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Abstract

Capsicum species are widely used as ornamental. In the post-production stage the exposure to
ethylene causes chlorophyll degradation and the leaves and fruits abscission, which resulting in loss
of commercial value. This work aimed to evaluate and select pepper elite lines to ethylene
insensitivity and their stability in two years of evaluation. Forty genotypes were evaluated at 48, 72
and 96 hours after exposure to ethylene in two years, with three replicates in an entirely randomized
design. The evaluated variables were number of leaves, number of fruits and chlorophyll 2 and b. The
variables were evaluated before the ethylene treatment and the plants were stored in airtight
chambers (60L) with 10uL L ethylene. New evaluations were made at 48, 72 and 96 hours after the
exposition. Leaf and fruit abscission were expressed as loss percentage compared to time zero, before
ethylene exposure. The data were subjected to analysis of variance. The means were grouped by
Scott-Knott criteria (p<0.01). The more stable lines with insensitivity to ethylene (55.50.4.1.2,
56.26.24.1.4, 56.26.33.1.9, 17.15.48.1.2, 56.26.15.1.5, 56.26.33.1.5, 17.15.4.1.9, 56.26.34.1.2, UFPB284,
UFPB58, UFPB393 and UFPB291) must be registered as new cultivars. They can be used to insert
ethylene insensitivity into susceptible cultivars.

Keywords: exposure to ethylene; phenotypic stability; registration of cultivars

1. Introduction

The genus Capsicum comprises a total of 38 species, of which only six cultivated and marketed
worldwide Capsicum annuum L., C. assamicum J. Purkay. and L. Singh, C. baccatum L., C. chinense Jacq.,
C. frutescens L. and C. pubescens Ruiz e Pav. [1]. Capsicum species are widely consumed around the
world for various purposes, such as seasoning, condiment, as well as medicinal mainly in Asian
countries against many diseases and ailments [2,3].

Recently, the use of pepper for ornamental purposes has also been highlighted. The most of them
belong to C. annuum and C. frutescens. These two species have characteristics that enhance their
ornamental value, such as variegated leaves, compact height, leaves, flowers and fruits with different
sizes and colors [4,5].

Several factors can affect the post-production shelf life of potted ornamental plants, including
exposure to low light intensity during transportation, water stress and exposure to ethylene. The
latter being one of the most important factors [6].

Ethylene is a phytohormone produced by various plant organs in response to stress factors, such
as drought, or during fruit development and ripening [1]. In ornamental pepper, ethylene induces
chlorophyll degradation and the abscission of leaves, flowers and fruit, which leads to a loss of
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commercial value [6,7]. Due to the undesirable effects caused by the action of ethylene on a large
number of ornamental species, there is a need to manage these effects during the post-production
phase [7].

The transportation of ornamental plants logistics in Brazil is primarily overland and that the
average transportation time from the main producing regions, the South and Southeast, to supply
states in the North and Northeast, can take between 36 and 48 hours. The plants are subject to
accumulation and exposure to the ethylene present in the surrounding air compromising the quality
and commercial durability of the plants [8].

To improve the post-production life of ornamental pepper plants, it is necessary to inhibit the
action of ethylene. This can be done by using chemical agents such as silver thiosulphate (STS) and
1-methylcyclopropene (1-MCP) before exposing the plant to ethylene during transportation,
shipping, storage and retail stores or when the plants are subjected to any stress that may induce
ethylene production [9]. In addition, it is known that species and/or varieties within the same species
of the Capsicum genus have different levels of sensitivity to ethylene [6]. In view of these differences,
an alternative way of obtaining less sensitivity to the effects of ethylene is through genetic resistance,
by selecting insensitive genotypes developed in breeding programs for this purpose.

Therefore, plants with good pot harmony and insensitive to ethylene have been evaluated and
selected in recent years in the Capsicum Breeding Program for ornamental purposes, developed at the
Agricultural Sciences Center (CCA) of the Federal University of Paraiba in partnership with the
Federal University of Vigosa (UFV).

In breeding programs for any crop, it is necessary to carry out field trials at the final stage in
order to release new cultivars. In Brazil it is a basic requirement for registering the new cultivars in
the National Register of Cultivars (RNC). These trials are intended for the final evaluation of elite
lines selected in preliminary yield trials, under diverse environmental conditions, in experiments
repeated over different years, with the aim of obtaining detailed agronomic information for the
launch of new cultivars [10].

In addition, final trials are must observe with the criteria established by the Brazilian Ministry
of Agriculture and Livestock (MAPA) and include planning and statistical design that allows for the
observation, measurement and analysis of the different characters of the different cultivars, as well
as the evaluation of the behavior and quality of the cultivars [11]. Then, the aim of this study was to
evaluate lines of pepper plants (C. annuum L.) to select ethylene-insensitive individuals with
phenotypic stability in two years of evaluation.

2. Materials and Methods

2.1. Plant Material, Cultivation, and Experimental Location

The experiment was carried out between 2020 and 2022, in a greenhouse located in the
Laboratory of Biotechnology and Plant Breeding, Agricultural Sciences Center, Federal University of
Paraiba (CCA-UFPB), Areia, Paraiba, Brazil.

Forty ornamental pepper genotypes (Capsicum annuum L.) were used, comprising 20 elite F7 elite
lines (55.50.36.1.8, 55.50.4.1.9, 56.26.15.1.6, 55.50.4.1.2, 55.50.4.1.1, 56.26.24.1.4, 56.26.33.1.9,
56.26.34.1.4, 17.15.48.1.2, 56.26.15.1.5, 56.26.33.1.5, 56.8.24.1.2, 56.26.24.1.10, 17.15.4.1.9, 56.26.34.1.2,
56.26.33.1.3, 56.26.24.1.1, 17.15.4.1.5, 55.50.36.1.3, 55.50.44.1.8), obtained by consecutive selfing of an
experimental hybrid (UFPB 77.3 x UFPB 134); 14 Fslines (UFPB214, UFPB239, UFPB174, UFPB240,
UFPB232, UFPB241, UFPB288, UFPB284, UFPB273, UFPB250, UFPB36, UFPB58, UFPB393, UFPB291)
previously selected in an early generation test developed by [12], and 6 lines, 4 of which were
commercial cultivars (‘Piramide ornamental’; ‘Etna’;  Stromboli” and ‘Calypso’), and the two parents
lines UFPB 77.3 and UFPB 134, totaling 40 treatments.

The seeds of the genotypes were sown in 200-cell plastic (polypropylene) trays filled with
commercial substrate (Plantmax®®). After initial development, the plants with six definitive leaves
were transplanted into 900 ml pots, 12 cm high, containing the same substrate, and kept in a
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greenhouse. Daily irrigation was carried out and once a week fertigation was applied [13].
Phytosanitary treatment with pesticides was carried out when necessary, throughout the cycle, in
order to minimize damage caused by pests and diseases.

2.2. Evaluation of Sensitivity to Ethylene

To determine ethylene sensitivity three plants per genotype were evaluated for the variables
number of leaves, number of fruits and chlorophyll 2 and b content. The counts and measurements
of these variables were carried out before the ethylene treatment, and immediately afterwards, the
plants were stored in close chambers with a capacity of 60L [14,15]. The ethylene was applied using
a graduated syringe, injecting the gas through silicone septa in the chambers, using a concentration
of 10uL L' (10PPM).

The plants remained inside the hermetic chambers (60 L), in the dark and without irrigation for
48 hours by partially simulating transportation [14]. To assess quality and post-production life, 48
hours after the ethylene treatment the plants were transferred from the inside of the chambers to a
room with a temperature of 25° C with 8-10 umol s m?2 of irradiance provided by a white fluorescent
lamp, which was irrigated with 100 ml of water/pot when necessary.

New evaluations of the variables were carried out on the plants treated with ethylene over a
period of 48 (Day 1), 72 (Day 2) and 96h (Day 3) (the time needed for the plant to start losing its
commercial value). The criterion for counting was the number of expanded leaves remaining on the
plants and fruit that was still vibrant, with no sign of wilting [7]. Leaf and fruit losses were expressed
as a percentage in relation to time zero, before exposure [14].

For the chlorophyll a and b variables, three fully expanded leaves were analyzed, chosen at
random from the base, middle and apex of each plant, using the Falker CFL1030 chlorophylILOG®®.
Evaluations were carried out at the same intervals as for the other characteristics and were also
expressed as a percentage of zero time, before exposure to ethylene.

This same ethylene sensitivity analysis was repeated the following year between January and
June 2022, with the same genotypes evaluated, in order to obtain results regarding the behavior of
these genotypes in two growing cycles.

2.3. Experimental Design and Statistical Analysis

The design used was entirely randomized, following the with 40 treatments (genotypes) x 3 days
(48, 72 and 96 hours after ethylene exposure) x 2 years following a split-split plot arrangement. Forty
genotypes were evaluated at three times: 48, 72 and 96 hours after exposure to ethylene and two
consecutive cycles (years) with three replicates.

The obtained data were subjected to analysis of variance using the F test and the means were
grouped by Scott-Knott criteria (p<0.01). All statistical analyses were carried out using the GENES
program [16].

3. Results

3.1. ANOVA

In the analysis of variance there was a significant (p<0.01) three-way interaction between the
factors (genotypes x days x years) only for the leaf abscission. This indicates that the ethylene
treatment caused the genotypes evaluated to behave differently in this variable over the evaluation
days and in the two years of the experiment (Table 1). Double interactions (p<0.01) between
genotypes x days (G x D) and genotypes x years (G x Y) were detected for all four characteristics
evaluated, showing that there were genotypes that showed different behaviors for the days and years
of evaluation. When the factors were isolated, we found that all the characteristics showed significant
differences (p<0.01) for the years, times (days) and genotypes (Table 1). This shows that exposing
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plants to a concentration of 10ul/I of ethylene is enough to generate different responses in ornamental
pepper plants (Table 1).

Table 1. Summary of the analysis of variance for four ethylene sensitivity variables in ornamental pepper

(Capsicum annuum L.).

Mean Squares

SV DF LA FA Cloa Clob
Years 1 4787.99** 4200.96** 632.97** 676.375**
Days 2 40470.85** 8189.46** 10304.08** 12423.55**
Years x Days 2 155.42ns 489.99 10.11ns 0.73ns
Error a 12 99.73 39.10 26.39 68.87
Genotypes 39 10203.56** 2831.73** 642.70** 1067.67**
Genotypes x Years 39 1107.36** 255.60** 58.65** 95.08**
Genotypes x Days 78 426.62** 39.31** 78.06™* 80.74**
Gen x Days x Years 78 206.76** 17.69ns 12.27ns 9.63n
Error b 468 67.98 41.17 21.82 58.92
X 39.07 19.48 18.04 25.45
CVa (%) 25.55 32.08 28.47 32.60
CVb (%) 21.09 32.92 25.89 30.15

nsNot significant, ** significant at 1% probability by the F test. LA-leaf abscission; FA—fruit abscission; Cloa—
chlorophyll a content; Clob—chlorophyll b content. Source: the author.

3.2. Three-Factor Interaction (Genotypes x Days x Years) for Percentage of Leaf Abscission

For the interaction genotypes x days x years (G x D x Y), there was different behavior for leaf
abscission in the first year of evaluation for the genotypes treated with ethylene including 56.8.24.1.2,
56.26.24.1.10, UFPB240, UFPB241, UFPB288, 56.26.24.1.1, UFPB250, 55.50.36.1.3 and 55.50.44.1.8
genotypes. The averages recorded on the first day showed significant differences when compared to
the other days, demonstrating that despite having a lower rate of leaf abscission on Day 1 (48 hours
of teatment), they showed higher rates of leaf loss on the second day (72 hours of teatment), with
similar values to those recorded on the third day (96 hours of teatment) (Table 3). This same behavior
was observed, in the second year of evaluation for genotypes 56.8.24.1.2, 56.26.24.1.10, 56.26.24.1.1
and UFPB250 (Table 3). In the first year the genotypes UFPB174, UFPB273, 17.15.4.1.5 and G77.3
presented a different behavior with less percentage of leaves abscission in the first two days of
evaluation (48h and 72h), and a massive drop on the third day of evaluation (96h). In the second year,
the genotypes 55.50.36.1.8, 56.26.33.1.3, UFPB232, UFPB241 and 17.15.4.1.5 behaved in this way (Table
3). Finally, UFPB239 was the only genotype with an increasing and distinct behavior for the three
days, and this was observed in the first year of evaluation (Table 3).

For the genotypes treated with ethylene, the averages of leaf abscission were stable in the lines
55.50.4.1.2, 56.26.24.1.4, 56.26.33.1.9, 17.15.48.1.2, 56.26.15.1.5, 56.26.33.1.5, 17.15.4.1.9, 56.26.34.1.2,
UFPB284, UFPB58, UFPB393, and UFPB291 (Table 3) (Figures S1 to 518). All showed similar behavior
between the three days after ethylene application and in the two years. In addition to their stability,
these were the genotypes that formed groups with the lowest rates of leaf abscission and were
therefore the most insensitive to the effect of ethylene on this characteristic, thus presenting potential
for selection for ethylene resistance.

The UFPB36, the G134 genitor and the cultivars ‘Piramide’ and ‘Calypso” also showed stability
in their behavior in the triple interaction of factors (G x D x Y), but these genotypes were part of
groups with the highest rates of leaf abscission, being highly sensitive to the action of ethylene on
this characteristic on the days and in the two years of evaluation (Table 3) (Figures S1 to S18).
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By evaluating the behavior shown by the lines in the two years (averages for year 1 and 2),
55.50.36.1.8, 55.50.4.1.9, 56.26.15.1.6, 55.50.4.1.1, 56.26.34.1.4, UFPB239, UFPB232 and UFPB288
showed differences in the leaf abscission averages recorded in each year. These showed different
behavior with the variation in environment (year) and had higher values in the second year of
evaluation. Only the UFPB288 had lower leaf abscission in the second year compared to the first
(Table 2). It is important to note that greater leaf abscission in the second year was expected, given
that the same plants went through two successive phases of stress caused by the ethylene treatment.
Even so, most of the genotypes evaluated did not show statistically different behavior, with similar
average values in the two years of evaluation. Of these, the most noteworthy for having shown the
lowest leaf abscission in the overall averages for both years, being considered the most insensitive to
the action of ethylene on this characteristic, are the lines including 55.50.4.1.2, 56.26.24.1.4,
17.15.48.1.2, 56.26.15.1.5, 56.26.33.1.5, 17.15.4.1.9, 56.26.34.1.2, 56.26.33.1.3, UFPB58, UFPB393 and
UFPB291 (Table 2).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.0074.v1
http://creativecommons.org/licenses/by/4.0/

6 of 17

Table 2. Unfolding the genotypes x days x years interaction, year averages and overall averages (years) for the leaf abscission variable in forty genotypes of ornamental pepper (Capsicum annuum

L.) subjected to ethylene.

Leaf abscission (%)

Year 1 Year 2 Overall
Day 1 Day 2 Day 3 Average year Day 1 Day 2 Day 3 Average year average
Genotypes (years)
55.50.36.1.8 14.80 Ag 17.52 Ah 19.65 Ag 17.32 Be 18.81 Be 38.28 Bd 64.41 Ab 40.50 Ad 28.91d
55.50.4.1.9 19.65 Af 21.04 Ag  25.08 Ag 21.92 Bd 56.55Ab 7533 Ab  88.57 Aa 73.48 Ab 47.70 c
‘Piramide’ 89.87 Aa 93.89 Aa 95.30 Aa 93.02 Aa 86.38 Aa  93.68 Aa  96.39 Aa 92.15 Aa 92.58 a
56.26.15.1.6 8.16 Ag 1197 Ah  14.26 Ah 11.46 Be 2343 Ad 3691 Ad  53.54 Ac 37.96 Ad 24.71d
55.50.4.1.2 6.66 Ag 9.81 Ah 13.80 Ah 10.09 Ae 9.19 Ae 15.50 Af 23.27 Ae 15.99 Ae 13.04 e
55.50.4.1.1 5.45 Ag 13.00 Ah  17.88 Ag 12,11 Be 2270 Ad  4190Ad  59.39 Ac 41.33 Ad 26.72d
56.26.24.1.4 5.76 Ag 1331 Ah  19.36 Ag 12.81 Ae 8.89 Ae 15.98 Af 24.85 Ae 16.57 Ae 14.69 e
56.26.33.1.9 744 Ag 1232 Ah  16.28 Ah 12.01 Ae 13.40 Ae 18.25 Af 24.45 Ae 18.70 Ae 1536 e
56.26.34.1.4 8.69 Ag 1212 Ah  16.50 Ah 12.44 Be 35.09 Ac 55.87 Ac 60.77 Ac 50.58 Ac 31.51d
17.15.48.1.2 6.75 Ag 10.06 Ah  12.16 Ah 9.66 Ae 14.95 Ae 24.41 Ae 27.02 Ae 22.13 Ae 15.89 e
56.26.15.1.5 3.45 Ag 7.12 Ah 10.77 Ah 7.11 Ae 5.04 Ae 11.06 Af 14.87 Ae 10.32 Ae 8.72e
56.26.33.1.5 544 Ag 9.95 Ah 12.42 Ah 9.27 Ae 5.89 Ae 11.57 Af 14.13 Ae 10.53 Ae 990 e
56.8.24.1.2 9.09 Bg 60.45 Ad 77.80 Ac 49.11 Ac 37.92 Bc 64.21 Ab  85.23 Aa 62.45 Ac 55.78 c
56.26.24.1.10 18.37 Bf 52.76 Ae 72.19 Ad 47.77 Ac 25.56 Bd 50.48 Ac 70.35 Ab 48.80 Ac 48.29 c
17.15.4.1.9 6.69 Ag 22.30 Ag 28.23 Af 19.07 Ae 531 Ae 10.78 Af 16.85 Ae 10.98 Ae 15.03 e
56.26.34.1.2 10.33 Ag 15,16 Ah  21.76 Ag 15.75 Ae 7.43 Ae 11.81 Af 18.98 Ae 12.74 Ae 14.25 e
56.26.33.1.3 8.06 Ag 15.66 Ah 2371 Ag 15.81 Ae 4.82 Be 9.49 Bf 41.50 Ad 18.60 Ae 1721 e
‘Stromboli’ 10.49 Ag 25.12 Ag 35.28 Af 23.63 Ad 9.08 Ae 2512 Ae  37.29 Ad 23.83 Ae 23.73d
UFPB214 17.83 Bf 83.83 Ab 99.25 Aa 66.97 Ab 70.15Aa 7491 Ab 9526 Aa 80.11 Aa 73.54Db
UFPB239 24.29 Cf 61.04 Bd 95.95 Aa 60.43 Bc 80.07 Aa 83.49 Aa  93.19 Aa 85.58 Aa 73.01b
UFPB174 8.16 Bg 26.86 Bg 68.32 Ad 34.45 Ad 39.46 Ac 49.28 Ac 57.09 Ac 48.61 Ac 4153 ¢
UFPB240 35.03 Be 59.05 Ad 76.66 Ac 56.92 Ac 38.09 Ac 45.31 Ac 63.79 Ab 49.06 Ac 5299 ¢
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UFPB232 9.26 Ag 15.95 Ah 20.38 Ag 15,20 Be 31.69 Bc 50.50 Bc 71.78 Ab 51.33 Ac 33.26d
UFPB241 19.45 Bf 53.54 Ae 64.96 Ad 45.99 Ac 22.62Bd 38.44 Bd 68.55 Ab 43.20 Ad 44.59 c
UFPB288 30.61 Be 71.72 Ac 83.70 Ab 62.01 Ac 22.78 Ad 31.85 Ae 47.69 Ad 34.11 Bd 48.06 c
56.26.24.1.1 26.00 Bf 82.56 Ab 92.11 Aa 66.89 Ab 33.77 Bc 68.70 Ab 85.19 Aa 62.55 Ac 64.72b
17.15.4.1.5 24.23 Bf 36.61 Bf 87.05 Ab 49.30 Ac 17.71 Be 29.78 Be 55.81 Ac 34.43 Ad 41.87 c
UFPB284 24.82 Af 26.46 Ag 28.77 Af 26.69 Ad 18.80 Ae 23.94 Ae 29.30 Ae 24.02 Ae 25.35d
UFPB273 15.33 Bg 38.59 Bf 68.03 Ad 40.65 Ac 35.22 Ac 53.93 Ac 71.80 Ab 53.65 Ac 4715 c

Averages followed by the same capital letters on the HORIZONTALLY, lowercase letters on the VERTICALLY and italicized capital letters on the HORIZONTALLY and lowercase letters on the
VERTICALLY do not differ statistically, constituting a homogeneous group, according to the Scott-Knott criterion (p = 0.01). Source: the author.

Continued Table 2
Leaf abscission (%)
Year 1 Year 2 Overall
Day 1 Day 2 Day 3 Average Year Day 1 Day 2 Day 3 Average Year average
Genotypes (years)
G77.3 25.75 Bf 4543 Be  76.16 Ac 49.11 Ac 2570 Ad 4223 Ad 59.35Ac 42.43 Ad 45.77 ¢
UFPB250 5427Bd 7736 Ab  96.88 Aa 76.17 Ab 48.17Bb  70.10 Ab  91.52 Aa 69.93 Ab 73.05Db
55.50.36.1.3 30.36 Be 5353 Ae  69.55 Ad 51.15 Ac 31.83 Ac  44.64 Ac  55.53 Ac 44.00 Ad 47.57 ¢
55.50.44.1.8 21.35Bf 46.81 Ae  60.05 Ad 42.74 Ac 31.11 Ac  46.16 Ac  54.89 Ac 44.05 Ad 43.40 c
UFPB36 7714 Ab 7882 Ab  82.07 Ac 79.34 Ab 5524 Ab 68.78 Ab  75.18 Ab 66.40 Ac 72.87Db
G134 7026 Ac 7148 Ac  79.35 Ac 73.69 Ab 58.81 Ab 71.45Ab  77.58 Aa 69.28 Ab 71.49Db
‘Calypso’ 91.21 Aa 9356 Aa  98.89 Aa 94.56 Aa 78.09 Aa 9244 Aa 9799 Aa 89.50 Aa 92.03 a
UFPB58 7.83 Ag 13.83 Ah 1879 Ag 13.48 Ae 8.01 Ae 13.87 Af  18.65 Ae 13.51 Ae 13.50 e
UFPB393 9.11 Ag 1259 Ah  14.73 Ah 12.14 Ae 6.14 Ae 11.88 Af  20.61 Ae 12.87 Ae 1251 e
UFPB291 4.56 Ag 1259 Ah  14.73 Ah 8.09 Ae 431 Ae 8.76 Af 13.56 Ae 8.88 Ae 8.48 e
‘Etna’ 21.66 Af  33.12 Af  45.60 Ae 33.46 Ad 20.62 Ad 31.16 Ae  41.06 Ad 30.95 Ad 23.20d
Averages followed by the same capital letters on the HORIZONTALLY, lowercase letters on the VERTICALLY and italicized capital letters on the HORIZONTALLY and lowercase letters on the
VER.
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3.3. Two-Factor Interaction (Genotypes x Days) for the Averages of Fruit Abscission (%), Chlorophyll a and
b Content (%)

For the interaction genotypes x days (G x D) in the variable fruit abscission in plants subjected
to ethylene, there was a different behavior in the averages on the first day compared to the other
evaluation days in the four test cultivars: ‘Piramide’, ‘Stromboli’, ‘Calypso’ and ‘Etna’; in the two
genitors: G77.3 and G134; and in the lines 56.26.33.1.3, UFPB214, UFPB239 and UFPB36 (Table 3).
Strain 55.50.36.1.3 had similar behavior on the first two days, with greater abscission only on the third
day. All the other genotypes showed a stable increase in their averages over the three days evaluation
with the lowest averages in UFPB284 (Day 1 =7.53%; Day 2 = 9.63%; Day 3 = 11.45%) and the highest
in 56.26.24.1.10 (Day 1 = 35.05%; Day 2 = 46.80%; Day 3 = 56.63%) (Table 3).

For chlorophyll 2, most of the genotypes evaluated showed a distinct increase in the rates of this
variable during the evaluation days (G x D). For these, there were three kinds of behavior. In the first,
genotypes in which their averages on the first day were significantly different from those recorded
on the other days were 55.50.4.1.2, 56.26.33.1.9, 56.26.34.1.4, 56.26.15.1.5, 56.8.24.1.2, 17.15.4.1.9,
UFPB239, UFPB174, UFPB 240, UFPB241, 56.26.24.1.1, G77.3, UFPB36, G134 ‘Calypso’ and ‘Etna’
(Table 3). Secondly, the genotypes 55.50.4.1.9, 17.15.48.1.2, 56.26.24.1.10, 56.26.34.1.2, 56.26.33.1.3,
‘Stromboli’ and UFPB393 were similar in their averages on the first and second day, with a significant
difference in the values recorded only on the third day (Table 3). And lastly, the materials whose
behavior was different for the three days: 55.50.36.1.8, ‘Pyramid’, 56.26.15.1.6, 55.50.4.1.1, 56.26.24.1 .4,
56.26.33.1.5 and UFPB214 (Table 3).

For the variable chlorophyll b content, a total of 17 genotypes showed different behavior in their
averages recorded between days (Table 3). Of these, the genotypes whose averages on the first day
differed from those obtained on the other days were: 55.50.36.1.8, ‘Piramide’, 56.26.15.1.6, 55.50.4.1.1,
56.26.24.1.4, 56.26.33.1.9, 56.26.34.1.4, 17.15.48.1.2, 56.26.15.1.5, 56.26.33.1.5, 56.26.24.1.10, 56.26.33.1.3,
UFPB214, UFPB241, G77.3 and UFPB58 (Table 3). Only the ‘Stromboli’ cultivar showed similar
averages on the first two days, with a difference only on the third. All the other genotypes had stable
averages, with no significant differences over the days, indicating that most of the materials did not
have a greater effect on the rate of chlorophyll b degradation observed at the different times after
exposure to ethylene (Table 3).
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Table 3. Unfolding the genotypes x days interaction, for the variables fruit abscission, chlorophyll a and b content (%) in forty genotypes of ornamental pepper (Capsicum annuum L.) submitted to

ethylene in two years of evaluation.

Fruit abscission (%) Chlorophyll a content (%) Chlorophyll b content (%)
Genotypes Day1(@48h) Day2(72h) Day3(96h) Day1(48h) Day2(72h) Day3(96h)  Day 1 (48h) Day 2 (72h) Day 3 (96h)
55.50.36.1.8 8.57 Ae 11.90 Ag 15.64 Ah 9.00 Cc 26.29 Bc 35.61 Ab 12.13 Bd 27.64 Ac 37.32 Ac
55.50.4.1.9 14.43 Ad 17.92 Ae 23.55 Af 16.67 Bb 18.50 Bd 27.70 Ac 26.69 Ab 29.41 Ac 35.50 Ac
‘Piramide’ 40.71 Ba 53.23 Aa 58.75 Ab 8.94 Cc 31.54 Bb 40.28 Ab 6.44 Be 28.73 Ac 39.30 Ab
56.26.15.1.6 8.50 Ae 13.69 Af 18.58 Ag 16.02 Cb 37.05 Ba 49.57 Aa 21.06 Bc 44.21 Aa 45.04 Ab
55.50.4.1.2 7.21 Ae 13.02 Af 16.69 Ag 9.82 Bc 2041 Ad 27.14 Ac 23.84 Ab 30.16 Ac 33.21 Ad
55.50.4.1.1 6.77 Ae 10.06 Ag 14.79 Ah 9.86 Cc 27.64 Bc 34.87 Ab 12.01 Bd 32.17 Ac 36.37 Ac
56.26.24.1.4 6.93 Ae 11.45 Ag 15.50 Ah 16.56 Cb 27.52 Bc 36.55 Ab 16.71 Bd 24.32 Ad 31.72 Ad
56.26.33.1.9 6.44 Ae 9.90 Ag 13.36 Ah 12.21 Bc 20.77 Ad 23.40 Ad 25.36 Bb 33.77 Ac 39.60 Ab
56.26.34.1.4 6.76 Ae 11.80 Ag 15.19 Ah 10.30 Bc 19.85 Ad 24.50 Ad 15.38 Bd 25.23 Ad 30.77 Ad
17.15.48.1.2 5.83 Ae 9.34 Ag 11.96 Ah 11.00 Bc 14.24 Bf 21.15 Ae 21.48 Bc 30.51 Ac 35.50 Ac
56.26.15.1.5 11.24 Ad 15.85 Af 18.64 Ag 15.63 Bb 24.40 Ac 30.80 Ac 21.01 Bc 42.98 Aa 49.16 Aa
56.26.33.1.5 7.53 Ae 10.46 Ag 13.33 Ah 9.51 Cc 19.64 Bd 27.02 Ac 13.41 Bd 28.23 Ac 34.38 Ac
56.8.24.1.2 4.54 Be 9.97 Bg 21.13 Af 23.10 Ba 32.70 Ab 38.71 Ab 20.35 Ac 27.92 Ac 32.98 Ad
56.26.24.1.10 35.05 Bb 46.80 Ab 56.63 Ab 10.07 Bc 16.40 Be 2391 Ad 9.74 Be 21.15 Ad 23.96 Ae
17.154.1.9 9.19 Ae 16.48 Af 20.18 Ag 7.62 Bd 15.40 Ae 22.35 Ae 13.23 Ad 18.77 Ae 24.89 Ae
56.26.34.1.2 11.65 Ad 17.93 Ae 21.86 Af 8.38 Bd 12.92 Bf 17.79 Af 18.21 Ad 22.26 Ad 25.64 Ae
56.26.33.1.3 16.43 Bd 26.33 Ad 33.37 Ae 16.23 Bb 20.44 Bd 29.18 Ac 25.30 Bb 36.69 Ab 4441 Ab
‘Stromboli’ 16.76 Bd 26.94 Ad 36.84 Ad 4.51 Bd 9.74 Bg 15,15 Af 14.52 Bd 23.70 Bd 40.54 Ab
UFPB214 13.80 Bd 21.82 Ae 28.64 Ae 16.38 Cb 27.50 Bc 36.20 Ab 20.64 Bc 32.32 Ac 40.52 Ab
UFPB239 12.81 Bd 24.61 Ad 30.27 Ae 9.74 Bc 21.57 Ad 27.06 Ac 12.54 Ad 19.54 Ae 2443 Ae
UFPB174 12.31 Ad 19.23 Ae 24.56 Af 11.15Bc 17.60 Ae 20.80 Ae 12.18 Ad 18.29 Ae 21.41 Af
UFPB240 7.38 Ae 13.51 Af 17.47 Ag 7.39 Bd 13.39 Af 16.33 Af 15.08 Ad 21.75 Ad 26.08 Ae
UFPB232 6.71 Ae 11.43 Ag 15.08 Ah 8.56 Ad 10.82 Ag 15.68 Af 12.61 Ad 18.29 Ae 23.75 Ae

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.0074.v1
http://creativecommons.org/licenses/by/4.0/

10 of 17

UFPB241 4.67 Ae 9.42 Ag 14.87 Ah 12.81 Bc 19.11 Ad 24.64 Ad 27.22 Bb 36.06 Ab 43.44 Ab
UFPB288 6.29 Ae 13.13 Af 15.91 Ah 13.66 Ab 16.45 Ae 19.59 Ae 12.45 Ad 17.30 Ae 22.26 Ae
56.26.24.1.1 7.62 Ae 12.78 Ag 16.77 Ag 9.19 Bc 15.49 Ae 17.37 Af 10.29 Ae 16.23 Ae 19.46 Af
17.154.1.5 6.43 Ae 10.20 Ag 14.08 Ah 11.51 Ac 13.58 Af 15.59 Af 40.92 Aa 47.15 Aa 51.16 Aa
UFPB284 7.53 Ae 9.63 Ag 11.45 Ah 6.90 Ad 11.45 Ag 12.60 Ag 12.29 Ad 16.37 Ae 20.34 Af
UFPB273 6.98 Ae 10.70 Ag 14.03 Ah 12.88 Ac 18.35 Ad 20.45 Ae 15.01 Ad 18.90 Ae 23.74 Ae

Averages followed by the same uppercase letters in HORIZONTALLY and lowercase letters in VERTICALLY do not differ statistically, constituting a homogeneous group, according to the Scott-
Knott criterion (p = 0.01). Source: the author.

Continued Table 3
Fruit abscission (%) Chlorophyll a content (%) Chlorophyll b content (%)
Genotypes Day1(48h) Day2(72h) Day3(96h) Day1(48h) Day2(72h) Day3(96h) Day 1 (48h) Day 2 (72h) Day 3 (96h)
G77.3 30.47 Bc 38.45 Ac 44.96 Ac 16.38 Bb 23.19 Ac 28.40 Ac 13.62 Bd 23.77 Ad 31.98 Ad
UFPB250 17.00 Ad 2291 Ad 28.61 Ae 12.24 Bc 18.17 Ad 20.63 Ae 11.56 Ad 16.24 Ae 18.97 Af
55.50.36.1.3 13.87 Bd 17.16 Bf 27.95 Ae 11.56 Bc 19.56 Ad 2594 Ad 27.52 Ab 31.34 Ac 34.60 Ac
55.50.44.1.8 12.64 Ad 16.37 Af 21.54 Af 7.72 Ad 9.65 Ag 14.46 Af 26.10 Ab 32.52 Ac 37.44 Ac
UFPB36 27.35 Bc 35.73 Ac 42.31 Ac 10.29 Bc 17.72 Ae 21.25 Ae 22.96 Ac 29.87 Ac 36.71 Ac
G134 39.53 Ba 55.26 Aa 58.56 Ab 11.66 Ac 16.11 Ae 17.70 Af 35.16 Aa 38.62 Ab 40.21 Ab
‘Calypso’ 42.18 Ba 58.29 Aa 63.97 Aa 7.43 Bd 13.95 Af 16.99 Af 19.34 Ac 27.16 Ac 31.56 Ad
UFPB58 7.45 Ae 12.43 Ag 16.62 Ag 10.79 Bc 18.99 Ad 24.16 Ad 13.15Bd 27.33 Ac 31.72 Ad
UFPB393 9.95 Ae 15.86 Af 23.14 Af 12.50 Bc 15,17 Be 23.34 Ad 8.97 Ae 14.33 Ae 18.56 Af
UFPB291 6.54 Ae 10.38 Ag 14.99 Ah 490 Ad 8.12 Ag 11.55 Ag 9.01 Ae 14.81 Ae 19.51 Af
‘Etna’ 13.11 Bd 25.17 Ad 31.62 Ae 478 Ad 9.56 Ag 11.11 Ag 14.93 Ad 18.23 Ae 22.64 Ae

Averages followed by the same uppercase letters in HORIZONTALLY and lowercase letters in VERTICALLY do not differ statistically, constituting a homogeneous group, according to the Scott-
Knott criterion (p = 0.01). Source: the author.
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3.4. Two-Factor Interaction (Genotypes x Years) for Fruit Abscission (%), Chlorophyll a and b Content (%)

For the variable fruit abscission, the behavior was different in the two years (G x Y) for the
genotypes: ‘Piramide’, 55.50.4.1.1, 56.26.24.1.10, 17.15.4.1.9, 56.26.34.1.2, 56.26.33.1.3, UFPB174,
‘Calypso’, UFPB58 and UFPB291. From these, only strain 56.26.24.1.10 showed lower fruit loss in the
second year compared to the first, and for the others the behavior was reversed. This may have been
due to the same reason mentioned for the leaf abscission averages, since the same plants went
through two successive phases of stress caused by ethylene treatment, which made them more fragile
in the second year, with consequent greater abscission (Table 4). On the other hand, the lines with
similar averages and the lowest fruit abscission values in both years (overall averages) were:
55.50.36.1.8, 56.26.15.1.6, 55.50.4.1.2, 56.26.24.1.4, 56.26.33.1.9, 56.26.34.1.4, 17.15.48.1.2, 56.26.15.1.5,
56.26.33.1.5, 56.8.24.1.2, 17.15.4.1.9, UFPB240, UFPB232, UFPB241, UFPB288, 56.26.24.1.1, 17.15.4.1.5,
UFPB284, UFPB273 and UFPB393 (Table 4).

When evaluating the chlorophyll a averages, only 56.26.15.1.6 showed different behavior in the
average values for the two years, with the rate of chlorophyll a2 degradation being 39.37% in the first
year, with a reduction to 29.05% in the second year (Table 4). The other genotypes behaved similarly
between the years, with 56.26.34.1.2 (13.03%), UFPB240 (12.37%), UFPB232 (11.69%), 56.26.24.1.1
(14.02%), 17.15.4.1.5 (13.56%), UFPB284 (10.32%) 55.50.44.1.8 (10.61%) UFPB291 (8.19%) and ‘Etna’
were the materials with the lowest overall averages. While the highest were recorded by 56.26.15.1.6
(34.21%) and 56.8.24.1.2 (31.51%) (Table 4).

For chlorophyll b levels, the behavior was different between the years in strain 55.50.4.1.9 and
cultivar ‘Etna’ (Table 4). In all the other genotypes, the behavior was similar in both years. In the
performance of the overall averages, 14 genotypes formed a homogeneous group with the lowest
degradation rates, with the lowest drop being recorded in UFPB393 (13.95%). Meanwhile, 6
genotypes were in the group with the highest rates, with the highest degradation percentage for the
line 17.15.4.1.5 (46.41%) (Table 4). In general, the other genotypes showed intermediate average
values for the degradation of chlorophyll b content, ranging from 22.04 to 36.91% (Table 4).
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Table 4. Unfolding the genotypes x years interaction, for the variables fruit abscission, chlorophyll 2 and b content (%) in forty genotypes of ornamental pepper (Capsicum annuum L.) submitted to

ethylene in two years of evaluation.

Fruit abscission (%) Chlorophyll a content (%) Chlorophyll b content (%)
Genotypes Year1 Year 2 Average (years) Year1 Year 2 Average (years) Year1 Year 2 Average (years)
55.50.36.1.8 7.79 Ae 16.28 Ae 12.04d 23.22 Ab 24.05 Aa 23.63 b 27.54 Ab 23.86 Ac 25.70 ¢
55.50.4.1.9 15.38 Ad 21.89 Ad 18.63 ¢ 20.45 Ab 21.47 Aa 20.96 b 36.53 Aa 24.53 Bc 30.53 b
‘Piramide’ 42.49 Bb 59.30 Aa 50.90 a 31.34 Aa 22.50 Aa 26.92Db 26.82 Ab 22.83 Ac 2482 ¢
56.26.15.1.6 9.46 Ae 17.72 Ae 13.59d 39.37 Aa 29.05 Ba 34.21a 40.00 Aa 33.54 Ab 36.77 a
55.50.4.1.2 9.30 Ae 15.32 Ae 12.31d 19.36 Ac 18.89 Aa 19.12 ¢ 27.96 Ab 30.18 Ab 29.07 b
55.50.4.1.1 5,15 Be 15.93 Ae 10.54 d 24.10 Ab 24.16 Aa 24.13b 27.07 Ab 26.64 Ac 26.85 ¢
56.26.24.1.4 9.58 Ae 13.02 Ae 11.30d 27.07 Ab 26.68 Aa 26.88 b 23.55 Ac 24.95 Ac 24.25 ¢
56.26.33.1.9 8.70 Ae 11.10 Ae 9.90d 16.75 Ac 20.84 Aa 18.80 c 32.53 Aa 33.29 Ab 3291b
56.26.34.1.4 10.22 Ae 12.27 Ae 11.25d 14.95 Ac 21.49 Aa 1822 ¢ 24.62 Ac 22.97 Ac 23.80 c
17.15.48.1.2 5.25 Ae 12.83 Ae 9.04d 13.99 Ac 16.93 Ab 15.46 ¢ 30.21 Ab 28.12 Ac 29.17b
56.26.15.1.5 13.10 Ae 17.38 Ae 15.24d 23.02 Ab 24.21 Aa 23.61b 38.39 Aa 37.04 Ab 37.72a
56.26.33.1.5 9.67 Ae 11.21 Ae 10.44 d 17.65 Ac 19.80 Aa 18.72 ¢ 23.00 Ac 27.68 Ac 25.34 ¢
56.8.24.1.2 10.11 Ae 13.65 Ae 11.88d 32.11 Aa 30.91 Aa 3151a 26.90 Ab 27.26 Ac 27.08 ¢
56.26.24.1.10 57.92 Aa 34.40 Bc 46.16 a 12.66 Ac 20.93 Aa 16.79 ¢ 15.44 Ad 21.12 Ac 18.28 d
17.15.4.1.9 10.27 Be 20.30 Ad 15.28 d 12.61 Ac 17.64 Ab 15.12 ¢ 17.76 Ad 20.16 Ac 18.96 d
56.26.34.1.2 7.32 Be 26.97 Ad 17.15¢ 12.03 Ac 14.03 Ab 13.03 d 22.96 Ac 21.11 Ac 22.04 c
56.26.33.1.3 17.09 Bd 33.66 Ac 25.38 ¢ 21.89 Ab 22.01 Aa 21.95b 34.40 Aa 36.53 Ab 3547 a
‘Stromboli’ 25.88 Ad 27.81 Ad 26.85 ¢ 9.11 Ac 10.49 Ab 9.80d 25.44 Ab 27.07 Ac 26.25 ¢
UFPB214 17.46 Ad 25.38 Ad 2142 ¢ 27.12 Ab 26.27 Aa 26.70b 33.33 Aa 28.99 Ac 31.16Db
UFPB239 22.17 Ad 22.96 Ad 2257 ¢ 18.28 Ac 20.63 Aa 19.45 ¢ 16.48 Ad 21.19 Ac 18.83 d
UFPB174 13.88 Be 23.52 Ad 18.70 ¢ 15.88 Ac 17.15 Ab 16.52 ¢ 16.57 Ad 18.01 Ac 17.29d
UFPB240 9.47 Ae 16.11 Ae 12.79d 11.42 Ac 13.32 Ab 12.37d 18.14 Ad 23.79 Ac 2097 d
UFPB232 9.39 Ae 12.76 Ae 11.07 d 10.77 Ac 12.61 Ab 11.69d 15.71 Ad 19.81 Ac 17.76 d
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UFPB241 9.61 Ae 9.70 Ae 9.65d 20.40 Ab 17.30 Ab 18.85 ¢ 36.59 Aa 34.56 Ab 35.58 a
UFPB288 11.05 Ae 12.50 Ae 11.78 d 14.84 Ac 18.29 Ab 16.57 c 17.13 Ad 17.54 Ac 17.33d
56.26.24.1.1 12.68 Ae 12.10 Ae 12.39d 13.51 Ac 14.52 Ab 14.02d 12.60 Ad 18.06 Ac 15.33d
17.15.4.1.5 8.38 Ae 12.09 Ae 10.24 d 12.08 Ac 15.03 Ab 13.56 d 44.20 Aa 48.63 Aa 46.41 a
UFPB284 11.44 Ae 7.64 Ae 9.54d 7.17 Ac 13.47 Ab 10.32d 12.89 Ad 19.77 Ac 16.33 d
UFPB273 8.90 Ae 12.25 Ae 10.57 d 14.83 Ac 19.62 Aa 1723 ¢ 19.22 Ac 19.52 Ac 19.37d

Averages followed by the same uppercase letters in HORIZONTALLY and lowercase letters in VERTICALLY do not differ statistically, constituting a homogeneous group, according to the Scott-
Knott criterion (p = 0.01). Source: the author.

Continued Table 4
Fruit abscission (%) Chlorophyll a content (%) Chlorophyll b content (%)
Genotypes Year 1 Year 2 Average (years) Year 1 Year 2 Average (years) Year 1 Year 2 Average (years)
G77.3 40.22 Ab 35.70 Ac 37.96 b 21.93 Ab 23.39 Aa 22.66 b 21.99 Ac 24.25 Ac 23.12c¢
UFPB250 21.66 Ad 24.02 Ad 22.84 c 13.32 Ac 20.70 Aa 17.01 ¢ 15.55 Ad 15.63 Ac 15.59d
55.50.36.1.3 19.52 Ad 19.80 Ad 19.66 ¢ 17.70 Ac 20.34 Aa 19.02 ¢ 28.15 Ab 34.16 Ab 31.16 b
55.50.44.1.8 17.11 Ad 16.59 Ae 16.85 ¢ 7.52 Ac 13.70 Ab 10.61 d 30.90 Ab 32.96 Ab 31.93b
UFPB36 32.52 Ac 37.74 Ac 35.13b 15.02 Ac 17.83 Ab 1642 ¢ 26.98 Ab 32.71 Ab 29.85Db
G134 52.33 Aa 49.90 Ab 51.12a 14.22 Ac 16.10 Ab 15.16 ¢ 34.55 Aa 41.45 Aa 38.00 a
‘Calypso’ 43.75 Bb 65.87 Aa 54.81a 11.25 Ac 14.33 Ab 12.79d 23.45 Ac 28.58 Ac 26.02 c
UFPB58 7.37 Be 16.96 Ae 12.17d 15.08 Ac 20.89 Aa 17.98 ¢ 21.19 Ac 26.94 Ac 24.07 c
UFPB393 11.77 Ae 20.87 Ad 16.32d 15.59 Ac 18.42 Ab 17.01 ¢ 10.02 Ad 17.88 Ac 13.95d
UFPB291 5.18 Be 16.09 Ae 10.64 d 6.41 Ac 9.97 Ab 8.19d 9.92 Ad 18.97 Ac 14.44 d
‘Etna’ 22.20 Ad 24.40 Ad 23.30 ¢ 7.96 Ac 9.01 Ab 8.49d 12.48 Bd 24.72 Ac 18.60 d

Averages followed by the same uppercase letters in HORIZONTALLY and lowercase letters in VERTICALLY do not differ statistically, constituting a homogeneous group, according to the Scott-
Knott criterion (p = 0.01). Source: the author.
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4. Discussion

4.1. Three-Factor Interaction (Genotypes x Days x Years) for Percentage of Leaf Abscission (%)

The significant difference that ethylene caused in the behavior of leaf abscission of the genotypes
over the days of evaluation is a result similar to that obtained by [5], evaluating the effects of exposure
to this hormone in the post-production of Fe populations of ornamental pepper, demonstrating that
exposure time is one of the factors that can significantly affect the response of plants to the action of
the hormone.

It should be noted that the lines 55.50.4.1.2, 56.26.24.1.4, 56.26.33.1.9, 17.15.48.1.2, 56.26.15.1.5,
56.26.33.1.5, 17.15.4.1.9, 56.26.34.1.2, UFPB284, UFPB58, UFPB393 and UFPB291 showed similar
behavior between the three days after ethylene application and in both years. In addition to this
stability, these were the genotypes that formed groups with the lowest rates of leaf abscission and
were therefore the most insensitive to the effect of ethylene on this trait, thus presenting potential for
selection and future indication for ethylene resistance. According to [17], the selection of plants with
lower leaf abscission, capable of maintaining their aesthetic value even in the face of the action of
ethylene, is an important factor in maintaining a longer post-production life for ornamental plants.

The UFPB36, the genitor G134 and the cultivars ‘Piramide’ and ‘Calypso’ behaved similarly
between days, as well as showing a high rate of leaf abscission. [6,18]. Lima et al. [18] reported 100%
leaf loss in the ‘Calypso” cultivar compared to the control plants, after the ethylene treatment, similar
to this work. This corroborates by the fact that even though this is an excellent ornamental cultivar,
it has the disadvantage of being highly sensitive to the deleterious action of ethylene. [17], studying
pepper recently treated with different levels of the growth regulator Placobutrazol (PBZ), 96 hours
after the application of ethylene in the same quantities as in this study, found leaf abscission values
of 49.42 to 80.50% for the cultivar ‘Piramide’, depending on the different concentrations of PBZ
applied. This shows that for this cultivar, even the treatment with the highest levels of PBZ was
unable to prevent the deleterious effects of ethylene on leaf abscission. According to the classification
and quality standards of the [19], after transportation a commercial ornamental pepper plant must
have a good formation and stems with good pot coverage (blossoming) and batches without these
characteristics are discarded or returned to the supplier. Therefore, based on the performance
observed in this work, the aforementioned strain, the genitor and the cultivars ‘Calypso’ and
‘Piramide’” would be rejected because their ornamental characteristics were compromised by the
greater abscission of their leaves after being treated with ethylene.

4.2. Two-Factor Interaction (Genotypes x Days) for the Averages of Fruit Abscission (%), Chlorophyll a and
b Content (%)

Generally evaluating the averages of the 40 genotypes recorded over the course of the days, there
were variations between them in their sensitivity to fruit abscission caused by ethylene, with some
genotypes being less sensitive, others with intermediate sensitivity and some with greater sensitivity.
This corroborates the results of [20], who, when assessing ornamental pepper genotypes for their
sensitivity to ethylene for fruit abscission, also reported that the hormone affected the loss of fruit by
the plants to varying degrees. With values of 27.8% in the ‘colored pepper’ genotype, 54% in
‘ornamental bell pepper’ and 4.1% in ‘orange bell pepper’.

For the chlorophyll a averages, the increase in the degradation rate over the days of evaluation
is a result similar to that obtained by [21], when evaluating the sensitivity to ethylene of an access
called ‘BGH 1039 (C. annuum L.), where a greater degradation and consequent reduction in
chlorophyll 2 and total chlorophyll content was observed in plants treated with 10uL L of ethylene
for 48 hours, whose chlorophyll a values were 6.38 mg dm?2 before treatment and 4.76 mg dm after.
And total chlorophyll was 8.67 and 7.06 mg dm before and after treatment, respectively. In addition,
the aforementioned study stated that the plants from this access tended to show symptoms of
yellowing of the leaves, making it a negative visual aspect for marketing.
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[5], evaluating eight Fs lines of ornamental peppers and two test cultivars, found significant
differences in chlorophyll b content between the genotypes only 96 hours after exposure to ethylene.
[21], studying the action of ethylene on the ‘BGH 1039’ access, reported that there was no significant
reduction in the chlorophyll b content during 48 hours of evaluation, with values of 2.28 mg dm?
(before) and 1.95 mg dm? (after), showing that the losses in the rate of this characteristic have a
smaller effect on the time of exposure to ethylene.

4.3. Two-Factor Interaction (Genotypes x Days) for the Averages of Fruit Abscission (%), Chlorophyll a and
b Content (%)

The lines 55.50.36.1.8, 56.26.15.1.6, 55.50.4.1.2, 56.26.24.1.4, 56.26.33.1.9, 56.26.34.1.4, 17.15.48.1.2,
56.26.15.1.5, 56.26.33.1.5, 56.8.24.1.2, 17.15.4.1.9, UFPB240, UFPB232, UFPB241, UFPB288, 56.26.24.1.1,
17.15.4.1.5, UFPB284, UFPB273 and UFPB393 showed similar averages in both years and were part of
the group with the lowest averages observed, thus having lower sensitivity to ethylene for fruit
abscission. According to [22], in ornamental pepper, potted plants, the fruits are the main decorative
elements and are the ones that most attract consumers’ attention when they buy them. Therefore, it
is necessary that, in addition to being of an adequate size for ornamentation, they should have
colorful fruits that contrast with the foliage and that after stages of stress, such as exposure to
ethylene, these fruits remain on the plant, thus contributing to maintaining their commercial value
[17].

On the other hand, for the genotypes that showed different behavior in the variables evaluated
for the factors genotypes x years, the presence of the genotype x environment interaction (G x E) was
evident. This interaction is defined as the differential behavior of genotypes in different environments
[22,23]. Thus, when a given genotype is evaluated in a series of environments, in addition to the
environmental and genetic effects, an additional effect is detected, provided by their interaction [24].
Given that in this study the same materials were evaluated repeatedly in two growing cycles, it was
expected that genotypes with different behaviors would emerge when faced with the stress caused
by ethylene treatment. In this context, it is important that repeated trials were carried out in different
environments (years), providing greater support for the selection and recommendation of cultivars
with phenotypic stability and adaptability, helping in the choice of the best materials to continue the
ornamental pepper breeding program, with a view to the future launch of cultivars with ornamental
value and less sensitivity to the action of ethylene.

5. Conclusions

Among the genotypes, there are materials with less sensitivity to leaf and fruit abscission, which
can be used to obtain genetic resistance to ethylene through crossbreeding to introduce resistance
genes into susceptible cultivars.

Based on the stability of the behavior presented in the two years of study, as well as the excellent
performances obtained in all the characteristics for evaluating sensitivity to ethylene, the selection of
the lines 55.50.4.1.2, 56.26.24.1.4, 56.26.33.1.9, 17.15.48.1.2, 56.26.15.1.5, 56.26.33.1.5, 17.15.4.1.9,
56.26.34.1.2, UFPB284, UFPB58, UFPB393 and UFPB291 for continuation of the breeding program,
with the potential to be registered and launched as ethylene-insensitive ornamental pepper cultivars
in the future.
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