2 /¢ z2 & & 34 (protandry) 3i % (Barrett et al., 2000 ; Cruden, 1977 ; Grant
and Grant, 1964 ; Jorge et al., 2015 ; Navarro, 1997 ; Visco, 1970) » &} & 4]4F 3¢ >

B jd AR SR RE K2 GBI 2 spae Bt i 0 e fvig

o 2 A w4 BT & % (Widerlechneretal., 1983) » Fpt 4
Ik g L BT S S i 7EE (Stoneetal., 1995) - R E X FHiEd 2 EF F R
TH L6~ EZ (B % >2008; % - 2003 ; Erdtman 1967 ; O zler et al., 2011) »
Z Al 7 5 dEadss & (Brewbaker, 1957) o # A A7 g 4 2 Al AR £ A
% % A 7 % (Shivanna and Sawhney, 1995) - 7 4 BEREBEMBS R - B
(polyethene glycol, PEG) 3 £4=t = %3] i 4> pi ¥ (Alcaraz et al., 2011 ; Ferrari and
Wallace, 1975 ; Sakhanokhoa and Rajasekaran, 2010 ; Shivanna and Sawhney, 1995 ;

Zhang etal., 1007) » p % & £ 4 & & B W FTHEP U -

2 & (Kho and Baér, 1968 ; Williamsetal., 1982, 1986) ; @ < ## {s [&

f‘i
=]
o
(%2]
-
=4
@D
=
=,
N’
QD
=
o
>

barrier) ] & Z "5 3% 3 2 B F T AL K RSN E G R H N md A4 3



(Barone et al., 1992 ; De Jeu and Jacobsen, 1995 ; McNaughton and Harper, 1960) - 4 &
AGRARRILAHFE AT FF 0 o A BAF R G LM Rs(Haque
and Ghoshal, 1981 ; Putievsky et al., 1990 ; Tychonievich and Warner, 2011) » 4 44

Bt 873 SHPREE AT E 2 VBEF L& FFT -

ek BB ELE X E S 4 A 2 F R L X[S. nipponica Mig.
var. formosana (Hayata) Kudo] 5 ##3# > s f7 2 T2 7 ¢

- B RRET RSz RS2 GRS

\

CVCRERER 2 PEGRAMEE R Bia ks R S 2 B Tk HIFET

29 S g e ST ~=
BEBVEEF G o

Ji

SRR R RRIATFAMTLAME T A 2 S RFTRRE
B~ B T A 4 2 E MR

B FHAR RS R L R ARE ST A T



a A F3  (Literature Review)

- REX R b

& & ¥ i (SalviaL.) = & 7 #*(Lamiaceae) i 7 *% (Mentheae) ® £ 2 i 22 &> *
# 1§ (connective) £ £ & 22 5= 1 % & 2. 184~ (ClaRen-Bockhoff et al., 2003 ; Walker
and Sytsma, 2007) - & e~ 5 2 &% 4 > F 2 d salvare 3 salvus w724 @ %k o
salvare % ie ~ v % osalvus 1§ A% 5 ~ =4%2 & (Clebsch, 1997) - &~
900 b fl » BiA AT A M ST A EW - F P ARMRY cF = AN 5P s E
s ¥ IR p ¥ s~ A 47 3+ % (Clebsch, 1997 ; Walkeretal., 2004) - & & ¥ e £

PHA e ECVATFSREL AT A AFY G RETRELEITEL R

FENFAER NS EE s L - (i) b T RS LA - FEEA
S b e 234 (teeth)r TS 5 o o224 A 3 (thecae) 0 d 4 &

IR A M o &2 f4i(gynobasicstyle) » 1 eg 3 355 & & - + £ 2 - % > & 3 RH A
2 ¥, % F 5 & % (schizocarp) > & = B & % #(mericarp) e = > A FliE 2 A & P
FAL Sl T (nutlet) > PR A ERAS > L Bl %5 1 RS (I F 2001 ;

Clebsch, 1997 ; 0 zkan et al., 2009) -
COD- A EEEY ¥ ER-V R W TR & ¥ 3
1. %= 7 & & 3°(S. coccinea Juss. ex Murr.)

ERRELRA L0 B(Clebsch, 1997) » Hff £ 5 % d 24, - PR H LS

Gicd N iz d GA Ty A d 2 I & %1 (Clebsch, 1997)

S

DHRERL HFRAE 2 0 $RF 0.6-13m tkEFE08mo ® R L PA T FRAS

FwE 1-3cm> £E 2-4cm o £ 5 153 cm - E A # A (truncate) & 17 < B
(subcordate) » # % &

Ex g EiméEd o i°K 2 -] F & (bracteoles) £ 4-5mm >

Fe PR, s ke o o) THUE 2-3mm s EE PR 0 £ 7-8mm s TR g4



et > FRELER o BEHRA 0 £ 59 1.5mm (Huang and Wu, 1975) o 12 4§ 4 2

FRESw o B LA F % f53 %552 546(Clebsch, 1997) -

2. ¥ ¥ & E % (S. farinacea Benth.)
o EERE X R A E R4 (Texas)® 382 L8~ 37% & # + (New Mexico) 1 &
& # FL17 ¥ 3 (Coahuila)/» #% 50-1800m # % > 4 # % % 7 % % £ # F (Clebsch,
1997) - & & 2 fad 2 & g H T© R/ > 025 4k 4t H 1 (Clebsch, 1997) - &
% 1-13m> %% 06m> L 7-10cm> F5925ecmA {5 AL H15cme
FrugaaF R e 3% s 2 (Clebsch, 1997) - 4 4% 2L %44 5 Victoria & 71 >
EFAROIT23 k> 243 FHEF2Z 5T L(ME > 2011) -

3. & =& & I [S. nipponica Mig. var. formosana (Hayata) Kudo]

TERETZEHFFT A L&A #3040 4 815 HA L% (Huang and Wu,
1975) » A3 1B M L3 2 T8 5 8 7 KT 117 A (4 - 1997) » 2HE R 5 4k

4

%X60cm> FFwiE10cm FLE 3-8em EFE 2-4em £ 5= & RAPR

-

AR 2 R R AT 0L T ERES  E TG LB EAL 150m o

F oo EERRA L 5-10mmo o) FHE 4-6mm o E F4ak 0 £ 7-8mm s |
d Bk WA FAINERL S wEL G 2-35em F BEEE FRI- A0 & 4-6mm>

TR N P BAME P 0 & 2-4mm s T 5-6mm o RIFEEPRIA) 0 %2

mm e -] % g FFl ~ F13; 0 ka0 £ X 2mm (4 % > 2001 ; Huang and Wu, 1975) -
4. £ .8k % (S. patens Cav.)

ERREZT R4 Ea B @ R(Clebsch, 1997) > #6 £ 2,7 T B ¥l sk ~ T B >
s 2§ f1 @4 @5 (Clebsch, 1997) » £ 3432 5 &4 F hfide > 2R E RS
B 9 30-60cm:> % 30-60cm: A5 F £ iF 15-30cm 4 s R R S E
25cm o> fwEL 13cm F FS S k% F 2 9 ¢ ¥ o4 (Clebsch, 1997) -
‘Cambridge Blue’ % f& # & 2 7F14 = ¢ (Royal Horticultural Society) iR 2 & f& %

(Award of Garden Merit) o 4548 ~ # 4 & &~ $, % 78 (Clebsch, 1997) -



5. - # =(S. splendens Sell. ex Roem. & Schult)

- ¢ AT d 53 2000-3000 m 2§ % 5 R % (Clebsch, 1997) » & ¢ &
PEFL -2z F V3R eChRRRl REF2 -0 i AEd T
A RBTELOEM LR MASF B EEE - Bk 2 k5 (Clebsch,
1997 ; Griffiths, 1994) o % #p &4& % i1 B /& ~ > 4 Louis Benoit Van Houtte ¥ = 2
‘Van Houttei’ $k% 22 +k % ¥ i£ 1.0-1.3m(Clebsch,1997) e p %0 % & + 2. — 8 (= iu-

AR Ao ktkB A S (1) #&EHA $H 20-30cm > F Fuego ~ Hot Stuff ~ Sizzler
7|~ Vista & 7| % 548~ (2) » #44 > % 30-40cm > 3 Carabiniere & 7| ~ Cleopatra
7% &4~ (3) B4 ~ 40 cm > 5 America ~ Early Bonfire = Rambo % &
fa(Armitage, 1994) - A HIE R A B EL A 5 5+ R w2 7 44(Clebsch,

1997) » 4% - 8 e AR L 287 H ko 52 FHES 2 N (% 0 2010)

L
- g br 3
T Z

+

T EART R L TR RS FEE GG - B

B
%xxﬁ?: ’ifﬁ:?"ﬁ.'\?ﬁ'—f

T

F

V3 AT RIACP TR RAS Y o TR SR
A 15-30 % RS A E A o &) T Rl ) T4 i A e(F ¥ 02007)
— P2 ) TRT AR R I PR WSS TR 3 AT -
BTG 125 A O e G ) g AR TR o T A ALY ) e T

S EEFAPFT B ARA T2 F AL > REIIARE(FE 5 2007) -
() REXBEF-E SR - Bt amn

ApEF 2 R RAF LR P E(45-130 mm) ~ A58 2 pE S § % (Wester and
ClaBen-Bockhoff, 2011) - 22 &7 & # HH-2 7 #& 2 (ClaRen-Bockhoff et al., 2004a ;

Wialker and Sytsma, 2007) - & # B k& % (S. pratensis L.) 5 #= 5% o4 2 7 #5 k22 5.2

£k ¥ (Sprengel, 1793) » 2t S5 42 % & 5 ¢ F2 850 S HE K hig
B2 {odl s 7B £27 15 2 3§ (ClaBen-Bockhoff etal., 2004b) » 22 EL4F 15 4541

ZUF TR S BAE B E X R 1 2 i &2 B 4&(ClaBen-Bockhoff et al., 2004b) -



1 a2 3 7 2 (e 1)

ST BiEs 2 4 iR A 0T th(abaxial)2 2 BRERALAET A ¥

¢ 2 % » ph(adaxial)ze Sk A P =0 18 1 22 g (staminodes) - 7 ¥ (fertile)ze £33 7 &

orTHE 2 EFA ) TIR o L BERESEHE R BEZLF ot 2 F3
ERERIFOFTREV AL TR R ZETENERTR T ET A FT &

FoRTETALERA T TR R R TR RET AT~ TN A
R R B E R S T A Ak 4 M (oint) @ 2R R

(Clalken-Bockhoff et al., 2004a) -
CRREH LW 8 S AR (M 4 2)

d FSAF rbel 2 trnl-F P B R E X i (TG 247 BT A B
it + 3 3 i &z & 4 (Walker and Sytsma, 2007 ; Walker et al., 2004) » 1§ % % 22 5
& LT g i (Walker and Sytsma, 2007 ;5 Wester and ClaRen-Bockhoff, 20064,
2007,2011) > &% F it o L P o fEE RG22 A 530 FRRERNE T I EF
MECLITREREN RGBT RS RAREVEE G S

Foa L Rt sk SaE A s B 4p 02 i+ (Walker and Sytsma, 2007) -
3. Bk FIREA 2 g

e Bt 5 5 A8 2 pY 258 E ER e Az - o2 54 F N
£ B (Wester and ClaBRen-Bockhoff, 2006a) » &4 e 7 sc d B 4RE it 5 548> = %
4 % = b i i (Wester and ClaBen-Bockhoff, 2007 ; 2011) » & #-& E ¥ 7 » s 54
2 AF R A e B B4R A s o G 1t 0120 4k (Wester and ClaRen-Bockhoff,

2006b ; 2007) -

SR E X2 B e F 113247 5 2 (Wester and ClaBen-Bockhoff, 2011) » > <R 5
W~ s 2 kg 85k (Celep et al., 2014 ; Faegri and van der Pijl, 1979 ; Wester and ClaRen-

Bockhoff, 2011) - & 4 & k& f iyt 1% #* % (dorsal or nototribic) i@ s ¢t (ClaBen-



Bockhoff et al., 2003 ; Faegri and van der Pijl, 1979) » 7 ¥ 5 i 45 £ RR gl o g\ PE 3N
i > (ClaBen-Bockhoffet etal.,, 2004b) o & 450 & 32 @js F dd 5 54 > 7= g 10 %

B 5 %2 % pt @5k 2 2o 4k(Wester and ClaBen-Bockhoff, 2006a) - % 4 5 48 & % 3»

,\

el Rea o ok d B B E X (S leucantha Cav.) (Wester and ClaRen-
Bockhoff, 2007) » 3 &4 iz 2GR Flf-A) e se gl tiec®m 2 A i a0 > 4ok

B E % 2 - ¢ iz (Wester and Clalen-Bockhoff, 2006b ; 2007) -

HEXEfEd & p 27 E M (Hague and Ghoshal, 1981 ; Miyajima, 1999, 2001 ;
Morton, 1972 ; Navarro, 1997 ; Owens and Ubera-Jiménez, 1992) » 1f & & 22 §AL30 5
A_aE £ 2 (out-crossing) 2 1 #1(ClaBen-Bockhoffet et al., 2004b) - & 54F 1% B H
WP F L Er S RARE AT PEBRE SR L S i R

o T H W jE ik o 8@ ' KRR 1524 2 18 € (Ohashi, 2002) -

AR E 3 23574 (heterostyle) (Barrett et al., 2000 ; Haque and Ghoshal,
1981 ; Miyajima, 1996, 2001 ; Neisess, 1984). % o ¥ ¥ & 3 B2 {1 FF AP ¥ (= ¥ T 48~
i 2 FfEtRA B ¥ 10 - R 77 2 (Haque and Ghoshal, 1981) - — 8 =

. —t
Z_¥ 7y

‘Wﬂ

EE B E A B A TN F A NS L CEATVERS B &
£ B 7 F ¥ 3% (Miyajima, 2001) - % & @%’Z—ﬁfﬁﬁt‘f - BRIV T ERZVPE e
(homostyle) » @ p =¥ ¢ (Miyajima, 1996 ; 2001) - S. brandegeei Munz » % z&

SrEAt P E(E L] o pin) £ 2 Sk e S (R TR A] > thrum) - = E > £ LTk

\“1‘

AL Js-R Tl = T o S W N At o = S B T o O it (T = A A
Rz 57 Foa 4L 8 > A 4 gt B £ (Barrett et al,, 2000) » % @
Neisess (1984)*t = A fv %5 # £ 32 WF Y ¥ LHSF > Rp 5 H - q] 412
HFENALET Hr AMpEF L BRI e R o gl g P R
FE oo

e A5 FE R ¥ oz 5oL B % (Faegri and van der Pijl, 1979) » & @ 74 2k

335 % (Barrett et al., 2000 ; Cruden, 1977 ; Grant and Grant, 1964 ; Jorge etal., 2015 ;



Leshemetal., 2011 ; Navarro, 1997 ; Visco, 1970) - Grant f= Grant (1964)# % S. apiana
Jepse B ARER e ERITPp LY RS IR EEATRLER A

S.melliferaGreene 22 5t 2 7 > v ] ¥ & ~ B 7 a8 F Wbt T AR 1

e

BV AW T R 14 o Visco (1970)4, 1 S. carduacea Benth. 3t B e - X o e
Ao e fude AGEARITHEE 0 ok By APEERAE ST 0 2 SPR AN R AZER B
FONPEE AR T 2 2 R JER o MPRE SR 0 BN 2 R R0 S, dorrii
(Kellogg) Abrams z_ f-;=#g in >+ S. carduacea ; S. columbariae Benth. 7=k B c g =

PEELEOYIRET o 2 SPpE S A A R A T IR LT L - Bk ERE
AE O R ERACK e P 2 T E 0 # R IEARTHLE S
hierosolymitana (Boiss.) g ¢ 5. > ¥ > $1 5 #¢(stigmatic lobe)+= ¥ ~ & iz £ 3 40 ~ i385

B TR - R R Ad T L B % T2 R L e 8 (female phase) F B £

@ b3 A S (malephase) s R R E D R @ﬂ‘f’f?%‘g—?"b‘?&, J2fe sk
fgécﬁéf:';:,kﬁﬂ’g@;é@ﬁd ERTS A RamE PR eF S KR ERY A

FAWEA TR BIES - ANE S ERRME A S I BTSN
fs 2 sk B > T &2 ¢ p < (Navarro, 1997) ; S. sclareoides Brot. i~ B 3x § %

a

11.

a

TL..

\+§|{.
)
il
“F‘(
e
Rl /
_,4_.
|
7
) -—
=

B AY jf‘ flr& ) F’

—N

S- AR BRI FEMEER

En

BRI EER RS R RS SRS AR B2 LY P
Mp T3 (Jorgeetal., 2015)  AfiEdr B BA R % > e E 2 K 2 pe T
MER R FREALD HE 2 AR R - IR RR R g o T
EiRE I B ol P 8 T

gt #h s {8k 3 Heterosphace & @ 2 j84» £ B 7% (leistogamy) & % 3
75 3. % (polymorphism) 2 4+ (Walker and Elisens, 2001) « % % pF2_ 7= 4 % 2 (7@ i
% #(chasmogamous) > & %% 2 § X pFo b T L P ELH O KA ETLE
B PREEH BB EEH T AL S F NP EER A2

74

P2

<(Walker and Elisens, 2001) > % £ ¥ i & 3 % Heterosphace & & & ¥ 2 4 B i~

(=
=2



LR R 5 AL G 2. F)F (38 0 2012) o
4. REX B RAFRL 2 Fi

B (sympatric) Bk X F G R 2 & 2] s RGN B2 % A AR 2

78 1§ 4t (mechanical isolation) > > F1% F = @ 4p 3 I& &t (ClalRen-Bockhoff et al.,
2004b ; Dieringer et al., 1991 ; Grant and Grant, 1964) - ff 3 ~ 18 4~ 22 S35 &

#r% 8% 4 ] (ClaBen-Bockhoff et al., 2004b ; Reithetal., 2006) > 34 a7 = * i@

PHRBRP T FREL SR M ER TR R R LW RN

% ;7 32 (ClaBen-Bockhoff et al., 2004b) - # 3 »x Jis (smear effect) ¢ *5 i o5 >t @4

P2 A TREFE L AT RBEFRF TR LIPS P HEE S

M RR AL BRETE AR BEEEG A o ea G GBS H P K H

7 e A G A2 2 4 5 (Wester and ClaBen-Bockhoff, 2006b) » 4ol 3 7 12

#p 4p I+ 2_ S. orbignaei Benth.¥2 S, haenkei Benth. > —‘ﬁ Chkx ] ~ak s 22

G ¥ 357 > ® S.orbignaei 2 5 5 4F 15 3F 5 # 5L > S.haenkei 22 5P B R E

Bt g o NI T AA S F 2 B A 1 i (Wester and ClaRen-Bockhoff, 2006b) -

Bty T R RSB 2 g o e A RES A L R TR SR

R 1 SRRy

AENE- R HEXHiEdHF v L2 RBEF RIS A(E > 1973 ; Epling,
1938, 1947 ; Grant and Grant, 1964) - # # 12 S. apiana fv S. mellifera 2_ f& & f& % #7
7 B3F © S. apiana fr S. mellifera 2= = AR F fe 2 {8 %5 L3 X ARA%kE > @ Ak
e 34 L F 3 % (Anderson and Anderson, 1954 ; Epling, 1947) » t % F]5 4 f&
RA2FBBEXNZIFT EMAF RS ® 2 5 (Anderson and Anderson, 1954) - S.
apiana f= S. mellifera i & MR35 2 » 7 5 {7 5 I 4t(ethological isolation) ~ #
i I 3t (ecological isolation) ~ =8P fRaf » % AR fe < F RIMA 2272 4 ~ fa+ E 4 W
BAiE fif 2 néwa—'gf\ Fi 4t (Grantand Grant, 1964) - kg7 & B2 5 3% 5 je 2 &2 8

TN R RS (S R R A HE TS F S A

-



6 44 i (speciation) i+ 4 -
(Z) %7 s MG M e BRI

REX By 2 4 tMEkp > ¥ 2n=12-14-16~18-20~22-24~26 28 ~
30+32-34-36-38-42-44-46-48-60~66 84 ~86 2 240 23 2 (Harley et
ﬂJWQ’%5@%&§6V%8ﬁﬂ*p@%{@7£&4’ﬁ%5@%&%%
2 ARz & E ¥ (Haque, 1981) - = R E X % 4 ##c: 2n = 22 (n = 11)
(Bhattacharya, 1978 ; Gill, 1971 ; Haque, 1981 ; Harley and Heywood, 1992) ~ 2n = 2x
=224 3 & & - 15 B % ¢ f8(Alberto et al., 2003) > =7~ 3 2n = 20 (Harvey, 1966 ;
Sugiura, 1936) ~ 2n = 24 (n = 12) (Kumar, 1942)2_z3z4% > @ ‘Crimson King’ 5 n = 22
(Gill, 1971) » “‘Coral Nymph’ % ¢ #8%c % 2n = 2x = 22 (Kobayashi et al., 2008) - #> &
B EX 24 HEc: 2n=18(n=9) & 20 (n=10) (Bir, 1978 ; Gill, 1971 ; Haque, 1981 ;
Haque and Ghoshal, 1980 ; Harley and Heywood, 1992 ; Sugiura, 1936) » £ 2n =20 %
3 & & - 15 B %4 ¢ 4 (Alberto et al., 2003) - § =B E ¥ A ¢ 4 2n = 16 (% -
2007) - & S B E 34 ¢ 2 #c s 2n = 2x = 18 (Kobayashi et al., 2008) - — 8 =% ¢ %8
#c € _n = 16 (Carlson and Stuart, 1936) ~ 2n = 44 (n = 22) (Bhattacharya, 1978 ; Haque,
1981)& 2n=4x =44 45 & & - ¥ B 4 ¢ % (Alberto et al., 2003) ; 73 n =8 (Gill,
1971)2 3ok » % % 4 (2011)4; 91— # =“VistaRed’% ¢ 4% s 2n=44 -

REL 2 p ABERRERY v F R AL MR 2 2 F2Z BF R
& - S.apiana (2n=30)#2 S. mellifera (2n=30)F 4p 3 #& <% (Epling, 1947 ; Eplingetal.,
1962 ; Grantand Grant, 1964) > S. munzii Epl. (n = 16)4= S. apiana (n = 16)3z % 2_ {5 *
2 ¢ f#c~ 5 n=16 (Epling et al., 1940) » @ S. nemorosa L. [2n = 14 (Haque, 1981)
223 Bl E ¥ [2n=16 (Haque, 1981) s 18 (Boscaiu et al, 1998)]32% » B2 LA %4 ¢ %8
#cH oo v A5 S xsylvestris L. (von Marilaun, 1891) - ¢ s ¥ & k& ¥ (S. farinacea)
[2n = 18 (Haque, 1981) ¢ 2n = 20 (Alberto et al., 2003)]§= S. longispicata M.Martens &

Galeotti [2n = 22 (Mercado et al., 1988)]#& % #1717 2_ S. ‘Indigo Spires’ » 7+ § 2 A %

10



J K7 e ie ¥ 1718 £ (Clebsch, 1997) -
Haque f= Ghoshal (1981) 2 = {= & & % ‘Pink Pearl’ ~ ‘Red Indian’ ~ ‘White Dove’

[2n = 22 (Haque, 1981)]#2 S. grahamii Benth. [2n = 22 (Haque, 1981)]e % 2_ & §F =¥

E

% (£ 57%-80%)° @ ‘= i~ & £ 3 ‘Red Indian’f-— # *=‘Fireball’ [2n = 44 (Haque, 1981)]
Fe 2 BF FME 3 T 4 > (Haque and Ghoshal, 1981) - Putievsky % 4 (1990)
m2n=14 z_ & k& 3°(S. officinalis Linn.)~ = %] & & % (S. fruticosa Mill.) 2 S. tomentosa
Mill.32 % - S. officinalis = S. fruticosa & & % %2 & 223 %7 5 &~ W iE 36%% 34% ;
S. tomentosa §= S. officinalis z_ 32 % % F & ¥ 0%-2% ; S. fruticosa x S. tomentosa #&
R F 5 0% ; S.tomentosa x S. fruticosa 2- 522 7 F 5 21%F s fEF >
7o R H {5 N5 E 5% 2 B fo(Putievskyetal.,1990) - Tychonievich = Warner (2011)
MORBEHAEATEFEFAFRL 23 Beb2fF AW Tpey o S greggii
A. Gray (2n = 22+1) x S. involucrata Cav. (2n = 22) - S. guarantica A. St.-Hil. ex Benth.
(2n = 88) x S. involucrate (2n = 22) ~ S. transsylvanica Schur ex Griseb (2n = 16) x S.
involucrate (2n =22) ~ S. transsylvanica (2n = 16) x S. nemorosa (2n =14) % S. nemorosa
(2n = 14) x S. transsylvanica (2n = 16) = # j& ¥ = &+ - # ¢ S. transsylvanica x S.
involucrata 2- 322 {6~ 5 Bk 5 248 o XA B L 18 N H 2L 2 48 (aneuploidy)
ZAEAF O MALI M) AR T AEFRET AT RIRERZL FHFF
(Tychonievich and Warner, 2011) -

d T A R S p ARt ek LA AT RILBF A ET
FREFEF AR H R AT RCT AR E ST 2 Rk RS WD T

BB IER i E 2 o

%45 Walker % 4 (2004)2 & E ¥ {8 4 3% ~ 47 > S. transsylvanica f= S
involucrata » % - » L (L &8 S ER A2 B EX)fryr - A L (L & 5378 2 &

EE) s A ARz 8k ¥ 3 4p 322 (Tychonievich and Warner, 2011) -

11



(2) 52852505 T (A 3)

AR 2 vppe S B R 3 & ZRAL %2 (integumental cell) 4% it 22 & A e K
(epithelial layer) e Flegfe+ W& &~ 2 = & > &~ % 2 & & & ‘w2 & 2 Salvia mellifera
type (M type) » % & & & ¥ k& 2_ Salvia splendnes type (S type) (Carlson and Stuart,

1936) -
1. Salvia mellifera type (M type)

2 Salvia mellifera 3 & % 2. M type z_ vpfie+ B 5 Bk » 7 o ff dcs* s & 7

Tl o R PP MT 4 G DA TR E AR R e E S )0 5 R

gﬁ<

fmrz it 2 R R lmie Ky s [F B R i vE T L3R4 2 sh L, iz 54 4% (endosperm nucleus)
PPN A 2 ATTRIVAE TRV m A L e Ry 0 D AR G B R RA K
BXi- 8 lixie3 2 wie & B2 = A2 = (Carlsonand Stuart, 1936) - vp-fie 5 48 4
WAl RE T By & 3 ¥ Bk X S apiana ~ S. columbariae 2 S. glutinosa

L. (Carlson and Stuart, 1936 ; Schnarf, 1917) -

Mtype 252 % @ & L2 5P % - K F5P AR TRV F I PE
r»EF L e R 2k R o A RSN RIS B TR s B IRAL e
LY - IR T KRS AR T AR iR AR, 2 shed (T

KA ARG L BhEE R R o XS A RN A 2 R imim e 3 4 A e i £
Fairde » X L mre oo B2 %5t Riwd e S type “&(Carlson and Stuart,

1936) -
2. Salvia splendens type (S type)

M- Bl i A2 Stypedpfe+ R HERGI R RZ D B ek
Plmie R A B Ap S imie Pk o £ BEEB ey f (vascularbundle) k= 2 = B F
§_m¥e % (antipodal nuclei) » ¢y d1 4% » sR3b =g s Y Stype 22 R E X {Ed &

7 &° # B kX ~S.greggii ~ S.azurea Michx. ex Lam.% S. lanceolata Lam. (Billings,

12



1909 ; Carlson and Stuart, 1936) -

Stype 22 "2k ¥ ¢ X F 2 IV FF - K FHP AL S % L~ e o B
BIE R Pgsh L SR PR L - A A NG RA Y AR B K D
RSB W IRIVE 2 F R PR - e A TRV S P A AR D

R P2ZRIVEE R T - FRAFEA A S A e - B g AL

It

FHETFEAFREE E BT RIRI R R £ 3 2 R - R

MR SrdE o~ gt sk o ¥ - SFRFE ~ 2R3t sk % (Carlson and Stuart, 1936) e

Mtype 2 Stype z_ #2225z 5 % 5 3 338 A % 1 1.Stype 2 &~ B &1+ &
BRI e B fg 2. & 4 18 ﬂi-%] L%z F R ~2.Stype & & A fmve KU g g Y o
Hopft 5 8 T3 T 2R~ ToRAL M type S5 T L A L e & UH] Higden
WLz Rimmmre 2 B e W T IRIVEE R > T 3 BB RIRIL R B E 2
it ~ 3. Mtype 2 S type ?‘{ IDE L EE B R RV E > Mtype 2 IRV E
>33 A (micropylar canal) 2 #2534 ¢ B > @ Stype 2. 3R\ B Ayt wie H -

Ple s T @AY §ARFFTIRe o HE R E-T (7 (Carlson and Stuart, 1936) -

ERGM AN R F - AL 0 FEREF 2RI M S Mtype - @
lanceolata z_»ppe+ #873] 5 S type (Walker et al., 2004 ; Will and Clalken-Bockhoff,
2014); F % subg. Calosphace: &t % = 4 & 2_ S. apiana~S. columbariae-~S. mellifera-
pppe+ 48] 5 Mtype @ - B =~ @ B B kX S greggii # S. azurea z #pfie+
AR 5 Stype ;s @ rpfeF 43 2 Mtype 2. S. glutinosa BIE % = 4 £ (&4 F 34

2. & %5 %) (Billings, 1909 ; Carlson and Stuart, 1936 ; Schnarf, 1917 ; Walker and

i

Sytsma, 2007 ; Walker et al., 2004 ; Will and ClaBen-Bockhoff, 2014) » &% ™1 % & &
SOHETE R B2 MpfeS BB R E 2 dpfed MAIT N A o A N T R0 A

P2 bpfeF AR HEFTESF 2R Vit § R EAF I ET o

13



() =¢ 72 7=¢ 38
1 HEX s icd 4 (1 4)

f=¢ % (anthocyanins) +~ £ 5 »tfcd 5 id A% F 2 R AL FHid ¢ (Asen,
1961 ; Lu and Foo, 2002 ; Shibata etal., 1966) - — # ‘= i~ % # (salvianin) & =% % &
# % #& 3 (pelargonidin diglucoside) » i 7 wwrtfié (caffeic acid) 2 5 = f&(malonic acid)
A B - - ¢ =% H %4 & pelargonidin 3-(6-caffeoylglucoside)-5-(4, 6-
dimalonylglucoside) (1) (Kondo etal., 1989) » 2 2 mono-{- bis-demalonyl 7+ % # (2 -

3) (Kondo et al., 1989 ; Tomas-Barberan et al., 1987) -

- P k= i% H 2 caffeoyl A B+ 33 5 p-coumaroyl Z ® - & % pelargonidin 3-
(6-p-coumaroylglucoside)-5-(4, 6-dimalonylglucoside) & monardaein (4)¢2 # 2 - 5 &
74 4 (5 ~ 6) (Tomas-Barberan et al., 1987) - Pelargonidin # i 2. +% < i=¢ % ¥ 3%
% cyanidin = delphinidin > 2} = cyanidin §= delphinidin 3-(6-caffeoylglucoside)-5-
(dimalonylglucosides) & 3-(6-p-coumaroylglucoside)-5-(dimalonylglucosides) (7 ~ 10 ~
13-16) > 2 B3 - B4 4891112141517~ 18) > 1 } 357 L3t
od Akd ¥ 2 FES 2 K EX S (Kondoetal., 1989 ; Takeda et al., 1986 ;
Tomas-Barberan etal., 1987) - pelargonidin #% 3 2. 7. = ¢ % 7= ¥ 4 malvidin 2~ i »
A5 = salviamalvin [malvidin-3-(6-p-coumaroylglucoside)-5-(6-malonylglucoside)] (20)-
iz FaE IR A4 salviamalvin 4= malonylawobanin (17) (Kondo et al.,
1989) - Haque ¥ (1981)4p i * R E X et ¥ » v L cd v d 2 40l d 2
fh o H {4 % 7 pelargonidin s @ ek k2 BLE X 2 754 % 5 cyanidin iT
4 ¥ (Haqueetal., 1981) - & ¢ =2 S.uliginosa f=#¢¥ 7 ¢ figi* 2_ ¢ % delphinidin
3-(6-p-coumaroylglucoside)-5-(4-acetyl-6-malonylglucoside) (19) (Ishikawa et al.,
1999) - £ S & & ¥ 2. § ¢ 2% protodelphin ] & 4 % 2 malonylawobanin
[delphinidin-3-(6-p-coumaroylglucoside)-5-(6-malonylglucoside)] (17) ~ & gk (flavone)

#g 2_ apigenin 7, 40-diglucoside % 4% %+ x I & = (Takeda et al., 1994) -
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2. - B 2 {54 AT

— PR RBATAFITS L o SIEFIEPBLET ARERS 20 2§
£ k- ¢ =(Bailey,1976) » p w il Ffi-d { IS kA d i d NS
% % it (Robertson and Ewart, 1990) » ¢ 2 &d B~E~Int-L~P~R %2 V ¥ A4 7

= #1(Hendrychova-Tomkova, 1964 ; Robertson and Ewart, 1990) -
(1) = 2 & AT

Pid k2 AF 3 RLE IntAF > #29 RAFIZHEBL LS RIEN
Faw o L AT AAF L0 R A HILLATIF § 04T 0L
W FERRBRTEE R FABA TN P RA TS G F o R

A RERN A Int AFF4IEEd 5 A o B Int A FIHEER A TN N

=

LAREBE - bl4e A AR LS d ~ KA rrl_ 5 sems ~ AR 5 bt

r‘(

Ad AR s s o F INtAFEERE TR EEATYRL A 2

¢ 7r 4 72 ¢ (Hendrychova-Tomkova, 1964 ; Robertson and Ewart, 1990) -
DEESS 12 %

VAFIgRTIESHI > AFAVW S RAFI WS K =d T3
LAFIZERF TR @R VAT » 23 053 = Int AFZERF
FRbpm gl VAT 23 8% AFA] VL Intint 2 % 4 ¢ ~ 2 F13] VVL_intint
BITE A o om R ATIH VA Fla # 2 (Hendrychova-Tomkova, 1964 ; Robertson

and Ewart, 1990) -

BAFIR ¢ A4 % dim 4§ R-LE IntAFS55E K A%3] BB i# i~
¢dd d @SR ed 0 AT Bb i Z R iFed oV AFF X B AT
o g iod Zkd ko drkEad 2 i d Py &2 %4 BB 2 Bb A F173|(Robertson

and Ewart, 1990) -

15



EAFTHFHER L Int~V 2 BAFIAL 2 fgd > AT ee 5 FF A AT
Al Ee 244 4 - @ A& F]A] EE 2. 4 &% (Robertson and Ewart, 1990) - Robertson

fr Ewart (1990)* %382 — # o &dff® » B0 H 4 TRfa # AR EAF .
() =4¢ FFrHl AT

PR TG 754 2753 > AFApp 59 ¢ 75 HRL-It~E &7

'R P A T VA T 4 (Hendrychova-Tomkova, 1964 ; Robertson and Ewart,

1990) -
B b if & A Frek o Rdn- B i d 75¢ 2 )4 2 PPWhbRRLLINtINtee 5 &
R-LZ2 INAFREZEL IR TREem 423 F202d - PAFRER

MR R AR TS A AL RIS EMA 4 o F VAFIRRIH
]"J—EE‘E,TL_J%"#“JO-‘&‘;BéT‘]ﬁ ﬁ&F’r}Eﬁ?’f"gﬁ"ﬁ 30‘ Eé"‘];‘{%‘
SEELEE S 5 G4 o 2o ESINLATE AR 2ok T i §

¢ %% (Hendrychova-Tomkova, 1964 ; Robertson and Ewart, 1990) -

K

3. MR ET T AT

Kumar (1942)*+ 1936 & & p FSCFiF 300 th2 = TR E L ¢ EF s R 9 H

Po BT RE S RRA NI REAS I B S ER A

BRRAEHRAE BB RHBE R T2 X REX R 2 MBS RS
T2 l/EXR 55 2n=22(n=11) > 2% 7 FF¢ & F)(Kumar, 1942) -
R AFR %L R (Kumar, 1943) -

() REXBEFEHEPA R Bt 227 4

L RPN RS R 2 AR H

_H._

kAR B 18 > k4 7E i (generative nucleus) ¥ E ¢ A B E - B0V

& % Bt (binucleate) 2 = % (trinucleate) & =35 o B2 A Tooks b iE S0 e po af (2 4 A
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A SRS Z2RATETEERAFR LA A AL - B &
(Brewbaker, 1957) - iz Brewbaker (1967):# & 265 44+ 2000 f&F f-4e4- » # ¢ 70%
Z P BRI REEE R 179 a2 8 G A 54 a2
s 2 P33l T3 22 TRR e FERIIZ Z A - B BES 2 SRR
A% S4p R > R LR X (Saxifraga L.) 77.4%2 # fa -k 5 BR A 0 22.6%2 F~

A7k 5 = ¥241(Zhang and Gornall, 2011) - /4 & % 2+ (Annona cherimola Mill.) 2z

Tt T ER A DI K 0V ORGR TR B S A B 2 LR R A f#(Lora et

al,2012) & ek #F v R AR d 15°C# 3 3 25°C pF wE R A= Aok b3
Fvtbld 4%3% B 5 63% (Lora et al., 2009) « f Bt dr 7T BB A B2 8 A 4 4

FoLora % 4 (2009)4; &1 > o= P A FIH = SR A AR ST ER A B
W RITERALT P2 2P ERE G PEEFT2LERATERETER

B TR

e PeAl € B s i 2 ) AR RO R AL TR 0 2 P Al Tl s
7 2 4F (Hoekstra, 1979) » »fex i % &2 37Fh X 3 & 5 (Hoekstra, 1979 ; Hoekstra and
Bruinsma, 1975, 1978, 1979) » = k& & % ?‘;‘J%‘@(Brewbaker, 1967 ; Heslop-
Harrison, 1979 ; Hoekstra and Bruinsma, 1975 ; Leduc et al., 1990) > » #Epiptdss %
(Brewbaker, 1957) » X i 45 i g i & & fo4s F 2 & i F #op-(Lora at al., 2009 ;
Mulcahy and Mulcahy, 1988) - 4% 3] iz fos fi s IS B P ¥ & 5 2 FFEL > % - FEER
BT g WP Do A= A g (callose) i & (plug) P> 2 £ 2. F R R p okt
£o G p ¥ (autotrophic)Fg £ » 2 e BT F 2 R EW > § ok § ) S MM T
ok EAERE ] FREETEFLL99E R A 5 B 4 (heterotrophic)rg £
(Mulcahy and Mulcahy, 1988) @ = %3] e pr g FF > fosfe § 2 K32 F 77 5 LM

B2 45 0 A FEEs 5 B ¥ (Mulcahy and Mulcahy, 1988) -

FeAifl b fg2 & BEH P A % = 4] (Erdtman, 1957 5 1969) » %A

ZARTREAFTEZ A PG E o A = P32 23RS 5 > & (Erdtman,
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1957) > Erdtman (1967) 2 Ozler % 4 (2011)7" 45 1 R & ¥ Biidr 2 1 ¥ A R ioh 5
F o P A¥ TR E X(S. japonica Thunb)z - 8 =2 R ki = 2a1(R £ >

2008 ; 3 > 2003) - #A@m p A% TR E X &P 2 L% R E X (S, arisanensis Hayata)

i\4
X

AOEHEE X Sk % (£ 0 1973 5 Wu and Huang, 1975) » $* B + 54 £ 5

P s TR 8E S TRELPEIRERE D TRFSRAE X Tk ORE

*ze

Hu 28R HEYBEFM b4 T A ATk A E 6

1&“

LR RES B2 - 8> X (1973)ERIE * Tk A5 5w B erE A o

4= 7E Bk ¥ Coral Nymph' g%k th2 3 4 2 v 4 H Eh ket [ fo 8

\

WiE iz okt » 2w B E T 12 (Kobayashi et al., 2008) - % (2003)35 !
PARTRERT LFES Ty RN P 2o w5 4 E 0 Ay
foas 2. 2351% > T pom R d Fooa R HRE R ¥ ES FH L TR 6

-

B3P EG i AR N EERAU TR T SRR TR

3

¢k 3RA7 5
Aisag »fds M(F02003)c 0 FRET ¥ &3 A2k EF 4>
5-7-8-~9-102 11 &% 5447 > 8 i & % 34 (Gupta and Sharma, 1990) >

L0 B E Y S B4 & 227 f&(Haque and Ghoshal, 1981) - Maurizio (1956)4p 1 %

BRI AL MEH T N A ERREL TR ERE T Z R bldo— B 2o B
MEPpE2Z RS 6F = RWBHMIRREZ6E S TEF” = SHBY
TARS ST 8 5692 10 F " ~RUMBHITELSZ8E T2

QEF o - P e BHBHLIEER S P2 BHE S BHBHEL R
Plagiust - ﬁgﬁ B ORE R B 4o 0 4 15T s (defective pollen) 4 7w B Py 20 1
#0t b 4 8 (Maurizio, 1956) » ¥+ Bl ¥ = BREGRZ kP 64 = BB
ikt A 88010 0 5 67 11X 12 F 2 okt o w BB T
PR S TS RARE 0 ¥ A AT 20 b7 g (Maurizio, 1956) - EA A T 0 i
Ao de X ) ST A R B 4e 73 4o 484 (Gupta and Sharma, 1990) - Erdtman (1969)#&
2 A A e s REAR A 4 b g 33 & Tode RO 4o 2 LEL 2R @ Saggoo

fo Bir (1983) M1 41 F % > 43 1 SLE X Bk 2 SR R4 | 2 A D AN >
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EEFpRZEP A NEERE 2P 7 m A AL ERM i
B saE 2 % o gt eb s Erdtman (1969)# 2 AR je 2 {6 2 o & A5 > T4 )

— PR RT SN RT R M S EA LT S LET R AT

*T*T

d okl s ) s Rt mE R B L W TRV o
2. 27 f&

- B lze2 4R k5 - 0 1962 &>t - B i Harbinger’ % # ¢ | K H
PR Atz a2 AT L SEMATF . AFAS_E 227 & (Ewart, 1976) o @
1967 &=+ — ¢ =‘Bonfire Early Strain’ %3¢ » £ {7227 K H 5 » ¥ #2272 &
2 AT L5 Fo AT ff e & (Ewart, 1976) - v B2 £k s 2 2 Fy
&85 1972 # 2 ‘HotPants’ ~1975 & 2_‘Torch’2 1976 # 2_‘Trail Blazer’ £ ‘Tallyho’
(Ewart, 1976) - = %(S. miltiorrhiza Bunge)zz 7 %2 % % Sh-B &% 2. & 14| 2 MSms
(Shuetal., 2012) » 2 # 227 $£/h F] 5 - N E*(endothecium)*c 5 » =& &2 & § &
Blaopaed 2 wre e Bl et i A 4 s Rpl g (tapetum) s v B ¥ 2 ok s
A LIEEETEMRY LBIFEISE AL 2] B s (4% > 2006) - S.
nemorosa = # p & 7ok o R Bcs Al e Sidp (pachytene) s 4 B ¥ 0 4 F kB E fmre
FHEET 0 RA AL B e g S e pralg o S officinalis iR A
Z) B ) (interphase) 3 4 B % - 1% =0 304 & % > Py 2 o4 (Linnert, 1955) » & #ic s

R A e ABES 4 i F H 4 (Haque and Ghosal, 1980 ; Wu and Huang,

-

1975) e pob B G BRAT T4 5 227 0 2 HB B & A T RPIHALT
¥ iv 5 2 & 7 875k (Haque and Ghoshal, 1981) - i = & fhz272 f£2. | F17 & &

R CFEEFTRFARIMFTREY VI 2R AZ - RET BRI S

24 %#ci: 2n=14 z_ S, officinalis ~ = & & & ¥ % S. tomentosa #p 3 F£2 » F
=3 B3Pz S officinalis x S. fruticosa -~ S. fruticosa x S. officinalis 2 S. tomentosa x
S. officinalis &R f2 2 (8 % ] 32 F 2 fmie i AW > BV L7 BRfr ¥ 2=

B Ad R e AR e AP EFRTT F 5 50%-70% 0 T T AR
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L ts N2 AR E 4 15 b (30 30 A (Putievsky et al., 1990) o A A % ¢ A HS
52n=30~ % ¢ {24 4piT2 S.apiana fv S. mellifera 2 &/ 322 > /| 32 F # ‘¥

4 fe fg 3t

h

Bl AT LS HAR 2 ¥4 (Epling et al., 1962) > f& R fe 2 foids &7
#. 7~ (Meyn and Emboden, 1987) ; m 4 ¢ %8 #c 5 n = 16 2 S. munzii §= S. apiana 3z
oM NL S ML n=160 AR R Tk 4 7 MOt A (Epling, 1940) -
PR Fe % 2k B BLE ¥ [2n =18 (Haque, 1981) 2t 2n =20 (Alberto et al., 2003)]{=
S. longispicata [2n = 22 (Mercado et al., 1988)]52 % 2 {¢ i 227 $£(Clebsch, 1997) » %

FRFRIGEATTEES K TR g TR RS AERR YT

d TR R B TR 6T A MR R MR
RS HEAEF 2 CEFTRARE BA TR IR TR Mo H TR

ViAo T R AR TEE R 22 RF LA R &R
(5) B ERFE B RAR

Tychonievich 4= Warner (2011)#= 3 #» 5 B # Bl e X AR e e & > B4
A MARAP LA ERFTE RALIMARI PLEIEAREHRA
@ H ¢ S transsylvanica x S.involucrata 2 22 {4 i 2 £ /& % 2 48 (Tychonievich
and Warner, 2011) » @ p AfEF 2 ? > M AL F WA BT 2 S. xsylvestris 7 &
&7 1 (von Marilaun, 1891) - X @ A a2 RP B EZ X 2 WM AL
A B8 bldod § R dEcip I 22 S.officinalis ~ = 4] & & 3% S.tomentosa f2% o f&

R is AT 89 » fwp AREF Fig M3 A (Putievsky et al., 1990) 5 4 ¢ %8 #c4p

i

P2 $5404p 122 S, apiana - S. mellifera 2 & & 322 15 % 7 & 49 1 (Epling, 1947;
Eplingetal., 1962 ; Grantand Grant, 1964) - faf@ fe < Fi B 7 31> Vi &
R FLFE) 40508 A ERAF R Fad L f2 @5 % > poh > R
Y P A IEBES AT o S %ﬂ”ﬁﬁ/é A RS EIE SRS S

(Grant and Grant, 1964) -
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FrapAFete s ERT R RT3 = L AR RIS A3
IR A 2 @H;—*Ff PR pAREFFMUN2 RIMPESHNET 2 S R AR

P16 2 LT o

S. nemorosa x S. transsylvanica 2. p * Fo® AfkB BT EFE B ~ & L8~ I
Pl HE S AN o RAPM TR &Y F AR AL A

L #cd > e p #kcb 248 $k(Tychonievich and Warner, 2011) -

SRR R R

—

EHER L HABSEHI EHES FEN L R TR L EBEE R

* %2 1= (Widerlechner et al., 1983 ; Williams et al., 1982) » @ fois i34 X A&

>

B RE Tk E#Z e R A T2k B ¥ B 55 (Adhikari and Campbell, 1998 ; Johri and
Vasil, 1961) - =4 #& Bl 7 » 5 8 (invivo) i 28 & B| ~ Jr48(in vitro) pi 2 & Bl 2 I+ &

¢ ;% (Shivanna and Rangaswamy, 1992) -
(=) =k e st el

RN E R VAL REZBRAACFEREER A REFEEL
pAAEIAS T R 0 b B &2 g (boric acid) ~ 4T3 (Ca¥)er BT v fi 3
(Shivanna and Rangaswamy, 1992) > #X -> #ic{t 4~ <3k ¥ -k @ fi % » 4o % (Nicotiana
tabacum L.) ~ . & (Thea sinensis L.) % (Loo and Hwang, 1944) > * & % F f2 “#
EFend g3 ke g3 koo 402 4F & (Sinningia Nees) 2 #r # 4 3 [S.
leucotricha (Hoehne) H.E. Moore] ~ % 7= 2 # (S. eumorpha H.E. Moore) 2 % £ ##[S.
conspicua (Seem.) Nicholson]z. =3 >t 4 #t 3 -k @ & ;% ja 3% > @ ¥4 3 [S. cardinalis
(Lehm.) H.E. Moore] -~ S. aggregata £2 4z i# £ & # +[S. pusilla (Mart.) Baill] 2. =3 #
3 g ok g (50 2010); B i i B (Impatiens L.) 2 4 # & i1 75 (1. devolii Huang)

2 2 g i e (1. walleriana Hook.f. “‘Accent Rose” )2- =453t 4 33 -k ¢ & /% o 3
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R d g ok &5 ©h (1. tayemonii Hayata) 2 % = & i1 7-(1. uniflora Hayata)

2T F O RIER TR (2 0 2010) -

FRRLT AR $ R AR T2 o f 4 & (O'Kelley, 1957) ~ L& =55 fi 3¢
(Subbaiah, 1984 ; Voyiatzi, 1995) » I ¥ *# i {422 1ok F 20 R4 (bursting) R %
(Ferrari and Wallace, 1975 ; Vasil, 1987) ; 4T dg+ A fCh fi s 2 IS g 4 £ 3 H 7>
IV R PRTCHs g 2. A8 s (population effect) > @ 3 % 7ok i 3 3¢ (Brewbaker and

Kwack, 1963) -

EHET 3 &% A2 55 RBrink, 1924) - # L% A0 TR E LR KR
(O’Kelley, 1955) - # 35 % A ¥ EMEREM > 7 $RTEH LA TH T BN 2 £
fe £ 7 K@ "F o g 5 (Adhikari and Campbell, 1998 ; Brink, 1924 ; O’Kelley,
1955) o 2 e dr 2o T RE b o iE & 2 R kR ¥ i 7 I (Shivanna and
Rangaswamy, 1992) » 447 # = (Caladium xhortulanum Birdsey) i=#s i 3 &% 5%
¥ 2_ 12 % 7 (Deng and Harbaugh, 2004) ; 4§ & # *& 4 % (Kalanchoe garmbiensis Kudo)
(% fr4 » 2004) % 2 j#f 124~ (Zephyranthes Herb.) (% - 2008)1=s#s pi % if & % 5%-
10% & #E2- 3 & & 5 ¥ & % 14~ (Delphinium L.) (Honda et al., 2002) 2 .1 §< p% 48
¥ (Banksia menziesii R. Br.) (Magurie and Sedgley, 1997) =#s fi % if & 7 15% & #% 2
¥ %4 7 ~ 7.4 %X @ (Cornus florida L.) (Craddock et al., 2000) ~ & # 4 42 4

(Bromeliaceae) (Parton et al, 2002) 2 + v 3 (Brassica rapa L. ssp. pekinensis) (Sato et

al., 1998) =k Al e 7 20% R ABE R 28 % A Y F R g S o

FEdFAZ TR FREZERERT F o 4o 7 fi(Dianthus L) 2 #
B % © (D.barbatus L.)if & 3 15% & #2- 8 % & > © B # 75 (D. palinensis S.S. Ying)
L7 20%E pE2 & 4 0 @ & $[D. superbus L. var. superbus (Masamune) Liu &
Ying]»t 159%-20% % #2- # % A 7o i g SR E (3 0 2007) 0 A B2 E TR 2

AW E L0%RAEZ R AP E FRE  BiFETE I5%EML ALY

,:L

Tk n $TES I E AR EE F PG L 7 10%-15%F #2154 A (k0 2010) 5 K

22



T2 2o B TR T 0%-5% ARz A AT RGN RO S 2
0%-10%F #2. 4 A A& T2 § T WIERE 2 5 10%-15%F 2 12 %
A2 201]) - FRAFFEAZTTREEE A FEZEBERTT & 2 o dosei
(Rosa hybrida) 2. &7 ‘Ferry Porche’ ~ ‘B. Masterpiec’~ Q. Elizabeth’ ~ “John F. Kennedy’
R B A RARBER S 15% @ ‘Lady X2 o3 5 20% 7 #E2 15 % &

=4 g 5 g iE (Voyiatzi, 1995) -

kg2 B R RFB A FAF o R AR (north temperate
zone) 3 #* F i J& (north frigid zone)s % 2. L& ¥ Bied » ~ AR ET HiEd ¢ > D.
ajacis L.z 75453 15°C T g S g 0 @ H4p2 B LB R 15-20°C T i

£ (Hondaetal.,2002)- 2 & & # >t % T 83 ¥ % 2 &£ 14 > Sinningia
aggregate~ ¥+ 2 2 QU AL F 2 Tk pmF R ERE > 95 283 30°C R
FE s A EW2 F A28 Tk R 5 25-26°C (+ » 2010) ° fix
# (Persea americana Mill.)# @t % 2_ & & & #8 ‘Maoz’ 2 7= £+ 30°C F & & po 3
Foafa e AE BB L0 BEEAFFRIME T BEEL T4 20-30°C
P 538 2 dF (Alcaraz et al., 2011) - 7= # (Arachis hypogaea L.) ICGV 1236 % 55-437
Sk 2o fods g iR 5 36.5°C 0 2 Kadiri3 2 ICGV 92116 & % 2. o34 7 i 4 5
g » 37.5°C (Kakani et al., 2002) - @ # 7=(Gossypium hirsutum L.) ST 4793 R * ST

4892 BR & % 2_ 7= pr i &~ 5 28.4°C 2 35.4°C (Kakani et al., 2005) -

ok B¢ BRI HES B S > S verbenaca 2. T E AT L By X TR
Hoofe ok g B 112 2 * i 5 % (Navarro, 1997) ; S. sclareoides = B

RIEER A TR L T S0 BT 13 i T 5 A Jorgeetal,
2015) o ¥ ir LT A B A 2 ok i F 3L 54% 0 B - % 3 2 2 ok pi g X
11% (+k » 2010) ; = & (Alliumcepa L)FE r B g X T B8 1 X 2 54 F
B & WER TS B 4 0 T4 BT 5 B ¥ T '8 (Chang and Struckmeyer, 1976) e

SRR PR §RF TR R R 0 2 A TR REP IR
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% % A3z & (Brewbaker, 1957) o = 53] o4 LR & A 2 % 15 B4 F 4 (Shivanna
and Sawhney, 1995) » & k£ ¥ e 2. = 3 o4 5 = % 3(5 & > 2008 ; % » 2003 ;
Erdtman 1967) - ® 418 % 23] - & 5 % ‘w2 (papillae) (Owens and Ubera-Jiménez,
1992) » = #5344 3tz A4 EE b 2 ok & e jc(hydration) i 3 fh ¥ £ 41 8p 3 & (Bar-
Shalom and Mattsson, 1977) » 7 % 7“4 5 B Al F B2 B L 2 R P 7 R ETTH T

W2 R AR g %% & (Elleman et al., 1992) -

% ¢ = e (polyethene glycol, PEG) & 2 43 2_ /% 1% & # & | (Read et al., 1993a ;
Shivanna and Sawhney, 1995) » 7 ¢ 7 A% n%s BE » fwbe + 4f vz 4 12 % BH(Powell,
1980) > § =4*tfofs g 2 T F 2 24 £ (% % > 1989 Cali¢etal,, 2013 ; Leducetal.,
1990 ; Sakhanokhoa and Rajasekaran, 2010 ; Shivanna and Sawhney, 1995 ; Shivanna
et al., 1997) o *+32 % ikv‘ AU B ERRBAEPEGVHEMBEAAZEES K =
AT A 0 2 MR 2 T F 2 BB IR % (Alcaraz et al., 2011 ; Ferrari
and Wallace, 1975 ; Sakhanokhoa and Rajasekaran, 2010 ; Shivanna and Sawhney, 1995 ;
Zhang et al., 1997) - & 4] & & = (Limonium perezii L.) 7453t 3 10% & #&2 5 % A ¢
£ 7 40 20% PEG-20000 » =45 R 1 % o 100% % I 2% (Zhang et al., 1997) -
7 ¥ (Brassica napus L.) ‘Westar’ =4 >+ 7 5%z% 10% & #%+r 15% PEG-4000 2 ps 3

oo Bz 20%E 2 32 & £ 4p 2 (Shivanna and Sawhney, 1995) -

PEG v i # i #F & { 8 2 7% % B & 4 F (Subbaiah, 1984 ; Zhang and Croes,
1982) - »*4p Fe % 15 AT &% 2 (Petunia xhybrida Hort. Vilm. Andr.) i~ # »* PEG
BARY 27 dFFee Mo R A A ik g B RARE D RIVHEP g
2 BETRTE  EBRRE AL RS BERPECRAABZERS LS < >
IRk SR AR R ER R A+ PEG 8 % £ (Zhang and Croes,
1982) - /i & % (Anacardium occidentale L.)7#5 %t 2 35% R dE2 2 & K7 i 5 7
AT 75% > 2 1A A 0 F R 40 ? e kR 2 PEG-4000 £ fE MR HE R R SR 4D

FERIER S BTt 7 20%E BE4r 30% PEG-4000 32 & £ p w5 ¥ i 90% ¢
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(Subbaiah, 1984) - - b » FEREE b i » fn% 0 T Ay £ FIETEH 2 LA HE E KT

P 5 (% % > 1984 ; Goode and Hegarty, 1965 ; Subbaiah, 1984) -

FEFPFRFAET FEEZ TR EL ZEBPECEREEZE R AT i
* oo @ § EF(Passiflora L)z 43 2 0% #&4c # Ik A 2. PEG-3350 & % i
FoFRABAY FRMENPEG RITHEEFM TR T AR L - B
(P. edulis Sims x P. edulis f. flavicarpa Deg. ‘No. 156”) 7= 3t 7 20% & #% 4c 15% PEG-
3350 2 B F ¢ > FESFd 0% T 257% ; % F 4 % (P. edulis) ‘No. 127> 4
7 20% #E+4r 10% PEG-3350 2232 % A @ » pi g & d 0% = 1 49.1% ; ~ =8
i (P.caeruleaL.) w43t 7 20% % #E4r 15% PEG-3350 2. 32 % A ¢ » @ 5d 3.0%
21 388%; REnAAY PEGRARER » ¥ andrilivdp & (3 % > 1989) -
£ fHh(Brassica L.)2- % ¥ (B. juncea L.) ~ j¢ ¥ %2 & ¥ (B. campestris L.)2. = 2 4] i<
BliE & 7 5%E BE4r 20% PEG-4000 ~ 10% & #&+4r 10% PEG-4000 22 10% & #% 4«
15% PEG-4000 2z #5 % # (Shivanna and Sawhney, 1995) - A%t % & % = $2 4] 55 2
a7 0 BT E 1 F LS 4 (Bar-Shalom and Mattsson, 1977 ; Leduc et al.,
1990) - 4% 3 [Capsella bursa-pastoris (L.) Medik.] =4t & & #% 4 12% PEG-4000
ZEERY O FHE I T ATY 25 A%EAEET A 4r PEG 28 % B A SR
28 g £ R R fcE(Leduc et al, 1990) o 33 & A 42 PEG 4+ £ § BT
P S o Ar R E TR AR X EER 2. PEG-4000 ~ PEG-1500 ~ PEG-600 # PEG-

400 2_ 3 % & > Uk 4\: PEG-4000 2. f=#s pi % & &« & (Leduc et al., 1990) -

PEG pe# iz ol o g 2 RA 2w > g &g v g & dwdajici
FoEPAT R AT TR R AN A2 PEGARAA VRS R 2R
% 6-8 PR E ARG Z X8k (swollen tip) 7 % (Read et al.,
1993a) > & * A ¥ 2 PEG eV RAF TipE IE ¥bd L gfrflithia
¥2 4 % G4 +2(Read et al.,, 1993b) » =3t % it 2. PEG 2 35 % & ¢ 3f ¢ 7 #v CuSOq4

2 FeSOs Vet Jh I % > F & fiofs F A7 AL 3T HLER i g 20 A5 i 4P 12(Read et al,
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1993a) ; @ = A Tk B2 RICZ BB £ PEG 2844 > Bk F 3 &
sk ~ o f A (branched) 2 B 3F Sl £ 0 - ik F 2 R % (Zhang et al.,
1997) o gt ¢k » A A it 2 PEG 7 #HHEd & & 122 s2 F (Janes, 1974 ; Lagerwerffetal.,
1961) » ¥ it € 1 = {4 i E F 2 T *f (Ferrari and Wallace, 1975) » 2 4| g 442

Yok 2 4 sy B s # 1% (Read et al., 1993D) -

S e # & ¥ (reduced nitrogen) % B4t B A Fo4s 2. 4 s A Al
5 M i (Readetal,1993b) » 7 i {F ik R ¥ FEER 2§ R RAETTR 4 £ 2
ok E R vh g 4 K pF R (Tupy etal., 1983 ; Mulcahy and Mulcahy, 1988) - &
§ ¥ NPk 3-v -k f24 (casein hydrolysate, CH) & g +% 3] 2 7 ¥ 4 (Nicotiana L.){&
P2 gt MR ok g 2 &2k i (Read et al., 1993b 5 Tupy etal., 1983) »
m ek fé e g pa(glycine) ~ 254 fEie(glutamine) = F® % Fgii(asparagine) > 14 %
2% v 4ea BaE 4 7% 4 4 (Readetal., 1993b) - gt #b » $59%f& (glutamic acid) ~
2% % pit=(glutamine) ~ * ¥ % ¥cf&(aspartic acid) 2 = F® * figv=(asparagine) ¥ HiEE

3 (N. tabacum L.) = ¢ 2 2 & (Tupy et al., 1983) -

ARTEREWE 0I%CH2ZR AR k2 EFEFvHLl 24 @ O
BR RS *7 CHeJgZ2 = & (Tupyetal., 1983) ; ¢ ¥ % ‘= = = #;[Silene dioica (L.)
Clalrv]fu%ﬁ“,,’r%c 01% CH 2 32 % A » T s 5 2 g it Fo A § CH gL

% (Mulcahy and Mulcahy, 1988) ; &1 % k=2 w3t 3 01%CH 2 % 47 >

P i 26% 0 e M CHER - ok pi # 5 % & (Zhang et al., 1997) -
(=) FH P R

RN PR ERBERTRE RN LR CRBIEFFEL LN
2;(Dempsey, 1962) o P 0 5 3F 5 4 ¢  EVRERTBRETA AL 2P
1 veEE(aniline blue) ¥ sk 4 ¢ Hprs 1 > FIRFVE B AWML N E

LRITHE R S F R FHLRFTE E ML P 2 4 & 7 (Kho and Baér,
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1968 ; Shivanna and Rangaswamy, 1992) -
(2) kit B R

PEAE ZFTEERPITRES CFALI 2T ALITRN 4 2R
M2 2 F k4 ¢ (fluorochromatic reaction, FCR);% (Heslop-Harrison et al., 1984) » #X
PE L FHERLTRES T ENETRE T E e F i 4 (Shivanna and
Rangaswamy, 1992) - = 2 4+ % ¢ /= ¥ L 5 & L ~ % & (Alexander’s stain) fir
fit /% iz (acetocarmine) 2 §* & f= 1f £ (lactophenol-aniline blue) & % &) o f% % 7% 1472 7
A & F v § e (nitro blue tetrazolium, Nitro-BT) 2 ~ = ¥ & % it » = (2, 3, 5-
triphenyltetrazolium chloride, TTC);* % - FCR ;* & ¥ 11 = ¢ & ¥ & % (fluorescein
diacetate, FDA) % %4 #](Heslop-Harrison etal., 1984 ; Kerns and Inouye, 1993) - % [ 4
A2 T &2 B EEA 227 a3 I (Abdelgadir etal., 2012 ; Huang et al., 2004 ;
Parfitt and Ganeshan, 1989 ; Rodriguez-Riano and Dafni, 2000) > »>* & & ¥ e 4~ ¢ >
WAFTYRF R CERS G PR EA A (S 0 1973 5 Meyn and
Emboden, 1987 ; Putievsky et al., 1990 ; Wu and Huang, 1975)% FCR ;% (% - 2003) -
PR ERRE I 2T R I g L EARRTT B AR T 0§ CR AN 0
2R FFEIFRSARTRF > FEHIFR2AALI RMRG LT Tk
(Fernandez-lllescas, 2010 ; Hauser and Morrison, 1964 ; Kerns and Inouye, 1993) -
Heslop-Harrison % + (1984)45 41 % ¢ 2 ¢ » 12 FCR 2| i-45 7% 4 45 pi
Fae M EF R FCRZ TR ES P 3 F 7 W doid * A2k
BB FHMERAAYRPDO VAR FERES TR XF TR TTR ALY
¥ AL 4R K (rehydration)# 38 - e 7 FCR Z 4] > ¥ i M B F R T4 B
(Heslop-Harrisonetal., 1984)> ® FCR j# 7~ ¥ iy 7% % & 378 {8 2 7= o4 (Zeng-

Yu et al., 2004) -
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BRTREAEE 7T SR SR E TR R ER PRSI TERA

é 3% (Kho and Baér, 1968) - 4= p < L {=(self-compatible) 2. #¥ # 4| # i+ (Solanum

«

peruvianum L.)* p 2 {8 16 ] B icd g7 4 &£ I L AN AR R E
(incompatible)z. = 3230 4 Al facz HEp > b 7 p e ~ foiie 4 E Rl
FooE LEpEcle B E 2 T T d2 + 4 (B, oleracea L. var. gemmifera DC.) 2+

Eﬁ’ﬁz* - ul;.‘«f ST ﬂ}q Bf F 2§V R &m ng(pap|”ae), m A q_y,b 7 ?1‘7}';&%;? ﬁ)‘g’%}h s

e fo A R e oh G d(coil) o &2 i~ §4 % dwve (Kho and Baér, 1968) -

AP FHEET 3 SEAH > ¢ 45 R BB - LRI AR A E A e
SLr o LA S EHE LA STk s T R ASDE RS 2 K Bk X

WA AH L B E (Williams et al,, 1982) - s g Bk A L2 =% ¢ 7 ok

PRAVEGEFE TR FE LR T HFTE Y O LI st T B

AE TR E ANENF 5 S RIV AR 2 T E e E &2 AU P (Williams et
al,1982) ks F A v AP e @iz iea 4 £ 0 A A A TRE

I &2 & ¥ 8 7 (Williams et al., 1986) -

- B e s 0 F AHR&ET & P o0 40K B (Allium L)1 (A, cepa

L.)2. 7545 42 A, sphaerocephalon L.2_ 415 + » % 2 o # 0 fEhah sy ig ot 4 £
THE RT3 HIE A R4 o 2 F 2 e & A sphaeroeephalon 2 T4 H R i E

Ui~ 3 £ 2 3k3" 4(Bino et al,, 1989) ; 17 f(Populus L) 52 - Aigeiros &

B2 7Tk &2 % ~ Leuce & iEdr 2 f18f > F 2 ¥ Leuce &2 fTHE I 0
v 4 K3 Aigeiros & a2 = 20— o 2 fE3h Y %k 4 £ (Gaget et al.,
1984) - AR &P > 12 p 2 F HE (self-imcompatible)~ fE 2. =45 3230 p A

EY B2 B T ARIHERRES RFIAFFLIFTRBLIR I E
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7 #. & (unilateral imcompatibility) » 4ok #= 4 (Capsicum L.) (Onus and Pickersgill,
2004) ~ 7 7 =/ (Erythronium L.) (Harderetal., 1993) ~ 7 & /& (Lilium L.) (Ascher and
Drewlow, 1975 ; Ascher and Peloquin, 1968) ~ 4% % 7= /& (Primula L.) (Arnold and
Richards, 1998) - iv/§ (Solanum L.) (Gradziel and Robinson, 1991) % - pt ¢t » 7 F 4z
# < (accession) ¢ B e 2 22 F > K (A fistulosum L) 7 Fe oz & 20 s o S

HEEE TR AT 220 X2 b (Gonzalez and Ford-Lloyd, 1987) o

R EHFRET I P OURA R A H S L S S
#2:# (mentor pollination) » 1 §g 64 st H T AR MY 2 i B A 2 ok (8 0 £ #2277
L& 54 R fris #2545 (Knox et al., 1972, 1987 ; Nassar et al., 1996 ; Stettler, 1968 ;
Stettler and Guries, 1976 ; Van Tuyl et al., 1982, 1988 ; Wenslaff and Lyrene, 2000 ;
Willing and Pryor, 1976) ~ 2. -t 4% 4545 (pioneer pollination) » £ 12 7= 2z B & T 2
oo fs el EE 4 2.2 M E 5k (Van Tuyl etal., 1982)~3. 3 # 3234 (bud pollination)
Bk B 2-3 2041 Ep iR 7 25k (Bhat and Sarla, 2004 ; Gradziel and Robinson,

1991 ; Samimy, 1991) ~ 4. *7 741 & 4% 7- 4 (cut-style or grafted-style);z » 4> KT

B NA L PR NSRS 2 TR A M 2 o | $ (Bhat
and Sarla, 2004 ; Dubouzetetal., 1994 ; Van Tuyl etal., 1988) ~ 5. *& * ZE#H|t i
PEELY TR M A LS d 40 & 3 £ 8 3 (Nagarajan and Walton,

1988 ; Sarla, 1998) % -
(=) A

P Pz i@ § 7 L § 7 asd iask o LA 15 S g
PLT o & RS A 0 ook i & (Alstroemeria L.) (De Jeu and Jacobsen, 1995) ~
‘| % & i (Cicer L.) (Ahmad and Slinkard, 2004) ~ # ¥ % (Gypsophila L.) (Kishi et al.,
1994) ~ B ih (2 0 2011) ~ & BT (Nemesia Vent.) (Datson et al., 2006) ~ 5]+ L&
i (Torenia L.) (% > 2010)2 # £ 4 /& (TulipaL.) (Van Creijetal., 1997a) % - &1 &

3o 2 Fmee a6 20 4k 2 15 o
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FPRAFIZ IS € 2T E A KEF LA Py (Al-Yasiri and
Coyne, 1964 ; Forster and Dale, 1983b ; Satina and Blakeslee, 1935) » 4-= & (Hordeum
vulgare L.)¥?4% & (Secale cereale L.)je2 2 & ¢ » ML B3 ME2 BEEBILR
ZRAMEELEZ FERIAIIIEN 5 X {8 v 8 5 (Forster and Dale, 1983b) ;5 -k

™

ME AL AR RS 21 A Ao R BT RS Y TR B A K

8+ §¢ = (De Jeu and Jacobsen, 1995) ; # & i f& ¥ 4% & #(B. juncea L. x B. oleracea
L)z sastimie st s o 18 % PR 4 » X 30 sp i ie § 30z an dp » a3R3T Ik 18 22
% #4p(Wang et al,, 2011) ; ere 4 (Vigna Savi)f& /¥ #2 % [V. vexillata (L.) A. Rich. x
V. unguiculata (L.) Walp.]3z % a5 3t ek 16 5 2 391 > jeau a3t 2 5-8 2 i
4 & (Barone et al., 1992) ; i /% 8 7 22 < (Solanum incanum L. x S. campylacanthum
Hochst. ex A. Rich.)z_ %2 3r> 32518 14 = 5 5 0§ > 30324 {8 28 X S5t fm ¥ A
AE AP ARR S E B R e A G MRS 2T LSRR Y ir¥
# A1 st %fﬁfr—:%% At AR R IR SHF T 2 B AR e 2
RRIT VR ATz m R R 0 &g A 2 P pa(nuclease) 2 3o
Bk i3 p% % (protease) ~ f2 %25t p £ % 9z (Lester and Kang, 1998) - Forster {- Dale
(1983b) R 3% M1k 3t P LA B Vel ie 2. T 9% % 4F % pF ¥ (mean cell doubling
time, MCDT) £ £ ¢ B e foit> 12 MCDT Ap 2. A Fe 2 b =7 > P2 5
S s R i 8 mre 5 DNA 7 £ & & 4p M (Berrett, 1971 5 1972) » @ fap
* e &fa R 2. MCDT £ 8 Rl A 71415 B > ip > 3% DNA 2 £ - MCDT £ £ 7
BB T2 b %M g (Forsterand Dale, 1983a) » Masuelli (2001)*+ 3/, #& &

e e BB Y B - BaR o

-~ BR AR RE R R ET AT ZREARBR T ER
(Cicer L.)z- &8 s&. % Hzf_“,ﬁ% C. arientinum L. x C. echinospermum Dav.>* #:#s ¢ 10 %
FHETICARd BB RS BN REIRRIFE M F 2T BF

FEE 7% ¥ it 7 I+ (Ahmad and Slinkard, 2004) ; @ # & B 7 f2 2 B FIIRAL R pe § fm
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A R A 0 B U T o e Tzl %% 4 & (Brink and
Cooper, 1941) ; ¥ £ 4 2 # 7 322 (Tulipa gesneriana L. ‘Christmas Marvel’ x T.

agenensis DC) | ¥ L3[4 v 1 4&k 2_ %2 (Van Creij et al., 1997Db) -

AFRIEAT RN FF T FET= & & 4 5 A ) % (Pickersgill, 1991) - &

EXARFRIEApEFR, ? Sty T > H P S tomentosa x S. fruticosa

(\x.

e fES pw 525 100% 0 i {8 3 A 5 E 2 B 7o (Putievskyetal., 1990) - 4 #s
% Capsicum baccatum L. x C. tovarii Eshbaugh, Smith & Nickrent 3& 2 2_ {3 X F]4~ 4
&2 & R o 3t g Hp 5 = (Pickersgill, 1991) » & C. annuum L. x C.
galapagoense Hunz.z_ 362 {6 A ¥ MEf 2 E T 4 74 K% » A v L5

RT3 5 B Trpe T o @ fEfR2 A 435 i 77 vg A5 1 (Pickersgill, 1991) - ¥ C. chinense
Jacq. x C. baccatum L. var. pendulum (Willd.) Eshbaugh z_ Fq 5 i > 3% 3§ 2 %
EFB Ao EmmE EwE A TEEY P52 073 22 [virus-like
syndrome > #X & % 2_ Fp {8 =4 3R % (Pickersgill, 1971) ¢ — 38 % % C. baccatum
2 # F]¥r C. chinense z 'w? F % g 17 % 2 % % (Gonzalez de Leon, 1986) ; @ % C.
chinense 2 f 5 % & A F]** C. baccatum 'z 5 ¢ > Pl ¢ & 2 T 3 4 7~ % (Gonzalez
de Leon, 1986) - 2 ¥ i (Papaver L)z AR 2 Rz 4 £ 7 A4 S 28> A 585 ¢
LR ALARES = 2 FlE R o= agdit s EPg i s d
 F fR2 1 Ae g 4 A& 1 o (tomato bushy stunt)fe % ~ 3. A7 2 £ 2 4 5 4 &
Bl ieikl ~ 72 & 4% 12 (McNaughton and Harper, 1960) - = /* 4 (Cucurbita L.)
2R fe s T BRI L 4 ok 2 otk (Whitaker and Bemis, 1964) ] % 2
AFFER G 0 by 2 3308 5 3 & 2 75 (Badamietal., 1997) - -k £&(Oryza sativa
L)z Fife 3544 19304 £ P& 2 sk ] » 10 34°C 12 7 ML RME 7 o
bz 3e % 53 490 4 (Saito etal., 2007) - 3 # ¥4 4ofF ¥ ~ 4 17 B (Gossypium L.) 2

BRFRIBHFRE T ﬁd % B $ 22X 2 (Philips, 1977 ; Yamada et al., 1999) -
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PRV RS R BESFBEY Y E > bl4oi 7T B & X ‘Coral Nymph'e &
R - B thipry c HE R ERRE - ©F % T4 9~ (Kobayashi et al.,

2008) - ¢ S. nemorosa (Q)¥ S. transsylvanica (3)3e2 2. Fo& & ¢ » P E TR F &
s TR s 2 A S s TP #ict 2o ek (Tychonievich and Warner, 2011) - %% &

Kobayashi % 4 (2008) % Tychonievich = Warner (2011): & 2_ 445 » fA# v = @ »
PanAmerican = & 2. @ & B &% % W & {| 2 [ #& & (United State Patent and
Trademark Office) ¥ 32 ATR & X fEf £l » T iFp O B B* HEFATRfE2 ET

»:rg,,,gv#ﬁ;\qﬁfg,\a?:ﬁ\ SIEM N ATIEG BT Al A A P2

G

0EE
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HALgr = % (Materials and Methods)

W RER B TERR SRR 2

a—
u-

S8z H ¢ 4E - 75 & & ¥ (Salvia coccinea Juss. ex Murr.) ‘Snow Nymph® ~
& & % [S. nipponica Migq. var. formosana (Hayata) Kudo] ~ — & = (S. splendens Sell. ex
Roem. & Schult) “VistaRed’» $-3# 2. = 7= 8l & I 8+ > 2013 & pEp Takii = & (Takii
Europe B.V., De Kwakel, The Netherlands) ; By fEF02012# 9 7 kA %
AP LR RAF S S 382012 & 10 0 12 p AT S 0 2013 £ p /R
20/15°C 2 p AREBA A 1§ 2 p 23R B2 B3 5 - 8 232 2013 &/
A PanAmerican = # (PanAmerican Seed Co., lll., USA) - ‘= & & & ‘Snow Nymph’
2 - ¢ =“VistaRed’ >t 2015 # 3 7 43845079 % 0 5 R E ¥R 2014 £ 5 7
0 P4 HfEE ATy R A RT T HHE =401 ()2 4 F(Baled
Growing Mix #1-P, Conrad Fafare Inc., Agawam, Mass., USA) » /i & % & 52 %% P& ¥ 48
ko & % — =t 1g-LT 2 20N-8.8P-16.6K (Peters 20-20-20, Scotts Co., Marysville,
Ohio., USA)% LA i » 3485 T % 3 2 5 B H 3T > 128 x4 (F 2
3x3x3.5cm) A RN R D e fert BaEFE A TRAE T W E 2 kB TS F k%
# (Master TL5 HE 28W/865, Royal Philips Co., Amsterdam, The Netherlands) = + 1
*ikoo Tiakss B % 250 pmol-m?2-st s & p kP 12 h (0800-2000 HR) » P /72 iE 4

25/20°C » #p §tig & 60%-70% -

= Bl E % ‘Snow Nymph’ % - B = ‘Vista Red’** #,#{5A F T 1 2 jT
105em ¥ 2 > T#H » AR EAE RS R A2 BB EZEE o FEREY
W EBAHERESREHSELE S 105em W2 T4 ~ p /g 20/15°C 2 B

RERAAIF T FEKREGLHEEFESMHE LI LML 15 m L% 2 -

A
j<
>~
-}
iy
i
fk
N
*iiE
-1
=3
=
g
gp‘
%Y
e
A
1
4
b
|
-
T

E IS &5 - ?Lé%:\‘i“

% 2015 & 3 7 20 p M-SR~ p/RGE 20/15°C 2 p ARRRA A 1§ 0%
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XA Rk F2TRE 22015 £ 40 7% 0 TP L 95 124-130h -
SRR A B iR 7 & 4 3 $25% (without artificial pollination) ~ « 1 p 5324 (artificial
autogamous pollination) 2 4 1 £ k324 (artificial xenogamous pollination) 2 - *% &

CILgERATE 0 A1 TERERZ AT B RERNBED 1T 2 %%%ﬁéﬁ?ﬁ%%

o

o WIRGUREIVR 0 F AR AR IR BN R FA RS R
By AP EHPEZMECHFESRE S AR TAFREE T BEERRF
(Navarro,1998) » sx A # W Fl T 72 ok & e F ARG - £

FEAFA AL 25 & -2 F F(seedset)2 3 R -4k 2 7 #ic(seeds per flower) -

RS FREERTEE B EF X 2 TR 6 B gHEE - - 7 ¥ ek

o

Z?’r

HA Rk

$%:~%%éjh2kka R B8k X0 g2 P58

FiE 2 M ¢ F2 2 7T B E X ‘Snow Nymph® ~ § £ 8 k£ ¥ 2 — B = “VistaRed §r
‘Vista White” o 382 2 "B E X 2 - B 2+ KRR FEK- 5§ TR ET 330
2012 9" A AAHBP LEFOF - 352 0 2K E X ‘Snow Nymph’ % - 8

‘Vista Red’{r‘Vista White’>* 2013 & 9 * 1 p #4 > & =& & ¥ B>+ 2012 & 10 *

THEXZ - f o7 AT RS~ p IR 20/15°C 2 p REBRAL L Fig% > A
FRREZR»2013 &7 2 1pH» o

#2014 17 12p 3217 18 p > 4 1.5mL i 3o ¢ (microtube) - 4 & §
ATTER RN CRENTE 2k B A MERSE P ABE AR E
F Ao R ERAA R FERAYE XBORTAZTE IR E P e~

1.0 mL 2. = = Z 4 -k (double distill water, ddH20) & ; 7 74z 0% ~ 5% ~ 10% ~ 15% &
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20% R #E2 3 & AL 0 £ 5 JJE o 1113 i BK 32 & AL (Brewbaker and Kwack, 1963)
LA RE o 3 1.66 MM £k 4% (MgSO4-7H20) ~ 1.83 mM & ik 47 [Ca(NOs)2-4H20] ~
0.99 mM & 4 47 (KNO3) ~ 4.85 mM 724 (HaBO3)  FI& k& ¥ Hia 4~ 5 spiptis % 2
Z A7k (B & > 2008 ; £ » 2003 ; Erdtman, 1954 ; Hoekstra, 1979 ; Hoekstra and
Bruinsma, 1975, 1978) » = ¥ 7 ‘v 30% E ¢ = A%-3350 (polyethylene glycol-3350,
PEG-3350) (Sigma-Aldrich Co., Louis, Mo., USA)*% 132 % 2% %(3 % > 1989 ;
Shivanna and Sawhney, 1995) ~ 0.1%fp% 3% -k iz 4~ (casein hydrolysate, CH) (Sigma-
Aldrich Co., Louis, Mo., USA)# & & % (Tupy et al., 1983 ; Mulcahy and Mulcahy,
1988) 12 §l &4 15k pi i o 13 :xil BK 18 %\é/ fe R AEZ 0.1% CH 18 » 2 pH meter
(SP-2300, Suntex Instruments Co., Taipei, Taiwan){& it ¥t % & 2. pH I 5.6-5.7 > £ 75
4v 30% PEG-3350 » % *t 20°C -Rig a3 & o
W2 F e R A G ek 2 BEOR 2 ik (WP4 Dewpoint PotentiaMeter,
Decagon Devices Inc., Pullman, Wash., USA) £ |-k » B4 > = 232 % o w|fe @] 3
oo R T PEZR R A3 19-23°C 0 #p|iF 2. @ BT 350 MPa B & T2 o
BRAOhG R FEad i po g2z 05 mL bR o £ it i

R P FRRRBERENPRT T g TR R R AR
TAL G P e AR M FAL G - EAF 0 F EAF A 300 TSR 2 pE 5 F e
12 = £4F o 1k & ek (Nikon E600, Nikon Co., Tokyo, Japan)p 23+ & 145 fi
Z (pollen germination rate) » = r2 &8 picdt #ic i 4p % (MicroFire, Optronics, Calif., USA)

% PictureFrame 2.3 (Optronics, Calif., USA) & 88 4p & 3 45 -

Wz A ARG FIRARZ PEG $e BRE X h i E 2P
2014217 11p 217 16 PFFR > FRFHPEEPHES A RFER-
1 il BK g &£ A S A Afe™ o 110 ddH0 S0 &) 4 10%E 42 0.1% CH

is 12 pH meter (SP-2300, Suntex Instruments Co., Taipei, Taiwan){& i 33 % £ 2. pH %
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5.6-5.7 0 £ & B; "j‘ﬁ 0% ~ 10% ~ 20% 2 30% PEG-3350 > + w jJ2 o 1 3fB = 2.7
ERIEIE R A RSB BIEF 2R R 43 19-23°C R-p| 1 2. B BT 301 MPa

Hix4d72 o Sk EN20C-Kir®Es o2 % 6h {8347 F PEG R R 2 7ok ji

FEORBRVETCKRPFFI IR REH S o FAMERCERLI - T4 F

%300 kT 2 S 0 F R EAE o

ek~ BB X RS L RESRES

1. 7 iodbz Bl e X 7o pogf it

2014 # 17 18 p 2 17 23 P i{T% > FR PR o Bl
ok ke 5 B w1 % (1 day before anthesis, -1 DAA) ~ B 1= * (at anthesis, 0
DAA) - B #1451 = (1 day after anthesis, -1 DAA) ~ B 1574 2 % (2 DAA) ~ B 7214 3
% (3DAA)Z B 75ts 4 X (ADAA) > £ = B3 b T2 i AJT - -1 DAA T 2DAA

2R E L RS AP AN E A FERREY 2 - B R A FFERE

AEEE e R TREY v - P A AR TTRHAY ZCR A
Rcr 1.0mLzZ %8 3B BKR B AL A AR > %4 10%E#E2 0.1%
CH » {4 12 pH meter (SP-2300, Suntex Instruments Co., Taipei, Taiwan) & it ¥ % # 2.
pH % 5.6-5.7 5 £ 4c » 20%PEG > ** 20°C Rz ®E £ 6h A &+ F v F E#b2 1©
BRSO RBVEITRAEI IR SRR o F A B FRL - £

A F AT A 300 et 2 A 0 F R = £ A4F o

2. F itz REFHEER RS R

2013 % 10 % 24 p 3 112 29 p TRk 0 FREMHEEFREKR S o BEEHR
L kT A -1 DAA ~ 0 DAA ~ 1 DAA ~ 2 DAA - 3DAA 2 4 DAA > i
PR BHEAIL o RE PR B T 1D 2 X RRR A G R KR E

WA BE AR NI TR R RA A I BREL RETR LRI RE TR



WA B ENA R NELTR TR - ARG - £ F IR N AR

FRGE TR R A B BRI R F TS A b TR R

-

X fos i 4 (receptivity) iz &7 & (seed set) & ot 2. 0 T ¥ ek %7 Hic(seeds per
flower) o ¥ 12 23 & #ic 4t (Model SMZ-U, Nikon Co., Tokyo, Japan):d 45 &g st fic i
18 ¥ (MicroFire, Optronics, Calif., USA) %2 PictureFrame 2.3 (Optronics, Calif., USA) #t

Tip Bicéx-1 DAA 2 0 DAA 2z f1gg ¢h gL o

W CRELT RS AR i;jf,q},,\p_+,,rg§:}>.

\\\Xr

#F2Z B E ¥ ‘Snow Nymph’ % - 8 = “Vista Red’f&a+ kiR Fk - > 3
2014 #5 % 18p 4 7w *2FkiE%R - F v L 3AHEFREIFSELIR
2105 em B2 > FH R EA LR EE R BR800 2 2014
E 72 3pH~plwiE 20/15°C 2. p ARERAIA 1 5 FF o £ SR E I (S. patens
Cav.) ‘Blue Angel’#a + ** 2013 # p-p fa# 8w = & (Spike Seed Co., Taipei, Taiwan)>
2014 & 10 17T P T EP 0T w P ERER- v ESAHERE Y
AT 2 /2 105em ¥ M2 > T~ B EE A2 FRA HERANE RN
FHBEQCDRHUEFRESPFL eI 2 /S 15em 252014 &7 % 3p A~
Pl%iE 20/15°C 2. p AREBRAA 1 F i3 % o5 PRE X HiLFiE%R- -3t 2014 &
10 # 3 2015 # 1 * g 7% > LT2p £ 95 10.6-119h -

SRR R 1 2 2 R BERE A érfzgt’ WiEFEEEINA o R F =
PEMEZATHTREFRE - 23287 7 ¢ 2 & & % ‘Snow Nymph® ~ § 7=
REXZ - ¢ = VistaRed’ p 2 ; e 3045, #%p 20142 111 &
33 2015 & 10 B q o Wi 11 3 A BT URERE TR F T 2 TR
4R A PEEA I FAA B R (0% F ~ skpppi 2 36% T pErs 18 11 1 v BiR
E)¥ AL CARMINGF MBI EEC T HICAEM 4R 5 {500 % F IR

(aniline blue)4 #|(IN H3POs 23 &N4 ¢ & > A hts 4 g » &= { L EH PN
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= ok A A % (Kho and Bagr, 1968) « #-% & B4t figt ¥ b 0 & - i FRER A
TLER T RE 0 L F kB s (Eclipse E600, Nikon Co. , Tokyo, Japan) g & &4
TP F R SRR AR UEETEAEAE VAL IR RA
= o 04 BE Hc 4% i - 4p % (MicroFire, Optronics, Calif., USA) % PictureFrame 2.3

(Optronics, Calif., USA) i #8 4p & 3545 -

WA REX RS AR R R LA PR
A EE 1 2 fC B E ¥ ‘Coral Nymph’#2 ‘Snow Nymph” ~ § T & E ¥ ~ £ S8 E
3 ‘BlueAngel’% — P =“VistaRed’:£ 7 p R sV AR f2 < > 20 2 P B2k I W
B R AR 24 X AL L2 TR ERRS > F B RRMRE - £4F
F RS R A AN L 2 T4 - FAF 0 f R A2 ) Bk 4 EREA L2 2013
E2 2014 & f o

¥ - REBPEFRF L 2013#£9 7 5 127 > Tiap £ 5 106-126h iz o

ERELE - f 2 63 KRk igsk- 02020132 60 1 p4RME T kR
H- FTREERESG S o AI BRI PRE AR A AR
B M A AR TRAREE L o %o RSP L 2014 & 110 320156 & 10 5 T

¥ap £ %5 106-11.2h > 43 EFR%HT -3 ER SR L4BEL 6
- R R EP R RTE AR N IR SRR B RE
2°4-8% 16 %2 | xFmEry - wLERREIKLI A EH 0 &
< e % ‘Coral Nymph’ 22 ‘Snow Nymph® ~ F 7= & k£ ¥ 2 — B = “VistaRed’ ¥ B~ 1=
FA0 APz ) T EREFEMS S o T P 2 3E(1975) A B 25 FAA A
i (509} ¢ kg Ak 1 36%7 g =90mL:5mL:5mL v bR fr)2 BRI A
THF IHRAR 2T FAA R Lifds 5 b o 1502 50%FHE L A Bk > 7
& B 2-methyl-2-propanol (TBA) B 7%t -k » & %] % 20% ~ 35% ~ 55%% 75% TBA

# 8h4t—- =t » £12100% TBA =2 12 h £ = @ 2. % 2P K » v % = 10 % 4
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Safranin-O 2. 100% TBA #-le 84 & 12 i {8 F 4k (F o B 20 -k2 A d 2 A
TBA 7% e i § ¥ > B30 65°C 2 ¥ ro P MUY B FR M # fR 4D e
PoERAP MR E R TBAZRB RS B B F 4B & TBAILS o flirus
G R A2 R ARG MR B E T o FATR I R A S A
BO7 R A o Mg G e A 2 MO R FPT A B o g 5t PR S 2 B
6-11 um 5 & 2 s > w4 #7205 £ f S AkF #(Mayer’s adhensive) (3-v £ 4
0201 bR e £ 4o £ thymol phenol 12 f7 ik k)2 gt B b o 3t 30°C #
d IR R o MF F R A 2 gt ¥ B e 100%= T ¥ (xylene) 10 min i {7 s

M2_ 1k B 12 100% xylene £ 100%:Fp 1 ¢ 172 foi% /& ~ 100% ~ 95% ~ 80% ~ 70% ~
50%-30% % Z45-k & 3min @ H % # 4R -k 0 & 2 g A ‘= (Hematoxylin solution Gill
No. 3, Sigma-Aldrich Co., Louis, Mo., USA) 4 #|/z;2 S5min > T % p k-k¢ ¢ 2 &g
¢ oo R d m2 R R 4K~ 30% ~ 50% ~ 70% ~ 80% ~ 95% ~ 100%:FpE ~ 100%
xylene £ 100%Fp# 1.1 R foi3 ik & & 3min- i@ $& & £ A% -k » % 2 100% xylene
&32 10 min o %k & &g peds (Nikon E600, Nikon Co., Tokyo, Japan) ™ p& 4% » » I
1 &g picst B 4p % (MicroFire, Optronics, Calif., USA)% PictureFrame 2.3 (Optronics,

Calif., USA) #8841 /i 22 & -

WS REYXRREFATRLE S RAR
S A MRS 2 B K%k preEsF 2T EE X ‘Coral
Nymph’ ~ ‘= 7= 8 & ¥ ‘Snow Nymph’ 2 - ¢ ‘=“VistaRed’> fafF 22 2 &5 1 v &
E ¥ ‘Coral Nymph’ (@) x - # %= ‘Vista Red’ (J) ; = = & & ¥ ‘Snow Nymph’ (Q) x
¥ EREX(S) - 8 = ‘VistaRed (8)f- Vista White’ (F) ; = ‘Vista Red’ (Q) x
= 1€ Bl & ¥ ‘Coral Nymph’ (3)fr‘Snow Nymph’ (§)% % & &£ ¥ (JF) ; = ‘Vista
White’ () x A= 7 B & ¥ ‘Snow Nymph’ (J) - AR f22 32014 & 7 * 3 8 * i&{7 >

Tiop £ 95 127-137h F ] 5% 4 2 2 2@ LRI BHEIES  HFilia A3 %
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BB R S ICRA L DA P B RGO EET o f e 5 3t 2014 £ 9
TP T SN RER - FEMESEES T BB FNAREL LK
BRI kM IR R LAY E - B S /s T4 T /T 1050m ¥

RFEE ST S UARRE: Sl B AR AR R R R S

Np

BASRZPIFET X TR A2 R SR A FABEIEZE5em L2
FHBEGTHEREPEEL I 2 /5 105em $ 2 o A% a = 1g-Lt2
20N-8.8P-16.6K (Peters 20-20-20, Scotts Co., Marysville, Ohio)*# #2134 /% - &5 Hp & 7
BEFNToEp B4 kA K 680.7 umol'm?st s p /&g 24.6/18.4°C -

W HIEP @ FEPH I & Bc(number of pollinated flowers) ~ %% & (seed set)
F #c(seeds perflower) 2 3 fa e d FA HMAF F 5 5> £ 2015837 1 47 87
RSB A - MR ARRL BRI B S RE TR A EAER -
Fo E A -H R ¥EL 0 4o SNVR14-1 £ 57 5 =B E ¥ ‘Snow Nymph® (@) x - 8 =
‘Vista Red’ (3) 2014 #44: #7182 H4k 15 SNVWI14-2 £ 7 5 = & & ¥ ‘Snow
Nymph’ (Q) x — 8 %= ‘Vista White’ (3) 2014 & 44 #1182 H$k 2 -

A2 EFEAERAE2ITP G T HERVEER TR E S TR E P L
R ERFR -FEFE ER3 o FE s TEMEL T EMAT - T R HN
CEFF e EFAMABHS R FINARES P BRI B T
Brep 300 RS T REP IR o & 16 iR o

pLotb o 1 f2 2 B 4 (Model SMZ-U, Nikon Co., Tokyo, Japan)iL %4+ 2 f& /&
FERSABIEE P 2 TF > ¥R s i = 4p # (MicroFire, Optronics, Calif., USA)
% PictureFrame 2.3 (Optronics, Calif., USA)##84p BBisdr - - AR R 2 68 R &
PeiE 3 RTCF B S 2 itk &~ B9 5 SNVR14-25 ~ SNVR14-26 ~ SNVR14-28 -
SNVW14-02 ~ SNVW14-03 2 SNVW14-05 > &k it faivfp g 4 ~ ey F 2 1©
Fo AR o R2FEHK 2016 # 3% 18 p A~ p /iR 20/15°C 2_ p ARk A A
1§ EF 320152 40" 2p3 3pEiAfchpdd ke TiHp LG5 124
125he o 2 WE2 2B L2 225

CETEREEZ A - f kA R AT

Jir

€°T



WA 2 R L5 mL AR F R 0 4o r 1.0 mL 2 54 Al & e
GoBRFLIMn R RS A F RS RN FBGRET R KL o T AR
& e $PRiE%k = o v& PEG 212 PEG-3350 (Avantor Performance Materials Inc.,
Center Valley, Pa., USA) » 2 & i 2 %% — o Tk 530 20°CKigmE £ 6h s
GrREMPZ TR RRTE TR FI IR %S o F kT g
CHEARG-EH O FEPR A0 TR L EES 0 Eagls £4F o

2015 # 4% 11p 3 12 p AR SERZ BT ERE  Bg X

FEZIBHZTR RS A2 E S XA AT 15mL R 4

Et

l\_.?[]\ ) X%@Fmﬁ

\T“'
“k
\rn
R

E3F A gl 1L0mL 2 5%FRE - BRT L
min & fC4 a3 A F AL EPN 5 “,ﬁi zegte 2000 gn 3w 1 min s £ 00 H R F B
4 B A g2 2 05mL A 0 Lokl R SRS O B R R
A Rl ¥ o 4t R est(Eclipse E600, Nikon Co., Tokyo, Japan) ™ &% 7=
A A B2 b A > T BE 4R e i 4p % (MicroFire, Optronics, Calif., USA) 2
PictureFrame 2.3 (Optronics, Calif., USA)#ic %8 3p Be 3545 o

2015 & 47 17p 350 3pEFAT-REYT FToTHp LG5 128-13.0

DR MR R E S R 2t LEmL AR g F N e 1OmML 2
P4 % # (Maneval, 1936) » A F 1 min i€ 45353 A F 0 E B A RE S 44 10

min {5 2 2000 gn &g Imin > R RFF L R g g2 b3 05mL A 0 £
BT R e3n g o Bo R R RFRE SRR o %4 Maneval (1936)
F“peps 1§ £ (lactophenol aniline blue) % &l fe = » v ¥ s @ 4t 4 1 -k =209
20mL : 40mL : 20 mL +* B[R fe > & 100 mL ;R e 4e » 5mbL 2. 5% ¥ "= 4 A -
FREPPEP N 2ALLFEIREARL AT ER B4 A 22N AR PIAR S
P f-# (Hauser and Morrison, 1964 ; Kerns and Inouye, 1993) » i 1z 3k & kg jicds

(Nikon E600, Nikon Co., Tokyo, Japan)id 4 &f i 43 $ic i 4p # (MicroFire, Optronics,

\F“lﬂ

Calif., USA) % PictureFrame 2.3 (Optronics, Calif., USA)#c#84p B iedk o & L ficE 3

S HEARE - £ F LN B 1000 TR g S 0 F AL £4f -
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%2015 & 47 20p 257 B pFARFRILLE AMEBRART EieT 0 TAp
£ 95 128-132h A AR fe A R A PESHRT-F B S 2 i thp X 2 HA
AR xR s R A B 5 SNVR14-10 ~ SNVR14-24 ~ SNVR14-25 ~ SNVR14-26 ~
SNVR14-28 ~ SNVW14-02 ~ SNVW14-03 ~ SNVW14-05 - SNVW14-15 2 SNVW14-
16— kAl 5 - T4 F a2 & L 7T £4F 0 B HRAT 111857 5 (seed set) & 7 2 o

F AR 2 15 BERRYE RS ¥ LTHESITTARE R
(International Union for the Protection of New Varieties of Plants, UPOV) 2014 & = #
2 R E X HATEftk T f - # B4 & §1(United States Plant Patent)z. & & ¥ &
Fi(SalviaPatents)z» A58 B ~p & B 4k-k A 4 1999 & o F 2. Bl & ¥ BHAT A K
Z_~ % (2007) ~ Clebsch (1997) 2 Wester f- ClaRen-Bockhoff (2011) » % 3+ 66 i# 1+

ABEAR -

R 5
*E Y 2SR R > 8K 3 (completely randomized design, CRD) - 14 CoStat
6.4 (CoHort Software, Monterey, Calif., USA)%t:* #c #8927 % -] B % £ B A 47 (least
significantdifference, LSD) » & #cd5 2 F A Bl LS Bliss# B L & 7447 > L i
LARJER P<005 pF @A ®x £ 2 - 12 SigmaPlot 10.0 (Systat Software Inc.,

Chicago, ., USA) #x %8 ‘g & -
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2% (Results)
W REY By TERRE BB BE

BREZBREL R 25 S TN A BB EREY R A RP 42
B A AL B REE AL 3 B ¥R 2 BB ¢ 2 7 8 & ¥ *Snow
EAa R TRMEHNEEF S e A e T o P T ERARN R

FEV PR EEIT ) B AR TR A e S TREI L > TRFE R 2 2T, ¥ T

?i‘fﬁé?i%?}“ B BB ERs RS0 TRFREEIR(R L 2
& E ¥ ‘Snow Nymph’>* & i@%—fgﬁf}{“ﬁ B A LB A TAT R ERED
%?$£%?&@%@%AlgﬁﬁﬁaAlﬂﬁﬁﬁagﬁglw
FrEREL LA BRI T RIS e s ke T 0
TEZEN RN BRI FIR L FREN TR B2 FIRYPY o RT

REZ T EZIEHELH G108 7 L1431 2K (staminode) (K] 2) » & - & & &30

EOPFRET R AIEPAILL TR ALY AL I EBAILY 2 Y 52

SR A

i

FRESRT R EE SRS 0 T I E(F 3) e - 8 iz VistaRed

# @,ﬂ[ﬁfsﬁiﬁiﬁ‘fi’ﬁ £ AT R4 %Y 27 B E X ‘Snow Nymph® (£ 1) o

d P RSV i TR E X ‘Snow Nymph’% — B ‘= “Vista Red’»t & & s X A *

BTVATSR RFSAFI VT HFZERFIL A aF FREF 2 i
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WS A AR PRRZ ERH e BRE TR L

Mer FEE T AE R 2R RN D A4k § 0.1%F F-0 k3
(casein hydrolysate, CH) ~ 30% PEG-3350 (PEG)% # F¢ & #&k B 2 i3 :2iF BK 12 %
K¢ 0 02 20°C ki m % Bh SR TR T M) o 15 8 & ¥ Snow Nymph’ i
F A EA 5003 MPa 2. = =t Aok P R (& 2) 0 2T BRI Tk IR
(B 4A) ; *+ 3 0.1% CH ~ 30% PEG % 0%-20% % 4%k & 2 % i BK 32 % & ¢ Bl
B REZ % 0 R R A2 RSB K142 MPa (% 2~ B 4B-F) - i

B A7 5%E 10%E ML R §RAFEI(R 2 W)

FREREIT SR F4k P 3 (£ 20 Tk e T H1(R 5A);
%% 0.1%CH 2 30%PEG 2 1% :cif BK 32 % A7 » ¥ 12 % A2 /%15 B4 113-1.42
MPa B j& 7545 422 dmoe 4k (% 2~ BISB-F) o {54535 %0 5 5%2 10%E 2 12

%4 RAFES(L 2 F5)

- B iVistaRed’ v > - A g kP B2 T 2 # (£ 2)0 2 F 4

|=h

fe?
EZ o e D (B 6A) 5§ 8 A AL R B ES T-1.42 MPa B & 15 R

RN

|5

SER o4 e R (R 6B-F) - %7 0.1%CH 2 30%PEG 2 i #ci§ BK 35 % f
ToMAGRERE T RBLIERFEF TR E S En A AT ERER RS
AT (R 2~ B 6) e — B iz VistaWhite’ 7545 5 = = gk 2 AT ¢ pi g A -
# i Vista Red #07 ; %0 5 0% ~ 5% ~ 10%% 150K #E2 35 % A ¢ 35 4 » B jig &

AMFARL N 20%BE R ELAAY KL EFIHEIFRE(L2 -B7)-

E} ?4‘;,5@%% %g ‘%_‘7'3,’2'\34%‘1 E:\'AEQ K-{:TF/;Z 1§ é\. i;j#_:'/( ,}\ ﬁ% J\‘E\‘ f”' rgﬁi“' X, FF]
SRR LRGBS R AR S 0 R
0.1% CH % 30%PEG 2. 12 :2if BK 2 & A 2™ » 2 i & & ¥ ‘Snow Nymph’ %

-

TL.-

‘ETB

EBE R E ;«o] 4v 5%-10%E 4% > — B (= “Vista Red’ -3 14 7 ; ] A B OME 2 AR

LA BB 0 @ — B & Vista White’ -4 i & ,,91‘ 4v 0%-15%2. & #% o
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Wz R AAF FERL PEG Hr BE L K TR E 2 PP

B BEETEHREE5F 0.1%CH 10%E 2 0%-10%~15%# 20% PEG-
3350 (PEG)2. % 2 BK 12 % 5>+ 20°C -k 5 & 32 % 6he iz i* & & ¥ ‘Snow Nymph’
Tk p g IR A A2 PEGRAY 0% 3 1 30%m &% (% ) Hivk g7 0%
PEG 2334 7 3 BH 2 2% 4 (B 8A)» >+ 10%PEG 2 33 % &7 $ =4 ¥ "%
2w 2 A5 4 (B 8B) 0 b = 15 4 RS EA B 25-1.12 MPa (% 3); 3t 5 20%

Z 30%PEG 232 4% ¢ Bl o # B ~ R M2 L% (1 8C~8D) > - 1

% B %% A 1150-1.73 MPa (% 3) -

FREREXTRZ 20 PEG 224 A7 g 53 (4 3) TR EF
$1%-112MPa 2. 3 0%% 10%PEG 25 4% A7 7 BA ~ Ik V2 a8 4
(% 3~ B 9A ~ 9B) ; *+j% % B4 1>-1.73 MPa 2. 7 20%% 30% PEG 2 2 % & 7

Pl o 3 RA ~ EAER M B2 BA (% 3 F 9C - 9D) -

- B &“Vista Red’f=#5 >+ 7 20% PEG 22 & A% i3 F 5 3 (% 3)> @ Vista
White’ =34 pi 2 5 12 3 0%3 20% PEG 4 #.% (% 3) ° — ¢ X=*Vista Red’{*Vista
White’ =345 ¢ %% % B4 8 *7-1.12 MPa 2. 7 0%% 10% PEG 2z & A v # 2R
B rdE R o [25(4 3 B 10A~ 10B ~ 11A ~ 11B) » *+% % 4 14.3-1.73 MPa
2.7 20%% 30% PEG —%‘ ¢RE T g R R VB2 % (£ 3~ B 10C -

10D -~ 11C ~ 11D) -

g bR ErREz AR T2/ ok g W3S EE 3 -1.12 MPa
2.z PEGEAAY 3 BRA RS MR A8 2 0 BB B M -1.73MPa 2

5 PEG 3 % fhpuil & B X758 s -
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;é‘:%;‘l ~ \‘}2“2"}3’1‘*5#7 AF*»‘ "'k’lkyg’_:»\ Py
e Al

P ®

s
A

w B R & 758 2 5 0.1% CH ~ 20% PEG-3350 2 10% 7 #% 2 % i BK

AN 20°Ckipm g 6h BRI RIE®2Z TR S5 T T HE

4

A

‘Snow Nymph’ =4 pi 3 5 >t B 7= 1¢ 1 < (1 day after anthesis, 1 DAA)iE &% > 2 (&
SRRk E ST A B o X (at anthesis, 0 DAA)2 B w1 % (1
day before anthesis, -1 DAA)Z <k ji 3 F 14 » 7 4 3% 5 ok k2 0 B 3 P &

(% 4~ F 12) -

FIERET Y ODAAZ Ch i #5538 *-IDAAZ TR #5378 > 2 3

TR BRSBTS A S TR (R 4 B13) -

- # = VistaRed’ i=#~ i % 53> ODAA 2 -1 DAA 1 » ¥ 3 3F § o o2 iods
BAY A PRT ) S5H A 5 LDAA T 2DAA i 0 2 (R 15 R i e 15 T
TR (& 4B 14): - B 2 Vista White’ o s ji 4 5 % (8 - 8 ‘= “VistaRed’>

3> ODAA 2 -1 DAA F5» 7 LR | 3 § 758 B 3 P A2 S8 (2 4~ W 15)

d R E Pl R REYN R A NBEY A

v i fC B E ¥ ‘Snow Nymph’% — B %= “Vista Red’fr‘Vista White’ 2. {35 pi & 5 >+

L

1DAA 2 2DAAEE 3 > a F - R ELX R ODAAZ Thpmd F53 -

2. AR EHR BE N HFRESL ThL 4 21

PRI RLATE R H RIS R ERRIGE > SRR T LR E
¥ ‘Snow Nymph’*+-1 DAA PFH8f T 7 X 45 2 5§ 3B (B 16) » - priisp e &

SR 2T R (B 19A) 0 Tk B B 3 DAA B R () 16) o § TR E T
*-1 DAA PFLEF S B 2 2 2 4R R (R 19B) 0 s v R 2 B S5 (F

17)» > ODAA = 2DAA 3 B 2%

“3\\-

B X2 2F (B 17) 0 29 8 3DAA T
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"5 (B 17) - — 8 =‘Vista Red’>"-1 DAA PF{idg e B - R ¥ ¥ B X fohh e 7 2%
P2 (B 18-19C) > »> 0 DAA = 1 DAA pF{rgpv #2145 » 3t 0 DAA 1 2

DAA p# % ficie % (B 18) -

d 2%k E57 & E % ‘SnowNymph’~ § f“ B & ¥ 2 — ¢ = ‘VistaRed’ 2
B -1DAA C B - 2 TR 0 2t ODAA PR e v iR 2 B ded o m et

HIR% o

BHI C REF RIS P S ET R L TR RE

Aok S5 § 42 78 & X ‘Snow Nymph® ~ § & & ¥~ £ ELE £ ¥ ‘Blue
Angel’2 - B z‘Vista Red’ » #5387 p 2 2 faffes » BMBALT G o4 7

ZE R L ER S R RS St

M FE R E 3 Snow Nymph” 5 f8+ 3.(Q) A & A B & f TREX (D £ &
& & ¥ ‘Blue Angel’ ()% - # =“Vista Red’ ()52 » »t 2k (8 1 X 357 L o3
HEEPEHET T » e 2 VN R ARERI TR E R (R 20)0 g L
& & ¥ ‘Snow Nymph® & .+ #(Q)» A % 2 &2 - ¢ = “VistaRed (§)fe 1 F 7 2,3 f&
F 5B REF () K B E I Blue Angel’ (§)fe 2 F o ) B R B3NS FT

A FHBT A (R 5) -

MEFEREXZAFM(R) PPl X7 AR Rty 27
TR AR ET T8 ¥ £ (B 21A) ;5 L &7 &2 7 8 & ¥ ‘Snow Nymph’ ()32 424
Bl TR TSI S R TR £ AT~ (R 21B); & £ 8 & ¥ Blue
Angel’ (O)fe2 A 18 2 2 AT ARZBBE I TH § & (R 21C); & - ¢ &
“VistaRed” (O)fe % 4 » #2456 1 X T 7 30 T A BB T 54 § 3 6 (R 21D) - 1
FRERET AT R FAFTH+BF 4 B AR ef | 254

WA g A5 (4 5)
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M- B i Vista Red’ 5 &3 M(Q) > B T & & W& & & X ‘Snow Nymph’
(% FRHETXT(E £ ERHE X Blue Angel’ (8)322 » 4848 1 X 57 L ih
R EFTT M VO RARERBRERI R ¥ L(F 22) & AR

ET st b BRI E L TR TIAWA - A ST (4 5)

WSS T o AEAF TG A RE vl TR E ¥ ‘Snow Nymph’ 2
+ £ SLE & ¥ ‘Blue Angel’2 7o ¢ % TR k&
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Bl 1. = 7= & & ¥ ‘Snow Nymph’f th *F L ~ =BG 6 2 2254 o
Fig. 1. Plant appearance, flower longitudinal section, and stamen structure of Salvia

coccinea ‘Snow Nymph’. f: filament; fth: fertile theca; Ica: lower connective arm; o:
ovary; s: stigma; uca: upper connective arm.
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Bl2 % FHEIHRAE - “EASS 2 2250 -

Fig. 2. Plant appearance, flower longitudinal section, and stamen structure of Salvia
nipponica var. formosana. f: filament; fth: fertile theca; Ica: lower connective arm; o:
ovary; s: stigma; st: staminode; sth: sterile theca; uca: upper connective arm.
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Fig. 3. Plant appearance, flower type, flower longitudinal section, and stamen structure
of Salvia splendens “Vista Red’. f: filament; fth: fertile theca; lca: lower connective
arm; o: ovary; s: stigma; st: staminode; uca: upper connective arm.
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21 A 1L HCTRET Snow Nymph’ ~ § f&HE X 2 - ¢ =“VistaRed %9 2 #2588 -
Table 1. Effect of artificial pollination on seed setting of Salvia coccinea ‘Snow Nymph’, S. nipponica var.
formosana, and S. splendens “Vista Red’ subjected to different pollination conditions®.

Species Treatment Seed set¥ (%)  Seeds per flower

S. coccinea ‘Snow Nymph’ without artificial pollination 32.0 b* 2.1Db
artificial autogamous pollination 97.0a 3.3a
artificial xenogamous pollination 96.0a 3.1la

S. nipponica var. formosana without artificial pollination 0.0b 00b
artificial autogamous pollination 94.0a 34a
artificial xenogamous pollination 92.0a 3.2a

S. splendens “Vista Red’ without artificial pollination 25.0b 19b
artificial autogamous pollination 95.0a 3.0a
artificial xenogamous pollination 93.0a 3.2a

% In environment without pollinators.
Y Seed set is counted as percentage of flowers that set seeds.
¥ Mean separation within columns and species by LSD test at P < 0.05.

58



% 2. = X EAKE 73 I EREAENZ 0.1%F -9 kf2d 2 30% PEG-3350 2 12 :zif BK 32 & 2
i T k% ‘Snow Nymph” ~ § “& &£ % ~ - 8 % “Vista Red’ % ‘Vista White’ 7= pi 3 5 2. #2588 o

Table 2. Effect of double distilled water (ddH20) and sucrose concentration on pollen germination rate of
Salvia coccinea ‘Snow Nymph’, S. nipponica var. formosana, S. splendens ‘Vista Red’, and ‘Vista White’
in modified BK medium with 0.1% casein hydrolysate and 30% PEG-3350.

Pollen germination rate (%)

Sucrose concn.  Water potential

S. coccinea S. nipponica S. splendens S. splendens
(%) (MPa) . . :
‘Snow Nymph’ var. formosana ‘Vista Red’ ‘Vista White’
ddH20 only -0.03 0.0 d? 0.0d 0.3d 0.1lc
0 -1.42 16.1 bc 196 b 25.6 a 12.8a
5 -1.85 22.2 ab 3l4a 199b 13.3a
10 -2.45 27.2a 31.0a 16.0b 13.1a
15 -2.94 15.2¢ 23.2b 15.1b 11.7a
20 -3.15 146 ¢ 6.6 C 93¢ 10b

? Mean separation within columns by LSD test at P < 0.05.

59



3 @\, @
@) ~ / “
a Y
3 w :
v @ M 0 /
0 e. ©
®
& &
- ’ | ]
@a‘ [V 4
C @ D
@, ° ¢
c® e ®* @ ® T
@ ¢ ®
@ P p @
) N
© - @'@ ®
o ) @ (.
= & _ . - 4
‘\Q))n ‘ ,.\ é@ bt 6 N @ o§a
5 . - B
@ @)
) —
. , (
Q‘.. ‘é %
E % g © @ i
& £5) e o
s @ i 3-\“ 6 @ @
¢ o g ¥ e e W, o
® 5 op 3 :
&
D @
2 o8
: @
£ at .
e
: S . |

B 4. =i & E X ‘Snow Nymph’ f&f @5 = =0 Z 45 Kk & etk EREAEZ 0.1%p: 3w
K fE$ 2 30% PEG-3350 2. i :xiff BK 32 % 2L pi 8 75 o = = Z 45K (A)~0% (B) ~5% (C) ~
10% (D) ~ 15% (E) 2 20% (F) & #% "% o o (P) »

Fig. 4. Pollen germination of Salvia coccinea ‘Snow Nymph’ in ddH20 only (A) or in modified BK

medium with 0.1% casein hydrolysate, 30% PEG-3350, and 0% (B), 5% (C), 10% (D), 15% (E),
and 20% (F) sucrose. The swollen pollen grain (»). Bars indicate 100 pum.
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Fig. 5. Pollen germination of Salvia nipponica var. formosana in ddH20 only (A) or in modified BK

medium with 0.1% casein hydrolysate, 30% PEG-3350, and 0% (B), 5% (C), 10% (D), 15% (E),

and 20% (F) sucrose. The exudation of cytoplasm from the out burst of pollen (>). Bars indicate
100 pm.
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Fig. 6. Pollen germination of Salvia splendens ‘Vista Red’ in ddH20 only (A) or in modified BK
medium with 0.1% casein hydrolysate, 30% PEG-3350, and 0% (B), 5% (C), 10% (D), 15% (E),
and 20% (F) sucrose. The exudation of cytoplasm from the out burst of pollen grain or pollen tube
(>). Bars indicate 100 um.
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Fig. 7. Pollen germination of Salvia splendens ‘Vista White” in ddH2O only (A) or in modified BK
medium with 0.1% casein hydrolysate, 30% PEG-3350, and 0% (B), 5% (C), 10% (D), 15% (E),
and 20% (F) sucrose. The exudation of cytoplasm from the out burst of pollen grain or pollen tube
(») and the swollen pollen grain (»). Bars indicate 100 um.
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% 3. Fae )k B PEG-3350 ** 7 0.1%f% kv "k fz4 %2 10%E 2 B0 BK 2 & At e T8
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Table 3. Effect of PEG-3350 concentration on pollen germination rate of Salvia coccinea ‘Snow Nymph’,
S. nipponica var. formosana, S. splendens ‘Vista Red’, and ‘Vista White’ in modified BK medium with
0.1% casein hydrolysate and 10% sucrose.

Pollen germination rate (%)

PEG concn. Water potential

S. coccinea S. nipponica S. splendens S. splendens
(%) (MPa) : . :
‘Snow Nymph’ var. formosana ‘Vista Red’ ‘Vista White’
0 -0.98 9.8 ¢ 74¢c 148Db 17.0ab
10 -1.12 149b 30.1b 159b 15.7 ab
20 -1.73 186 b 52.2 a 25.0a 21.0a
30 -2.45 29.6 a 37.3b 13.7b 13.3b

? Mean separation within columns by LSD test at P < 0.05.
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Fig. 8. Pollen germination of Salvia coccinea ‘Snow Nymph’ in modified BK medium with 0.1%
casein hydrolysate, 10% sucrose, and various PEG-3350 concentrations. 0% (A), 10% (B), 15%
(C), and 20% (D) PEG-3350, respectively. The exudation of cytoplasm from the out burst of pollen
tube (») or swollen and kinked pollen tube (=). Bars indicate 100 pum.
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Fig. 9. Pollen germination of Salvia nipponica var. formosana in modified BK medium with 0.1%
casein hydrolysate, 10% sucrose, and various PEG-3350 concentrations. 0% (A), 10% (B), 15%
(C), and 20% (D) PEG-3350, respectively. The exudation of cytoplasm from the out burst of pollen
tube (») or swollen and kinked pollen tube (—). Bars indicate 100 um.
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Fig. 10. Pollen germination of Salvia splendens “Vista Red’ in modified BK medium with 0.1% casein
hydrolysate, 10% sucrose, and various PEG-3350 concentrations. 0% (A), 10% (B), 15% (C), and
20% (D) PEG-3350, respectively. The exudation of cytoplasm from the out burst of pollen tube (>)
or swollen and kinked pollen tube (—). Bars indicate 100 um.
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Fig. 11. Pollen germination of Salvia splendens ‘Vista White’ in modified BK medium with 0.1%
casein hydrolysate, 10% sucrose, and various PEG-3350 concentrations. 0% (A), 10% (B), 15%
(C), and 20% (D) PEG-3350, respectively. The exudation of cytoplasm from the out burst of pollen
tube (») or swollen and kinked pollen tube (=). Bars indicate 100 pum.
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Table 4. Effect of flower age on pollen germination rate of Salvia coccinea ‘Snow Nymph’, S. nipponica
var. formosana, S. splendens ‘Vista Red’, and ‘Vista White’ in modified BK medium with 0.1%

casein hydrolysate, 20% PEG-3350, and 10% sucrose.
Pollen germination rate (%)

Flower age S. coccinea S. nipponicavar.  S. splendens S. splendens
‘Snow Nymph’ formosana ‘Vista Red’ ‘Vista White’

One day before anthesis 2.6 d? 439b 49c 2.0f

At anthesis 17.4 Db 53.0a 22.1Db 304c

1 day after anthesis 29.8a 336¢C 28.8a 48.2 a

2 days after anthesis 22.7b 26.1d 30.5a 39.6 b

3 days after anthesis 18.8 b 164 e 18.3b 145d

4 days after anthesis 6.1c 10f 57c 81le

? Mean separation within columns by LSD test at P < 0.05.
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Fig. 12. Pollen germination of Salvia coccinea ‘Snow Nymph’. Pollen were taken 1 day before anthesis
(A), at anthesis (B), 1 day after anthesis (C), 2 days after anthesis (D), 3 days after anthesis (E),
and 4 days after anthesis (F), respectively. Pollen grain without obvious pollen wall (>). Bars
indicate 100 pm.
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Fig. 13. Pollen germination of Salvia nipponica var. formosana. Pollen were taken 1 day before

anthesis (A), at anthesis (B), 1 day after anthesis (C), 2 days after anthesis (D), 3 days after anthesis
(E), and 4 days after anthesis (F), respectively. Bars indicate 100 um.
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Fig. 14. Pollen germination of Salvia splendens ‘Vista Red’. Pollen were taken 1 day before anthesis
(A), at anthesis (B), 1 day after anthesis (C), 2 days after anthesis (D), 3 days after anthesis (E),
and 4 days after anthesis (F), respectively. Pollen grain without obvious pollen wall (>). Bars
indicate 100 um.
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Fig. 15. Pollen germination of Salvia splendens ‘Vista White’. Pollen were taken 1 day before anthesis
(A), at anthesis (B), 1 day after anthesis (C), 2 days after anthesis (D), 3 days after anthesis (E),
and 4 days after anthesis (F), respectively. Pollen grain without obvious pollen wall (>). Bars
indicate 100 um.
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Fig. 16. Stigma receptivity of Salvia coccinea ‘Snow Nymph’ at different flower age,
estimated as percentage of flowers that set seeds. Bars indicate standard error of the
means (n = 8). Mean separation for seeds per flower by LSD test at P < 0.05.
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Fig. 17. Stigma receptivity of Salvia nipponica var. formosana at different flower age,
estimated as percentage of flowers that set seeds. Bars indicate standard error of the
means (n = 8). Mean separation for seeds per flower by LSD test at P < 0.05.
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Fig. 18. Stigma receptivity of Salvia splendens ‘Vista Red’ at different flower age,
estimated as percentage of flowers that set seeds. Bars indicate standard error of the
means (n = 8). Mean separation for seeds per flower by LSD test at P < 0.05.
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- X EBERE R 2 frEp bR e
Fig. 19. Stigma appearance of Salvia coccinea ‘Snow Nymph’ (A), S. nipponica var.
formosana (B), and S. splendens “Vista Red’ (C) one day before anthesis and at anthesis.

Bars indicate 1 mm.
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d  S.coccinea ‘Smow Nymph’ S. nipponica var. formosana S. patens ‘Blue Angel’ S. splendnes ‘Vista Red’

Stigma

Q S.coccinea ‘Snow Nymph’
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Fig. 20. Pollen tube growth of Salvia coccinea ‘Snow Nymph’(A), S. nipponica var. formosana (B), S. patens ‘Blue Angel’ (C), and S. splendnes Vista

Red’ (D) in pistil of S. coccinea ‘Snow Nymph’. Photos were taken 1 day after pollination in stigma and style base of S. coccinea ‘Snow Nymph’.
Arrows indicate pollen tube. Bars indicate 100 pm.
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Fig. 21. Pollen tube growth of Salvia nipponica var. formosana (A), S. coccinea ‘Snow Nymph’(B), S. patens ‘Blue Angel’ (C), and S. splendnes Vista
Red’ (D) in pistil of S. nipponica var. formosana. Photos were taken 1 day after pollination (DAP), except (C) was taken 2DAP, in stigma and style
base of S. nipponica var. formosana. Arrows indicate pollen tube. Bars indicate 100 pm.
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Fig. 22. Pollen tube growth of Salvia splendnes “Vista Red’ (A), S. coccinea ‘Snow Nymph’(B), S. nipponica var. formosana (C), and S. patens ‘Blue
Angel’ (D) in pistil of S. splendnes ‘Vista Red’. Photos were taken 1 day after pollination in stigma and style base of S. splendnes ‘Vista Red’. Arrows
indicate pollen tube. Bars indicate 100 um.
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Table 5. Pollen germinated on stigma, pollen tube grew into stigma, pollen tube reach style end and seed formation of
self-pollinated and interspecific-pollinated crosses in Salvia species.

Cross combination® Pollen germinated Pollen tube Pollen tube i
(2 x ) on stigma grew into stigma reached style base Seed formation
Sc ‘Snow Nymph’ ® yes yes yes yes

Sc ‘Snow Nymph’x Sn yes yes yes pd¥

Sc ‘Snow Nymph’x Sp ‘Blue Angel’ yes yes yes pd

Sc ‘Snow Nymph’x Ss “Vista Red’ yes yes yes yes

Sn ® yes yes yes yes

Sn x Sc “‘Snow Nymph’ yes no no no

Sn x Sp ‘Blue Angel’ yes yes yes no

Sn x Ss “Vista Red’ yes yes yes no

Ss “Vista Red’ ® yes yes yes yes

Ss “Vista Red’” x Sc ‘Snow Nymph’ yes yes yes pd

Ss “Vista Red’ x Sn yes yes yes pd

Ss “Vista Red’ x Sp ‘Blue Angel’ yes yes yes pd

2Sc: S. coccinea; Sn: S. nipponica var. formosana; Sp: S. patens; Ss: S. splendens
Y pd indicates nutlet partially developed (an increase in size) and then aborted without harvestable seed.
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Table 6. List of self-pollinated or interspecific-pollinated nutlet growth and section observation in
Salvia within year 2013 and 2014.

Experimental Date Cross combination (2 x &)

September - December, 2013 S. coccinea ‘Coral Nymph’ ®

S. coccinea ‘Coral Nymph’ x S. nipponica var. formosana
S. coccinea ‘Coral Nymph’ x S. splendens “Vista Red’

S. coccinea ‘Snow Nymph’ ®

S. coccinea ‘Snow Nymph’ x S. nipponica var. formosana
S. coccinea ‘Snow Nymph’ x S. splendens ‘Vista Red’

S. nipponica var. formosana ®

S. splendens “Vista Red’ ®

S. splendens “Vista Red’ x S. coccinea ‘Coral Nymph’

S. splendens “Vista Red’ x S. coccinea ‘Snow Nymph’

S. splendens “Vista Red’ x S. nipponica var. formosana
November, 2014 - January, 2015  S. coccinea ‘Coral Nymph’ x S. patens ‘Blue Angel’

S. coccinea ‘Snow Nymph’ x S. patens ‘Blue Angel’

S. nipponica var. formosana x S. coccinea ‘Coral Nymph’
S. nipponica var. formosana x S. coccinea ‘Snow Nymph’
S. nipponica var. formosana x S. patens ‘Blue Angel’

S. nipponica var. formosana x S. splendens “Vista Red’

S

. splendens “Vista Red’ x S. patens ‘Blue Angel’
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Fig. 23. Development of nutlets in Salvia coccinea ‘Coral Nymph’ after self-pollination or
interspecific-pollination with S. nipponica var. formosana, S. patens ‘Blue Angel’, and S.
splendens ‘Vista Red’ on different days after pollination (DAP), respectively. Arrows indicate
basal shrinking and/or browning of nutlet. Bar indicates 5 mm.

83



4 -
€
£ 37
N—r”
=
)
o
S
= 27
2
=
Z
1 —e— Selfed S. coccinea 'Coral Nymph'
—o— x S. nipponica var. formosana
—&— x S. patens 'Blue Angel’
—&— x S. splendens 'Vista Red'
0 T T T T T T

0 5 10 15 20 25
Time after pollination (d)

Bl 24. =B E ¥ ‘Coral Nymph p R 22§ “ B £ & ~ £ § 8 & & ‘Blue Angel’ %
- P VistaRed’ AR 22 2/ 5 E R ¥ -

Fig. 24. Changes of nutlet length in Salvia coccinea ‘Coral Nymph’ after self-pollination
or interspecific-pollination with S. nipponica var. formosana, S. patens ‘Blue Angel’,
and S. splendens Vista Red’. Bars indicate standard error of the means (n=6-12).
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Fig. 25. Development of ovaries from self-pollinated Salvia coccinea ‘Coral Nymph’. Ovary sections of at anthesis and unpollinated (A) and of
day 2 (B), day 4 (C), day 8 (D), and day 16 (E) after self-pollination, respectively. Em, embryo; En, endosperm; ES, embryo sac; I, integument;
S, suspensor; VB, vascular bundle. Bar indicates 1 mm.
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Fig. 26. Development of ovaries from Salvia coccinea ‘Coral Nymph’ cross-pollinated with S. nipponica var. formosana. Ovary sections at day
2 (A), day 4 (B), day 8 (C), and day 16 (D) after pollination, respectively. Em, embryo; En, endosperm; I, integument; S, suspensor; VB,
vascular bundle. Bar indicates 1 mm.
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Fig. 27. Development of ovaries from Salvia coccinea ‘Coral Nymph’ cross-pollinated with S. splendens ‘Vista Red’. Ovary sections at day 2
(A), day 4 (B), day 8 (C), and day 16 (D) after pollination, respectively. Em, embryo; En, endosperm; I, integument; VB, vascular bundle.
Bar indicates 1 mm.
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Fig. 28. Development of nutlets in Salvia coccinea ‘Snow Nymph’ after self-pollination or
interspecific-pollination with S. nipponica var. formosana, S. patens ‘Blue Angel’, and S.
splendens ‘Vista Red’ on different days after pollination (DAP), respectively. Arrows indicate
basal shrinking and/or browning of nutlet. Bar indicates 5 mm.
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Fig. 29. Changes of nutlet length in Salvia coccinea ‘Snow Nymph’ after self-pollination
or interspecific-pollination with S. nipponica var. formosana, S. patens ‘Blue Angel’,
and S. splendens ‘Vista Red’. Bars indicate standard error of the means (n=6-12).
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Fig. 30. Development of ovaries from self-pollinated Salvia coccinea ‘Snow Nymph’. Ovary sections of at anthesis and unpollinated (A) and of
day 2 (B), day 4 (C), day 8 (D), and day 16 (E) after self-pollination, respectively. Em, embryo; En. endosperm; ES, embero sac; I, integument;
S, suspensor; VB, vascular bundle. Bar indicates 1 mm.
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Fig. 31. Development of ovaries from Salvia coccinea ‘Snow Nymph’ cross-pollinated with S. nipponica var. formosana. Ovary sections at day
2 (A), day 4 (B), day 8 (C), and day 16 (D) after pollination, respectively. Em, embryo; En. endosperm; I, integument; S, suspensor; VB,
vascular bundle. Bar indicates 1 mm.
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Fig. 32. Development of ovaries from Salvia coccinea ‘Snow Nymph’ cross-pollinated with S. splendens ‘Vista Red’. Ovary sections at day 2
(A), day 4 (B), day 8 (C), and day 16 (D) after pollination, respectively. Em, embryo; En, endosperm; I, integument; S, suspensor; VB,
vascular bundle. Bar indicates 1 mm.
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Fig. 33. Development of nutlets in Salvia nipponica var. formosana after self-pollination or
interspecific-pollination with S. coccinea ‘Coral Nymph’, S. coccinea ‘Snow Nymph’, S. patens
‘Blue Angel’, and S. splendens ‘Vista Red’ on different days after pollination (DAP), respectively.
Bar indicates 5 mm.
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Fig. 34. Changes of nutlet length in Salvia nipponica var. formosana after self-
pollination or interspecific-pollination with S. coccinea ‘Coral Nymph’, S. coccinea
‘Snow Nymph’, S. patens ‘Blue Angel’, and S. splendens ‘Vista Red’. Bars indicate
standard error of the means (n=6-12).
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Fig. 35. Development of ovaries from self-pollinated Salvia nipponica var. formosana. Ovary sections of at anthesis and unpollinated (A) and
of day 2 (B), day 4 (C), day 8 (D), and day 16 (E) after self-pollination, respectively. Em, embryo; En, endosperm; ES, embryo sac; I,
integument; MH, micropylar haustoria; VB, vascular bundle. Bar indicates 1 mm.

95



2 DAP 4 DAP 8 DAP 12 DAP 16 DAP
S. splendens “Vista Red’ ®

«c ® €

x S. coccinea ‘Coral Nymph’

€ =

x S. coccinea ‘Snow mph’

X S. nipponica var. formosana

€ @&

x S. patens ‘Blue Angel’

& &

&
= |

B 36. — B =“Vista Red’p % & & = 7* &l k£ ¥ ‘Coral Nymph’ ~ %= < & &£ ¥ ‘Snow Nymph’ -
TRHEXZELEEREY ‘BlueAngel BRI | TEFT o

Fig. 36. Development of nutlets in Salvia splendens “Vista Red’ after self-pollination or interspecific-
pollination with S. coccinea ‘Coral Nymph’, S. coccinea ‘Snow Nymph’, S. nipponica var.
formosana, and S. patens ‘Blue Angel’ on different days after pollination (DAP), respectively.
Arrows indicate basal shrinking and/or browning of nutlet. Bar indicates 5 mm.
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Fig. 37. Changes of nutlet length in Salvia splendens ‘Vista Red’ after self-pollination
or interspecific-pollination with S. coccinea ‘Coral Nymph’, S. coccinea ‘Snow
Nymph’, S. nipponica var. formosana, and S. patens ‘Blue Angel’. Bars indicate
standard error of the means (n=6-12).
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Fig. 38. Development of ovaries from self-pollinated Salvia splendens ‘Vista Red’. Ovary sections of at anthesis and unpollinated (A) and of
day 2 (B), day 4 (C), day 8 (D), and day 16 (E) after self-pollination, respectively. Em, embryo; En, endosperm; ES, embryo sac; I,
integument; VB, vascular bundle. Bar indicates 1 mm.
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Fig. 39. Development of ovaries from Salvia splendens ‘Vista Red’ cross-pollinated with S. coccinea ‘Coral Nymph’. Ovary sections at day 2 (A),
day 4 (B), day 8 (C), and day 16 (D) after pollination, respectively. Em, embryo; En, endosperm; ES, embryo sac; I, integument; S, suspensor;
VB, vascular bundle. Bar indicates 1 mm.
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Fig. 40. Development of ovaries from Salvia splendens “Vista Red’ cross-pollinated with S. coccinea ‘Snow Nymph’. Ovary sections at day 2
(A), day 4 (B), day 8 (C), and day 16 (D) after pollination, respectively. Em, embryo; En, endosperm; ES, embryo sac; I, integument; VB,
vascular bundle. Bar indicates 1 mm.
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Fig. 41. Development of ovaries from Salvia splendens ‘Vista Red’ cross-pollinated with S. nipponica var. formosana. Ovary sections at day 2
(A), day 4 (B), day 8 (C), and day 16 (D) after pollination, respectively. ES, embryo sac; I, integument; VB, vascular bundle. Bar indicates
1 mm.
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Table 7. Embryogenesis in self-pollinated Salvia coccinea ‘Coral Nymph’ and interspecific-
pollinated with S. nipponica var. formosana and S. splendens ‘Vista Red’.

Male donor
DAP? Tissue¥ Salvia coccinea S. nipponica S. splendens
‘Coral Nymph’ var. formosana ‘Vista Red’

2 Em globular proembryo proembryo

En developing developing developing

I degrading presence presence
4 Em globular proembryo globular

En developing developing developing

I degrading degrading, degenerating  degrading, degenerating
8 Em torpedo globular heart

En presence less development presence

I degrading degrading, degenerating  degrading, degenerating
16 Em mature globular cotyledon-mature

En degraded degraded degraded

I degraded degenerated degenerated

2 DAP, days after pollination.
Y Em, embryo; En, endosperm; I, integument.

102



4.8, =& EX ‘SnowNymph’p 2 % & § iR EX ~ - B =VistaRed 322 2_ 3 4 o
Table 8. Embryogenesis in self-pollinated Salvia coccinea ‘Snow Nymph’ and interspecific-
pollinated with S. nipponica var. formosana and S. splendens ‘Vista Red’.

Male donor
DAP? Tissue¥ S. coccinea S. nipponica S. splendens
‘Snow Nymph’ var. formosana ‘Vista Red’

2 Em proembryo proembryo proembryo

En developing developing developing

I presence presence degenerating
4 Em globular globular globular

En developing developing developing

I degrading degrading, degenerating  degrading, degenerating
8 Em torpedo globular heart

En presence degraded less development

I degrading degenerated degraded, degenerating
16 Em mature globular-early heart cotyledon-mature

En degraded degraded degraded

I degraded degenerated degenerated

2 DAP, days after pollination.
Y Em, embryo; En, endosperm; I, integument.
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Table 9. Embryogenesis in self-pollinated Salvia nipponica var. formosana.

DAFP? Developmental stage

2 proembryo, endosperm developing, integument presence

4 proembryo, endosperm developing, integument presence

8 late globular, endosperm developing, integument degrading

16 cotyledon-mature, endosperm degrading, integument degrading

2 DAP, days after pollination.
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Table 10. Embryogenesis in self-pollinated Salvia splendens ‘Vista Red’ and interspecific-pollinated with S.

nipponica var. formosana and S. coccinea ‘Snow Nymph’ and ‘Coral Nymph’.

Male donor
DAP? Tissue¥ S. splendens S. coccinea S. coccinea S. nipponica
‘Vista Red’ ‘Coral Nymph’ ‘Snow Nymph’* var. formosana
2 Em globular lack of development  lack of development  lack of development
En developing lack of development  lack of development  lack of development
I presence degenerating degenerating presence
4 Em globular globular - aborted
En developing developing - aborted
I degrading degrading - degenerating
8 Em torpedo heart-torpedo - absence
En presence developing - absence
I degrading degrading, - degenerating
degenerating
16 Em mature torpedo torpedo absence
En degraded less development degrading absence
I degraded degenerated degrading degenerating

Z DAP, days after pollination.
Y Em, embryo; En, endosperm; I, integument.
*Only 16 DAP section presence embryo development.

105



AL REFBEFERRLE f LLEB AR BT S F AR T
Table 11. Number of pollinated flowers, seed set, seeds per flower, and seed germination from self-pollinations and interspecific crosses between
Salvia species.

. Number of Seed set Seed germination

Cross combination® ) Seeds per flower

pollinated flowers (%)Y (%)
Sc ‘Coral Nymph’ ® 58 100.0 3.6 73.2
Sc ‘Coral Nymph’ x Ss “Vista Red’ 32 96.9 2.1 8.1
Sc ‘Snow Nymph’ ® 50 84.0 2.9 89.3
Sc ‘Snow Nymph’ x Sn 122 pd* - -
Sc ‘Snow Nymph’ x Ss ‘Vista Red’ 122 81.1 2.1 28.1
Sc ‘Snow Nymph’ x Ss ‘Vista White’ 127 59.8 1.3 47.3
Ss “Vista Red” ® 73 97.3 3.2 92.9
Ss “Vista Red’ x Sn 69 pd - -
Ss “Vista Red’ x Sc ‘Coral Nymph’ 161 pd - -
Ss “Vista Red’ x Sc ‘Snow Nymph’ 184 pd - -
Ss “Vista White’x Sc ‘Snow Nymph’ 18 pd - -

ZSc: S. coccinea; Sn: S. nipponica var. formosana; Ss: S. splendens
¥ Seed set is counted as percentage of flowers that set seeds.
* pd indicates nutlet partially developed (an increase in size) and then aborted without harvestable seed.
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Table 12. Number of germinated seed, short radicle, abnormal hypocotyl, folded cotyledon, unfolded cotyledon, and survival rate from interspecific

crosses between Salvia species.

Number of Short Hypocotyl Cotyledon Sy
Cross combination® germinated radicle Without Distorted Folded Unfolded (%)
seeds (%) (%) (%) (%) (%)
Sc ‘Coral Nymph’ x Ss “Vista Red’ 2 0.0 50.0 50.0 50.0 50.0 0.0
62 33.9 0.0 51.6 22.6 67.7 45.2

Sc ‘Snow Nymph’ x Ss “Vista Red’
Sc ‘Snow Nymph’ x Ss ‘Vista White’ 79 44.3 0.0
ZSc: S. coccinea; Sn: S. nipponica var. formosana; Ss: S. splendens.
Y Survival rate was recored on 14 days after sowing at 25/20°C.

44.3 41.8 53.1 215
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Fig. 42. Seedling appearance of self-pollinated Salvia coccinea (A) and that cross-
pollinated with S. splendens (B-G) 2 weeks after sowing. Interspecific seedlings with
smaller unfolded cotyledons and distorted hypocotyl (B), unexpanded cotyledons,
distorted hypocotyl, and distorted hypocotyl (C), unexpanded cotyledons, no
hypocotyl and short radicle (D), folded cotyledons wrapped with each other and short
radicle (E), unexpanded cotyledons and distorted hypocotyl (F), partial expanded
cotyledons but unable to unfold (G), and unfolded cotyledons but distorted hypocotyl

(H).

108



Q X o)
S. coccinea ‘Snow Nymph’ S. splendens “Vista Red’

B 43. = 7B E ¥ ‘Snow Nymph® ~ - 8 =“VistaRed’2 H AR fe 2 18 2 fE R b gL o
Fig. 43. Plant appearance of Salvia coccinea ‘Snow Nymph’, S. splendens “Vista Red’, and their
selected hybrids. Bars indicate 5 cm.
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Fig. 44. Plant appearance of Salvia coccinea ‘Snow Nymph’, S. splendens ‘Vista White’, and their
selected hybrids. Bars indicate 5 cm.
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Table 13. Florets per node, calyx, corolla, and lower lip traits of Salvia coccinea ‘Snow Nymph’, S. splendens ‘Vista Red’, and their hybrids.

Florets Calyx Corolla Lower lip
Parents and their hybrid No. per Length Height Length Height Tube length Length Width
node (cm) (cm) (cm) (cm) (cm) (cm) (cm)
S. coccinea ‘Snow Nymph’ 10 13.4 & 0.89¢c 0.53¢c 256 b 170 a 1.79¢c 1.26 a 1.45a
‘Snow Nymph’ x ‘Vista Red’ 27 10.1b 156D 0.79b 4.04a 0.90c 3.07b 0.79b 1.13b
S. splendens “Vista Red’ 10 6.0c 2.02a 0.99a 4.08 a 1.00b 3.30a 0.49c 0.97c

? Mean separation within columns by LSD test at P < 0.05.
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Table 14. Florets per node, calyx, corolla, and lower lip traits of Salvia coccinea ‘Snow Nymph’, S. splendens ‘Vista White’, and their hybrids.

Florets Calyx Corolla Lower lip
No. per Length Height Length Height Tube length Length Width
Parents and their hybrid node (cm) (cm) (cm) (cm) (cm) (cm) (cm)
S. coccinea ‘Snow Nymph’ 10 13.4 &* 0.89¢c 0.53¢c 2.56 C 1.70a 1.79¢c 1.26 a 1.45a
‘Snow Nymph’ x ‘Vista White’ 16 8.1b 157b 0.81b 4.09b 091b 3.09b 0.72b 1.16b
S. splendens “Vista White’ 10 6.0c 1.83a 101la 443 a 0.89b 3.50a 0.37c 1.02¢

Z Mean separation within columns and species by LSD test at P < 0.05.
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Table 15. Relative direction of corolla lower lip to corolla tube trait, main color of calyx outer side, main color of corolla tube outer side, main color of upper
lip outer side, main color of lower lip inner side, and secondary color of corolla lower lip inner side in Salvia species and their hybrids.

Relative direction Main color Secondary color
Parents and their hybrid of corolla lower ) Corolla tube Upper lip Lower lip of corolla lower
) Calyx outer side . . . . . .
lip to corolla tube outer side outer side inner side lip inner side
S. coccinea ‘Snow Nymph’ Slightly Green White White White -
downwards
S. splendens “Vista Red’ Forward Red Red Red Red -
S. splendens “Vista White’ Forward Green-yellow White White White -
‘Snow Nymph’ x ‘Vista Red’ Forward Gray-orange, Orange-Red Orange-Red Orange-Red -
Gray-Red,
Gray-purple
‘Snow Nymph’ x ‘Vista White’ Forward Gray-orange, Orange-Red Orange-Red Orange-Red White
Gray-Red,
Gray-purple
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Fig. 45. Side-views and front-views of individual flowers of Salvia coccinea ‘Snow Nymph’, S. splendens ‘Vista
Red’, and their selected hybrid. Bars indicate 1 cm.
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Fig. 46. Side-views and front-views of individual flowers of Salvia coccinea ‘Snow Nymph’, S. splendens ‘Vista
White’, and their selected hybrids. Bars indicate 1 cm.
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Fig. 47. Anther appearance of Salvia coccinea ‘Snow Nymph’, S. splendens ‘Vista Red’ (B), S.
splendens “Vista White’ (C), S. coccinea ‘Snow Nymph’ x S. splendens ‘Vista Red’ (D), and S.
coccinea ‘Snow Nymph’ x S. splendens “Vista White’ (E) at anthesis. Bars indicate 1 mm.
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Table. 16. Pollen germination rate and nonabortive rate of S. coccinea ‘Snow Nymph’, S.
splendens ‘Vista Red’, S. splendens ‘Vista White’, and their hybrids at anthesis.

Parents and their hybrids — Pollen -
Germination rate (%) Nonabortive rate (%)*
S. coccinea ‘Snow Nymph’ 42.4 &Y 94.1a
S. splendens “Vista Red’ 389a 952a
S. splendens “Vista White’ 334a 96.3a
SNVR14-25 0.3 bc 0.6 cde
SNVR14-26 1.7Db 2.7b
SNVR14-28 0.0c 2.1bc
SNVW14-02 00c 0.2e
SNVW14-03 00c 0.4 de
SNVW14-05 0.3 bc 1.8 bed

Z Pollen grains were considered nonabortive when they were well stained and abortive when
non- or partially stained (Hauser and Morrison, 1964 ; Kerns and Inouye, 1993).
Y Mean separation within columns by LSD test at P < 0.05.
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Fig. 48. Pollen germination (left column) and stained with lactophenol-aniline blue (right column) of Salvia
coccinea ‘Snow Nymph’ (A), S. splendens ‘Vista Red’ (B), S. splendens ‘Vista White’ (C), S. coccinea ‘Snow
Nymph’ x S. splendens “Vista Red’ or S. coccinea ‘Snow Nymph’ x S. splendens ‘Vista White’ (D) at anthesis.
Arrows indicate non- or partially stained pollen. Bars indicate 100 um.
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Fig. 49. Pollen germination of Salvia coccinea ‘Snow Nymph’ x S. splendens ‘Vista Red’ or S.
coccinea ‘Snow Nymph’ x S. splendens ‘Vista White’. 8- (A), 9- (B), and 10- (C) colpate pollen

in polar view. Arrows indicate pollen colpi. Bars indicate 100 um.
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Fig. 50. Pollen appearance of Salvia coccinea ‘Snow Nymph’ x S. splendens ‘Vista Red’
revealed with aniline blue staining. 4- (A), 6- (B), 7- (C), 8- (D), 9- (E), and 10- (F) colpate
pollen in polar view, and other abnormal pollen in equatorial view (G). Bar indicates 100

pm.
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Fig. 51. Pollen appearance of Salvia coccinea ‘Snow Nymph’ x S. splendens ‘Vista White’
revealed with aniline blue staining. 4-colpate pollen in polar view (A), 6- (B), 7- (C), 8- (D),
9- (E), and 10- (F) colpate pollen in polar view, and other abnormal pollen in polar view or

7

=

equatorial view (G). Bar indicates 100 pm.
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Table 17. Seed set of interspecific Salvia hybrids after self-pollination or back-crossing
to parental species.

Cross combination Seed set” (%)

SNVR14-10 ® 0
SNVR14-10 x S. coccinea ‘Snow Nymph’
SNVR14-10 x S. splendens ‘Vista Red’
SNVR14-24 ®

SNVR14-24 x S. coccinea ‘Snow Nymph’
SNVR14-24 x S. splendens “Vista Red’
SNVR14-25 ®

SNVR14-25 x S. coccinea ‘Snow Nymph’
SNVR14-25 x S. splendens “Vista Red’
SNVR14-26 ®

SNVR14-26 x S. coccinea ‘Snow Nymph’
SNVR14-26 x S. splendens “Vista Red’
SNVR14-28 ®

SNVR14-28 x S. coccinea ‘Snow Nymph’
SNVR14-28 x S. splendens “Vista Red’
SNVW14-02 ®

SNVW14-02 x S. coccinea ‘Snow Nymph’
SNVW14-02 x S. splendens ‘Vista White’
SNVW14-03 ®

SNVW14-03 x S. coccinea ‘Snow Nymph’
SNVW14-03 x S. splendens ‘Vista White’
SNVW14-05 ®

SNVW14-05 x S. coccinea ‘Snow Nymph’
SNVW14-05 x S. splendens ‘Vista White’
SNVW14-15 ®

SNVW14-15 x S. coccinea ‘Snow Nymph’
SNVW14-15 x S. splendens ‘Vista White’
SNVW14-16 ®

SNVW14-16 x S. coccinea ‘Snow Nymph’
SNVW14-16 x S. splendens ‘Vista White’

O O O O O O O O O O O O O O O O 0O OO o oo o oo o o o o

Z Seed set is counted as percentage of flowers that set seeds.
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Table 18. Characteristic investigation of DUS testing for Salvia (draft).
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Table 19. Definition of the Characteristic investigation of DUS testing for Salvia (draft).
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(Discussion)

= 1 B E ¥ ‘Snow Nymph’ % — # ‘= “Vista Red’2_ f & J 22 5.7 %*?T’-?EJ%E\? FHe
FEMNECHBEFRFES LR L) FEFAFT N ETRELE - P

2SR STl P E i 2 2 it (Wester and ClalRen-Bockhoff, 2006b ; 2007) -

’z’ >

TREXTALFEGE K2 = aipg o PR EPY > T AR R A0
8 0 32 412 4 45 4k 22 5(W) 2) > Ohashi (2002)4; 1 S. nipponica Mig. 2 1f 1% & s
EFRE R G087 O RS R T B itk TG B R
Fogpg o m AT N AR AL X B R REL Y QTS
YEEpF o | R R IF 22 S4F 15 3 & 7 5L = & @ (Wester and ClaBen-Bockhoff, 2006a ;
2006b ; 2007 ; 2011) > st A fF @ H il 2 LR AT - B Ao H @84

PR R E B2 L ANFE R RS R 2 4] e

i LY S U

)
oo
i
<
7
s
=
o
&
=
S
|
@)
g
ok
=
T
el
>z
_\'\
(\.
K
4=
3
~=i
!
22
o
el
=
I
P
3
ke
ol
=

fE= £ B & % (Miyajima, 2001) - EXHEeE e T3S RA (R 2)
2 A A48k ¥ 3 fc(Wester and ClaRRen-Bockhoff, 2007) - & @& 45 - I% BQ oo

IER AT PR E AL BRI T B E ¥ ‘Snow Nymph” ~ 3 =
BEi % - ¢ i VistaRed’ » = fE & ¥ 14 14k AR 42 B K2 B HI0F
(1) AT ;P =ZBRELTEZpIFREL  WAFT P A AREF &P
7 M & 1k si(Haque and Ghoshal, 1981 ; Miyajima, 1999, 2001 ; Morton, 1972 ;
Navarro, 1997 ; Owens and Ubera-Jiménez, 1992) - ‘= i~ & & ¥ ‘Snow Nymph’% - 8

= ‘VistaRed’ ™M & 4 1 B adl2 A7 p RS F Lo BRET LV T EFRIER
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BPHEFFETTEZERFEL T4 WA BB FRE TV p E 85 (Hague and
Ghoshal, 1981 ; Miyajima, 1996, 2001) -
f= 8 & ¥ ‘Snow Nymph’ 2 § =8 & 32 54530 = L g4k 2 fig - a6 -

P iz ‘Vista Red’fr‘Vista White’2_ 33t = =t 4k ?® 3 "€ (£ 2) > 2 kR
F Rz fE Y E AL B (2 0 2011 5 4k 0 2010) © 4= i B & & ‘Snow Nymph’ ~
¥ T EX ~ - ¢ % ‘Vista Red’{r‘Vista White’ =45 32 %t 3 10% & #+0% PEG

+0.1%p% 30 -k f# 4~ (casein hydrolysate, CH)2_ 2 :cif BK 33 % A ® 353 pi# (% 3)-

m\,

PAE T A B ok R AT RS 2 AT RRE T g A TR
B o 4o MRS T LRI HE B R LR T8 F 2 K (O'Kelley, 1957) -
e 7545 pi ¥ (Subbaiah, 1984 ; \oyiatzi, 1995) » % *% i 7S5 7 150k F 2 R4
(Ferrari and Wallace, 1975 ; Vasil, 1987) - 4F g+ 7 &2 % 9L iv % » 55 (L fioifs ¢ wie B2
FSUPRTCR FIAAEE £ R X~ 7 5 @ 2 F A sk (Brewbaker and Kwack, 1963) -
W AR FARRE o CH RAREA 4R T RRTEFEE R TR A
£ (Mulcahy and Mulcahy, 1988 ; Tupyetal., 1983) o y* ¢t » FE & 5 754 dal s & pF 2
it £ K R(OKelley, 1955) > § 32 % A9 EMERBEMN Tk € A2 L w72 &ap

7% & 1 (Adhikari and Campbell, 1998 ; Brink, 1924 ; O’Kelley, 1955) °

WIS FEAERY VO AR 2 E X ‘Snow Nymph’ ~ §F T REX ~ - B &
‘Vista Red’{=Vista White’ == #569k ~ RA & o 7;7 B2 (B 4A ~5A ~6A ~TA) >
P AR E F T8 10%E #E+0% PEG 2 & A 0 F R FRA RS M
F25(H 8A~ 9A ~ 10A ~ 11A) » = ‘32 % 2 2% F4 3 >-0.98 MPa(% 2+ 3) -
WAFTINERETASR R AL B ERBrink 1924) § A A RAEERE L

¥ i R TR R T4 ¢ R4 (Adhikari and Campbell, 1998 : Brink, 1924) -

MG Rz w AR A TR 5 0% 45+30% PEG 2 2 £ A ¢ BT A

- B ‘VistaRed’ =4 ** 0% #£+30% PEG 2_ 32 % & ¢ pi ¥ 5 B % 5 5%-20% %
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F+30% PEG 2 3 & (% 2) e m A A g dp & e # 2 415 % 52 3 (Owens and

Ubera-Jiménez, 1992) » ® = # vk & = +%(B > 2008 ; % » 2003) o = +% 3] -4 £

432 % (Brewbaker, 1957) » Bar-Shalom = Mattsson (1977)#& ! = %3] <4 % [& 55 5%
HE 4 2 o 3R 2 & U4 F1 5 5 o ok 58 s 5ot b Ledue % 4 (1990)

Fadio R Z PSR 2 R E 0 R § 0%F #5+12% PEG-4000 2 35 % A 7 4%
EHE+0%PEG-4000 2. 32 % A s B » 2 TR F LR TRE o B A BAZ P

ERAMSE LRSS Y PEG T IS ERFEZ TR 2K

7R ER EME+30% PEG 28 % A% > & & ¥ ‘Snow Nymph’ 2 §
TR E X4 & 5%-10%%E #& > — 8 ‘= ‘Vista Red 1o 12 % e BbE 2 Y P g
F &% o @ Vista White’ 745 BIGE & 7 e 0%-15%2 A% > A7 3 b st s fd 14
PHBEAFE2ZERERT - (22 W Eerh 2 EE BUER? 23 FF
A7 S Tt HA R EAEERF A (2 0 20115 k0 2010 5 & > 2007 ;
\oyiatzi, 1995) - gt #F » RFE2 HEX TREE A A EBERKZ D T 15%-20% -
R EFy TEARR(E ) BRRRBEIHITHRP R AP AF
B2 PEMg 5 & rdmie o T € F TR A RS TR S (F % 0 1984

Goode and Hegarty, 1965 ; Subbaiah, 1984) -

W AR Y T L S22 RE 3 ‘Snow Nymph' ~ ¥ REEF - 8 &
“Vista Red’f* Vista White’ 7545 #2636 ~ B2 & 7545 4 B4 (F14A ~ 5A ~ 6A ~ 7A) ;
72 10% & 4 1 /?‘4\?7* F ik RPEGz2 1 % ¢ > “:s‘_/”]‘éc 2. PEGk B d 0%#% % %
30% > ABHZ TR F LBRARS 0 R AmE 2 T85F bre® T (F8-11) -
WA R A 2 A e AR R A 2 % B A F M (Shivanna and Sawhney,
1995) ) ¥ BAAP ZBFAER - VAR TR TR E A KTk g
(Adhikari and Campbell, 1998 : Brink, 1924) » *+33 4 f ¢ i 4 § )k & F 4% 2 PEGF
FREEASEREY O EA BRI PAUTKPF S T RTEREE T E 2R

Mg e B kAR 2ZEMEEIHITH F 4 & (Alcaraz et al., 2011 ; Ferrari and Wallace,
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1975 ; Sakhanokhoa and Rajasekaran, 2010 ; Shivanna and Sawhney, 1995 ; Zhang et

l.,1997) - PEG™ v $2 i #% 5 { L 82 /%% /B & 4 7 (Subbaiah, 1984 ; Zhang and
Croes, 1982) > tl4c AP F B EBFR T » WHE B AN E B APEGZ R £ 49 » H
EREVER Y IR A R X 4ePEG» T4 § )l ¥ (Subbaiah, 1984)
TR E bR A ARPEGH: % A 2w T% A4 R 4 (Zhang and Croes, 1982) o ¢t
5 PEGay BEEZ ATk i 2 ok F 2 £ (3 ¥ > 1989 ;5 Alcaraz et al., 2011 ;
Cali¢ et al., 2013 ; Ferrari and Wallace, 1975 ; Leduc et al., 1990 ; Sakhanokhoa and
Rajasekaran, 2010 ; Shivanna and Sawhney, 1995) - %%} #7if » Jaip] & e d~ 74 3

,l}é‘ry*%gﬁ,%’\y*%\ztkc‘ ﬁ;f;% 43 }T’%/j‘]‘é‘;PEG9\: w:i fuqlﬂpaf?za 1\—%»? 4 £ a5

RN AL CERAAZEESY G - UFF(F ¥ 0 1989) K& AT
R ZRHRZZEAAFEERZ TR PR L HEY TR NBEE R
F$30-L12MPaZ s % A ¢ o F TR ERAEE RA A TR E RE B % (F 4
11) - >+ 7 10% 3 #£+20% PEG ~ 10% & #£+30% PEG ~ 15% & #£+30% PEG % 20% .
#+30% PEG 2_ 32 & & » "f1 & A %54 d -245MPa T % 1 -3.15 MPa > o pi
33 TRARR(R 2 ) T RAAZZFEBEPERS IR LR E T
LM FEEFZ T HER/ES(F % > 1989 ; Leduc et al., 1990) - #* ¢+ » 35 Read %
(1993a; 1993b)45 1 » +v32 % A ¥ i de A L2 PEG» ¥ % MITH AR 04 2R
Ho2Ep g Bed  LFphgdit PEG: THE AT &2 Ly
Feo HPIH AL FRLREYX D T > P E2Z WRBRRFEFST i 120-245

32-1.42 MPa z_ (% 2~3) > 2 12 20%-30% PEG #7% 2.2 % k& 1 @& A e
P2k

= & & % ‘Snow Nymph’ 2 — ¢ = “Vista Red’{r‘Vista White’ 7~ # *>*-1 DAAfr
B R F SRR TR 2 PR ok i 5301 DAAZ /242 DAA
TEEF T APRETCRBL SRR TSR TR A R TRHAL R

Bl DAATE B RE S BB LB AR T ST AP SRS
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*TODAAR 3 F i B g (£4 > BI12A ~ 13A ~ 14A ~ 15A) » 5 4 7 35 41 S. sclareoides
% S. verbenacai=#s *t0 DAAf 4 & i< » » w]3t1 DAAZ% 2 DAA: & % (Jorge et al.,
2015 ; Navarro,1997) > & — 8 ‘= o Bt ki s 2 5 28 B 40252 o BB ik &
WERIA > o hEEY S R 2 = Pk > 5 = (R 0 2008) 0 42ip] i k33

PUMTEARREAZEHRTRAAF TR &P ER ARG F 5w A
SRR oW AFTHAFERETRFEL AFELITRET ARG e
= =& @4 (Inouye et al., 1994) » § B4 20K 4e BRI F 2§85 € o APROTR T ER B XY
1 45 sk 22 BT AR RE #@@1‘; it & B B 2 F(Ohashi, 2002) > =Bl k& ¥ fo— B &=

TR B ISR 2 - S R ] T RGE BRI 2 P

A ¥ L 22 5L 3R % (Barrettetal., 2000 ; Cruden, 1977 ; Grant and Grant, 1964 ;
Jorge etal., 2015 ; Leshem etal., 2011 ; Navarro, 1997 ; Visco, 1970) > e AF F 2. &
FERER R FRELZ - p o ODAA L T M8 B F it & 3 (R 16-

19) T SARRE o 4 2B EFERET > 2DAA L 3DAAF > fLEV

Pl A S BT A 4 2 7 g2 Miyajima (1996) 7 4, 4 - # 23t 0DAA 1 1DAA
2P F BB AL ZBEET I ODAA T 1DAA Z fEEE S & o

REX By p 2 @FRes? » 28k ¥ ‘Snow Nymph’2 s ¥ A
i TR E X 2 418 (B 21B) - Lk E () £ S8 & ¥ ‘Blue Angel’(9)3&
RSN 22 ] FNF EREY Z THABERI TR F Y L (R 21C)
PR AR E ARSI LI T TR ABBERI TR F F (R 20-22) o b
ERE2 PR Al esy > AV LI F 2 X T REMAE A F 2 R % (Bino
etal., 1989 ; Gagetetal., 1984) - w A A 3 g MG F fe 2 pF > H o 2 B E R % F 230
MApRAPBEEEFE R M E S L (Amold and Richards, 1998 ; Ascher and
Drewlow, 1975 ; Ascher and Peloquin, 1968 ; Gradziel and Robinson, 1991 ; Onus and
Pickersgill, 2004) » g2 R Bl e & e E p 2 MEH > BAFE T AV TR E

FROERAY UL ERETE » 2 LR % (B 20B -~ 21B) o o+ #F > 5
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FEORFIRET R AG L AR LY > NF ERET(DELEEREY
‘Blue Angel’ ()& 22— 8 =“VistaRed ()32 2. &% A% v (& 5~ B 33-34) >
Fld piede ik 2 o 754 i 0 3 % A RSB ESE éiéi%#”%fiﬂ‘%’%‘ﬁfﬁﬁ’%
A g pd AL AIE M MEEH T G 5 2 AR -

314 BAFRAELEEY T U ETRETE - § 2L AT R(QER
2o %5 A (B123-24-28-29-33-34~36~37)> 2 ¢ ki B E ¥ ‘Coral
Nymph’ (?)# ‘Snow Nymph’ (?)£ - 2 *=“Vista Red’ (§)fe 2 -] 5% £ & 3 4 48
FOCTREL A A FAp (2429 BB e E2 ] TR RH EF
FROTH XF A RFT T2 R RAEE 816 X T L AL H5E (A1
(1 23 ~ 24 ~ 28 ~ 29 ~ 36 ~ 37) » Tychonievich f- Warner (2011)4p 9} & & ¥ {E 4= &
e 24 Baes [ TR MM LI peT o B ARPBTR S EH

SR B A BAET RO ERICHEN BT RET AL 2] -

AE T LA T 2 7 B E ¥ ‘Coral Nymph’fe‘Snow Nymph’2_ ¢¢fe 3 §8 4] e -

B iz‘VistaRed 5 Stype» P = A& E X p 22 3B 82 F7E 47 (R
25~30+38); @ F R E X2 epfeF 4] 5 Mtyper Hp 22t Ekis 8 % i
BTk (B 35) o W AR g dn ik RIS 2 £ 4 e K (epithelial
layer) » » e dr 2 ppfe 3 BT A L8 Aul 22 & L wmre k2 Mtype 2 & £
& Gm%e K 2. Styper Miype 2 "5t % 4 7 % & L dwe U4 3 T R Stype 2 2
FUf o @ Stype 22 253t X M e % # iE ~ I R4k (Carlson and Stuart, 1936) - & =
THEERR TR CREL 2 PRI Mtype (B 35A) > H i @ v & I Leppe s
WAz 2 me Bl VA ERFERET 2 RSP A BRI RgF TR
ERRETFZE - Bt o FTREZ ETHEYE - B % ER
R RIS 6-8 XM hEIAEEA T L E o F T RRZFFREY > H T
FERRYE 122 A L@ H A AT 2 BRE RSP

%78 5 (M 2422934 37) -
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WA NS E R F TR IR LERP S FTEFLRATARG
B2 R B % 5 (Ahmad and Slonkard, 2004) > #& % 322 2 %2 5" % #% & ¥
it g TR A KLEF E A Py (Al-Yasiri and Coyne, 1964 ; Forster and Dale,
1983b ; Satinaand Blakeslee, 1935) c A7 7 2 AR 22w & ¥ » ¥ L3 ) B % ~
pE R FUF T R Qﬁ}iiﬁ@« P IABRPL T 2 A Y s RE 18‘4‘;%3{.,%%\ Zk
v T RIRAFE ST AR T (% 7810 B 24-27 ~ 29-32 ~ 37-41) » 11
W TR B e d SRR e )Rz AN SRV LR W Er ¥ S B2 b F RS
ABETORPLEZET o MAPRIZRFTEF IR VA ERAF AL P
dox F AR SRR NGB R B A w2 Bl FApiT 2 B b SR
# % = 74 (Forster and Dale, 1983b ; Masuelli, 2001) » ## 3 ¢ & f@rppe+ § 3 & 2
e ? > FRERET(Q)E- 8 2 VistaRed (D)2 2] &% A% 7 (H 33~ 34) ~
EEREE(QEF NRET (D)2 s 16 X ®a 8 7 Ek el oL
5 8 (® 26 ~31)~ - ¢ =VistaRed’ (R)2 % B & X (I)fe 1 292 A3 18
4% ;pzy (B 41) > ¥ e A7 farpfeF A2 28208 7TE 5L R~ A eppe
FHANFZ CTRET S - 2 P F Y > B T RIBRTFETIATY
FEP NS (F 7810 B 2732-39-40) > 1F TR Frpfe S M e

i"_E'_é‘. L 4F o Japl A ﬁérﬂ&ﬁ?‘ P ‘/ly'/]f_ﬁO'J‘ AR XL s Ao

AP 2 - BB TREYEIFAFRILE ) URNFTREL &
EREF(QE - e(@)R > vVEFTEF a4 2485 (4 101~ 1273239~
40) - 2 HFAEF e 57 L F 2 £ B (Putievsky et al.,, 1990 ; Tychonievich and
Warner, 2011) - iz 4% Walker % (2004) 2. Bl & ¥ JGia 47 MG B (o 8 > =T R B X 2
- B k%=~ 2 ¢ % Calosphace & - @ Tychonievich = Warner (2011)2.
ERIHBRARLY s 4BELZMARNEAL BT AL P R EG M RGT

2 RER B S5 TN RF -

A Y ¢ B E ¥ ‘Coral Nymph® ()2 ‘Snow Nymph® (9)£ - # ‘= “Vista
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Red’ (d)s¢ 2 “Vista White’ (§)e R » ¥ EF SR 2 3 7 ¢ 575 4 (£ 5-11) &
@ Haque f= Ghoshal (1981) 7 = 7~ & & % ‘Red Indian’fr— B = ‘Fireball’32 2 A 17 =
R+ BT F SAF2ZRIIHIIRomn AT IR T SR
TERFARORFRRIFTPRERE TEFPT LS RA B REL SH
% (Forsterand Dale, 1983a ; 1983b) » » ptdgip| A F7 3 @ * 2. 2 W Rl B X 22— ¢ ‘=3¢

AR E 0 A Y i XV A Haque - Ghoshal (1981) i * 2z S48 % & 4piT 5 &=

B3 e d 2 oad o] 5% Ly A 30 v (B 25-27 ~ 30-32 ~ 35~ 38-40) » % &
A2 Bk BT B o ) Bk ALK SR A0 1 T % (F] 23~ 28~ 36) o A ig) iF
i 2 j2 2 5% ¢ > § ¥ (Torenia fournieri Linden) ‘Clown Violet’£? £ 3 s a3 (T.
benthamiana Hance)#z. 2 2. 3 ¥ %3k B¢ F 5 b= A a g g v A B¢ (%
2010) - FE AR T HAF ) T % ~ 22 ¥ T 2 B 5% (4 8-10 ~ B 22-40) >
Mot ABAR R F T o BT A P TR LA AT E a2
2.0 Bl REF T \-’%ﬁ&é"'&lﬁ AR I&%‘%“ézﬁﬁ’? TF R AP F 2
B X o

MefREX(QE- 8 (@i sd ] w 5way(d 12 Vi 5 %% v &
A2d FEIT4p e B(B 27D) 0 s TN T ghE T 4 (B 32D) 0 i S A
lw S EEEEFE B (R 42E) > p g T A 2 5T k33 N T PR E 2R

AIFR - gd IR )2 EERT 3T ML 12§ 42) 5 =7
2 & ¥ ‘Snow Nymph’ ()£ — # ‘= ‘Vista Red’ (§)# 2 % = { & & ¥ ‘Snow
Nymph’(9)£2 — # = “VistaWhite’ (§)fe 2 2 &2 18 R 553 B (B 43~ 44) - 7 £
Pl 2 ERAFRIBEFIFTFME - 2 S HEN T B 3B R
(Putievsky et al., 1990) » 7 3 ARF e A+ #F 7 F M i 4 EfuEkL s
(Elping, 1947) « 2 v # 4 A2 ¥ > o HPAE RS AT 07 b8 T I E

7= & 4 vd AR % (Pickersgill, 1991) » ] F & a2 5 0 (b v & P T 7

1\
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£ 2_3;(Badami et al., 1997) -

ARG AL ERE 2 HRL TR LG I EARAL HATE 2
TR YD 5T B RF)(Bl43-44) 0 BRI 1 R TERMR S A A A
B A - B e E e ol B 2 5(& 131415~ B 45-46) > BT
ABpRESF T UEEATRIVEITEATHEE S cp AR T FIREY

B R (8 Tk Mk 42 S 3 & 7F (Claen-Bockhoff et al., 2004b ; Grant and
Grant, 1964 ; Wester and Claien-Bockhoff, 2006a) » e & fF f& < £ % 1o f5k 41 203
AAFT > &6 g2 B FFE B0 2 JPNER R 12 RS 2 (Grant

and Grant, 1964) -

BEAR T A ¥ - B =i d E @ % 5 F % (Hendrychova-Tomkova, 1964) » e iz 1=

BlE X3 PlakZ ApM o A B2 7 o ,T*B TRk SRR AT AT AT

B AR RN (215 B 45-46) 0 A FERL i (% 15~ B 45~ 46)
?ﬁ‘;j?:ﬁi%i@‘l\‘ﬁ%ji%q‘lij AT 4’, B o B4 > gé@_@f{%(Lathyrus L)L

B A MAEHT L o a AR FL ML (Hammett et
al.,1994) - A=} 2 AR s LY > WA TC R £ ¥ ‘Snow Nymph® (9)£ - 8
i “Vista White’ (O)fe2 2. (6 8 €55 ¢ & b (% 15 - B 46) - B =2 d 24 F
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6-10 22 % i (R 50~51)> H @ &% 8~9~10/F2 =4 7 BEI| i & L % (F 49) >
FHARAE D MAT I FFERFPE(R AN B AF LR AT S TR LT
PRk EEE AR (Erdtman, 1969) » ¥ ¢ ek BiESH E 5 5 B %4
TR ¥ 37 WRds ARV FE > RISkl )~ Efl 528X - 19735 3
2003 ; Maurizio, 1956) » I ¢ i = 7 AR 2 2273 L& A F 27 "5 (£ > 1973 5
Maurizio, 1956 ; Putievsky etal., 1990) » 4ric & % 25142 % & 8 & & % (Guptaand
Sharma, 1990) » =% % 5 227 f4(Haque, 1981) » » HAa s % 15 1 7« =R
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1981) » Jip] &= - & & ¥ ‘Snow Nymph’ (Q)22 — 8 iz “‘VistaRed’ (3)& &7 - # ‘= “Vista
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RIS AR EEZE 2B AL 1A a2 %7(Epling, 1947 ; Epling et al.,
1962 ; Grantand Grant, 1964 ; Putievsky etal., 1990 ; Tychonievich and Warner, 2011 ;
von Marilaun, 1891) » e Tychonievich f= Warner (2011)2_ & k& & {8 4~ f6 [ 32 2 7=
TP OOBRRIAAMLI MBEAENF O PRI AT ERTELIRGE AP EN
AR A AL MARE F x=11 BB AT ERF (L 17) - o
Tk~ EE X PR ER R REFRERIEAT RN RS, A B
¥ooER7T FARRZ R -

AP TN ARES 2 TS &4 ¢ B p & M (Saggoo and Bir,
1983) » few & H R 2 TS5 P BT X 2t 2 i 4 (Kobayashi et al., 2008 5 Maurizio

1956) > @ = A ZE ~ B AR Tk R AR R4 < 202 4 (Maurizio 1956) -
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4 (Appendix)

Salvia glutinosa Salvia coccinea

Salvia scabra
Ie’:— fth
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Appendix 1. Structure of stamen in Salvia species. f: filament; fth: fertile theca; Ica: lower
connective arm; sth: sterile theca; uca: upper connective arm; sft: secondary filament tip;

sjs: secondary joint structures; smth: small theca.
(Modified from ClaRen-Bockhoff et al., 2004a)
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subg. Calosphace sect. Audibertia
(500 spp.) (20 spp.)

Salvia clade | Salvia clade Il Salvia ‘clade III’
(cf. 250 spp.) (cf. 520 spp.) (cf. 100 spp.)
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Appendix 2. Hypothesis of evolutionary progression in the independent origin of the three
different staminal lever mechanisms found in the tribe Mentheae. This figure represents a
modification and revision of Himmelbaur and Stibal’s (1934) original interpretation of
staminal evolution in Salvia. The three lever mechanisms (Salvia clade I, clade Il and
‘clade III’) are homologous in that they are derived from the connective tissue of the
stamen (shaded in this figure), but have been independently derived and are
morphologically distinct from one another.

(Walker and Sytsma, 2007)

174



Salvia mellifera type (M type) Salvia splendnes type (S type)

epithelial layer
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Appendix 3. Megagametophyte types of Salvia species.

(Carlson and Stuart, 1936)
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CEZN S o 3 F AT ER R
Appendix 4. Anthocyanins of Salvia flowers.

Compound Species Reference
Pelargonidin-3-(6-caffeoylglucoside)-5-(4,6-dimalonylglucoside) (salvianin) (1) S.coccinea  Tomas-Barberan et al., 1987
S.splendens  Kondoetal., 1989 ; Tomas-Barberan et al., 1987
-3-(6-Caffeoylglucoside)-5-(6-malonylglucoside) (2) S. splendens  Kondo et al., 1989 ; Tomas-Barberan etal., 1987
-3-(6-Caffeoylglucoside)-5-glucoside (3) S.splendens  Asen, 1961 ; Birkofer et al., 1965 ;
Kondo etal., 1989 ; Tomas-Barberan et al., 1987
-3-(6-p-Coumaroylglucoside)-5-(4,6-dimalonylglucoside) (monardaein) (4) S.coccinea  Tomas-Barberan et al., 1987
S. splendens  Kondo et al., 1989 ; Tomas-Barberan etal., 1987
-3-(6-p-Coumaroylglucoside)-5-(6-malonylglucoside) (5) S. splendens  Kondo et al., 1989 ; Tomas-Barberan etal., 1987
-3-(6-p-Coumaroylglucoside)-5-glucoside (6) S.splendens  Asen, 1961 ; Birkofer et al., 1965;
Shibata et al., 1966 ; Tomas-Barberan etal., 1987
Cyanidin-3-(6-caffeoylglucoside)-5-(4,6-dimalonylglucoside) (7) S.coccinea  Tomas-Barberan et al., 1987
-3-(6-Caffeoylglucoside)-5-(6-malonylglucoside) (8) S.coccinea  Tomas-Barberan et al., 1987
-3-(6-Caffeoylglucoside)-5-glucoside (9) S.coccinea  Asen, 1961 ; Tomas-Barberan et al., 1987
-3-(6-p-Coumaroylglucoside)-5-(4,6-dimalonylglucoside) (10) S.coccinea  Tomas-Barberan et al., 1987
-3-(6-p-Coumaroylglucoside)-5-(6-malonylglucoside) (11) S.coccinea  Tomas-Barberan et al., 1987
-3-(6-p-Coumaroylglucoside)-5-glucoside (12) S.coccinea  Tomas-Barberan et al., 1987
Cornu and Paynot, 1969
horminum

.splendens  Shibata et al., 1966
Delphinidin-3-(6-caffeoylglucoside)-5-(4,6-dimalonylglucoside) (salviadelphin) (13) .splendens  Kondo et al., 1989
-3-(6-Caffeoylglucoside)-5-(6-malonylglucoside) (14) .splendens  Kondo et al., 1989
-3-(6-Caffeoylglucoside)-5-glucoside (15) .splendens  Asen, 1961 ; Kondo et al., 1989
-3-(6-p-Coumaroylglucoside)-5-(4,6-dimalonylglucoside) (16) .splendens  Kondo et al., 1989
. patens Takeda et al., 1994
.uliginosa  Ishikawa et al., 1999
-3-(6-p-Coumaroylglucoside)-5-glucoside (awobanin) (18) .splendens  Shibata et al., 1966

-3-(6-p-Coumaroylglucoside)-5-(4-acetyl-6-malonylglucoside) (19)

S
S
S
S
S
-3-(6-p-Coumaroylglucoside)-5-(6-malonylglucoside) (malonylawobanin) (17)  S. farinacea  Kondo et al., 1989
S
S
S
S. uliginosa  Ishikawa et al., 1999
S

Malvidin-3-(6-p-coumaroylglucoside)-5-(6-malonylglucoside) (salviamalvin) (20) .farinacea  Kondo et al., 1989

(modified from Lu and Foo, 2002)

176





