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Extended Abstract

1. Introduction: Pepper (Capsicum annuum L.), with all unique flavors and varieties, maintains high
consumption rates and economic value. The awareness of sustainable products among consumers has
increased interest for bioactive constituents and plant extracts in the pharmaceutical, cosmeceutical and
food industries. Pepper products containing capsaicinoids, carotenoids, and oleoresins are crucial in
pharmaceutical, nutricosmetics and cosmeceuticals owing to their analgesic and antioxidant properties
and ease of topical and oral administrations. A breeding program includes several activities such as
maintaining a germplasm bank, evaluating genetic diversity, selecting superior genotypes, hybridization,
and evaluating segregated populations. The information from genetic diversity is also helpful for
conservation, evaluation, utilization of genetic resources and for determining the uniqueness and
distinctness of genotypes. This study was accomplished to assess the relationships between different traits
and identify parents with high genetic distances.

2. Materials and Methods: In this project, 14 bell pepper hybrids including six red varieties (Caoba,
Neirvin, Plutonio, Insprision, Masilia, and litana), five yellow varieties (Lumus, Bachata, Harmony,
Taranto, and Spring) and three orange varieties (Magno, Arankia, and Paramo), were investigated in a
completely random design with three replications in the greenhouse in Isfahan. Seedlings were
transplanted on 2nd August 2021; each plot contained four plants of each hybrid, 30 cm apart standard;
cultural practices recommended for growing bell pepper crops. About five months after planting, the plant
height was measured in centimeters. Average fruit yield per plant was recorded for six harvest times.
After fruit harvesting, for each genotype, data were recorded on five ripe fruits randomly taken plants
from each plot; quantitative and qualitative traits were measured as follows: fruit length and diameter,
peduncle length, and fruit pericarp thickness were recorded with a digital caliper. The shape index trait
was obtained from the ratio of the fruit length to the diameter. The total soluble solids were measured by
a refractometer. Finally, the average was calculated to record the mean value in each replication for all
the characters under study. Analysis of variance was done to determine differences among the genotypes.
Mean separation was done using the LSD test at p-values < 0.05. Data for each genotype were averaged
across the replications and then used for correlation, cluster and principal component analysis (PCA). The
data were analyzed by software SAS V.9.4 and SPSS 27.0.1.

3. Results and Discussion: The results of variance analysis showed significant deference among hybrids
for all quantitative and qualitative traits. The most variation was for fruit size traits (diameter and shape
index). The orthogonal comparison for pepper colors showed significant differences in fruit length,
diameter, shape index, and soluble solids. The results of trait correlation coefficients showed that the fruit

yield per plant had a strong positive correlation with the fruit diameter and fruit weight traits, and there
was a positive and significant correlation with the traits of fruit length, fruit pericarp thickness, and
hundred seed weight. Based on cluster analysis results, the hybrids were placed in four separate groups.
The first group hybrids include five hybrids: Aranika (Orange), Paramo (Orange), Spring book (yellow),
Nirvin (Red), and Masilia (Red) with medium fruit yield. The second group with three hybrids: Magno
(Orange), Pachata (Yellow), and Aitana (Red), showed the lowest quantity characters such as low fruit
weight, shape index, fruit pericarp thickness, peduncle length, and meager fruit yield. Contrary to this,
the third group with two hybrids Caoba (Red) and Plutonio (Red), had the highest quantity characters
such as high fruit weight, neck diameter, hundred seed weight, and very high fruit yield. The dispersion
and distribution of different bell pepper colors in separate groups confirm the high genetic distance
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between the hybrids. The first two components justified 39.67 and 18.24% of total variance principal
component analysis showed that the first principal component (PC1) was related to fruit yield attribute.
The second principal component (PC2) had positive correlation with qualitative attribute of the fruit
(soluble solids).

4. Conclusion: The results of the current study were able to reveal the high diversity within the evaluated
hybrids and partition them into meaningful groups. This can also be helpful for informed pepper breeding
and improvement programs. High genetic variation between bell pepper hybrids and within each color
for most of the studied traits can be effective in the breeding programs for pure line production.
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Table 1- Physical and chemical characteristics of the test site soil
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Figure 1- Soluble solids (a) Shape index (b) of bell pepper hybrids respectively in three colors orange, red
and yellow (Columns with same letters have no significant differences at the 5% probability level).
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Table 2- Mean comparison (by LSD method at 5% level) for quantitative and qualitative traits of bell pepper hybrids investigated in the greenhouse

..b)..*m aL,: 8[&4)| 090 J}b 090 ).’45 Jiw UA>L~J 090 L))S Jiné Js.lo w; Caolses (gl‘) FHEIRW U)? Oguo 4O sl slass ML’> O‘}a 09gus »))il.o.c
Hybrid (cm) (mm) (mm) Shape (@r) (cm) (MM) sg.0 Hundred seed Seeds number (1) Jolomo (g0) &g 40
Plant Fruit Fruit index Fruit Peduncle Fruit pericarp weight in fruit Soluble Fruit yield
height length diameter weight length thickness solids
Caoba (Red) (30,3) Lgils 136.3 100.7 84.08 1.203 2563 4.983 6.403 1519 1843 6.367 1484.6
Nirvin (Red) Go,3) o529 109.3 74.17 83.71 0911 188.9 5.573 6.153 1.408 2123 5.733 1108.3
Plutonio (Red)(30,8) swigisls  110.8 90.48 84.19 1.079 2515 5.980 9.377 1.564 2373 6.300 1515.9
Insprision ((15; ﬁs)) (o o 106.8 87.56 78.40 1.119 209.1 5.233 7.243 1375 2703 5.300 13022
€
Masilia (Red) (50 ,8) Lbuslo 103.8 80.76 81.64 0.990 198.1 4425 6.395 1414 2543 5.967 11102
Aitana (Red) (30,8) Gl T 1358 75.77 77.13 0.983 151.8 3.933 5.247 1372 235.0 6.500 932.0
Magno (23,0) (I51) giko 1113 86.83 91.05 0.956 195.1 4.800 6.667 1378 3113 7.900 1068.8
(Anza)(Orange) ;
Aranica (g2,0) 5ol 127.7 97.03 71.22 1.362 1583 4.925 7.200 1.229 84.0 8.033 968.3
(Orange)
Paramo (o2,U) golsy 122.7 98.82 75.38 1313 177.6 5.567 7.077 1333 225.0 8.100 11402
(Orange)
Lomus (Yello)(s,3) _wges! 1205 92.77 81.33 1.143 2124 5.633 7.403 1328 2917 6.000 12693
Pachata (Yello)(s,3) Gzl 833 60.00 59.78 1.000 139.0 4417 5.868 1.405 156.3 6.500 958.0
Harmony (Yello)(s,3) sl 1513 79.24 91.30 0.868 254.6 5.800 6.757 1325 2533 6.067 1358.0
Taranto (Yello)(s,;) g3il,i 114 92.62 81.55 1.135 196.2 4867 6.907 1338 109.0 5.567 1223.9
Spring (Yello) (5,)) Kis sl 126.5 88.28 78.84 1.119 206.8 8.000 7.990 1319 300.0 5.633 1067.3
LSD (0.05) 36.22 13.78 13.96 0.15 74.6 2.026 1.779 0.151 1058 0.504 377.8
Mean :,.Sile 118.6 86.08 79.97 1.084 199.7 5.295 6.905 1.379 2232 6.426 1179.1
Std Dev L slls 2426 12.83 10.38 0.159 5139 1381 1.306 0.111 84.96 0.940 260.9
Min,_jsla> 70 50.61 53.52 0.691 88.5 2.1 487 1 20 53 819
Max :Sla> 164 116.78 107.18 1422 3223 8 10.86 1.62 345 8.8 1866.9
Rangea:els 94 66.17 53.66 0.731 2338 59 5.99 0.62 325 35 1047.9
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Table 3-Phenotypic correlation coefficients between quantitative and qualitative traits in bell pepper hybrids evaluated in the greenhouse
Slao olS gls)l  ogre Jobo oguo ylad ol 090 (339 JKeo Jobo CugS Cuolus alo as 39 ol ael olge 0, Slos
(m)  (mm)  (mm) s (e1) (cm)  (mm) opee ) e D s
Plgnt Fruit .let Shape let Peduncle gt pericarp Hundr.ed Seeds (%) (gr) w
height length diameter index weight length thickness seed weight | obain Soluble Eruit
fruit solids yield
Plant (cm) oLS gL, 1
height
Fruit (mm) cgw Job 0.243 1
length
Fruit (mm) og.o ks 0.102 0.399** 1
diameter
Fruit weight(gr) sgus (439 0.185 0.455%* 0.726%* -0.158 1
(cm) JSoo Job 0.160 0.126 0.055 0.062 0.324%* 1
Peduncle length
(mm) oguo ol gf Cwolinsd -0.048 0.298* 0.112 0.218 0.362%* 0.498** 1
Fruit pericarp thickness
(gr) «ls wo 39 0.066 -0.111 0.183 -0.287 0.361** 0.058 0.178 1
Hundred seed weight
ogmo 3o 4il3 Slaay -0.032 -0.002 0.352% -0.314%* 0.270%* 0.240 0.057 0.166 1
Seeds number in fruit
(%) Jolxo dul> 3lgw 0.026 0.257 -0.053 0.342 -0.218 -0.150 -0.059 -0.191 -0.114 1
Soluble solids
(gr) wgs yo oguo o ,Slos 0.178 0.402** 0.593** -0.09 0.816** 0.096 0.291* 0.410** 0.045 -0.192 1
Fruit yield
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Figure 2- Ward cluster analysis based on quantitative and qualitative traits in bell pepper hybrids
evaluated in the greenhous
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Table 4- Mean and deviation of total mean of quantitative and qualitative traits in bell pepper hybrids in different groups devised of cluster analysis
Clusters g,
ol b VogS Vog S Vo5 oy
TR S5 eSibe
Parameter Total g, FoSedObEl g FoSed SR g FoSe O g Skl
mean Deviation of Deviation of total Deviation of Deviation of total
Mean Mean Mean Mean
total mean mean total mean mean
(em) olS gl 118.6 118.2 -0.367 123.9 5344 105.6 [13.02 127.9 9.358
Plant height
(mm) g0 Jsbo 86.08 88.52 1.716 85.29 -1.505 90.67 4593 86.18 0.096
Fruit length
(MMm) ogzo a3 79.97 81.20 1.239 81.24 1.270 80.61 0.643 82.60 2.630
Fruit diameter
S el 1.084 1.102 0.018 1.058 -0.026 1.133 0.049 1.053 -0.031
Shape index
@) 0320 039 199.7 207.2 7.522 171.3 -28.37 214.1 14.412 212.2 12.46
Fruit weight
(cm) JSos Job 5.295 5.377 0.082 4.681 -0.614 5.640 0.345 5.823 0.528
Peduncle length
(MM) oges cedys <ol 905 7.155 0.250 6.398 -0.507 7.918 1.013 7.190 0.285
Fruit pericarp thickness
(&) &lo %o 039 1.379 1.406 0.027 1.363 -0.016 1.419 0.039 1.352 -0.027
Hundred seed weight
og0 50 4l Slusi 2232 2315 8.267 217.0 -6.200 2912 67.97 245 1.300
Seeds number in fruit
() Js Solr dlge 6.426 0.061 6.487 6.922 0.496 6.550 0.124 5.933 -0.493
Soluble solids
(BI) &gt 53 0920 3, 1179 44.01 1223 1018 -160.4 1268 89.38 1178 -0.961

Fruit yield
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Table 5- Eigenvalues, variance percentage, cumulative variance percentage and correlation changes
between quantitative and qualitative traits with axes using principal components analysis

o °}.’.9)|‘5)'~'
Trait ) ailse P> ailje Py ail3o Pl adlse
Prinl Prin2 Prin3 Prin4
ok el 0.128 -0.017 0.182 0.101
Plant height
ogxo Job 0.257 0.042 0.518 0.249
Fruit length
ogs0 sb5 0.394 0.006 L0417 0.478
Fruit diameter
& d w
S5 o -0.070 0.025 0.625 -0.124
Shape index
Fruit weight cgw0 39 0.486 0.094 -0.018 0.100
Jeo Jgb 0.159 0.061 0.069 -0.258
Peduncle length
Fruit pericarp oguwo clgS Coolsns 0.233 0369 0.193 -0.419
thickness
Hundred seed weight ail> oo (439 0.253 -0.085 -0.251 -0.286
oguo 50 dild dluws 0.139 0.041 -0.262 0.380
Seeds number in fruit
(£
Jolmo soler 3o -0.121 0.643 -0.074 0.376
Soluble solids
Wt 50 090 9 Sl 0.488 20,250 0.022 -0.087
Fruit yield
3 slio
039 ¥ 3.560 2.188 1.627 1.247
eigenvalue
35U ylg ooy
oleoly o) 39.67 18.24 13.56 10.39
proportion
5 byl K
C Rl SU K ) 39.67 57.9 71.46 81.85
cumulative
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