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HPEATI'OBOP

PenyObnmka Makenonuja wMa OIJMYHA Teorpadcka TPEANCHO3WIHja 3a
3eMjO/ICJICTBO, a HAIINTE KBAIUTETHN 3€MjOICIICKH IPOU3BOIN CE€ HANAJeKy OapaHH
U ICHETH. 3a MAaKEeIOHCKOTO 3E€MjOJCIICKO IMPOM3BOJCTBO CE OTBOpAar rojeM Opoj
HEHCKOpUCTEHH (PMHAHCHCKHU (DOHJIOBU M HEOTpaHHYEHA MEPCIIEKTUBA 32 Op3 pa3Boj.

CoOBpEMEHOTO 3eMjOJIeJICTBO TIPETCTaByBa CIIOj Ha KOHBEHIIMOHAIHUTE U
TPaJMLMOHATIHNA HAaYMHH Ha IIPOM3BOJACTBO CO COMUCTHLHPAHUTE ¥ HAIPESIHU
merormu. McTo Taka, HOBUTE MH(POPMATHYKH M KOMYHHKAIUCKH TEXHOJIOTHH, KAKO
M HOBHUTE TEXHUKH 32 HayYHO-CTPYYHO HCTPaKyBame, HajaraaT NPOMOBHpame Ha
COBPEMEH IPUCTAaI BO Pa3BOjOT Ha MaKEAOHCKOTO 3eMjojielIcTBO. HayuHHOT Kajap on
3emMjonesickuoT (hakyITeT npu YHHBEP3UTeTOT ,,lone Jlemues™ - Illtum mocrojano ru
CJIe/IM HOBHTE JIOCTUTHYBabha Ha COBPEMEHOTO 3€MjO/IEIICTBO U I' UMIUIEMEHTHPA BO
CBOHTE HAYYHO-CTPYYHH UCTPAXYBarba U CTYIMCKH IPOTPAMH.

3eMjonmenckuor pakyaTeT npu YHuUBEp3UTeTOT ,,lome Jemuer® — Illtum, maxo
OCHOBaH HeopaMmHa, Ha 27 mapt 2007 ronuHa ox ctpana Ha CoOpanuero Ha PermyOnnka
MakeioHHja co IoHecyBambe Ha 3aKOHOT 32 OCHOBame Ha JIpkaBeH yHUBEp3UTET ,,l o1ie
Hemyes” Bo Llltum, cemak uma J1aboka Tpaaullfja U CBOja CICHU(HYHA HCTOPH]a,
crapa noseke jeneHnr. Co 3aKOHOT 3a OCHOBabe Ha JIpKaBHUOT yHUBEP3UTET ,,l o1e
Hemges* - Llltum, mojae Ao cmojyBame Ha HCTHTYT 32 jy»KHU 3€MjOICICKH KyATYPH -
Crpymuna co JIp>kaBHHOT yHUBEp3HTET ,,[ o11e [lemaes* Bo pamMKuTe Ha 3eMjOEICKHOT
takynrer. Lennre Ha 3eMjonenckuoT QaxynTeT ce 0asMpaHd HA JOITOTOAHMITHOTO
MCKYCTBO U Oorarara TpaJuliija Ha HAalIeTO MaKeIOHCKO 3eMjOJIeIICKO IPOU3BOJICTBO,
na OTTyKa € pa30oMpJMBO Jia TPOIODKUME Jla ja HeryBame W 30oraryBame Oorarara
TpaJMIja IPEeKy KOHKPETHH €IyKaTHBHHU U UCTPaXKyBaYKH aKTUBHOCTH.

OBa m3manme Ha [ogumIHKOT 300pHHK Ha 3eMjOHEICKHUOT (aKyITeT € BO
KOHTHHYUTET CO NPETXOJHUTE M3JaHWja Ha TONMIIHUTE 300pHULIM Ha MHCTHTYT 3a
JY’KHU 3€M]jOZIeICKH KyITypH - CTpyMuIa.

KinyuHu eeMeHTH BO pa3BOjOT Ha CeKoja OpaHIiiia ce 00pa30BaHUETO U HayKaTa.
[ToBp3yBameTo Ha HAayYHHUTE UCTPaXKyBamba CO COBPEMEHHUTE METOAM BO BHCOKOTO
oOpa3zoBaHMe Ce MPEAM3BUK 3a HAIIMOT TUM BO adupmanuja Ha COBPEMEHOTO
MakeIoHCKo 3eMjonernictBo. Co Toa TO yHampeayBaMe MPOWU3BOICTBOTO Ha 371paBa
XpaHa, WHAyCTpHjaTa 3a TpepaboTKa Ha 3EMjOMCICKH IPOU3BOIN, YIIPAaByBAFmHETO
CO MPUPOAHHUTE PECYPCH, a BOSIHO M PA3BOjOT HA PYPAIHHOT U YpOAHHOT IPOCTOP,
CO IITO JlaBaMe OTPOMEH MPUIOHEC BO MON00pYBambe Ha HEIOKYITHHOT KBAIUTET Ha
JKMBOTOT BO HAaIlMOHAJIHA U TVI00AIHA paMKa.

MakezioHH1ja € TIPETEKHO 3eMjO/ICJICKH OpUeHTHpaHa 3eMja. Bo Hea arpukynry-
para Kako eKOHOMCKH (DaKTOp aHraKMpa HajMHOTY JIyre, KOM IHOpaxyl HEeJOBOJHO
MHBOJIBUPAmE Ha HAyKaTa BO arpapoT YECTONATH Ce U3JI0KEHH Ha ToJIeM pH3UK. TokMy
3aT0a, JIeHeC CE TIOBEKE € 3roieMeHa MoTpedara 3a BKIIyYyBarhe Ha HayYHO-CTPYYHHUTE
CO3HaHHja BO OBaa OOJIaCT Koja ja MMa KIy4yHaTa yjaora BO CEBKYIIHHOT pa3BOj Ha
3eMjaBa.

M3paBauku ondop OxaroBopeH ypeaHuK
twm, centemspu 2008 rog. Ipod. n-p Cama Murtpes
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INTRODUCTION

The Republic of Macedonia has excellent geographic predisposition for
agriculture, and its high-quality agricultural products are world-renowned.

A great number of funds are being allocated to the Macedonian agricultural
production, and there are endless prospects for its quick development.

Contemporary agriculture is a fusion of both conventional and traditional
ways of production while using sophisticated and advanced methods. Furthermore,
the latest IT and communication technologies as well as the new techniques for
scientific research have made it necessary to promote a modern approach to the
development of Macedonian agriculture. The staff at the Faculty of Agriculture at
Goce Delcev University in Stip always keeps an eye on the latest achievements
in contemporary agriculture, and they implement them in their research and their
academic courses.

The Faculty of Agriculture at Goce Delcev University in Stip was established
only recently — it was founded on March 27" 2007 by the Assembly of the Republic
of Macedonia and by virtue of the Law for Establishing a Public University in Stip.
In addition, Goce Delcev University has a deep-rooted tradition and a decade-
long history. By passing the Law for Establishing a Public University in Stip, the
Institute of Southern Crops in Strumica became part of Goce Delcev University.
The goals of the Faculty of Agriculture are based on years of experience and the
rich tradition of Macedonian agriculture. Therefore, it is logical to keep on fostering
and enriching that tradition through specific educational and research activities.

This issue of the Yearbook of the Faculty of Agriculture is a continuation
of previous issues of yearbooks published by the Institute of Southern Crops in
Strumica.

Key elements for the development of any field are education and science.
Linking scientific research with contemporary methods of higher education
is a challenge that our team encounters in its attempt to promote Macedonian
contemporary agriculture. Thus we are improving the production of healthy food,
the industry for processing agricultural products, the management of natural
resources, and the rural and urban environment. In this way we also contribute to
improving the quality of living, on national and global level.

Macedonia is mainly an agriculture-oriented country. Agriculture in
Macedonia provides jobs for the majority of its people who are often at great risk
because of the lack of involvement of science into agriculture.

Therefore, today there is an ever-growing need to include scientific discoveries
in a field that plays crucial role in the development of our country.

Publishing committee Editor-in-Chief

Stip, September 2008 Prof. Sasha Mitrev, PhD
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UDC: 57.085:581.33:633.842 Original research paper
OpuriHaleH HayueH TPy

OBTAINING HAPLOIDS IN ANTHER CULTURE OF PEPPER
Capsicum annuum L. AND THEIR INCLUSION IN THE
BREEDING PROCESS
Velichka Rodeva*$, Liljana Koleva-Gudeva**$, Stanislava Grozeva*,

Fidanka Trajkova**

Abstract

The frequency of obtained androgenic plants depends highly on the
genotype; therefore the low rate of haploid recovery limits the utility of anther
culture in pepper breeding.

The aim of this study was establishment of effective in vitro technology
for study of haploid and diploid plant regenerants; induction of embryogenesis
in pepper anther culture; development of the embryos into regenerants as
well as successful adaptation and acclimatization of regenerants from sterile
to greenhouse conditions. In the present study, the effectiveness of induced
androgenesis in anther culture of several Bulgarian and Macedonian pepper
genotypes was investigated.

The collected seed material is excellent possibility for further breeding
processes, cytogenetic and other molecular level research.

The results of this paper derived from international bilateral Macedonian-
Bulgarian Joint Research Project: “Obtaining haploids in anther culture of
pepper Capsicum annuum L. and their inclusion in the breeding process”,
managed by the first two authors and with participation of the coauthors.

Key words: in vitro embryogenesis, Capsicum annuum L., genotype

* Maritsa — Vegetable Crops Research Institute, 4003 Plovdiv, 32 “Brezovsko shosse” Str.,
Bulgaria; velirod@yahoo.com
#x Goce Delcev University — Stip, Faculty of Agriculture, Krste Misirkov b.b. PO box 201, 2000
Stip, R of Macedonia; liljana.gudeva@ugd.edu.mk
* Mapuna — VcTpayBauk WHCTHTYT 3a TpaauHapcku kyarypu, 4003 Ilnosaus, 32 Byrapuja;
velirod@yahoo.com
** Yuusepsurer ,,lone Jemndes” — [Itumn, 3emjonencku dakynrer, yi. ,,Kpcre Mucupkos® 66
m.gax. 201, 2000 Itun, Makenonuja; liljana.gudeva@ugd.edu.mk

$ These authors contributed equally to this work.
$ ABTOpHTE HMaaT eIHAKOB MPHIOHEC BO OBOj TPY/L.
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JOBUBAIBE HA XAIIVIONIU BO KYJITYPA HA AHTEPHU O/
HUIEPKA Capsicum annuum L. 1 HUBHO BKJIYUYBAIBE BO
MNPOUHECOT HA CEJIEKIIMJA

Beanka Pogesa*, JIniajana Kouea-I'ynesa**, CranuciaaBa I'pozeBa®,
®unanka TpajkoBa**

Kparok n3Bagox

3a4yecTeHOTO JOOMBakE aHIPOICHETCKH pacTeHUja € MHOTY 3aBHCHO OJf
TEHOTHUIIOT, IIa MajiaTa BPEIHOCT Ha XaIUIOMIHOTO OOHOBYBAHE IO OTPAHNIyBa
KOPHCTEHETO Ha KyJITypara Ha aHTepHU BO CeJICKIMjaTa Ha MUIepKa.

Llenta Ha OBa UCTpaKyBame Oelle BOCIIOCTaBYBamke Ha ¢(DEKTHBHA in
Vitro TEXHOJIOTH]ja 3a NMPOy4YyBamke Ha XaIlUIOWIHU U JTUIUIOWIHN PAaCTUTEITHH
pereHepanTy; WHIAYKIMja Ha eMOpHOreHe3a BO KYJITypa Ha aHTepH Of
MUIepKa; pa3Boj Ha eMOPHOHH BO PETCHEPAHTH, Kako U yCIICIIHA aJlanTanuja
1 aKJInMaTu3alnja Ha PEreHePaHTUTE O]l CTEPUIIHU BO OPAHKEPUCKH YCIIOBH.

KonekunoHnpaHuoT CEMEHCKH Marepujall JaBa OIJIMYHAa MOXKHOCT 3a
[TOHATAMOILIHH MPOLIECH Ha CEJIeKIHja, IUTOTCHETCKU U JPYTH UCTPaKyBamba
Ha MOJIEKYJIApPHO HUBO.

Pesynrarute mpe3eHTUpaHH BO OBOj TPYH CE MPOU3NE3EHU O WUHTEP-
HAIMOHAHHUOT OMiIaTepasieH MaKkeJOHCKO-OyrapcKu UCTPa)KyBauKy MPOEKT 3a
copaboTka ,,/lo0uBame Ha XamIouax BO KyATypa Ha aHTepH of nunepka Cap-
sicum annuum L. 1 HUBHO BKIIy4yBambe BO MIPOILIECOT Ha CeleKLHnja“ BOACH O]
IIPBUTE JIBajIia aBTOPH CO YUECTBO HA KOABTOPHUTE.

Koyunn 360poBu: in vitro embpuocenesa, Capsicum annuum L., cenomun

1. Introduction

Pepper is one of the most widespread vegetable crops, economically
important for countries of the Balkan region including Macedonia and
Bulgaria. The specific genetic diversity of local forms here is unknown for
many countries in the world.

Creation of haploids and spontaneous doubled haploids in anther culture
is a method applied in pepper plant genetics and breeding because of the
importance of the haploids in the study of the gene map (Yoo et al., 2003), for
genetic manipulations, molecular investigations and development of disease
and stress resistant lines (Gyulai et al. 2000; Ochoa-Alejo and Ramirez-
Malagon, 2001; Arendo Andres et al., 2004). Wang et al. (1973) obtained the
first haploid pepper in anther culture. Haploid morphogenesis of Capsicum
species was studied by George and Narayanaswamy (1973) and Kuo et al.
(1973) although the production of haploid plants was very low.
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The first successful reproductive method for production of pepper
haploids was developed by Dumas de Valux et al. (1981). The research on
androgenesis was intensive during the last years of the twentieth century,
but the regenerants were a mixture of haploid and diploid plants. In order to
increase the effectiveness of somatic embryogenesis and haploid production
different stress treatments were used (Mityko et al., 1995; Mityko and Fari,
1997; Supena et al., 2006).

The induction of somatic embryogenesis in culture of anthers when
microspores are in the stage of first pollen division (n=x) is successful for
obtaining haploid and diploid regenerants (Koleva-Gudeva, 2003). Nowadays,
androgenesis under in vitro conditions is effective method for induction of
haploids (Koleva-Gudeva et al., 2007).

This work is aimed to study in vitro embryogenic answer of anthers and
plant regeneration in local Balkan region pepper lines, varieties and F hybrids
in different cultivation media.

2. Materials and Methods

2.1. Experiments carried out in Macedonia

Nineteen pepper genotypes were used as anther-donor plants. Anther-
donor plants were grown under greenhouse conditions. Donor plants were
used during the four weeks after the first flower buds had appeared. The flower
buds were harvested when the corolla was of the same length as the calyx or
slightly longer.

The developmental stage of the macrospores was determined in
microscopic slides of acetocarmine squashes. Flower buds were surface
sterilized in 70% ethanol for several seconds, then in 5% Ca (ClO), + 2-3
drops Tween 20 for 10 minutes, and rinsed three times in sterile distilled water.
After the removal of the filaments, anthers from three flower buds were placed
in Petri dish (6 cm diameter), with the concave face down, touching the culture
medium.

The method of Dumas de Valux et al. (1981) was used for androgenic
induction. According to the method, the anthers were cultivated on CP medium
+0,0lmg-1" KIN + 0,01 mg-1"' 2,4-D with incubation of 8 days in darkness at
35+2°C, the following 4 days the anthers were transferred to clime chamber at
25+2°C with photoperiodism 12h light/12h dark. Afterwards, the anthers were
subcultured on R, medium + 0,01 mg-I' KIN and placed in clime chamber at
25+2°C with photoperiodism 12h light/12h dark. Young shoots emerging from
the anthers were transferred onto hormone free V, media in order roots to be
formed.
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2.2. Experiments carried out in Bulgaria

Donor plants from 22 lines, cultivars and F, hybrids grown under
greenhouse conditions were used for collecting of flower buds during the
period from May to October. Anthers 3-4,5 mm in size were placed on a
medium containing micro- and macrosalts by Murashige and Skoog (1962),
vitamins by Gamborg et al., (1968), 0,3 mg 1" 2,4-D, 0,1 mgl"! Kinetin, 0,005
mg I Biotin, 0,Img I"" Glycine, 0,04mgl" Vitamin B ,, 30 g I'' Sucrose and
0,7 % Agar. The cultivated anthers were treated in darkness with 35+1°C for
the first 8 days and later were incubated on the same medium without growth
regulators in the condition of growth chamber at 26°C + 1°C, 4000 lux under
16/8 h day/night.

The plantlets were planted on sterile mixture of perlite: peat : sand (1:1:1)
and acclimatized in clime chamber, and afterwards placed in greenhouse under
cover in order crosspollination to be barred.

3. Results and Discussion

3.1. Results obtained in Macedonia

Not all genotypes under investigation were able to produce haploid
embryos. After the induction period on CP medium for 12 days the anthers were
subcultured on R, medium, where since the beginning the embryos showed
totipotency, progression in development, growth and shoot formation.

The shoots continued the development on V, medium, where in absence
of phytohormones young plants were formed (Figure 1a). The rooting was
also on V, medium and well rooted shoots were transferred on sterile mixture
of sand : perlite : peat in ration 1:1:1 (Figure 1b). In this stage the plants were
ready for adaptation and acclimatization in greenhouse conditions.

From 19 pepper genotypes under investigation, 12 possessed potential
for formation of direct somatic embryos. The hot genotypes (with exception
of Rotund, Kurtovska kapija TU and Kurtovska kapija MK) did not show
androgenic potential, i.e. in anther culture did not form haploid shoots.

According to the classification of Mityko and Fari (1997) for identification
of androgenic potential according to the percentage of anthers that give
embryos, pepper types are classified into:

- poor androgenic potential - less than 5% embryogenic anthers

- fair androgenic potential - 5.1 - 15% embryogenic anthers

- good androgenic potential - 15.1 - 30% embryogenic anthers

- excellent androgenic potential - over 30% embryogenic anthers

The results from our research showed that somatic embryos are formed
on CP medium with heat temperature stress (+35°C) which is in concord with
the findings of Dumas de Valux et al. (1981).

From all 19 genotypes, 12 showed ability for embryo formation (Table 1):
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- 2 genotypes with good androgenic potential: Tura and Féherdzon,

- 4 gentypes with fair androgenic potential: Pritavit F1, Californian
wonder, Zlaten medal SR and Majori;

- 6 genotypes with poor androgenic potential: Piran, Zlaten medal JbT,
Tomato shaped sweet, Kurtovska kapija BG, Kurtovska kapija SR
and Slatko luta;

- 7 genotypes do not possess androgenic potential: Feferona, Vezena
luta, Sivrija, Rotund, Kurtovska kapija TU, Kurtovska kapija MK and
Bonbona.

Seed material was collected from four genotypes: Kurtovska kapija SR,
Zlaten medal SR, Piran and Féherézon .The collected seed material is good
base for further cytogenetic and molecular research and involvement in process
of pepper breeding in order better varieties to be created.

3.2. Results obtained in Bulgaria

A very important factor with influences the success of the in vitro anther
culture is careful selection of the appropriate late uninucleate development
stage of microspores. In the result of our experiments it was established that at
this stage different length of the corolla petals and the calyx sepals occurs and
mostly is between 3,0 mm to 4,5 mm for the corolla and 4,0 mm to 5,3 mm
for the calyx in the studied genotypes. We registered microspores in different
stage of microsporogenesis in the anthers with the same size which proves the
importance of preliminary morphological and cytological characterization in
choice of anthers for in vitro cultivation (Ozkum and Tipirdamaz, 2002). In
the most of the studied genotypes it was established correlation between the
stage “uninucleate pollen”, suitable for androgenesis and appearance of light
anthocyan color on the anther tips with exception of non-anthocyan anthers of
line P295/03 and line 295/00 F ,, with coming of the anthocyan color in the late
stage of bud development.(Fig. 2). In contrast with the opinion of some authors,
buds with the length of corolla petals equal to the length of calyx sepals include
microspores at the late uninucleate stage, in the studied Bulgarian genotypes
this stage was observed in buds with slightly longer corolla petals.

In result of the experimental work it was established induction of
embryogenesis in five from all 22 studied pepper genotypes. The answer of these
five genotypes is presented in Table 2. Data in Table 2 show that from 1 315
cultivated anthers embryogenic reaction is registered in 1,67% and from 8,90%
obtained embryogenic structures 1,82 plants per 100 anthers is regenerated.
The highest percentage of embryogenic anthers is registered in variety Strjama
(7,60%) and line 2087/01 (2,14%). The lowest value of this characteristic is
observed in variety Be/ Rubi and linel647(0,32%). Development of the obtained
embryoids to plant-regenerants is not observed in the both genotypes. The
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highest number of developed regenerants per 100 anthers (12,12) is established
in variety Strjama in correlation with the highest number of obtained embryoid
structures per 100 anthers (56,1). Comparatively high number of formed
embryos is registered in anthers of line 2087/01 and variety Zlaten medal
(8,02 and 4,79 per 100 anthers respectively), but considerable lower number
of the structures are developed to plant-regenerants (0,53 and 1,34 per 100
anthers respectively) (Fig. 3). The established differences in the embryogenic
answer of the studied genotypes probably are due to the cultivation conditions
and to the specific genotype characteristics — more or less predetermined for
embryogenesis. According some authors only some of the pepper genotypes
have a capacity for embryogenic development. Qin and Rotino (1993) and
Mityko et al. (1995) report about sporadic embryogenesis in different pepper
genotypes. Mityko and Fary (1997), established better embryogenic answer in
sweet pepper genotypes than the spice pepper genotypes.

The development of the obtained embryogenic structures to the plant-
regenerants was very slow depending from the specificity of the genotype, the
season of obtaining and cultivation conditions (Fig. 4). It was very difficult
to micropropagate the developed plant-regenerants — a problem existing in
the most working on pepper laboratories in the world. The higher phenolic
contents in plant tissue make difficult in vitro pepper cultivation what is the
reason for carrying out of extensive research for optimal media determining,
antioxidant explant treatment and the period of the subculturing (Zhenjiu and
Wang, 1990).

Seeds from 6 plants are collected from all 12 adapted plants which prove
their diploid nature. Six of the regenerants are sterile, weak and slow developing
plants, probably due to their haploid nature.

4. Conclusions

Pepper is recalcitrant in cultures in vitro and the results in cell and tissues
cultures are moderate. Anther culture is the only exception from this rule
(Mityko and Fari, 1997).

The results regarding the process of embryo formation on different
media under different thermal conditions showed that the formation of
haploid embryos occurred only in the CP medium exposed to heat-thermal
stress (+35°C), what is in accordance with the findings of De Valux (1981).
However, Irikova and Rodeva (2004) reported no embryos formation for the
same medium and cultivation conditions.

There were established differences in the anther embryogenic capacity
and development of the obtained plant-regenerants depending on the genotype.
Embryogenic answer and regeneration in the optimized medium of Murashige
and Skoog /1962/ were registered only in 5 specific for Balkan region local
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pepper lines, varieties and F, hybrids from all 22 studied genotypes. Haploid
and diploid plants are obtained and grown in vivo and seeds are collected for
future experiments.
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Tab. 1 Haploid embryo induction from anthers of different pepper genotypes
Ta6. 1 Wuaykuuja Ha eMOPHOM/IH OJ] AHTEPU HA PA3JIMYHU FCHOTHUIIOBH ITHITEPKA
. | Number of Embryo-
| b Embryogenic b .
Pepper Total number anthers (%) embryos per genic
of anthers 100 anthers response
genotype
I Bxymnen 0poj ExGpuo- bpoj Ha Embpno-
€HOTHIT Ha TTHIEpKa FEHETCKH
aHTepu 0 eMOpHomIH TCHETCKH
anrep (%)
Ha 100 anTepu | oarosop
Féherdzon 1502 17.39a 32.60 be Good
dexeposon Ho6ap
Tura 300 17.05 2 17.05 ab Good
mypa Hob6ap
Pritavit FI 330 923abc | 9.39abc Fair
npumaeum F1 JoBosnen
California wonder 151 6.67 abc 567c Fair
KanughopHucko uyoo JoBoneH
Zlaten medal SR Fair
anamen meoan CP 1031 6.12 abe 8.97 be JloBosen
Majori 330 5.83 abe 6.73 ¢ Fair
Mmajopu JoBoiien
Piran 823 503abc | 34.05ab Poor
nupau Crnab
Zlaten medal ST Poor
snamen meoan LT 723 4.29be 18.57be Cnab
Tomato shaped sweet Poor
domamosuona bnaza 360 4.17bc 4.34c Crnab
Kurtovska kapijq BG 620 2,90 be 50554 Poor
Kypmosgcka kanuja bI” Crnab
Kurtovska kapija SR 875 2.73 be 10.20 be Poor
Kypmogcka kanuja CP Crnab
Slatko luta 140 2.43 be 333¢ Poor
caiamko 1yma Cnab
Feferona No
bedepona 79 0.00 ¢ 0.00 ¢ Hewa
Vezena luta 83 0.00 ¢ 0.00 ¢ No
6ezena iyma Hema
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Sivrija 104 0.00 ¢ 0.00 ¢ No
cuspuja Hema
Rotund 109 0.00 ¢ 0.00 ¢ No
POMyHO Hewma
Kurtovska kapijq TU 236 0.00 ¢ 0.00 ¢ No
Kkypmoecka kanuja TY Hewma
Kurtovska kapqu MK 122 0.00 ¢ 0.00 ¢ No
xypmoscka kanuja MK Hewma
Bonbona No
Gonbona 270 0.00 c 0.00 ¢ Hema

Mean within a column followed by the same letters are not significantly different at p < 0.05
according to Duncan’s multiple range test.

Tab.2 Embryo induction and plant regeneration in anther culture of different
pepper genotypes

Ta6.2 MWuaykigja Ha eMOpUOHIU U PEreHEpallija Ha pacTeHU]ja BO KyITypa
Ha aHTEPH OJ Pa3IMYHU TeHOTUIIOBH MTHUIIEPKa

Pepper Total Embrvo- Number of Plant-
genotype number enri}é embryos regenerants | Embryogenic
of antl%ers %) per 100 per 100 Response
l'eHoTnn Ha anthers ’ anthers anthers
MUIepKa 5 Enm6puo- . ‘ Em6puo-
KyTIeH Bpoj na Pactennja- TCHETCKH
Opoj Ha a;i}éeilcz(;) eMOpronIu pereHepaHTH OJIrOBOP
aHTepu P ha 100 antepu | Ha 100 aHTepu
Haten medal | 55, Ll4c 479 ¢ 1.34 Poor
Bel ﬁy"‘g 312 0.32d 0.64 d 0.00 Poor
f}’Z)‘;’;ﬁfm 132 7.60a 56.1a 12.12 Fair
ZZZ]; M7, 12| 032d 0.62d 0.00 Poor
ﬁ;ﬁijioﬁgg% 187 214 8.02b 0.53 Poor
ﬁ;eor;glf . 1315 | 1.67 8.90 1.82

Mean within a column followed by the same letters are not significantly different at p < 0.05 accord-
ing to Duncan’s multiple range test.
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[

Fig. Morphological characteristics of pepper anther buds when microspores are in uninuclphase

Ciu. 1 Mopdomnoiiku KapakTepUCTHKHI Ha ITYIIKUTE O] ITUIIEPKa KOra MUKPOCIIOPHTE

N

ce Haoraar Bo (ha3a Ha HJICHTHYHHU jasipa

Fig. 2 Embryogenic reaction in pepper anther culture of a. Line 2087/01 and b. variety Strjma
Can.2 Em0Oprorenercka peakiija Ha Ky/lTypa Ha aHTepH Of Iumnepka Ha: a) aunuja 2087/1 n
0) copra cmpujama

Fig.3  ab. Development of the embryos into regenerants on V3 medium
Cn3 a.b. PazBuBame Ha eMOPHOMINTE BO PeTeHepaHTH Ha V3 MeInyM

Fig.4  a. Acclimatization of the regenerants in clime chamber under controlled conditions
b. Adaptation of the regenerants in greenhouse conditions

Cn. 4 a. AKIMMaTH3alyja Ha PereHepPaHTUTe BO KIIMMa KOMOpPa BO KOHTPOJIHPAHH YCIOBH
b. AnanTanuja Ha pereHepaHTUTE BO OPAHKEPUCKHU YCIIOBH
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