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2

3 EVALUATION AND AGRONOMIC POTENTIAL OF

4 ANDROGENIC PEPPER GENOTYPES DERIVED

5 FROM PIRAN (Capsicum annuum L. cv. Piran)

S ABSTRACT

8

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
genotype Piran.

Study design: Random block design in four replications.

Place and Duration of Study: Strumica, Faculty of Agriculture, Goce Delcev University-Stip,
Republic of Macedonia, four-years experiment.

Methodology: Evaluation of .éh? androgenic genotypes was performed according to morphological
traits given in Descriptor for C %'s‘fcum spp 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
and the control Piran. The analysis of fruit traits was conducted on 40 randomly chosen fruits (10 fruits
per replication) in ripe stage from for each androgenic genotype and the control.

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 and preserved 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
genotypes for future breeding.

10 Keywords: androgenesis, pepper, Piran, androgenic genotype P3, androgenic genotype P4,

11 morphological traits, characterization

12

13 1. INTRODUCTION Introduction week need to be improved. Moving back and forth from ideas, REVISED....

14

15 Pepper (Capsicum annuum L.) is an important crop that can be improved by utilization of the methods
16  of classical genetics, but also by using plant tissue culture and plant biotechnology tools which can
17  shorten breeding process of many crops [1-2].

18  Androgenesis is one of the methods utilized for creation of haploid and spontaneous dihaploid plants
19 in in-vitro culture [3-5]. Gained haploids and dihaploids have certain genetic potentials which are
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 information about similarities and differences between androgenic and mother genotypes [8-10].

24  The aim of this study was to evaluate and to estimate the agronomic potential of two androgenic
25  genotypes P3 and P4 derived from initial genotype Piran via important morphological and production
26 traits.

27

28

29

30 2. MATERIAL AND METHODS
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The method of androgenesis method was successfully applied for development of fertile androgenic
plants in vitro conditions from the Macedonian variety Piran. Detailed description of the methodology
and the process of creation of androgenic genotypes is presented in different publications [11-14].

In this research plants and fruits of two androgenic genotypes P3 and P4 created from the variety
Piran were tested in greenhouse conditions at the Faculty of Agriculture, Goce Delcev University —
Strumica, Republic of Macedonia, during four-years experiment. The variety Piran, used as mother
genotype in anther culture, was used as control (standard) during evaluation of the androgenic
genotypes P3 and P4. It was obtained from the gene bank of Faculty of Agriculture, Goce Delve
University — Stip [15].

Piran is Macedonian variety which can be cultivated in open field and under protected conditions. The
average plant height is 80 cm, fruits are large with average weight of 100-120 g, yellow in unripe
stage and red when ripe. Piran average yield is 60-80 t/ha [14,16].

2.1 Research design and dynamics

During the first experimental year seeds obtained from fertile androgenic plants were utilized as
starting material in the experiment. Seeds from selected typical fruit from each androgenic genotype
of the previous experimental year were used in the subsequent experimental years.
Each experimental year the seeds of studied genotypes were saw in the beginning of April in non-
heated greenhouse. At the end of May, the seedlings were transplanted into pots (d=22 cm) filled with
mixture of soil, sand and peat. The experiment was design in four replications, in random block
design. From each androgenic genotype and control genotype Piran, 40 plantlets (10 per replication)
were transplanted in plastic pots, which were placed in the greenhouse with 30cm/100cm distance
scheme. Plants were cultivated according to standard cultivation practices under protected conditions.
Irrigation and nutrition were performed as fertigation with drip system.
Selection of parameters and evaluation of genotypes was performed according to recommendations
given in Descriptor for Capsicum sp. [17]. 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
and the control Piran. During the research the following plant traits were analyzed:

- plant height (cm)

- plant height to the first branching (cm)

- stem thickness (cm)

- internode length (cm)
The analysis of fruit traits was conducted on 40 randomly chosen fruits (10 per replication) in ripe
stage from for each androgenic genotype and the control. During the research the following fruit traits
were analyzed:

- fruit length (cm)

- fruit width (cm)

- fruit index (fruit shape)

- fruit weight (g)

- number of fruit locules

- fruit flesh percentage (%)

- pericarp thickness (cm)

- dry matter in fresh fruit (%)
The analysis of productivity traits was conducted on whole experiment level. During the research the
following productivity traits were analyzed:

- number of fruits per plant

- yield per plant (g)

- total yield (kg/m®)
A classification of plant, leaf, fruits and productivity of androgenic genotypes was made based on the
results of studied morphological and production traits according to Jankuloski (1983, 1997). It is the
most suitable and acceptable classification of peppers by morphological traits which are breed and
cultivated in the Western Balkans [18-19].

2.2 Biometric analysis of characteristics

Statistical analysis of variance is applied for the evaluation of the experiment in general and each of
the characteristics among all tested genotypes (One-Way ANOVA test).
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89 For evaluation of the difference between examined genotypes Duncan’s multiple range test is utilized
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  The statistical analyzation of the results was performed by IBM SPSP Statistics Software 19.0.
93

Results are not discussion?? Lot of work is need to improve this section
94 3. RESULTS AND DISCUSSION use past tense..

96 3.1 Morphological traits of androgenic plants

98 Morphological traits of pepper plants as total plant height and plant height to the first branching, leaf

99  shape, stem thickness, fruit size and shape are traits which give basic marks of a pepper variety.
100  However, they are dependent on many external factors as temperature, air humidity and cultivation
101 practices [1, 14]. The mean values of morphological traits of plants in maximum growth stage during
102  the four-years research of androgenic lines P3, P4 and the mother genotype Piran are presented in
103  Table 1.
104  The average plant height wass 87.61 cm (Piran), 88.55 cm (P3 genotype) and 93.68 cm (P4
105  genotype). In | and Il research year, the plant height shows significant difference between P4
106  genotype and the control, while in IV year, the plant height of P3 and P4 is_significantly different as
107 compared\%) the control. The average height to the first branching of plant 1$39.48 cm (P3) and 39.48
108 (P4) and it'is S|gn|f|cantly 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 height between
111 androgenic lines and initial variety [20-22
112 Stem thickness of tested genotypes varégrom 0.65 cm (P3, | year) to 1.14 cm (P4, | year), where the
113 lowest average value was measured in |V experimental year and the highest in Il experimental year.
114 Averagely for the whole experimental period, the highest average value for stem thickness is
115 registered for P4 genotype (1.01 cm) and it is significantly different from the control Piran (0.89 cm).
116  The mean internode length of studied genotypes has not shown statistically significant difference.
117 Longer internodes were measured during the first two experimental years as compared to internode
118  length in the third and the forth experimental year. Many plants, including pepper, have internodes
119  length which is determined by day-night temperature variations, which is mainly due to increased cell
120  elongation than due to increasing of cell number. Peppers have shorter internodes when difference
121 between day and night temperatures is smaller [23].

123  Table 1. Morphological characteristics of plants at maximum growth stage of P3 and P4
124  androgenic genotypes and the control Piran

Experimental Genotype Plant Height to the Stem Internode
year height first branching thickness  length
(cm) (cm) (cm) (cm)
Piran 85.10b 33.80b 0.88b 9.90a
- P3 90.15b 40.73a 0.96ab 9.42a
P4 98.15a 41.15a 1.14a 9.18a
Piran 93.60b 37.20b 0.90b 10.47a
= P3 99.30b 44.90a 0.95ab 9.50a
P4 108.20a 45.20a 1.00a 10.10a
Piran 87.80a 28.10b 0.96a 4.45a
= P3 87.50a 32.45a 1.01a 4.78a
P4 88.50a 34.30a 0.99a 4.92a
Piran 79.83a 41.83a 0.76a 5.81a
> P3 63.44b 33.67b 0.65a 5.51a
P4 63.00b 34.56b 0.75a 4.67a
Average IV Piran 87.61%" 34.50°" 0.89°" 7.86%"
Average IV P3 88.55%" 38.62%% 0.94%%7 7.59%"
Average I-IV P4 93.68*" 39.48% 1.01%% 7.63%"

125 Mean separation in columns by Duncan’s multiple range test. In each column, values followed by the same letter do not differ
126 significantly at P=0.05 and values followed by the same number do not differ significantly at P<0.01

127
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Figure 1 presents mean values for total plant height and plant height to the first branching during
whole experimental in flowering stage and maximum growth stage of plants. The analysis of plant
growth of the whole plant shows that the P3 plants, averagely have grown in height for 19.13 cm, P4
plant 21.91 cm, while the control plants 28.31 cm. This finding is an indicator that the mother variety
Piran is characterized by the greatest potential of growth and development as compared to the
androgenic genotypes. It can be considered as positive, if the aim of breeders is to gain taller plants,
or negative if the aim is creation of shorter plants because of certain cultivation measures. On the
other hand, the analysis of the plant height to the first branching showed that the average values of
this trait between the two growth stages is the same as 3.25 (control Piran), 3.91 cm (P3 genotype)
and 3.81 cm (P4 genotype) beside the difference of the total plant height of the genotypes analyzed.
The results of total plant height and plant height to the first branching show that plant growth between
the flowering phase and maximum growth phase is happening above the first branching,
consequently the plant grows in height with development and growth of new branches. The growth in
stem base is very small. This characteristic is very important for cultivation of different pepper
varieties under protected conditions because a lush growth will need stem and branches staking in
order they to sustain fruit load [14]. This is the reason for development of different systems for pepper
plant support with temporary or permanent staking construction [24].
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Fig. 1. Comparison of plant height and plant height to first branching in flowering stage and
maximum growth stage of androgenic genotypes P3 and P4 and the control Piran

Table 2. Length, width and index of leaf of P3 and P4 androgenic genotypes and the control
Piran

Experimental Genotype Leaf length Leaf width Leaf index
year (cm) (cm)
Piran 11.86a 6.40a 1.86b
- P3 11.94a 5.89b 2.03a
P4 11.31a 5.96b 2.03a
Piran 10.21b 5.33a 1.92b
= P3 11.09a 5.20ab 2.14a
P4 10.32b 4.86b 2.14a
Piran 9.24b 5.04a 1.84b
= P3 10.41a 5.20a 2.01a
P4 10.62a 5.09a 2.10a
Piran 8.68a 4.45ab 1.96b
> P3 9.43a 4.24b 2.26a
- P4 9.25a 4.67a 1.96ab
Average I-IV Piran 10.76*" 5.76>* 1.88""
Average I-IV P3 11.15%" 541> 2.07%*
Average |-IV P4 10.73%" 5,02 2.07%°

Mean separation in columns by Duncan’s multiple range test. In each column, values followed by the same letter do not differ
significantly at P=0.05 and values followed by the same number do not differ significantly at P<0.01
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The average leaf length of androgenic genotypes is 11.15 cm (P3) and 10.73 (P4). The only
statistically proven difference in leaf length is in Il experimental year, when the leaf length of P3
genotypes (11.09 cm) is longer as compared to P4 genotype (11.09 cm) and the control Piran (10.21
cm). The leaves of P3 (5.41 cm) and P4 (5.22 cm) are significantly narrower than the control leaves
(5.76 cm) which is proven during the whole experimental period. The average leaf index for
androgenic genotypes P3 and P4 is 2.07, which is significantly higher than the control Piran (1.88).
Leaves of P3 genotype are classified as large-size leaves, while P4 as medium-size leaves. Although
they have the same leaf index, the first one are longer. Shrestha et al. (2011) presented results of
leaves dimensions of diploid androgenic plants smaller than the mother genotype which is opposite to
our results [25].

3.2 Morphological traits of fruits from androgenic plants

Morphological traits of pepper fruit vary in wide ranges, influenced and caused by many factors. The
most authors agree that variation degree of morphological trait is genetically dependent and inherited,
but they are always influenced by the complex of external factor, cultivation technology and cultivation
practices (under protected conditions or open field conditions). When making pepper characterization
it is obvious that the most variations are observed in fruits, an organ which determines taxonomy and
variety of the species [1, 6, 14, 20, 26].

The average values for fruit length of androgenic genotypes and the control in the experimental period
did not show significant difference for P=0.05 and P<0.01, which indicates that the control and
androgenic genotypes are characterized by stability and good equability of fruit length (Table 3). Fruit
length have not shown significant difference during | and Il experimental year. In lll experimental year
the fruit length of the control genotype is significantly different compared to P4 androgenic genotype,
while in IV experimental year there is significant difference between the control and P4 genotype. The
biggest average fruit length is gained in the control fruits in Ill experimental year (15.41 cm), the
smallest in P3 (12.50 cm) in IV. The fruit length during the experimental period vary from 10.46 cm to
14.11 cm. Koleva Gudeva and Trajkova (2012) refer to Piran fruit length from 12.7 cm to 20.7 cm [27].

Table 3. Length, width, index, weight and number of locules of ripen fruits of androgenic lines
P3 and P4 and the control Piran

Experimental Genotype Fruit Fruit Fruit Fruit Number
year length width index weight of fruit
(cm) (cm) (9) locules
Piran 13.54a 3.37a 4.04a 32.17b 2.10a
— P3 14.41a 3.40a 4.28a 43.40a 2.00a
P4 14.70a 3.50a 4.27a 48.00a 2.05a
Piran 13.31a 3.40a 3.96a 35.77b 2.30a
— P3 12.97a 3.51a 3.81a 39.59ab 2.55a
P4 13.82a 3.63a 3.89a 43.79a 2.20a
Piran 12.88b 3.43b 3.79a 37.13b 2.10a
= P3 13.74b 3.66ab 3.79a 44.30a 2.15a
- P4 15.41a 3.78a 4.09a 50.10a 2.20a
Piran 14.12a 3.09b 4.61a 35.06ab 2.30a
> P3 12.50b 3.37a 417ab  37.55a 2.07a
- P4 13.75a 3.18a 3.95b 29.48b 2.35a
Average IV Piran 13.46%"  3.32% 410%" 3503 2207
Average I-IV P3 13.71%! 3.49*" 3.97%"  41.45% 2.20*"
Average I-IV P4 14.11*! 3.52*" 4.05%"  42.84%° 2.20*"

Mean separation in columns by Duncan’s multiple range test. In each column, values followed by the same letter do not differ
significantly at P=0.05 and values followed by the same number do not differ significantly at P<0.01

The mean values of fruit width show that androgenic genotypes P3 (3.49 cm) and P4 (3.52 cm) are
significantly different compared to the control (3.32 cm) for P<0.05. The fruit width of the control
peppers shows variation of the average during the experimental years. The biggest width was
measured for P3 (3.66 cm) in Il experimental year, while the smallest for control (3.09 cm) in IV
experimental year. The average of fruit index values varies from 3.79 to 4.61. Only in IV experimental
year, the fruit index of androgenic genotype P4 (3.95) is significantly different then the control (4.61).
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The statistical analysis of fruit index for four-years experimental period has not shown statistical
difference on both statistical levels.

The biggest mean fruit weight is recorded for P4 (42.84 g) compared to P3 (41.45 g) and the control
(35.08 g). The fruit weight shows significant variation in the three experimental years, when the fruit
weight is always statistically heavier compared to the control fruits.

The average number of fruit locules was from 2.0 to 2.55 without statistically significant difference.
The four-year mean values of traits fruit flesh, pericarp thickness and dry matter in fresh fruit for
androgenic lines P3, P4 did not differ significantly from the control Piran (Table 4). The highest mean
percentage of fruit flesh is 83.54% (P4; | year) and the lowest for 72.26% (P3; Ill year). The thickest
fruit pericarp is recorded in the last experimental year. The percentage of dry matter in fresh fruit
varied during the whole experimental period. During Il, [ll and IV experimental year, the values for this
characteristic significantly differ among examined genotypes and the content of dry matter is lower for
androgenic fruits as compared to the control fruits. Different androgenic genotypes derived from Piran
are tested in a plastic tunnel conditions, where it is proven that statistically significant differences of
androgenic fruits compared to the control fruits were observed for fruit length and pericarp thickness
[27].

Table 4. Fruit flash, pericarp thickness and dry matter of ripen fruits of androgenic lines P3
and P4 and the control Piran

Experimental Genotype Fruit flesh Pericarp Dry matter in
year (%) thickness (cm) fresh fruit (%)
Piran 81.83a 0.21a 8.98a
_ P3 83.54a 0.22a 9.37a
P4 81.73a 0.22a 9.31a
Piran 78.48a 0.17b 8.05a
— P3 75.86a 0.27a 7.95a
P4 76.53a 0.29a 7.08b
Piran 73.22a 0.22a 7.45a
= P3 72.26a 0.24a 7.03ab
- P4 75.05a 0.23a 6.58b
Piran 77.05a 0.35a 7.00a
> P3 76.37a 0.30ab 7.10a
P4 73.54a 0.27b 6.53b
Average I-IV Piran 77.65% 0.23" 7.87%"
Average |-V P3 77.05%" 0.26%" 7.91*'
Average |-V P4 76.71*" 0.25%" 7.37°"

Mean separation in columns by Duncan’s multiple range test. In each column, values followed by the same letter do not differ
significantly at P=0.05 and values followed by the same number do not differ significantly at P<0.01

Shrestha et al. (2011) found that diploid androgenic plants are characterized by big size fruit with high
individual fruit weight and volume. Also, it was found that variation exist within diploid population might
be die to the anther culture and naturally produced variation. Based in analysis of diploid populations
as compared to control variety Boogie, researchers selected some elite diploid lines for development
of sweet pepper varieties [25]. The most of androgenic lines were characterized with uniformity and
higher values of fruit length, fruit weight and wall thickness than mother variety [20]. On contrary,
other authors found lower mean values of fruit characteristics in androgenic diploid plants [21].
Nowaczyk et al. (2015) have found that seventy-four percent of studied androgenic plants differ from
the donor plant phenotype in ripe fruit color, pericarp structure and taste. Other nine diploid
androgenic plants showed differences from the mother genotypes in fruit weight, wall thickness and
dry matter content [28]. Luitel and Kang (2013) reported higher dry matter content and improvement
of other fruit quality parameters in double haploid lines of minipaprika [29].

3.3 Production traits of androgenic genotypes
The results which characterize production trait of pepper genotypes under this study are presented in

Table 5. The average number of fruits per plant during the whole experimental period for androgenic
genotypes P3 (5.65) and P4 (5.80) is smaller compared to the control genotype Piran (7.67 fruits).
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The fruit number per plant for androgenic genotypes vary from 3.25 to 9.68 and only in || experimental
year they are significantly higher than the initial genotype Piran. The average yield per plant is 249,81
g (Piran), 222.73 g (P3) and 231.90 g (P4) without significant difference for P<0.01. The highest yield
per plant is 420.25 g (P4; Il year), while the lowest is 97.5 g (P4; Il year). The highest yield per plant
for all genotypes under study are recorded during lll experimental year.

Table 5. Productivity characteristics of androgenic genotypes P3 and P4 and the control Piran

Experimental Genotype Number of fruits per Yield per plant Total Xleld
year plant (9) (kg/m?)
Piran 8.05a 216.00a 1.350a
— P3 5.83a 218.13a 1.363a
P4 5.25a 210.25a 1.314a
Piran 6.30a 204.5a 1.279a
- P3 4.70b 171.50a 1.072a
P4 4.35b 166.00a 1.038a
Piran 10.50a 384.00a 2.400a
= P3 8.23a 361.25a 2.258a
P4 9.68a 420.25a 2.627a
Piran 5.85a 194.75a 1.215a
> P3 3.25a 112.50a 0.703ab
- P4 3.3a 97.50a 0.609b
Average I-IV  Piran 7.67%" 249.81*" 1.561%"
Average IV P3 5.65%" 222.73%! 1.392*"
Average I-IV P4 5.80%" 231.90%' 1.449*"

Mean separation in columns by Duncan’s multiple range test. In each column, values followed by the same letter do not differ
significantly at P=0.05 and values followed by the same number do not differ significantly at P<0.01

The average y|eId for P3 is 1,392 kg/m® and 1.449 kg/m? for P4, while it is the hlghest for the control
Piran (1,561 kg/m?). During the whoIe experimental period the yleld (1,561 kg/mz) The total yield of
P3 vary from 0.609 to 2.258 kg/m?, wh|Ie for P4 from 0.703 kg/m® to 2.627 kg/m°. The control Piran
gave from 1.215 kg/m? to 2.400 kg/m? during different experimental years.

The total and standard yield of 6 androgenic lines was higher compared to initial variety Hebar and
they surpassed the control by standard yield from 11.02% to 42.26% [20]. Olszewska et al. (2015)
tested eight double haploid lines of pepper for agro-morphological and molecular traits and found two
double haploid lines deriving a special attention regarding yielding because they were either at the
level of the maternal form or surpassed both parental forms regarding yield level [28].

3.4 Agronomic potential and evaluation of androgenic genotypes

3.4.1 Androgenic genotype P3
Androgenic genotype P3 is created from the Macedonian variety Piran via androgenesis in in vitro

conditions. In the phase of maximum growth, the plant can reach height of 88.55 cm, while the mean
stem height to the first branching is 44.29 cm with stem width of 0.94 cm. These traits classified P3
genotypes as tall pepper with medium-thick steam. The leaves are averagely 11.15 cm long and 5.41
cm width which characterized the genotype with large leaves. According to the fruit weight (41.45 @)
and the fruit index higher than 4, the genotype is classified as long, horn-shaped, middle-size
peppers. The fruit flesh of 77.05% and the pericarp thickness 0.26 cm characterize this fruit as
medium-fleshy and make suitable for utilization as fresh and preserved. Regarding productivity traits,
this genotype is characterized by 5.65 fruits per plant averagely weighting 222.73 g and total yield of
1.392 kg/m®. According to production traits, in the given agroecological and cultivation conditions, it is
a low-yield pepper genotype.
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Fig. 2. Plants and fuits of andrognicgnotype P3

3.4.2 Androgenic genotype P4

Androgenic genotype P4 is created from the Macedonian variety Piran via androgenesis in in vitro
conditions. In the phase of maximum growth, the plant can reach height of 93.68 cm, while the mean
stem height to the first branching is 38.62 cm which classified it as very tall pepper. The stem width is
1.01 cm. The height and steam thickness classified this genotypes as very tall pepper with medium-
thick steam. The leaf index, a ratio of mean leaf length (10.73 cm) and mean leaf width (5.22 cm), is
2.07 which characterize the leaves as medium-large.

The fruit is characterized with weight of 42.84 g, contains averagely 7.37% dry matter, 76.71% fruit
flesh and 0.25 cm pericarp thickness. P4 fruit is classified as long, horn-shaped, medium-size and
medium-fleshy pepper. The total yield gained in this research is 1.449 kg/m®. One plant is averagely
loaded with 5.80 fruits weighting 231.90 g. According to production traits, in the given agroecological
and cultivation conditions, it is a low-yield pepper genotype.

Fig. 3. Pls and fruits of anrogenic enotype P4
4. CONCLUSION conclude with future strategy

Analysis of morphological and production traits of androgenic genotypes provides valuable
information for future breeding. Androgenic genotype P3 differ from the control variety for the traits:
height to the first branching, leaf index, fruit length and fruit weight. Androgenic genotype P4 differ
from the control variety for the traits: height to the first branching, stem thickness, leaf index, fruit
length, fruit weight and fruit dry matter content. The results of this research prove the advantage of
pepper androgenesis as a tool for enrichment of biodiversity and fast development of valuable pepper
genotypes for future breeding.

REFERENCES cited as per journal guidelines

1. Bosland PW, Votava EJ. Peppers: Vegetable and Spice Capsicums. New York: CABI Publishing;
2000.

2. Koleva Gudeva L, Trajkova F, Zlatkovski V. Biotechnology and biodiversity: aspects of
improvement of genetic resources of agriculture crops. Yearbook of Institute of Faculty of
Agriculture, Goce Delcev University -Stip. 2008;VII:57 — 66.


omprakash meena
Highlight

omprakash meena
Typewriter
Conclude with future strategy

omprakash meena
Typewriter

omprakash meena
Typewriter
cited as per journal guidelines


UNDER PEER REVI EW

305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

Simaroo Segui JM. Androgenesis in Solanaceae. In: Germana MA, Lambardi M. editors. In vitro
embryogenesis in higher plants, methods in molecular biology, vol. 1359. New York: Springer
Science+Business Media; 2016.

Irikova T, Grozeva S, Rodeva V. Anther culture in pepper (Capsicum annuum L.) in vitro. Acta
Physiolgiae Plant. 2011;33:1559-1570.

Rodeva V, Koleva-Gudeva L, Grozeva S., Trajkova F. Obtaining haploids in anther culture of
pepper Capsicum annuum L. and their inclusion in the breeding process. Yearbook of Faculty of
Agriculture, Goce Delcev University — Stip. 2007;VII:7-17.

Nowaczyk L, Nowaczyk P, Olszewska D. Genetic analysis of anther culture-derived diploids of
Capsicum spp. The Journal of Horticultural Science and Biotechnology. 2015;90(6):747-52.
Irikova TP, Kintzios S, Grozeva S, Rodeva V. Pepper (Capsicum annuum L.) anther culture:
fundamental research and practical applications. Turkish Journal of Biology. 2016;40(4):719-26.
Olszewska D, Niklas-Nowak A, Nowaczyk P. Variation in the quantitative characters of
androgenic pepper lines derived from hybrid Capsicum frutescens L. x C. chinense JACQ..
Vegetable Crops Research Bulletin. 2010;73/1:5-11.

Pauk J, Lantos C, Somogyi G, Vagi P, Abraham Téaborosi Z, Gémes Juhasz A, Timar Z
Tradition, quality and biotechnology in Hungarian spice pepper (Capsicum annuum L.) breeding.
Acta Agronomica Hungarica. 2010;58(3):259-266.

Lantos C. In vitro androgenesis induction in wheat ( Triticum aestivum L.), triticale (X Triticosecale
Wittmack), spice pepper (Capsicum annum L.) and integration of the results into breeding.
Thesis of the Ph.D dissertation. Godolo, Hungary; 2009.

Koleva Gudeva L, Trajkova F, Dimeska G, Spasenoski M. Androgenesis efficiency in anther
culture of pepper (C. annuum L.). Acta Hort. (ISHS). 2009;830:183-190.

Koleva Gudeva L., Trajkova F. Seed production from pepper obtained in in vitro anther culture.
Yearbook of Institute of Southern Crops — Strumica 2004/2005. 2005;1V/V:85-93.

Koleva Gudeva L, Trajkova F. Application of androgenesis as method for improvement of
agricultural crops diversity. |l Congress of ecologists of Macedonia with international
participation. Book of proceedings. 2008; 284-290. Macedonian.

Trajkova F. Characterization and agronomic evaluation of some pepper lines (Capsicum annuum
L.) obtained via androgenesis. Faculty of Agriculture, Ss. Cyril and Methodius University —
Skopje, pp. 149. Macedonian

Koleva Gudeva L, Trajkova F. Genetic resources of Capsicum spp. In the genbank of Faculty of
Agriculture at Goce Delcev University — Stip. Ill Congress of ecologists of Macedonia with
international participation. Book of proceedings. 2008;303-308. Macedonian

Ministry of Agriculture, Forestry and Water management of Republic of Macedonia, Directorate of
Seed and Seedling Material. National variety list of Republic of Macedonia. Skopje; 2008.
Macedonian.

IPGRI, AVRDC and CATIE. Descriptors for Capsicum (Capsicum spp.). International Plant
Genetic Resources Institute, Rome, ltaly; the Asian Vegetable Research and Development
Center, Taipei, and the Centro Agronémico Tropical de Investigacién y Ensefanza, Turrialba,
Costa Rica.; 1995.

Jankuloski D. Study of biological, morphological and qualitative traits of important populations of
long peppers in Macedonia. PhD thesis. Skopje: Faculty of Agriculture; 1983. Macedonian.
Jankuloski D. Pepper and eggplant. Skopje: NIP BAS-TRADE; 1997. Macedonian.

Todorova V, Grozeva S, Rodeva V, Masheva S. Breeding evaluation of pepper lines obtained by
in vitro anther culture. Genetika. 2013;45(2):601-10.

Luitel BP, Adhikari PB, Shrestha SL, Kang WH. Morphological characterization of anther derived
plants in minipaprika (Capsicum annuum L.). Korean Journal of Breeding Science. 2012 Dec
1;44(4):450-61.

Grozeva S, Rodeva V, Todorova V, Pundeva R. Obtaining of pepper plants via anther culture.
Genetic and Breeding. 2009;38:25-31.

Inthichack P, Nishimura Y, Fukumoto Y. Diurnal temperature alternations on plant growth and
mineral absorption in eggplant, sweet pepper, and tomato. Horticulture, Environment, and
Biotechnology. 2013;54(1):37-43.

Gvozdenovi¢, B. 2010: Pepper. Institute of Field and Vegetable Crops. Novi Sad: Tampograf;
2010. Serbian

Shrestha SL, Luitel BP, Kang WH. Agro-morphological characterization of anther derived plants
in sweet pepper (Capsicum annuum L. cv. Boogie). Horticulture, Environment, and
Biotechnology. 2011;52/2:196-203.



UNDER PEER REVI EW

364
365
366
367
368
369
370
371
372
373
374

26.

27.

28.

29.

Kisiata A, Olszewska D, Niklas-Nowak A, Nowaczyk P. Biometrical characteristics of r2
generation of anther-derived pepper (Capsicum spp.) plants. Acta Agrobotanica. 2011;Vol.
64(3):53-58.

Koleva Gudeva L., Trajkova F. Anther culture of pepper: morphological characteristics of fruits of
androgenetic pepper lines (Capsicum annuum L.). Journal of Research in Agriculture.
2012;1(2):136-145.

Olszewska D, Niklas-Nowak A, Kisiala A, Dzwonkowska M, Nowaczyk P. Agro-morphological
and molecular assessment of doubled haploid lines of pepper (Capsicum annuum L.). Zeszyty
Problemowe Postepéw Nauk Rolniczych. 2015;580.

Luitel BP, Kang WH. Assessment of fruit quality variation in doubled haploids of minipaprika
(Capsicum annuum L.). Horticulture, Environment, and Biotechnology. 2013;54(3):257-65.





