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13 1.INTRODUCTION 

14 
15 Pepper(CapsicumannuumL.)isanimportantcropthatcanbeimprovedbyutilizationofthemethods 
16 ofclassicalgenetics,butalsobyusingplanttissuecultureandplantbiotechnologytoolswhichcan 
17 shorten breeding process of many crops[1-2]. 
18 Androgenesis is one of the methods utilized for creation of haploid and spontaneous dihaploidplants 
19 in  in  vitro  culture [3-5].  Gained  haploids and dihaploids  have certain  genetic  potentials whichare 
20 quickly phenotypically expressed  because  they origin  from  a  haploid  cell [6-7]. These androgenic 
21 plants, before being included in breeding process, must be studied for their growth and development 
22 stages, their genetic and morphological characteristics compared to the mother genotype which give 
23 informationaboutsimilaritiesanddifferencesbetweenandrogenicandmothergenotypes[8-10]. 
24 Theaimofthisstudywastoevaluateandtoestimatetheagronomicpotentialoftwoandrogenic 
25 genotypes P3 and P4 derived from initial genotype Piran via important morphological and production 
26 traits. 
27 
28 
29 
30 2.MATERIALANDMETHODS 
31 

Aims: The aim of this study was to evaluate and to estimate the agronomic potential of two 
androgenic genotypes via important plant, fruit and production traits compared to the mother 
genotypePiran. 
Study design: Random block design in four replications.  (delete from here and rewrite in the 
methodology part)  
Place and Duration of Study: Strumica, Faculty of Agriculture, GoceDelcev University-Stip, 
Republic of Macedonia, four-years experiment. 
Methodology: Evaluation of the androgenic genotypes was performed according to morphological 
traits given in Descriptor for Capsicum sp. The analysis of plant traits was conducted on 20 randomly 
chosen plants (5 plants per replication) in maximum growth stage from for each androgenic genotype 
andthecontrolPiran.Theanalysisoffruittraitswasconductedon40randomlychosenfruits(10fruits 
perreplication)inripestagefromforeachandrogenicgenotypeandthecontrol. 
Results: Androgenic genotype P3 was characterized as tall pepper type with medium-thick stem and 
large leaves. According to the fruit weight (41.45 g) and the fruit index higher than 4, the genotype is 
classified as long, horn-shaped, middle-size fruit pepper. The fruit flesh of 77.05% and the pericarp 
thickness 0.26 cm characterize this fruit as medium-fleshy. Androgenic genotype P4 was 
characterized as very tall pepper type with medium-thick stem and medium-large leaves. The fruit 
weight was 42.84 g, contains averagely 7.37% dry matter, 76.71% fruit flesh and 0.25 cm pericarp 
thickness. P4 fruit is long, horn-shaped, medium-size and medium-fleshy. Fruits of both genotypes 
are suitable for fresh andpreserved consumption. 
Conclusion: Analysis of morphological and productivity traits of androgenic genotypes provides 
valuable information for future breeding. Androgenic genotype P3 differ from the initial genotype for 
four traits, while the P4 genotype for six traits. The results of this research prove the advantage of 
pepper androgenesis as a tool for enrichment of biodiversity and fast development of valuable pepper 
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32 The method of androgenesis method was successfully applied for development of fertile  androgenic 
33 plantsin vitro conditions from the Macedonian variety Piran. Detailed description of the methodology 
34 andtheprocessofcreationofandrogenicgenotypesispresentedindifferentpublications[11-14]. 
35 InthisresearchplantsandfruitsoftwoandrogenicgenotypesP3andP4createdfromthevariety 
36 PiranweretestedingreenhouseconditionsattheFacultyofAgriculture,GoceDelcevUniversity– 
37 Strumica,RepublicofMacedonia,duringfour-yearsexperiment.ThevarietyPiran,usedasmother 
38 genotypeinantherculture,wasusedascontrol(standard)duringevaluationoftheandrogenic 
39 genotypesP3andP4.ItwasobtainedfromthegenebankofFacultyofAgriculture,GoceDelve 
40 University – Stip[15]. 
41 Piran is Macedonian variety which can be cultivated in open field and under protected conditions.The 
42 average  plant  height is 80  cm, fruits are  large  with  average weight  of 100-120 g,  yellow  inunripe 
43 stageandredwhenripe.Piranaverageyieldis60-80t/ha[14,16]. 

 

44 2.1Researchdesignanddynamics 
45 
46 During  the first  experimental  year  seeds  obtained  from fertile  androgenic  plants were  utilizedas 
47 starting material in the experiment. Seeds from selected typical fruit from each androgenic  genotype 
48 ofthepreviousexperimentalyearwereusedinthesubsequentexperimentalyears. 
49 EachexperimentalyeartheseedsofstudiedgenotypesweresawinthebeginningofAprilinnon- 
50 heatedgreenhouse.Attheend ofMay,theseedlingsweretransplanted intopots(d=22cm)filledwith 
51 mixture  of  soil, sand  and  peat.  The experiment was design in  four  replications, in random   block 
52 design. From each androgenic genotype and control genotype Piran, 40 plantlets (10 per replication) 
53 weretransplantedinplasticpots,whichwereplacedinthegreenhousewith30cm/100cmdistance 
54 scheme.Plantswerecultivatedaccordingtostandardcultivationpracticesunderprotectedconditions. 
55 Irrigationandnutritionwereperformedasfertigationwithdripsystem. 
56 Selection of parameters and evaluation of genotypes was performed according to recommendations 
57 given in Descriptor for Capsicum sp. [17]. The analysis of plant traits was conducted on 20 randomly 
58 chosen plants (5 plants per replication) in maximum growth stage from for each androgenicgenotype 
59 andthecontrolPiran.Duringtheresearchthefollowingplanttraitswereanalyzed: 
60 - plant height(cm) 
61 - plant height to the first branching(cm) 
62 - stem thickness(cm) 
63 - internode length(cm) 
64 Theanalysisoffruittraitswasconductedon40randomlychosenfruits(10perreplication)inripe 
65 stage from for each androgenic genotype and the control. During the research the following fruittraits 
66 wereanalyzed: 
67 - fruit length(cm) 
68 - fruit width(cm) 
69 - fruit index (fruitshape) 
70 - fruit weight(g) 
71 - number of fruitlocules 
72 - fruit flesh percentage(%) 
73 - pericarp thickness(cm) 
74 - dry matter in fresh fruit(%) 
75 The analysis of productivity traits was conducted on whole experiment level. During the research the 
76 following productivity traits wereanalyzed: 
77 - number of fruits perplant 
78 - yield per plant(g) 
79 - total yield(kg/m2) 
80 A classification of plant, leaf, fruits and productivity of androgenic genotypes was made based onthe 
81 results of studied morphological and production traits according to   Jankuloski (1983, 1997). It is the 
82 mostsuitableandacceptableclassificationofpeppersbymorphologicaltraitswhicharebreedand 
83 cultivated in the Western Balkans[18-19]. 
84 
85 2.2Biometricanalysisofcharacteristics 
86 
87 Statistical analysis of variance is applied for the evaluation of the experiment in general and each  of 
88 thecharacteristicsamongalltestedgenotypes(One-WayANOVAtest). 
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89 For evaluation of the difference between examined genotypes Duncan’s multiple range test isutilized 
90 for each trait in each experimental year on 0.05% and for the four-year average on level 0.05% and 
91 0.01%. 
92 ThestatisticalanalyzationoftheresultswasperformedbyIBMSPSPStatisticsSoftware19.0.93 
94 3.RESULTSANDDISCUSSION 
95 
96 3.1Morphologicaltraitsofandrogenicplants 
97 
98 Morphological traits of pepper plants as total plant height and plant height to the first branching,  leaf 
99 shape,stemthickness,fruitsizeandshapearetraitswhichgivebasicmarksofapeppervariety. 

100 However,theyaredependentonmanyexternalfactorsastemperature,airhumidityandcultivation 
101 practices [1, 14]. The mean values of morphological traits of plants in maximum growth stage  during 
102 thefour-yearsresearchofandrogeniclinesP3,P4andthemothergenotypePiranarepresentedin 
103 Table1. 
104 The  average  plant  height  was  87.61  cm  (Piran),  88.55  cm  (P3  genotype)  and  93.68  cm(P4 
105 genotype).  In  I  and  II  research  year,  the  plant  height  shows  significant  difference  betweenP4 
106 genotypeandthecontrol,whileinIVyear,theplantheightofP3andP4issignificantlydifferentas 
107 compared to the control. The average height to the first branching of plant is 39.48 cm (P3) and39.48 
108 (P4) and it is significantly different as compared to the control genotype (34.50 cm). For the first three 
109 experimental  years,  there  is  a  significant  difference  between  the  mean  values  for  P3  and P4 
110 genotypes and the control Piran. Other researchers also reported differences in plant heightbetween 
111 androgenic lines and initial variety[20-22]. 
112 Stem thickness of tested genotypes vary from 0.65 cm (P3, I year) to 1.14 cm (P4, I year), where the 
113 lowest average value was measured in IV experimental year and the highest in III experimentalyear. 
114 Averagely  for  the  whole  experimental  period,  the  highest  average  value  for  stem  thickness  is 
115 registeredforP4genotype(1.01cm)anditissignificantlydifferentfromthecontrolPiran(0.89cm). 
116 Themeaninternodelengthofstudiedgenotypeshasnotshownstatisticallysignificantdifference. 
117 Longer internodes were measured during the first two experimental years as compared to  internode 
118 lengthinthethirdandtheforthexperimentalyear.Manyplants,includingpepper,haveinternodes 
119 length which is determined by day-night temperature variations, which is mainly due to increasedcell 
120 elongationthanduetoincreasingofcellnumber.Peppershaveshorterinternodeswhendifference 
121 between day and night temperatures is smaller[23]. 
122 
123 Table  1.  Morphological  characteristics  of  plants  at  maximum  growth  stage  of  P3  andP4 
124 androgenic genotypes and the controlPiran  

Experimental 
year 

Genotype Plant 
height 
(cm) 

Height to the 
first branching 

(cm) 

Stem 
thickness 
(cm) 

Internode 
length 
(cm) 

 Piran
Р3 
Р4 
Piran 

85.10b 
90.15b 
98.15a 
93.60b 

33.80b 
40.73a 
41.15a 
37.20b 

0.88b 
0.96ab 
1.14a 
0.90b 

9.90a 
9.42a 
9.18a 
10.47a 

 Р3 
Р4 
Piran 

99.30b 
108.20a 
87.80a 

44.90a 
45.20a 
28.10b 

0.95 ab
1.00a 
0.96 a 

9.50a 
10.10a 
4.45a 

 Р3 
Р4 

87.50a 
88.50a 

32.45a 
34.30a 

1.01a 
0.99a 

4.78a 
4.92a 

 Piran
Р3 
Р4 

79.83a 
63.44b 
63.00b 

41.83a 
33.67b 
34.56b 

0.76a 
0.65a 
0.75a 

5.81a 
5.51a 
4.67a 

Average I-IV Piran 87.61a,1
 34.50b.,1

 0.89b,1
 7.86a,1

 

AverageI-IV Р3 88.55a,1 38.62a,2 0.94ab,12 7.59a,1 

AverageI-IV Р4 93.68a,1 39.48,.2 1.01a,2 7.63a,1
 

125 Mean separation in columns by Duncan’s multiple range test. In each column, values followed by the same letter do notdiffer 
126 significantly at P=0.05 and values followed by the same number do not differ significantly atP<0.01 
127  
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128 Figure1presentsmeanvaluesfortotalplantheightandplantheighttothefirstbranchingduring 
129 wholeexperimentalinfloweringstageandmaximumgrowthstageofplants.Theanalysisofplant 
130 growth of the whole plant shows that the P3 plants, averagely have grown in height for 19.13 cm, P4 
131 plant 21.91 cm, while the control plants 28.31 cm. This finding is an indicator that the mother  variety 
132 Piranischaracterizedbythegreatestpotentialofgrowthanddevelopmentascomparedtothe 
133 androgenic genotypes. It can be considered as positive, if the aim of breeders is to gain taller plants, 
134 ornegativeiftheaimiscreationofshorterplantsbecauseofcertaincultivationmeasures.Onthe 
135 otherhand,theanalysisoftheplantheighttothefirstbranchingshowedthattheaveragevaluesof 
136 thistraitbetweenthetwogrowthstagesisthesameas3.25(controlPiran),3.91cm(P3genotype) 
137 and3.81cm(P4genotype)besidethedifferenceofthetotalplantheightofthegenotypesanalyzed. 
138 The results of total plant height and plant height to the first branching show that plant growthbetween 
139 the flowering phase and maximum growth phase is happening above the first branching, 
140 consequently the plant grows in height with development and growth of new branches. The growthin 
141 stem  base  is  very  small.  This  characteristic  is  very  important  for  cultivation  of  differentpepper 
142 varietiesunderprotectedconditionsbecausealushgrowthwillneedstemandbranchesstakingin 
143 order they to sustain fruit load [14]. This is the reason for development of different systems forpepper 
144 plantsupportwithtemporaryorpermanentstakingconstruction[24]. 145 

 
 
 
 
 
 
 
 
 
 
 
 

 
146 
147 Fig.1.Comparisonofplantheightandplantheighttofirstbranchinginfloweringstageand 
148 maximumgrowthstageofandrogenicgenоtypesP3andP4andthecontrolPiran 
149  
150 Table2.Length,widthandindexofleafofP3andP4androgenicgenotypesandthecontrol 

151 Piran 

Experimental 
year 

Genotype Leaf length 
(cm) 

Leaf width 
(cm) 

Leaf index 

 Piran
Р3 
Р4 
Piran 

11.86a 
11.94a 
11.31a 
10.21b 

6.40a 
5.89b 
5.96b 
5.33a 

1.86b 
2.03a 
2.03a 
1.92b 

 Р3 
Р4 
Piran 

11.09a 
10.32b 
9.24b 

5.20ab 
4.86b 
5.04a 

2.14a 
2.14a 
1.84b 

 Р3 
Р4 

10.41a 
10.62a 

5.20a 
5.09a 

2.01a 
2.10a 

 Piran
Р3 
Р4 

8.68a 
9.43a 
9.25a 

4.45ab 
4.24b 
4.67a 

1.96b 
2.26a 
1.96ab 

Average I-IV Piran 10.76a,1
 5.76a,2

 1.88b,1
 

AverageI-IV Р3 11.15a,1 5.41b,12 2.07a,2 

AverageI-IV Р4 10.73a,1 5.22b,1 2.07a,2
 

152 Mean separation in columns by Duncan’s multiple range test. In each column, values followed by the same letter do notdiffer 
153 significantly at P=0.05 and values followed by the same number do not differ significantly atP<0.01 
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154 The  average  leaf  length  of  androgenic  genotypes  is  11.15  cm  (P3)  and  10.73  (P4).  The only 
155 statisticallyprovendifferenceinleaflengthisinIIexperimentalyear,whentheleaflengthofP3 
156 genotypes (11.09 cm) is longer as compared to P4 genotype (11.09 cm) and the control Piran(10.21 
157 cm).TheleavesofP3(5.41cm)andP4(5.22cm)aresignificantlynarrowerthanthecontrolleaves 
158 (5.76  cm)  which  is  proven  during  the  whole  experimental  period.  The  average  leaf  index   for 
159 androgenicgenotypesP3andP4is2.07,whichissignificantlyhigherthanthecontrolPiran(1.88). 
160 Leaves of P3 genotype are classified as large-size leaves, while P4 as medium-size leaves.Although 
161 theyhavethesameleafindex,thefirstonearelonger.Shresthaetal.(2011)presentedresultsof 
162 leaves dimensions of diploid androgenic plants smaller than the mother genotype which is oppositeto 
163 our results[25]. 
164 
165 3.2Morphologicaltraitsoffruitsfromandrogenicplants 
166 
167 Morphological traits of pepper fruit vary in wide ranges,influenced and caused by many factors. The 
168 mostauthorsagreethatvariationdegreeofmorphologicaltraitisgeneticallydependentandinherited, 
169 buttheyarealwaysinfluencedbythecomplexofexternalfactor,cultivationtechnologyandcultivation 
170 practices (under protected conditions or open field conditions). When making peppercharacterization 
171 it is obvious that the most variations are observed in fruits, an organ which determines taxonomyand 
172 variety of the species [1, 6, 14, 20,26]. 
173 Theaveragevaluesforfruitlengthofandrogenicgenotypesandthecontrolintheexperimentalperiod 
174 didnotshowsignificantdifferenceforP=0.05andP<0.01,whichindicatesthatthecontroland 
175 androgenic genotypes are characterized by stability and good equability of fruit length (Table 3).Fruit 
176 length have not shown significant difference during I and II experimental year. In III experimentalyear 
177 the fruit length of the control genotype is significantly different compared to P4 androgenic genotype, 
178 while in IV experimental year there is significant difference between the control and P4 genotype.The 
179 biggestaveragefruitlengthisgainedinthecontrolfruitsinIIIexperimentalyear(15.41cm),the 
180 smallest in P3 (12.50 cm) in IV. The fruit length during the experimental period vary from 10.46 cmto 
181 14.11cm.KolevaGudevaandTrajkova(2012)refertoPiranfruitlengthfrom12.7cmto20.7cm[27]. 182 
183 Table 3. Length, width, index, weight and number of locules of ripen fruits of androgeniclines 

184 P3 and P4 and the controlPiran  

Experimental 
year 

Genotype Fruit 
length 
(cm) 

Fruit 
width 
(cm) 

Fruit 
index 

Fruit 
weight 
(g) 

Number 
of fruit 
locules 

 Piran 13.54a 3.37a 4.04a 32.17b 2.10a 
 Р3 14.41a 3.40a 4.28a 43.40a 2.00a 
 Р4 14.70a 3.50a 4.27a 48.00a 2.05a 

 Piran 13.31a 3.40a 3.96a 35.77b 2.30a 
 Р3 12.97a 3.51a 3.81a 39.59ab 2.55a 
 Р4 13.82a 3.63a 3.89a 43.79a 2.20a 

 Piran 12.88b 3.43b 3.79a 37.13b 2.10a 
 Р3 13.74b 3.66ab 3.79a 44.30a 2.15a 
 Р4 15.41a 3.78a 4.09a 50.10a 2.20a 

 Piran 14.12a 3.09b 4.61a 35.06ab 2.30a 
 Р3 12.50b 3.37a 4.17ab 37.55a 2.07a 
 Р4 13.75a 3.18a 3.95b 29.48b 2.35a 

Average I-IV Piran 13.46a,1
 3.32b,1

 4.10a,1
 35.03b,1

 2.20a,1
 

Average I-IV Р3 13.71a,1
 3.49a,1

 3.97a,1
 41.45a,2

 2.20a,1
 

Average I-IV Р4 14.11a,1
 3.52a,1

 4.05a,1
 42.84a,2

 2.20a,1
 

185 Mean separation in columns by Duncan’s multiple range test. In each column, values followed by the same letter do notdiffer 
186 significantly at P=0.05 and values followed by the same number do not differ significantly atP<0.01 
187  
188 ThemeanvaluesoffruitwidthshowthatandrogenicgenotypesР3(3.49cm)andР4(3.52cm)are 
189 significantlydifferentcomparedtothecontrol(3.32cm)forP<0.05.Thefruitwidthofthecontrol 
190 peppers  shows  variation  of  the  average  during  the  experimental  years.  The  biggest  widthwas 
191 measuredforP3(3.66cm)inIIIexperimentalyear,whilethesmallestforcontrol(3.09cm)inIV 
192 experimental year. The average of fruit index values varies from 3.79 to 4.61. Only in IVexperimental 
193 year, the fruit index of androgenic genotype P4 (3.95) is significantly different then the control (4.61). 
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194 Thestatisticalanalysisoffruitindexforfour-yearsexperimentalperiodhasnotshownstatistical 
195 difference on both statisticallevels. 
196 The biggest mean fruit weight is recorded for P4 (42.84 g) compared to P3 (41.45 g) and the  control 
197 (35.03 g). The fruit weight shows significant variation in the three experimental years, when the   fruit 
198 weightisalwaysstatisticallyheaviercomparedtothecontrolfruits. 
199 Theaveragenumberoffruitloculeswasfrom2.0to2.55withoutstatisticallysignificantdifference. 
200 Thefour-yearmeanvaluesoftraitsfruitflesh,pericarpthicknessanddrymatterinfreshfruitfor 
201 androgenic lines P3, P4 did not differ significantly from the control Piran (Table 4).  The highestmean 
202 percentage of fruit flesh is 83.54% (P4; I   year) and the lowest for 72.26% (P3; III year). The thickest 
203 fruit  pericarp is recorded  in the last  experimental year. The percentage  of  dry matter  in fresh fruit 
204 variedduringthewholeexperimentalperiod.DuringII,IIIandIVexperimentalyear,thevaluesforthis 
205 characteristic significantly differ among examined genotypes and the content of dry matter is lowerfor 
206 androgenic fruits as compared to the control fruits. Different androgenic genotypes derived fromPiran 
207 aretestedinaplastictunnelconditions,whereitisproventhatstatisticallysignificantdifferencesof 
208 androgenic fruits compared to the control fruits were observed for fruit length and pericarp thickness 
209 [27]. 
210 
211 Table4.Fruitflash,pericarpthicknessanddrymatterofripenfruitsofandrogeniclinesP3 
212 andP4 and the controlPiran  

Experimental 
year 

Genotype Fruit flesh 
(%) 

Pericarp 
thickness (cm) 

Dry matter in 
fresh fruit (%) 

 Piran 81.83a 0.21a 8.98a 
 Р3 83.54a 0.22a 9.37a 
 Р4 81.73a 0.22a 9.31a 

 Piran 78.48a 0.17b 8.05a 
 Р3 75.86a 0.27a 7.95a 
 Р4 76.53a 0.29a 7.08b 

 Piran 73.22a 0.22a 7.45a 
 Р3 72.26a 0.24a 7.03ab 
 Р4 75.05a 0.23a 6.58b 

 Piran 77.05a 0.35a 7.00a 
 Р3 76.37a 0.30ab 7.10a 
 Р4 73.54a 0.27b 6.53b 

Average I-IV Piran 77.65a,1
 0.23a,1

 7.87a,1
 

Average I-IV Р3 77.05a,1
 0.26a,1

 7.91a,1
 

Average I-IV Р4 76.71a,1
 0.25a,1

 7.37b,1
 

213 MeanseparationincolumnsbyDuncan’smultiplerangetest.Ineachcolumn,valuesfollowedbythesameletterdonotdiffer 
214 significantly at P=0.05 and values followed by the same number do not differ significantly atP<0.01 
215  
216 Shresthaet al. (2011) found that diploid androgenic plants are characterized by big size fruit withhigh 
217 individualfruitweightandvolume.Also,itwasfoundthatvariationexistwithindiploidpopulationmight 
218 be die to the anther culture and naturally produced variation. Based in analysis of diploidpopulations 
219 as compared to control variety Boogie, researchers selected some elite diploid lines for development 
220 of sweet pepper   varieties [25]. The most of androgenic lines were characterized with uniformity and 
221 higher  values of fruit  length, fruit  weight  and wall thickness  than mother  variety  [20].  Oncontrary, 
222 otherauthorsfoundlowermeanvaluesoffruitcharacteristicsinandrogenicdiploidplants[21]. 
223 Nowaczyket al. (2015) have found that seventy-four percent of studied androgenic plants differ from 
224 the  donor  plant  phenotype  in  ripe  fruit  color,  pericarp  structure  and  taste.  Other  nine   diploid 
225 androgenic plants showed differences from the mother genotypes in fruit weight,   wall thickness and 
226 dry matter content [28]. Luitel and Kang (2013) reported higher dry matter content and  improvement 
227 ofotherfruitqualityparametersindoublehaploidlinesofminipaprika[29]. 228 
229 3.3Productiontraitsofandrogenicgenotypes 
230 
231 The results which characterize production trait of pepper genotypes under this study are presentedin 
232 Table 5. The average number of fruits per plant during the whole experimental period for androgenic 
233 genotypesP3(5.65)andP4(5.80)issmallercomparedtothecontrolgenotypePiran(7.67fruits). 
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234 Thefruitnumberperplantforandrogenicgenotypesvaryfrom3.25to9.68andonlyinIIexperimental 
235 year they are significantly higher than the initial genotype Piran. The average yield per plant is249,81 
236 g (Piran), 222.73 g (P3) and 231.90 g (Р4) without significant difference for P<0.01. The highestyield 
237 per plant is 420.25 g (P4; III year), while the lowest is 97.5 g (P4; II year). The highest yield per plant 
238 forallgenotypesunderstudyarerecordedduringIIIexperimentalyear. 239 
240 Table5.ProductivitycharacteristicsofandrogenicgenotypesP3andP4andthecontrolPiran 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

241 MeanseparationincolumnsbyDuncan’smultiplerangetest.Ineachcolumn,valuesfollowedbythesameletterdonotdiffer 
242 significantly at P=0.05 and values followed by the same number do not differ significantly atP<0.01 
243  
244 The average yield for P3 is 1,392 kg/m2  and 1.449 kg/m2  for P4, while it is the highest for the control 
245 Piran (1,561 kg/m2). During the whole experimental period the yield (1,561 kg/m2). The total yield  of 
246 P3varyfrom0.609to2.258kg/m2,whileforP4from0.703kg/m2to2.627kg/m2.ThecontrolPiran 
247 gave from 1.215 kg/m2 to 2.400 kg/m2 during different experimentalyears. 
248 Thetotalandstandardyieldof6androgeniclineswashighercomparedtoinitialvarietyHebarand 
249 they surpassed the control by standard yield from 11.02% to 42.26% [20].   Olszewskaet al.   (2015) 
250 tested eight double haploid lines of pepper for agro-morphological and molecular traits and foundtwo 
251 doublehaploidlinesderivingaspecialattentionregardingyieldingbecausetheywereeitheratthe 
252 levelofthematernalformorsurpassedbothparentalformsregardingyieldlevel[28]. 253 
254 3.4Agronomicpotentialandevaluationofandrogenicgenotypes 

255 
256 3.4.1 Androgenic genotypeР3 
257 AndrogenicgenotypeP3iscreatedfromtheMacedonianvarietyPiranviaandrogenesisininvitro 

258 conditions. In the phase of maximum growth, the plant can reach height of 88.55 cm, while the mean 
259 stemheighttothefirstbranchingis44.29cmwithstemwidthof0.94cm.ThesetraitsclassifiedP3 
260 genotypes as tall pepper with medium-thick steam. The leaves are averagely 11.15 cm long and5.41 
261 cm width which characterized the genotype with large leaves. According to the fruit weight (41.45  g) 
262 and  the  fruit  index  higher  than  4,  the  genotype  is  classified  as  long,  horn-shaped,middle-size 
263 peppers.Thefruitfleshof77.05%andthepericarpthickness0.26cmcharacterizethisfruitas 
264 medium-fleshy and make suitable for utilization as fresh and preserved. Regarding productivitytraits, 
265 this genotype is characterized by 5.65 fruits per plant averagely weighting 222.73 g and total yield of 
266 1.392 kg/m2. According to production traits, in the given agroecological and cultivation conditions, itis 
267 a low-yield peppergenotype. 
268 

IV
 

III
 

II 
I 

Experimental 
year 

Genotype Number of fruits per 
plant 

Yield per plant 
(g) 

Total yield 

(kg/m
2
) 

 Piran 8.05a 216.00a 1.350a 

 Р3 5.83a 218.13a 1.363a 

 Р4 5.25a 210.25a 1.314a 

 Piran 6.30a 204.5a 1.279a 

 Р3 4.70b 171.50a 1.072a 
 Р4 4.35b 166.00a 1.038a 

 Piran 10.50a 384.00a 2.400a 

 Р3 8.23a 361.25a 2.258a 
 Р4 9.68a 420.25a 2.627a 

 Piran 5.85a 194.75a 1.215a 

 Р3 3.25a 112.50a 0.703ab 
 Р4 3.3a 97.50a 0.609b 

Average I-IV Piran 7.67a,1
 249.81a,1

 1.561a,1
 

Average I-IV Р3 5.65a,1
 222.73a,1

 1.392a,1
 

Average I-IV Р4 5.80a,1
 231.90a,1

 1.449a,1
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269 
270 Fig. 2. Plants and fruits of androgenic genotypeP3 

271 
272 3.4.2 Androgenic genotypeP4 

273 AndrogenicgenotypeP4iscreatedfromtheMacedonianvarietyPiranviaandrogenesisininvitro 

274 conditions. In the phase of maximum growth, the plant can reach height of 93.68 cm, while the mean 
275 stem height to the first branching is 38.62 cm which classified it as very tall pepper. The stem widthis 
276 1.01 cm. The height and steam thickness classified this genotypes as very tall pepper with  medium- 
277 thick steam. The leaf index, a ratio of mean leaf length (10.73 cm) and mean leaf width (5.22 cm),  is 
278 2.07 which characterize the leaves asmedium-large. 
279 Thefruitischaracterizedwithweightof42.84g,containsaveragely7.37%drymatter,76.71%fruit 
280 fleshand0.25cmpericarpthickness.P4fruitisclassifiedaslong,horn-shaped,medium-sizeand 
281 medium-fleshy pepper. The total yield gained in this research is 1.449 kg/m2. One plant is  averagely 
282 loaded with 5.80 fruits weighting 231.90 g. According to production traits, in the given agroecological 
283 andcultivationconditions,itisalow-yieldpeppergenotype. 284 

 
 
 
 
 
 
 
 
 
 
 

285 
286 Fig. 3. Plants and fruits of androgenic genotypeP4 

287 
288 4.CONCLUSION 

289 
290 Analysis   of   morphological   and   production   traits   of  androgenic   genotypes   providesvaluable 
291 informationforfuturebreeding.AndrogenicgenotypeP3differfromthecontrolvarietyforthetraits: 
292 height to the first branching, leaf index, fruit length and fruit weight.     Androgenic genotype P4 differ 
293 fromthecontrolvarietyforthetraits:heighttothefirstbranching,stemthickness,leafindex,fruit 
294 length,fruitweightandfruitdrymattercontent.Theresultsofthisresearchprovetheadvantageof 
295 pepper androgenesis as a tool for enrichment of biodiversity and fast development of valuablepepper 
296 genotypes for futurebreeding. 
297 
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