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Horticultural Science/ Original Article

Selection of experimental
strawberry clones for fruit
appearance attributes

Abstract — The objective of this work was to carry out the morphological
characterization of strawberry fruit of different genotypes, as well as to
verify their postharvest conservation. Six commercial cultivars (Albion,
Aromas, Dover, Festival, Pircinque, and San Andreas) and nine experimental
clones (MDAO1, MDA19, MDA22, MDA23, MCA89, MCA94, MFA443,
MOGSC468, and MFA443PR) were evaluated. Fruit were produced on semi-
hydroponic gutters in protected cultivation and classified according to size,
shape, color, brightness, achene position, pulp color, “heart” color, fruit
cavity, and sepal position. For the postharvest analysis of fruit, the loss of
mass and the appearance of fruit during ten days of storage were determined.
The evaluated genotypes show a high similarity to each other regarding
morphological characterization. MCA89 and 'Pircinque' are the most
divergent genotypes in relation to the others. There is an association between
the characteristics large cavity, reniform shape, and medium cavity, which
contributes to the indirect selection of desirable characters. On the tenth day
of storage, the MDAO1, MDA19, MCAS89, MFA443, and 'Dover' genotypes
still show acceptable conditions for commercialization.

Index terms: Fragaria X ananassa, exploratory analysis, plant breeding,
post-harvest.

Selecao de clones experimentais de morangueiro
quanto aos atributos de aparéncia do fruto

Resumo — O objetivo deste trabalho foi realizar a caracterizagdo morfologica
de frutos de morango de diferentes gendtipos, assim como verificar sua
conservacao péds-colheita. Seis cultivares comerciais (Albion, Aromas, Dover,
Festival, Pircinque e San Andreas) e nove clones experimentais (MDAOI,
MDA19, MDA22, MDA23, MCAS89, MCA9%94, MFA443, MOGSC468 ¢
MFA443PR) foram avaliados. Os frutos foram produzidos em bancadas
semi-hidroponicas, em cultivo protegido, e classificados quanto a tamanho,
formato, coloragdo, brilho, posi¢ao do aquénio, coloragdo da polpa, coloracdo
do “coracdo”, cavidade do fruto e posi¢ao das sépalas. Para a analise de pos-
colheita dos frutos, foram determinadas a perda de massa e a aparéncia dos
frutos durante dez dias de armazenamento. Os gendtipos avaliados apresentam
alta similaridade entre si quanto a caracterizagdo morfologica. MCAS89 e
'Pircinque' sd3o os gendtipos mais divergentes em relacdo aos demais. Ha
uma associacao entre as caracteristicas cavidade grande, formato reniforme
e cavidade média, o que contribui para a selecdo indireta dos caracteres
desejaveis. No décimo dia de armazenamento, os gendtipos MDAO1, MDA19,
MCAS89, MFA443 ¢ 'Dover' ainda apresentam condi¢des aceitaveis para
comercializagao.

Termos para indexacdo: Fragaria X ananassa, analise exploratoria,
melhoramento vegetal, pos-colheita.
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Introduction

Strawberry cultivation (Fragaria X ananassa
Duch.) represents a consolidated activity in several
regions in Brazil, with great socioeconomic impact,
mainly in small areas with family farming (Gomes
et al., 2013; Alves et al., 2020). This crop production is
approximately 150,000 tons in 4,200 ha, with emphasis
in the states of Minas Gerais, where production is
74,000 tons in 2,000 ha, Parana (21,450 tons, 650
ha), and Rio Grande do Sul (20,350 tons, 550 ha)
(Fagherazzi et al., 2017).

The species is highly valued due to its fresh
commercialization and industrial processing. It is
appreciated by consumers for its very well-defined
sensory and nutritional characteristics (Guimaraes
et al., 2016). However, Brazilian producers have been
faced with the high cost of crop production, due to the
lack of national cultivars adapted to our edaphoclimatic
conditions (Galvao et al., 2014; Vieira et al., 2017;
Souza et al. 2019).

Attributes related to the appearance of the fruit
should be taken into account in genetic breeding
programs for the crop, as research has already shown
that the appearance and color positively influence
the flavor of the fruit (Maksimovi¢ et al., 2015; Tahir
et al., 2018), in addition to the fact that, at the time
of purchase, attributes such as color and appearance
have a greater impact on the consumer than other
characteristics, as they are the first to be evaluated
(Fernandez-Lara et al., 2015).

Another factor that should be observed is the post-
harvest time of the fruit, as it is a highly perishable
product that undergoes a rapid loss of water in its
tissues due to the high respiratory rate (Mirahmadi
et al., 2011), in addition to being susceptible to the
incidence of fungi which cause considerable nutritional
and economic losses (Malgarim et al., 2006).

Considering the importance of developing a
genotype that meets the needs of the producer, as well
as those of the consumer market, the Universidade
Federal de Lavras started a genetic breeding program
aimed to obtaining materials adapted to the Brazilian
edaphoclimatic conditions.

The objective of this work was to carry out the
morphological characterization of strawberry fruit
from the most promising genotypes of this breeding
program, as well as to verify their postharvest
conservation.
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Materials and Methods

Fifteen strawberry genotypes from the genetic
breeding program of the Universidade Federal de
Lavras (UFLA) were evaluated — six commercial
cultivars (Albion, Aromas, Dover, Festival, Pircinque,
and San Andreas) and nine experimental clones
(MDAO1, MDA19, MDA22, MDA23, MCAS9,
MCA94, MFA443, MOGSC468 and MFA443PR) —,
which were previously selected for their productive
characteristics and fruit physicochemical quality
(Souza et al., 2017, 2019; Vieira et al., 2017).

The experiment was carried out in the municipality
of Lavras (21°14'S, 45°00'W, at 918.8 m altitude),
in the state of Minas Gerais, Brazil. The climate of
the region, according to the climatic classification of
Koppen-Geiger, is considered as subtropical highland
climate, with dry winter and rainy summer (Alvares
et al., 2013).

Strawberry fruit were produced in semi-hydroponic
gutters in a protected cultivation conducted in
randomized complete block design with three
replicates, for the evaluation of agronomic performance
of each genotype. Fertilization was performed in
weekly fertigations with soluble salts, following the
recommendations adapted from Ribeiro et al. (1999).
Insecticide, fungicide, and herbicide were applied
according to the needs of the crop.

For the morphological characterization, fruit were
harvested weekly — in a total of 75 fruit per genotype
[5 harvests x 5 fruit/harvest x 3 replicates (blocks)]
—, on the following dates, in 2020: September 29, and
October 07, 12, 19, and 26. Five random fruit from
each experimental plot were selected and classified
according to the morphological descriptors proposed
by UPOV (2012) (Table 1). Each fruit was evaluated
by three evaluators, totaling 225 evaluations for each
genotype.

Exploratory data analysis was carried out in three
stages. In the first stage, a descriptive analysis of the
data was made, with basis on the frequency percentages
of the event occurrences, and graphs were generated
in accordance with UPOV (2012) to characterize the
variables at their levels.

In the second stage, simple correspondence analysis
was applied to establish the association between
genotypes and categorical variables at their levels. The
data for simple correspondence analysis constituted
the occurrence frequency of the levels of categorical
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variables with 15 rows that characterized the studied
genotypes, and 42 columns representing the variables
in their levels (Table 1).

In the third step, the analysis was applied to establish
the association between the variables at their levels
by using the multiple correspondence analyses. This
analysis showed 2,814 observations and 9 variables
(Table 1).

Microsoft Excel software (Microsoft, 2019) was
used in the first step of the analysis and, in the
following steps, the results were obtained through
the development of scripts in the R software (R Core
Team, 2020) for public use, through the M Var version
2.1.3 package (Ossani & Cirillo, 2020).

For post-harvest conservation evaluations, the
experiment was conducted in a completely randomized
design, with three replicates of 100 g fruit of each
genotype (about 10 strawberries). Fruit were harvested
on September 14, 2020, packed in 154x74x57 mm
polyethylene trays, and stored at 2.0+0.1°C in BOD for
10 days.

Evaluations for weight loss and fruit appearance
were performed every two days, during 10 days
of storage. Fruit were weighed for the weight loss
determination on a precision scale (Zenebon et al.,
2008), while fruit appearance was evaluated by a scale
of scores gauged by two evaluators in accordance with
Andrade Junior et al. (2016). Appearance scores were
attributed to fruit to meet marketing conditions, as

Table 1. Characteristics of strawberry fruit according to the
morphological descriptors by UPOV (2012) and classified
by notes.

Characteristic Description

Size 1-very small; 3-small; 5-medium; 7-large; 9-very large.

Form 1-reniform; 3-conical; 5-cordiform; 7-ovoid; 9-cylindri-
cal; 11-rhomboid; 13-obloid; 15-globular; 17-cuneiform.
1-whitish yellow; 3-light orange; 5-medium orange;

Color 7-orange red; 9-medium red; 11-dark red; 13-blackish
red.

Brightness 1-weak; 3-medium; 5-strong.

Position of 1-below the surface; 3-at the same height as the surface;

the achenes  5-on top of the surface.

...................... 1—wh1t15h,3—11ghtpmk, 5-orange red; 7-light red; 9-red
medium; 11-dark red.

i l—mserted 3-at the sz;fﬁe height as the fruit; 5-high.

follows: 3, good; 2, reasonable; and 1, inadequate for
marketing conditions.

Raw data of the evaluations were not transformed,
due to the homogeneity between the replicates. The
results were subjected to the analysis of variance, and
the means were compared by the Scott-Knott’s test, at
5% probability. For quantitative purposes, data were
adjusted to a regression model with the aid of the R
software (R Core Team, 2020).

Results and Discussion

The morphological characteristics — size, shape,
brightness, cavity, color of the fruit, and pulp — were
similar between the commercial cultivars and the
experimental clones, as shown in the descriptive
analysis (Figure 1).

At least 50% of the fruit showed sizes varying from
medium to very large, mainly strawberry 'Albion'
(84.44%), followed by the experimental clones MCAS89
(80.22%), MDAI19 (73.43%) and strawberry 'San
Andreas' (72.32%). The Festival and Dover commercial
cultivars had the lowest percentage of large fruit —
40 and 49%, respectively (Figure 1A). Regarding
the format (Figure 1 B), the genotypes showed a
predominance of conical fruit, except for MCAS9 that
had 22.6% globular fruit, 18.64% of cylindrical fruit,
15.82% of obloid fruit, and the rest distributed among
the other formats.

The color ranged from medium red to dark red
with strong brightness, and small or absent cavity
(Figure 1 C). Considering the pulp color, there was a
predominance of red color; however the MDA22 clone
showed 29.3% of fruit with whitish color.

As to the morphological characterization of the fruit,
there was no significant genetic variability among the
evaluated genotypes (Figure 2). However, variability
was observed within the experimental genotypes and,
to a lesser extent, within the cultivars that are already
commercial, for most of the analyzed characteristics,
evidencing the need for a more accurate selection
process within the experimental clones.

In short, between the genotypes there was a
predominance of conical shaped fruit, with strong
brightness (>71.00) and absence of cavity (>92.00),
external color and fruit pulp ranging from medium to
dark red (=72, 00, and >71.00, respectively), as well
as high percentages of marketable fruit (medium,
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large, and very large sizes), except for the commercial
cultivars Dover and Festival. MCA89 and 'Albion’
stood out for their largest fruit sizes with 80.25% and
84.45%, respectively, considering the attractive sizes
for marketing. Size is the first characteristic of fruit
appearance evaluated by consumers, at the time of
product purchase, followed by general aspects such as
bright red color, brightness, absence of pathogens, and
fruit turgidity (Hasing et al., 2012; Zeist & Resende,
2019).

In addition, the MCA89 genotype stood out for
having some characteristics that set it apart from the
others, such as an achene position below the surface,
more intense pulp color (dark red), the position of the
sepals above the fruit and most fruit in globular shape
(Figure 2). It is noteworthy that in all previous stages of
selection of this breeding program, this experimental
clone has been highlighted by its high commercial
standard (Galvao et al., 2017; Vieira et al., 2017; Souza
et al., 2019).

In the graphical analysis (Figure 3), the coordinates
of the points depict the chi-square distance projected
on the corresponding axis (Silva, 2012). The chi-
square test with 574 degrees of freedom and p-value:
1.0x10°, at 5% probability, indicated that there
was dependence and, consequently, an association
between the variables. The results of this association
were explained in a two-dimensional space, which is
established by the distances between the points that
represent the genotypes (in red) and the points that
represent the analyzed characteristics (in blue). Thus,
the closer the characteristics are to the genotypes, the
more associated they will be. The variation explained
in the first two axes was 58.73% of the sample variation.

Characteristics of the genotypes show at least one
of the morphological characteristics that differentiate
it from the others (Figure 1).

In the results of the simple correspondence analyses
performed between the 15 genotypes and traits, there
was a high similarity between the evaluated genotypes
for the characteristics analyzed, which confirmed by
the point cloud concentrated in the center (Figure 3).
These genotypes show common fruit characteristics
such as conical fruit shape, bright red coloration and
small cavity. However, genotypes that have distanced
themselves from the origin are the least similar in
comparison to the others (Figure 3).

The genotypes MDA22, MOGSC468, MDAI19,
MCA94, and MCAS89, and 'Aromas' and 'Pircinque’
distanced themselves from the center’s genotypes, and
among them, according to specific characteristics.
Thus, the dark red color of the fruit (color 13) and the
large size of the fruit (size 7) were strongly associated
with MDA19. However, the clone MCA94 showed a
strong association with large size (size 7) and medium
red heart color (heart 5); similarly, 'Aromas' and
MDAZ22 genotypes showed the greatest association
with the number of very small fruit (size 1), whitish
pulp color (pulp color 1), white heart color (heart 1)
and inserted sepals (sepals 1); MOGSC468 distanced
from the other genotypes because it was associated
with the absence of fruit with large cavity (cavity 5),
a greater amount of reniform fruit (form 1), and
medium orange coloration (color 5), in relation to the
other genotypes.

The characteristics that separated them were
large fruit size and high sepal insertion (MDA19),
globular shape of fruit, and dark red color of flesh
(MCAR89), high percentage of small fruit (MDA22),
and higher percentage of red-orange fruit (MCA94).
The clone MCAR9 and the cultivar Pircinque were
the most divergent in relation to the other evaluated
genotypes. No genotype was associated with the
characteristics that occupied the margins of the axes.
The level of genetic similarity observed in the present
study corroborates the findings by several authors
(Morales et al., 2011; Gezan et al., 2017; Whitaker
et al.,, 2020). These authors suggest that breeding
programs use common parents, or parents. The
sharing of genetic material among common ancestors
in breeding programs can influence the genetic
similarity between cultivars. In fact, in the present
study, parents used to obtain hybrids have common
ancestors.

The multiple correspondence analysis (MCA) could
be represented in a two-dimensional space, since the
first two components explained 41.43% of the sample
variation (Figure 4). In general, a strong association
is observed between the characteristics positioned
in the center of origin in the graph. Characteristics
such as large and medium cavity (cavity 5 and cavity
3) and reniform shape (form 1) showed a certain
association and, given the distances of the points,
these characteristics — together with those of red
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Figure 2. Morphological aspect of strawberry fruit from commercial cultivars and experimental clones of
strawberry.
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blackish (color 13) and whitish yellow (color 1) — were
distinguished from the other characteristics.

The approximation of the points in the graph
indicates that there is an association between some
characteristics, which may allow indirect selection.
There was a strong association between the external
color of the fruit and the color of the pulp, as well
as between the reniform shape and the presence of a
cavity.

Contrary to what was observed in the present
work, some authors reported that there is no genetic
relationship between the internal and external
color of the fruit (Hernanz et al., 2008), since these
characteristics are governed by different sets of
genes (Deng & Davis, 2001). However, other authors
observed that in addition to the genetic factor, the
cultivation environment, and crop management
impacts on the synthesis of anthocyanins show a direct
relationship between the external and internal colors
of fruit (Blancquaert et al., 2019).

In the present work, the association of simple and
multiple correspondence analyses allowed to highlight
the experimental clones MCA89 and MDA22 that have
their own characteristics which, in turn, also stood
out in other stages of the program for productive and
chemical characters (Vieira et al., 2017; Souza et al.,
2019). Meeting the high expectations of consumers is
a challenge for breeders in the selection of genotypes

1101

o
(=)
L

Weight loss (g)

~
(=
L

50 T T T T T T
0 2 4 6 7 8 10

Days of storage

based on appearance attributes (Zeist & Resende,
2019).

The evaluated genotypes showed a similar behavior
with each other for mass loss over the storage time of
5.60+£1.0, 67%, except for the experimental genotype
MDAZ23 and the cultivar Aromas that showed the
greatest mass loss of mass over the storage period —
14.57%, and 16.78%, respectively (Figure 5). From
the sixth day onwards, a greater mass loss began to
occur in all genotypes, and it was more accentuated in
MCAS9 and less accentuated in MFA443PR.

In the split between genotypes, throughout the
evaluation for storage time and fruit appearance,
fruit were showed good appearance with no
variation between genotypes at the fourth day
(Table 2). On the sixth day of storage, only the
experimental genotypes MDA19, MFA443 and the
commercial cultivar Festival received scores close
to three, which did not differ statistically from
the fourth day. Strawberry 'Dover' also received a
score close to three, but began to differ statistically
from the sixth day. On the tenth day of storage,
only MDAO01(1.83), MDAI19 (2.0), MCAS89 (2.0),
MFA443 (2.0) and 'Dover' (2.17) showed reasonable
appearance according to evaluators, since they
received grades two or above.

Fruit weight loss is an important parameter to
determine the useful life of fresh fruits and vegetables

MDAO1 y=101.06 - 0.66x R*>=90.52 %

MDA19 y=100.14 + 0.77x* - 0.05x R* = 89.08%
y=99.82-1.33x R2=97.53%

y=99.69 + 0.53x - 0.09x> R*=95.11%

y =100 - 0.88x R*=96.40%
y=101.04-0.73x R2=92.15%

MFA443 y=100.26 - 0.47x R? = 90.44%
MOGSC468 y=100.84 - 0.61x R* =92.50%
MFA443PR y = 99.88+0.23x - 0.04x> R?=96.72%
eeccee Albion y=99.47-0.41 R>=80.01%

eceese Aromas y =95.81 - 1.55x R*=80.69 %

Dover y=99.87+0.27x - 0.06x> R>=97.11%
Festival y =100 - 5.81x+4.58x2- 1.34x> + 0.16x*- 0.006x> R>=99.13
Pircinque y = 101.16:0.74x R?=87.30%

San Andreas y =99.87 + 0.46x - 0.11x> R*=99.25%

MDAZ23

MDA22

MCAS89

MCA9%4

Figure 5. Loss of fruit mass of different strawberry genotypes (Fragaria x ananassa) during ten days of storage.
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Table 2. Average score related to the appearance of strawberry fruit (Fragaria x ananassa) from different genotypes in

relation to storage time®,

Genotype Storage days
0 2 6 8 10

MDAO! 3.00aA 3.00aA 3.00aA 2.33bB 2.17aB 1.83aB
MDAI19 3.00aA 3.00aA 3.00aA 2.67aA 2.33aB 2.00aB
MDA22 3.00aA 3.00aA 3.00aA 2.17bB 1.83bB 1.00cB
MDA23 3.00aA 3.00aA 3.00aA 2.17bB 1.67bC 1.33bC
MCAR89 3.00aA 3.00aA 3.00aA 2.33bB 2.17aB 2.00aB
MCA%4 3.00aA 3.00aA 3.00aA 2.33bB 1.83bC 1.33bD
MFA443 3.00aA 3.00aA 3.00aA 2.67aA 2.50aB 2.00aC
MOGSC468 3.00aA 3.00aA 3.00aA 2.00bB 1.67bB 1.00cC
MFA443PR 3.00aA 3.00aA 3.00aA 2.00bB 1.67bC 1.33bC
Albion 3.00aA 3.00aA 3.00aA 2.67bB 2.50aB 1.83aC
Aromas 3.00aA 3.00aA 3.00aA 2.33bB 2.17aB 1.33bC
Dover 3.00aA 3.00aA 3.00aA 2.50aB 2.33aB 2.17aB
Festival 3.00aA 3.00aA 3.00aA 2.67aA 2.00bB 1.67aB
Pircinque 3.00aA 3.00aA 3.00aA 2.17bB 1.83bB 1.50bC
San Andreas 3.00aA 3.00aA 3.00aA 2.33bB 2.17aB 1.50bC
CV (%) 10.02

(MMeans followed by equal lowercase letters, in the columns, and uppercase letters, in the lines, do not differ by Scott-Knott’s test, at 5% probability.

because not only it is responsible for the deterioration
of the visual appearance, but also for changes in
texture, flavor, and nutritional value, therefore, it is an
important factor in the definition of quality (Brasil &
Siddiqui, 2018).

In the present work, weight loss was 5.60+1.67%
for most genotypes after ten days of storage. These
results are in line with those obtained by other
authors. The total weight loss of the harvest at the
7™ day of storage, analyzed in two consecutive years
of the strawberry 'Festival', varied from 7.2% (90%
RH) to 19% (40% RH) in the first year, and from
5.7% (90% RH) to 15.5% (40% RH) in the second
year (Ktenioudaki et al., 2019), and from 4.5%
for the 'Parous' (Hosseinifarahi et al., 2020). The
latter author emphasizes that the loss of mass in
strawberry fruit is due to high rates of respiration and
perspiration because of this fruit does not have waxy
substances in the outer skin. Several authors agree
that the maximum mass loss that is commercially
acceptable for strawberries should be lower than 6%,
before becoming unacceptable for commercialization
(Brasil & Siddiqui, 2018), and the loss of fresh
weight above 10% is an indicator of loss of quality in
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strawberries (Mirahmadi et al., 2011), which causes
the rejection of the fruit by consumers. In the present
study, most of the genotypes showed a loss of mass of
less than 6% during the entire storage period, except
for MDA23 and 'Aromas'.

Conclusions

1. The evaluated genotypes show high similarity to
one another for the morphological characterization.

2. The clone MCARS9 and the cultivar Pircinque are
the most divergent in comparison to the other evaluated
genotypes.

3. There is an association between the characteristics
large cavity, reniform shape, and medium cavity,
which contributes for indirect selection of desirable
characters.

4.0n the tenth day of storage, the genotypes
MDAO1, MDA19, MCA89, MFA443 and 'Dover' still
show acceptable conditions for marketing.
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