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Cytological Analysis of Microspores during Temperature Pretreatment
in Anther Culture of Capcicum annuum L.

KIM, Moon Za - JANG, In Chang
Department of Life Sciences, College of Natural Sciences, Mokwon University, Daejon, 302-729, Korea

ABSTRACT Inoculated anthers of Capsicum annuum L. were subjected to 4 and 32°C pretreatment and their

influence on the microspore viability, early cytological changes and the induction frequency of microspore embryo

was investigated. Viability of freshly isolated microspores was between 62 and 64%. During temperature

pretreatment, microspore viability showed a rapid decrease and this tendency enhanced with the 32°C

pretreatment. Irrespective of temperature pretreatment, microspore viability declined to nearly zero after nine days.

Before temperature pretreatment, most of the microspores in anthers were at late uninucleate stage. Several types
of multinuclear microspores appeared from the 2 day after culture onwards, together with many degenerated and
non-induced microspores. The 32°C pretreatment gave higher proportions of embryogenic microspore than other
treatment. However, the temperature pretreatment had no clear effect on the frequencies of symmetrical binucleate
microspore. The multinucleate grains might originate either by symmetrical or asymmetrical division. After 2 days
of pretreatment at 25 and 32°C, degenerated microspore increased above 50%. In contrast, during 4C treatment,
nucleus of most microspores remained intact for 14 days. The 32°C prereatment produced more embryos than 4'C

treatment. The most effective period of 32°C pretreatment was 4 days. In contrast, effective period of 4C

pretreatment was 2 days and longer time had deleterious effect on induction of microspore embryo.
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71 stressE 718 W oS EFE 2R gEA
t}. xAF Mo|uh wjek %719 mannitol 2 water stress & £TF
Atk ABAS} 722 AAs 2 RS X3t B sucrose
7b A7 ER o2 BjA|o 238t starvation Al & ulgE
= 5 o7k 29 - aEHE AgE sted o MY
da) Al ET 9lor E ZaARl o] 2k Helo|th

o wjoFoll A AeAel = A My 2EY 7|7 Aolst
Hete B2 AEox a8 Aoz gz Ao
(Marsolais et al. 1984; Regner 1996) uj33: 2 &oA] |4
Fol yexart ¢ aAel Ao g A HA (Keller and
Armstrong 1977: 1979) 2 wj kol A 2|4} A5 A2 2 1
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Al Ao 23k AL A F ool Aol B AR
7he A&l wat g2t 24} (Tiainen 1992)ol A& 248
7}, gl (Touraev et al. 1996) 9} ¥ (Takahata et al. 1996)]
Me AEA7E Aotk B B AFoA A7t
EFH ol AMe] AR ET PR T AEol mpiE AL
Ao s 25l WY ZEo] RolA7|% gtk (Liet al.
1988; Marsolais et al. 1984). oF Wikl ek A2 &7
= A Fo wikEos B #AE ol M=
287 Coll A ke = el Aol AT 30T A Hl
&4 m 038 74t (McGregor and McHughen
1990). 5o oF uleF Ao A2 27t o] HAlse] $
o1} Dumas 5(1981)0] Z-&xjge] 23] v ago] Fo}
Bag BAg o A28 ozt 12 Ak da] AA
HY dou A2 I2AHY F ol Ao| ¥ TEHUAE
HaEty B89 AT xS 717 W A7 B4 ¥
t} (Kim 1999).

Brussels sprouts 9] of Wi 27] wf Wiga o] W FF
< F2 FFol g ethylene A/4do] &9kt I
& ethylene AJ4g¢] TFAE T Hj WA o] Z7}y] °iﬁ} go
2H el oal vy Aol ZrFeA = 919 shu
7} ethylene A4 9] oA wj&o]l Ao 2 A} (Biddington
and Robinson 1991). & #-&xg] o= AXA} £F A] 1]
AlZae] FX) Hsprt AA Eds £ dAl 45 ¢
< Al HA oY AxAEo] vjE g He AR ¢
HAt} (Hause et al. 1993). < broccoliol| A= (Fabljanski
et al. 1991) oFS 35Co A 347 A28k Zof] oF viokS A
e A3k werigo) Fekid olu TeAed oke) wh)

S 243 A heat shock protein (HSP)o] E}}EO o,
5ol M (Magnard et al. 1996) 2% 2} £87]9] AxA}
FElete] 1A E ¢ & Wi patterng ZAN 23

Al heat shockol]l thgh ¥h3-5 JehlA A4 oA
"3% A= 22 HSPEo] UYekthy st B2 A&
2218] &3+ heat shock proteine] #ddl7] w2l
Zi#i &#H# Utk (Arnison et al. 1990; Fabijanski et al.
1991; Hause et al. 1993).

oJ# 7}A] induction treatmento] 2J3l] o)A AF}e] Bt
2iake] vHA HertkE WE ¢ T AETH JA
T BATEAdAY HIES EHEA BE 4 Slojok ke
| ok sk e A3g) @A 20k 2 2
& 250 AEE AT UREY HBN 2T v @
Aol 2] ZIEE ) ‘i'z@ Jl AXAETE HEtH

us 7 —)F’é]é]*‘: Zlo] "1 | wiifoltt & o
Az o] wj$ AA duk Ao s = A XA
35 HEsp J&?—A}OV] ojH 7] “H—"f—?ltﬂ Hd d AgE
St DAPI gAuio] 7dbslo] vy folslA| AEEH
il

2_ n:?L' 8 rd do mﬁ

jnj

38 2A4¢ 4 W AU (Kim and Jang 1999). ¥
N o] o Wl A A3 U By VIS EO)

Aol v} @y 77E w7 53
2 AL UAN § SEAS 49, 27124 3 224
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(Capsicum annuum L.)2] BokAiz] £=2& A}
FFS o gl Td wgol HnA %
Ak TAEE 47 20 em S 5

BENE 4 QIR KT fRET
A
[}

o 16420907 SEE Meﬂoﬂxﬂh 25~27°Col & %
Elo A= 23~25Co|dck AEATS d&ll #Fe 0 2~3
duieh ARl 159 7HAO0 R AASHAT ke Ao} x5
AL =57] A2 A MEE 3/4 Frt AFHoE H RAE
o] 2H o8& AFHd Y 2%2] sodium hypochlorite &40
1027 HFAZ] ths AF5 2 33] A8k vl ol A3}

A= MSuiR]) sucrose 3% 2} 2,4-D2} kineting 747}
0.1 mg/LE 71892 0.1 N NaOH=E pH7} 5.80] 57
23] 121ColA 1587 QP E A3 Th 5 mle] 1A u)
A7k ol Agde) e EHoHRYH 10719) o
Hsjol AABAT. AR oF 25~28C2) FL7I6IA u)

FEAFRE QAT 45 o EREE Saeela b
FaiATh. oF Wl B ZAET] Sslod et F 4T
85712 ) 15 <duleh | sl A ui7t wAE ool

o) 71 ool AT Wle] £ ZASHeT

L5 AAE ok AT F 2~ 1497 AAses A
27k B A8 26-27C8] B2l wsink A e
2 4~ 6T WD AAsRT TEAHE 32-33C
o) geslela AN

LA & 5 M ZSHH e

A2 &¥L fluorescein diacetate (FDA)E A28t
ZAERY (Heslop-Harrison et al. 1984). FDA 2 mgg |
mL 9] acetoned] =9 stock solution® TEo] HAst & o
29 w} stock solution 2 uLE | mLe] 740l 34 5o
AHEEHATE FDA 9] 314892 uf¥ ARE 2ol A2 vHE
Rom g AlZE o]ufiol] ARE-EHGITE XS FDA 34149



of A7l F 108 F5EH 20%F Aold] B (main wave
length : 480 nm) 3= 1B filterE AHEste] 33073 s
A Basgod Jg =g 522 Jehle A 89
e ATAR Aastgch 2xAe AEsHH HiE 4 -6-
diamidino-2-phenylindol-2HC1 (DAPI, Sigma D-8417)=
ﬁéﬂ?‘?}&] 108 32¥ U filter (main wave length : 365 nm)
AHEEe] #A8 Tt (Kim and Jang 2000). §F 2] 3 5
~107F¢] eke ZARIROT @ 79l ok slide AolA 3
"\“LX]—— WA A GAE & PR 103 o)t A
24 F 500709 AEAES AFe F AEIFHOE b
7i7ke] AXAES WEEE SISt vf A2 33] o]
e EC)

ml

%,

A3 o 0%

FDAZ @M% AZabks 2 49 38 vepie A
= 3L Yehlix) ek Aol AA FREHUA (Figure
I xl ) W] 29 e AZAE 62~64%0I o FAY

O ] i

! e} Nﬂ x}om Wk &%

A zpxstel 224 2do] Hw FA M A GOl
BiE] 172 0|8}l 32%% How FAYL LA AMZ
4199} 58%= A3 7553}0;1;} 44 7)7v0] AshE A
A3z L g8 FEE Zasder] ) 490] H

Figure 1. Viable and non-viable microspores isolated from an
anther of pepper following FDA staining. Viable microspores show
an intense fluorescence. Bar=10 pum.
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E Aol 2ol B8l 172 o|stE ZAasil
o AaEeE At g At ﬂ‘ﬂ g8 e &
&2 3~9%0 EHAFAL: T X F 9de] HH &Y
AEZAE 02~05%Z v¢ 2koH 14%e] 5 2
A2l BAglel 89 de AL A9 {ITh (Table
CAER B ZasE ARy 2k AAFd uet g2
F2AY Al 7P Wty 11 %—% Ao} 224

£02 Lot ¥E4E o A ZAadivk

Kale¢] ok wj<F A} X FAle) Axah 832 50% AF
2 vl S wok=d 11 99 2 Eo) M&H tunnel He &
7} w8 wet olal & Wyt Ask] fEoldd
(Kieffer et al. 1993). I sjuta}r)e] A% vk Al AXA}
53 Fo| 2% €49 wAE A{EAC wt o]z}
VA Aol AsE A EAA AKH B9 s
-9~ Yoit} (Coumans and Zhong 1995). oj$} o] XA}
8o AR Hezd wE Ay el wat AA
g AA Hed 2 AP X4 ZA Y e LA
Wgo] 62~64% 2 WA WSk RS BAEO] 4 4
2477 el A8T70) WA Bel) MR RO
AZEch 2LE AFZANT AKHALAE AEol wet
T 23t ABME ZE o2 o we} Axa #FHo
A Aol skl ol ARIA Aol oz Mg %
o] A7)7F thEr] &8sl e g FEHch YyFeR I
o) o wer A1 71 19 AEAN E7] 204 A
712 gEA Qlom 2899 Ay ko] AN HEZ 7
29 AT gl YD BRo} 4 YEA B

2orlr oW R

—
_|_4>~v

—_

SolNE AEAY 2Rzt O 397 Bk 442
Kaleol M 19 £EA7)s 28] 2 38 sHe7le) of wiek A
Aap SR 2EA BHE 8% BRAe) ek 2A Folzt

o} (Kieffer et al. 1993).

Sale] AXA Hiek A AxA B XA FA] 65~80%
AW Zo| wiek AFRE FAS Zastd g F 124]7%e]
HAE W 7] 50% BEE Toajek 1ol =¥ 30
~45%2 ¥} (Smykal and Pechan 2000). o]¢} 7+ &
Ao 42 (Gaillard et al. 1991), ¥ (Gustafson et al.
1995), sin}el7] (Coumans and Zhong 1995) 2] AFEA} |
oF Al & vlsata] wiok 1~2 FYo] HWA & U= /\iz}
7} A9 ¢lith Kale?] oF v} Alolx A¥A} #&H2 ¥
Z oj$- s Zhske] 94 7 HW 89 e 4 7\}7}

7]—/\ }

2:4

Table 1. Percentage of viable microspores during temperature pretreatment in anther culture of Capsicum annuum L.

Days of treatment

Pretreatment
0 2 4 7 9 14
Centrol (25C) 63+ & 41+11 18+ 14 543 0.3+0.2 0.1+0.1
Heat treatment (32°C) 64+10 3213 14+ 8 341 0.2+0.1 0.1£0.1
Cold treatment (4°C) 6211 58+ 14 27411 945 0.5+0.3 0.24+0.1
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7%9] ATt (Kieffer et al. 1993). & AHINAE AFAL9
o] vt 5 vlS- FEIA FAste] 2d Tl oln] XA
Al BlE] ok 1/20] HJALL whekr|7te] AHERFE HE
AsA FHadted wiek 14%d0] HH LA o] AAgle] &

o gl 2TAT A Qoltk g £ER vl o
Y A 2 G AE A2 el dae

4%l e} ozke] Aol o} B HBolA 25
37 9w 89 Qe 2AT A gl HE 2oz B

)

Gyula1 (2000)2] 23 oF wjF A ME AER} T
< B A AoMATH it T AR A X3
Al 100% G o) vk 7Y Fol= 72% HAERL 28%_101]
1.6% Z57t Bt T2eivk A/ FAleh vjF 79 $9] &
7} #3o] B AFoA Ho o] sok=dl o= _‘?_/3.%"
‘g%iﬂ"]‘% el o)zt UAE wYF o} AR}
g8 ZA} A FDA7} obd 1% phenosafraning AF-317) oj
9 Ao AztEt AAR duiuhe] oF vk Al AsshE
838 S acetocarmines} FDAZE AEste]l 233 Ax
acetocarmine2 ARE-F-E & 80%¢|3 2Lt FDAE ARE3)
& W 60%E ARESH Aokl whet A Apol7t Wtk (Tanner
et al. 1990). 3HE 88§ FAlSlE= dl+= phenosafranin}
acetocarmine-& H]E3}o] o3 7}x] WhHE0] AMEEH T &=
d 2 871A A8 =S A 22 Baker's 34, X-Gal-test,
MTT Z12]Z p-Phenylenediamine test2} 4714 WPHES AR
st HEEE S AW vh ARSSE Wbl whel aA &
o]7} et (Rodriguez-Riano and Dafni 2000). watbx 3
o] E¥E FAIE o 7P AE e WS AREstdok
st Al ofolut Ax At wig AldlE FDA7E 7P de)
AFEE] T Atk (Heslop-Harrison et al. 1984).

Falo] AFA} uljok A] vl ok T2 waldle] 20, 25, 32,35C

oA vk A AxA FEE 2h7t Folyd we At

A Zrastdet £ Axzr FEE oYL TN ofu]e) B2
Eo] AK2E9} vk e 7] Ajeld wEl gEixA &
o1zt gAY 5C wghd Wi v 2 Fo® A Za
a4 kot 2% Apol7t 10T o)dd HfollE AsA
48kt (Smykal and Pechan 2000). Kale2] <k wjok Aloj)
T 3Rgdd FA7d v jiﬂa Aol B AsHAl A

l fr oft _IE

o

Zigﬂﬂbﬂ e _’QXJFJ ’\l°ﬂ Eﬂ% <) o}7ﬂ HasiAEy)
AR WA= stress7F F9E AXR} BHo] AEA 7
°

Aty AA v 12
2 47k

sufelrlel 2EA vl A 2TA FHE A48T 57
BiA] 5 N6 vl A #gth B AR &8 sucrosed
7het WA M Eth= maltoseE H7HgE vi|oA] R
ethrel2 #7153t A9 FHrlslx] L& wizol uvls] =gtch
(Coumans and Zhong 1995). H2]2] ¢F vjoF Aol AF =}

Ale] stress7F o] 2 A

29 IS AtsAl B2 A Hls) 2g/Le] glucose S
A7V kAl 72439 50g/Le] cellobiose, glucose,
maltose, sucrose $2¢ Fg FH7151H O AlgA 7H4asty
o} (Kao 1993). &otute] oF wiF Al wiek 15 9] Axrp
g2 wAo] Hulek AR 2EAY FF " g3e
] ALLEE 97FR] = sucrose$) glucoseE H7FE of BT
A Fohvh AEA 882 AEAGTAA Y MR JITS
WA =) cytokinin FH7F Al A7belA] &2 wi Ao Hls] =
ko ARZ-gt cytokinin®] FHo] WMz Aozt UhA
2iP, BAP, zeatin, Kinetin 3= 2ip 37} Al =4t} (Tanner et
al. 1990). o]} Zho] wjok Z AXAe] 22 HAY 2EY
v k2 sl ol gl AME-gH wiRol] whetr s gEfAA FHoh
HE 2 AgdA wjx]o] @& zolE IR ZARIAE X8
O} sucrose$f EEEo] HAylE o woF wix|o] S XA
3 & LS SIY O HR sucrose7t H7IEA EE e
& F71% iR mannitol §HllA HAS Wt o 4
A sl AR FEEH Y0 R WY T AXA &

& =o17] AdiME AT HiAe A4S yEstejor &

Aoz Az,
B A 27 A% 2YL AL i%ﬂOﬂ Hla| ez A
o o FEskl Zasgen o

ok
A &t} Gyulai 5 (2000)0] A
AMT 35ColM 8UZF He] Al 43
wlal s Zaseten o e
Kale (Kieffer et al. 1993)2] <F ujf<
et al. 1996) 9] AXA ujek Ad%
AEA ZastRA ot e HAL A Eokrh o)¢ 72
o] AXA ¥ vhe] W= vHER] ot Ax A
e 2 9 2T T WA Sud S50 2
Z2 wjge] A 28E Qe A F 20%7t E 2SSt
A3 (Gaillard et al. 1991) B&]9) o wjef Adx & 9=
AR Z 66%7) EEEte callusE 2EEtich (Kao 1993).
AAy 25, 23 29 g ] B 7he] AAE B g
o] Az} uleF A] 4,25, 33,37CellA 347 A Al 4
S} 25°C Ao E w7} wAlslA] ekgko) 33°C 9 37C A
ol A= v whAlo] w9kow 33°Coll Hs) 37 CollA o =%
ok e 6Y A AlellE 3 Helol Hls) uf o] g
SOEAL 33°Cel M8l 37ColA o Wt ol 37CAME
33Ce v& ¥ As AEATL 6l A dgFoldn
(Touraev et al. 1996). Gaje] 7ZASox A%z &L 20,
25,32, 35Col| A Hjek A £57) =olAd) wel 3A 724E
Rl 32T 35T Apojzt v AX Wi 24 AT £-9]
AFA dHo) 32°CoM e 35~40%<] Zo] 35C AZjolA]
 10~12%=2 A&A 723tk 223 ue) B2 g
2% Z 32TAHA 7 Z=941 35CollA = A9 glof 32°Cr}
A=A As 220 Zlog veEldth (Smykal and Pechan
2000). o) 4o AAEAMHE dAR Y 227t B&FE &

1%01]*1 SR} o]
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Figure 2. Cytological development of pepper microspores during temperature pretreatment observed with DAPI staining. A: Asymmetrically
divided microspore, B: Symmetrically divided microspore with two equal nuclei, C: Multi-nucleate structure. Bar (20 ym) in C applies to all

the figures.
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Table 2. Cytological classification of microspores during temperature pretreatment in anther culture of Capsicum annuum L.

(Figure 2). ujj 2AY
Aol A 2 Fol
~372 H Relt Al 223

[elge]

2 FAZAen HA Al

Microspore stage (%)

Pretreatment
days MU? LU ASY SY 2G+1V G+2V  G+V(=3) Muldi Empty

CComtrol @5C) 0 81+21" 70.01+94 21.5+4. 0.2%0.1
2 09+05 17.1£3.1 235+68 43xl4 0.3+0.1 53.9+3.8

4 0.9+0.3 6.1t4.1 12152 22408 02+0.1 02%0.1 782487

7 0.6+0.2 21+13 63+12 1.1+£07 02401 05+02 02x02 05 88.5+7.5

9 0.3+0.1 14+05 32413 10+04 02+01 06+02 04+£02 91.5+7.7

14 1.7£0.7 1.6£1.1 1.8£0.1 03+02 06%+03 03x01 1 7 92.0+9.2

Heat (32°C) 0 82+21 655+8.1 260+7.1 0.3£0.1
2 2.0+0.8 6.5+35 263+64 42+31 1.6+04 02x0.1 59.243.2

4 1.4+0.6 33+1.2 9.1+32 31%12 1.2+£06 04%02 1.2+03 80.3£5.7

7 0.1+0.1 08+06 32412 244038 1.3+02 04£02 1.6x02 902187

9 05+03 28+13 1.7£1.1 09+0.2 0.6x0.1 2:3i0‘8 91.2+6.5

14 1.1+04 06+04 26t1.2 1.240.1 05+03 18407 92247

~ Cold (4°C) 0 89434 667+93 242451 02401

2 75+4.1 509+42 379+74 3.1£07 0.6+0.2

4 72+18 513%£25 365+68 34=*14 0.7+0.3 0.9+0.8

7 71423 440+1.8 417183 27+24 0402 1.1x01 02=£0.1 2.8+1.3

9 73+14 423431 433+7.1 33x16 02x0.1 0.31+0.1 0402 +0.2 26x1.2

14 7011 422+28 442464 26+08 03+01 05+02 0303 02%0. 27412

*MU=mid-uninucleate vacuolate microspore; LU=late-uninucleate & mitotic microspore; ASY (SY)=asymmetric (symmetric) microspore;
G+2V=] generative type nucleus+2 vegetative type nucleus; 2G+1V=2 generative type nucleus+1 vegetative type nucleus; G+V (3=)=1
generative type nucleus+multi vegetative type nucleus; Multi=multi-nucleated microspore; D=degenerating or empty microspore.

®Mean = standard error (SE).
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AL =A veistth o) SR AxAE MY R I
28] Al 7P #43 O o FAES AR AP ¢
ojATE A2 AFxAEC] ke FEw LAY Al
O %o A Zhell 2 bl 7k YAUATH (Table 2).

kS XA & 29o] W W} wAlA ] AXAESETL o}
Yzt o] 24 7Y A¥XAELRE JEhed I AEE 2
Xl wet 3A4 Aozt Ktk XA FAAME
I A=7E el AsiA A Frlele 73 AxATE 0.2~
0.3%= mf¢- Aot A F 2% HH FAAME
53.9%7} HRL Z2A M= o HliA 59.2%7F HUTH
7 2FA) FRE A4 7100] Aol mat FRHe
2 gobax Z&Ag Al A% 7ol HH 90% ol de] HU
o 2y Ao FA Aok gE] AA M= A

A
]

A 298 BE 1490) HolE PHLEAY EHo| 3% FH
O vh§ WGkt (Table 2). e} 3 UBhl: 2¥4E %
o W WAHQl 2TAE F8 AEARe] ohfel A

T7h $98e VI P AFASE Uehasd) old 59
o £EAE A4 F 790] 9YS W FAS ALHYo
A g on] 72 Aol UebA) gkt (Table 2).

Ak BA o V) AEASE tRE] §7] £EASIR
WA shEolt 37 AZASE Qo) $Y o elHE
BLYAsL 08 2EATe] EAST olst o] SUH
22081} of Yol M E BT} B 23AS0] Tajs
AL Ax ol zpol7t ¢l B 7HA} (Rihova and Tupy 1999)
4 (Fan et al. 1988) 22 2/E-g B sl offEe] 2
A FARGE Zos ®Blch wepA ok ek A} of Ui T4
1719 AZAHER ofg} Exjgh Ago] AXAER WSS
Uehrd ¢ g ZAoE AZEEd 23 A o
M= vl wh-E Yeplie 2 olggt ol W& Ao
2 329

#-3l(Fan et al. 1988; Zaki and Dickinson 1990; Smykal
and Pechan 2000), of~uet A~ (Peng et al. 1997), 7=}
(Rihova and Tupy 1999) 5% H|Z &} B 2| EolA] wjk
T A¥AL ZEAR dFEle e #5uY A3 AAd
SH2Y AR delA Aok & 3328 AxAe] £YHe
of~ul}A2 (Peng et al. 1997)2] ¢k uljok Alof= 4°Co A
2xg A Z7b8lE . 3 (Telmer et al. 1995)d4= 7.2
g Al =7Vslack a8y 3 (Kalichuk-Santos et al.
1997)8] oF W A DA FERERY ohle BEE
2o JHME AAROE ALHY Nl FR2Y ¥
A9} Fo] A w3l A Z7k6A Bkek E kel
AT o A MR TS me 2xAe] e gl we
A7 Hol 32Ce] TeAME 2EAZ HAD 18CAAE
Hﬂ%’—iﬂi Hu} ojn 7ox ZEAT s He AR
= ofl AR waAd me debA 18 Axx]e
RAEdME AxAH o] F5EEsle FIH2d AZAE FHA
ok 24| F3HE M= okl oA FEEFo] Yoju THlA)

4
N

e o rie ok
¢

~

=

d

H} (Custers et al. 1996). B AT =328 A F 2}
ok ooluEl gdlm gaAgoR FH o3y AXAE F
Salo] £ty AR E AEo] AAREH 2% )
AL T2AE Al 2oy 328 AxAe 22
ZEAE Tl & Ao)7F Gtk wEtA AX A e 7€)
A g wet FdAd Aolgr|Ethes L9t e
induction treatment A} AXzFe] WA 7)o w) gElx| =
2o Azt

ofrmhabA 29l ok Wi Al A2A 2 7)7ke] AojHe| u}
g FHLE2TL Frkete 149 FollE 40% =7t =T
(Peng et al. 1997). & 29 ok wjo} A] B8)42T ] ZHE
LEAW ol F5o] wME geiA=d RST F£9
74 FANAME AY gy 4T Aol ERoH
IASS5 F5olMe FAE e A2 Zholl 2pol7k glo] wiF
71Zko] Azgh] we} 27189tk (Kaltchuk-Santos et al.
1997). & AFAAME wiF 7]7ko] Aapelar] 78 ¥zt
Z7Veed O ARE A wet IA &7t A
F23 FAREAAE A 2d FRE A Yoy AL
Al M E w3 gl R AEoA miY 7|7kl A
3o wEh -3 A¥Ap} ZrtsH) Ha O ARE A E)
et 22 AEolgt FEo] wet geAH g A
AME A wet g2 2 2o2 AzEAE &
SR Mgz ol e w3 HIe $3 Aot
“}7(1 otk B A Axa w) o] 2 I Al
73 Lxae] Sdo] otE dow Axz H) 24

10 o #E HU

P

) % 9loBW AT Ao B AEAe) WAy

2 Ha8Y 5 Y= 2ASS WAL Zo) AFD Row
Az

FAS 2EA W A R5E FF3te] 18,25, 32CAN

W Fs HH°‘: 24/‘17&01 HH 32CeXe LxA oy 2
| £5he S Eo] dojuA 18CME

=
2 orgsks AL e =8k 1314 25 Cg} 32C°‘WL
ERdo| dojd AXANEL AL B vk 13| H

W 2Eelrt AT (Custers et al. 1996). 2 AFA T
Z2 &

ALAY A 2¥A Be 7L Aol Ha| 5o 2%
A 7 Qelston gelol dofid SEAEE Al

iX}—O] UrE}M_‘% e
2

o] UehtA] skt ojg e =
aFzte] wEpe] Mg 271FH AdFo] 2EAZ Ie
AT A2A e FANME o] AxAE] =
T ZIAZ AEHA £ Az oyt 457 EeA

E ggsiA o= AAY AL
SExee wE oF wieF vt



2E M2 5 2EAe| MESHH #st - 269

Table 3. Effect of temperature pretreatment on the production of embryos in anther culture of Capsicum annuum L.

Pretreatment Treatment No of anthers % (.)f anthers No of embryos
days inoculated poducing embryos per 100 anthers
" Control (25) 0" 280 79414 158+0.8
 Heat treatment (32°C) 2 225 113+29 214+30
4 234 183+24 42.7£1.6
7 236 127+14 19.8+1.38
9 242 10.7£13 16.0+2.3
14 243 8.1+23 129+2.8
Cold treatment (4°C) 2 230 8.1+1.6 207+ 1.4
4 235 6.2+2.7 17.742.8
7 243 53+1.2 9.3x16
9 245 41114 58+1.8
14 220 2.1+1.5 3.1x+13
*Mean = standard error (SE).
Blgot 100709 ool LAS A¥s) e £ BF 32 W HA3) GEpAAM 18T = wi-¢-AQl SHES
Aol A ke w7k A oke] W2 AL 29 A A Sty CANE ZEA W BIHATG (Custers o
o] 2
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o He) Aol 183%2 o 20} EHck B 100779 o
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£ 49 A= 2742 ok 2647F Ho] o) WS B
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BE AR AL 29 ARt w3 asadn
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