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Abstract: In strawberry production, the combination of high productive performance and fruits
with desirable physicochemical characteristics requires the use of plants of good quality and high
initial vigor. This study aimed to evaluate the effect of plants with different crown diameters on the
productive performance and fruit quality of strawberry plants of the cultivar 'Pircinque.’ The study
was conducted in two evaluation cycles (2016/2017 and 2017/2018). The experimental design was in
randomized blocks, with four repetitions, and plots consisting of 20 plants. This study evaluated
the crown diameters of plants of 5, 7, 9, 11, 13, 15, 17, and 19 mm. The productivity and number of
fruit values increased significantly with larger caliber plants, which also provided precocity of
productivity. The use of more vigorous plants also favored the production of fruits with higher
soluble solids / titratable acidity ratios and with epidermis coloration closer to intense red. For the
cultivar Pircinque’, the plant crown diameters between 15 and 17 mm are the most favorable
because they condition the best productive performances in combination with precocity and good
fruit quality.
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1. Introduction

Due to its fruit's qualitative and attractive characteristics, mainly aroma, flavor, coloration, and
crispness, and also due to the high presence of functional compounds, especially polyphenols,
anthocyanins, vitamin C, and ellagic acid, strawberry (Fragaria X ananassa Duchesne) is a fruit highly
appreciated by consumers [1,2]. In this context, within small fruits, the strawberry tree is the main
species cultivated worldwide. In 2018, approximately 8.3 million tons were produced in a cultivated
area of 372.3 thousand hectares. China, Poland, Russia, the United States, Turkey, Mexico, and
Germany were the leading producers in the World [3]. Despite not being considered an important
strawberries producer, Brazil is the leading producer of this fruit in South America [4]. In 2019,
approximately 4,500 hectares of strawberries were cultivated in Brazil, generating 165 thousand tons
and average productivity of 36.6 tons per hectare [5].

The strawberries' production in Brazil has great importance to social and economic. The last few
years have incorporated technologies that promote fruits of better quality and export potential to
foreign markets. In addition to the high economic return and the various ways in which the
transformation is permitted to do with the fruit, the cultivation of the strawberry is found growing
in almost all Brazilian territory, mainly in the states of Minas Gerais, Parana, the Rio Grande do Sul,
Sao Paulo, Brasilia, Espirito Santo, States of Bahia and Santa Catarina) [5,6,7,8].
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More than 300 million strawberry plants are needed annually to meet producers' demand. Of
this demand, approximately 70% of the plants are produced in Brazil (bare-root fresh plants), and
approximately 30% are imported (frigo plant) from Argentina, Chile, and Spain [5, 7]. However,
most of the strawberry plants produced in Brazil lack sanitary and physiological quality, and the
nurseries in this sector need more significant technological innovation and a more professional
approach. In this sense, the supply of different plants, especially plants with high vigor,
physiological and sanitary quality, become necessary improvements to meet strawberry producers'
demand.

In Brazil, the plant is indicated as one of the principal investments in implementing a
strawberry crop. However, it is a critical factor for the success of cultivation since it is directly related
to the fruits' qualitative characteristics. Above all, it is related to the agronomic aspects, especially
concerning the size and quantity of fruits harvested. Thus, plants are considered the starting point
for both crops and producers' success [9, 10]. The prerequisites are high indices of vigor,
physiological and phytosanitary quality, and the capability to promote a high survival rate and
vegetative growth after planting [11, 12, and 13].

The strawberry plants vigor can be affected by several factors, being the initial diameter of the
crown one of the essential variables for the development of the plant, and is directly related to the
accumulation and levels of carbohydrates. They alter the productive characteristics, precocity, and
seasonality of production [11, 13]. Some studies indicate that crown diameters above 5.1 mm would
be sufficient to increase the successful healing rate of plants after planting [11], and crown diameters
above 8.8 mm allow positive effects for initial and total fruit production [14]. Other studies also
indicate positive correlations between plant crown diameter and total fruit production [15, 16, 17]
and indicate that vigorous plants are associated with early production [18,19]. It is also emphasized
that strawberry cultivars can behave differently in adverse conditions. It is essential to determine a
minimum and maximum crown diameter standard for different cultivars, aiming to direct
producers and nurseries to success in their activities.

Given the above, it is essential for the development and growth of the strawberry production
chain in Brazil that studies remedy deficiencies concerning quality standards of bare-root fresh
plants produced in the country as well as the crown diameter ranges are determined so that higher
productive and qualitative indices of fruits can be achieved.

Thus, the purpose of this study was to evaluate the effect of different crown diameters of
strawberry plants on the production and quality variables of the fruits of the cultivar Pircinque,
cultivated in the mountain region of the state of Santa Catarina, Brazil.

2. Materials and Methods

2.1 Plant Material and Experimental Design

The experiment was conducted during the agricultural harvests (2016-2017 and 2017-2018) at
the Center of Agroveterinary Sciences of the State University of Santa Catarina (CAV-UDESC),
located in the city of Lages, mountain region of the state of Santa Catarina, Brazil. The experimental
area is located at the coordinates of 27°47' south latitude and 50°18' west longitude, and an altitude
of 923 meters above sea level. According to the Koppen classification, the city of Lages has a humid
subtropical mesothermal climate (Cfb) with moderate summers and winters with a high incidence of
frosts, having an average annual temperature of 15.6 °C, and an average annual rainfall of 1,400 mm,
well distributed throughout the year [20]. The local soil is classified as Haplumbrept [21].

The strawberry plants of the type "bare-root fresh plants " of the cultivar Pircinque (Short Day)
were classified according to the crown diameters (5mm, 7mm, 9mm, 11mm, 13mm, 15mm, 17mm,
and 19 mm), and thus constituted the eight treatments evaluated. The plants were produced by a
commercial nursery located in the city of Sdo Francisco de Paula (29°06's, 50°50' W, and 900 meters of
altitude), State of Rio Grande do Sul, Brazil. The experimental design was in randomized blocks,
with four repetitions, and an experimental unit consisting of 20 useful plants. Conventional
cultivation was carried out in the soil, in a micro tunnel system. Soil correction and basic fertilization
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were based on the recommendations for Strawberry culture in the Manual of fertilization and
Liming for the state of Santa Catarina [22], adjusting the soil pH to 6.0.

After the stage of fertilizers' incorporation into the soil, the beds were prepared with the aid of a
rotating Enchantress hoe, building beds 0.90 m wide, 0.25 m high. Subsequently, three localized
irrigation lines with drippers spaced by 0.15 m were installed at each plot. The beds were coated
with black polyethylene film with 30 microns thickness and a micro tunnel covering system, using a
transparent polyethylene film of 100 microns thickness [23]. The cultivation technique used in the
research is still the most used productive model by Brazilian strawberry producers [7]. The planting
spacing was 30 cm between rows and plants, totaling a density of 60 thousand plants per hectare.

Planting of plants was in the second half of April of each cycle. Daily activities were carried out
to open and close the low tunnels to control the plants' temperature, humidity, and foliar wetting.
Fertilization via irrigation (fertigation) was carried out 3 times a week, providing the following
products: calcium nitrate [Ca(NOs)2] (9,92 100 g plant?); magnesium sulfate (MgSOs) (4,55 100 g
plant?); potassium sulfate (K2504) (31,25 100 g plant!); monoammonium phosphate (MAP), (38,74
100 g plant?), and P-51 (fertilizer, a liquid containing approximately 51% of the soil (up 7.3 ml 100
plants?). The harvests were carried out from September to January of each year and carried out
every 3 to 5 days. The fruits were harvested during the day's cooler hours, and when 80% of the fruit
epidermis was uniform red in color. Climatic data relating to temperature (°C), relative humidity
(%), and precipitation (mm) were monitored through the meteorological station of the National
Institute of Meteorology [24].

2.2 Analyzed Variables

2.2.1Productive Parameters

All the fruits of each plot and treatment were harvested. It was possible to estimate the variable
number of fruits per plant (un Plant') by dividing the total number of fruits harvested by the
number of plants present in each experimental unit. The total production (g plant!) was obtained by
dividing the total weight of the fruits harvested by the number of plants contained in the plot [25].
The fresh mass per fruit (g fruit!) was obtained by dividing the commercial production, in grams per
plant, by the number of commercial fruits in each experimental unit. The percentage of commercial
production (%) was estimated by dividing, in each parcel, commercial production by total
production, and then multiplying the results by 100. For commercial production, they were
considered fruits without any anomalies (considered symptoms of rot and deformity) and fruits
with a fresh mass equal to or greater than 10 g [25]. All weighing measurements were carried out
with a precision digital scale (0.01 g), certified by the National Institute of Metrology, Quality, and
Technology (INMETRO) [26].

2.2.2 Qualitative Parameters

For the variables of fruit quality, they grouped uniform samples of 10 fruits per plot. Fruit
quality analyses were performed four times during the production cycles. The coloration parameters
of the fruit epidermis were obtained through a digital countertop colorimeter by Konica
Minolta®brand. For each fruit, two readings were performed on opposite sides of the equatorial
region. By colorimetric, the variables of lightness (L), which is provided by a scale of 0 to 100,
ranging from low to high of the darker colors to lighter colors; the Chroma (C), which indicates the
epidermis' purity or saturation of the color, which can range from 0 to 60, ranging in the ascending

order of the colors, the less saturated, the more saturated; and the hue angle (°hue), which sets the
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tone of the skin, ranging from 0 to 360, in which the lowest values correspond to tones closest to
deep red, and higher values for tones closer to red-orange.

The pulp firmness was obtained with a digital countertop penetrometer (Texture Analyser
TA.T.plus), with 6.0 mm diameter tips. For each fruit, two readings were performed on opposite
sides of the equatorial region. The results were expressed in Newton force needed to break through
the fruit epidermis. Titratable acidity was obtained with an automatic titrator (TITRONIC®). For
each experimental unit, a sample of 5 mL of fruit juice was diluted in 45 mL of distilled water,
followed by titration with 0.1 M NaOH solution, until PH 8.1 was obtained. The results were
expressed as a percentage of citric acid per 100 g of fresh fruit mass. The soluble solids content was
determined using a digital countertop refractometer (Atago PR-101A, with automatic temperature
correction). For this purpose, samples of 20 mL of fruit juice from each plot were used. The results
Iwere expressed in degrees Brix (°Brix). The soluble solids / titratable acidity ratio was calculated by

dividing the soluble solids content results by the titratable acidity of each plot.

2.3 Statistical Analysis

The resulting data were submitted to the analysis of variance (ANOVA) by the F test, and in
the cases of significance, quadratic polynomial regression analysis was performed. To better
understand the relationship between the variables analyzed concerning the different crown
diameters of the evaluated plants, the averages were submitted to the Principal Component Analysis
(PCA) multivariate procedure [27]. The study also analyzed the productive seasonality by dividing
the total production (g plant?) by the harvest months in each treatment. In this procedure, the
different plant crown diameters and harvest months were compared all against all, in a factorial
scheme, using analysis of variance and the Scott-Knott test for grouping means, at 5% of error

probability. All statistical analyses were performed using R software [28].

3. Results and Discussion

For the two years of evaluation (2016/2017 and 2017/2018), significant polynomial
regressions adjustments were verified for all evaluated variables.

A significant effect was observed for the different plant crown diameters in both harvests
regarding the productive yield parameters. Regarding the number of fruits per plant, the plants'
increase in the crown diameter resulted in increments for this variable, which were adjusted in
quadratic models in both crop cycles (Figure 1A). In the 2016/2017 harvest, the largest number of
fruits per plant (more than 40 fruits) was obtained with the largest crown diameter (19 mm);
therefore, it is impossible to estimate the curve's maximum point. In the 2017/2018 agricultural cycle,
a maximum point of approximately 60 plant fruits was obtained for the crown diameter of 15.8
mm. In both production cycles, total production per plant increased quadratically with the plants’
crown diameter (Figure 1B). The highest averages for total production were obtained with the
largest evaluated crown diameter, 19 mm being 650 g plant for the 2016/2017 harvest, and 815 g
plant? in the 2017/2018 harvest. It is possible to find a minimum point indicating that significant
results require crown diameters greater than 14.0 mm and 12.2 mm for the respective harvests.

The increase in the number of fruits and the highest product performance in this study
(Figure 1a), with the increase in plant crown diameters, has already been obtained by other authors,
who have verified an increase in the number of fruits in strawberry plants using plants with crown

diameter between 15 and 17 mm [29]. One of the principal explanations is that larger diameter
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plants, besides having a higher amount of energy reserve in the form of starch, have a high number
of buds capable of differentiating in flowers and fruits [14], resulting in increases in the number of
fruits per plant and total production. These authors also verified higher productive yields in two
evaluation cycles for plants with a larger crown diameter (>10 mm) than plants with smaller crown
diameter, corresponding to 18% and 27% increment, for the first and second harvests, respectively.
They also verified a 17% increase in total production in plants with a diameter between 10 and 17
mm, compared to plants with less than 10 mm in diameter [12]. With larger plants, there is an

increase in the plant's biomass, which favors its photosynthetic machinery [30].
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Figure 1. The number of fruits per plant (A) and the total production (B) of strawberry plants cv.
"Pircinque,’ according to different plant crown diameters (5, 7, 9, 11, 13, 15, 17, and 19 mm) in the
2016/2017 and 2017/2018 production cycles.

The higher accumulation of biomass in plants is related to a higher density of foliage, which
raises the productive capacity to a limited extent. When the optimal leaf area index is reached, the
plant's ability to intercept light energy is favored, thus increasing organic compounds' production
through photosynthesis, resulting in increased production [31]. Besides, larger strawberry plants
also result in plants with a more vigorous root system, allowing higher absorption of water and
nutrients by plants [32], which also benefits their production yield.

The crowns have the function of regulating the metabolic activities of strawberry plants [33].
They are also the plant's main energy storage organ by accumulating reserve substances inside,
notably starch [34]. Thus, the use of vigorous plants is an advantage, mainly during the initial
fruiting period, since part of the initial production is dependent on the accumulation of reserves in
the crown during the plants’ development [12,14]. The crowns' number and diameter also serve as
parameters for estimating strawberry plants' production [35].

In the 2016/2017 cycle, there was an increase in the average mass of commercial fruits, with
positive quadratic behavior and a maximum point of 21.43 g fruit?, obtained in the plant crown
diameter of 11.8 mm (Figure 2A). In the 2017/2018 harvest, there was a small decrease in the fresh
mass of commercial fruits using more vigorous plants, estimated at a minimum point of 17.75 g
fruit, for the diameter of 15.9 mm. The sharpest decrease in fresh fruit mass in the 2016/2017 cycle,
after the maximum point, may be related to the increase in the number of fruits, leading to an
increase in competition among fruits by assimilates, resulting in a reduction in its average mass [36].

The percentage of commercial production had a small variation between the different

treatments. However, there was a significant difference between them (Figure 2A). In both harvests,
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positive quadratic curves were obtained for this variable. However, in the 2016/2017 harvest,
commercial fruit production amount was higher than the 2017/2018 harvest. That is possibly due to
the higher number of fruits per plant obtained in the 2017/2018 cycle, which resulted in higher
production of fruits below commercial standard, 10 g per fruit, due to the need to distribute the
assimilates to a larger number of fruits. The maximum percentage of commercial production was
obtained with the diameters of 12.06 mm for 2016/2017 and 12.16 mm for 2017/2018, these values
representing 91.8% and 79.7%, respectively.
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Figure 2. The response of fresh fruit mass (A) and percentage of production classified as commercial
(B) of strawberry plants cv. Pircinque,' depending on different plant crown diameters(5, 7, 9, 11, 13,
15,17, and 19 mm) in the production cycles 2016/2017 and 2017/2018.

In other studies, they also reported productivity increases followed by a decrease in the
average mass of fruits with the use of more vigorous strawberry plants, with an increase in the
number of fruits and yield, but without an increase in the average weight of fruits with the use of
bare-root plants of diameter above 10 mm [14].

In the 2016/2017 harvest, the percentage of commercial fruits increased with more vigorous
plants, up to a crown diameter of 12.5 mm, with an estimated 92% of commercial production (Figure
2B). In the 2017/2018 cycle, the maximum value for this variable was estimated at 79% for the plant
diameter of 12 mm. The commercial production percentage suffered small reductions from the
crown diameter of 15 mm and higher due to increased fruits' production with less than 10 g in both
harvests. The use of more vigorous strawberry plants usually results in plants with less stress,
making them less susceptible to attacks by pathogens [30]. The crown diameter is one of the main
parameters of plant quality [12], and plants with high physiological quality lead to high commercial
fruit yields [32].

Regarding the fruit quality parameters, decreases in titratable acidity were observed using
plants with a larger crown diameter for the two harvests that were part of this study. The curves
were aligned to quadratic models (Figure 3A). In the 2016/2017 harvest, the minimum value was
obtained in the diameter of 14 mm, with an estimated value of 0.54% citric acid. In the 2017/2018
agricultural cycle, the use of more vigorous plants also resulted in a decrease in titratable acidity, but
less pronounced, with a minimum value in the 13.8 mm diameter (0.58% citric acid). The titratable
acidity, together with the sugar content, makes up the taste of the fruits. However, when acidity is
high, the sugar content must be as well as no compromise in consumers' fruits' taste and acceptance
[37]. Therefore, for the market acceptance regarding the taste, a balance in the soluble solids/

titratable acidity ratio is necessary. In the 2016/2017 harvest, there was a reduction in acidity values
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with the crown diameters increase and a simultaneous increase in soluble solids (Figure 3B),
increasing the soluble solids/titratable acidity ratio (Figure 4A). Thus, in this harvest, the fruits

were tastier due to increased sugar levels, resulting in sweeter fruits.
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Figure 3. The titratable acidity (A) and Total soluble solids content (B) in the fruits of strawberry
plants cv. 'Pircinque’, depending on different crown diameters of the plants (5,7, 9, 11, 13, 15, 17, and
19 mm) during the 2016/2017 and 2017/2018 production cycles.

For the soluble solids content, quadratic increases were observed using larger plants but
with different intensities on both analyzed harvests (Figure 3B). In the 2016/2017 production cycle,
the maximum estimate for sugar concentration (9.2 ° Brix) was obtained in the diameter of 17.9 mm.
In the 2017/2018 harvest, the maximum content of soluble solids (9.3 ° Brix) was obtained with the
plant diameter of 11.6 mm. The soluble sugar content in fruits is due to several polysaccharides from
the photosynthesis process, mainly glucose, fructose, and sucrose. During the fruit ripening, the
production and concentrations of these compounds increase, and the reserve starch is converted into
simple carbohydrates, soluble in water [38]. That is the possible explanation that more vigorous
plants resulted in sweeter fruits in the present study. That highlights the importance of having
plants with excellent physiological quality and high crown caliber, richer in carbohydrates reserve
[13].

As for the soluble solids/titratable acidity ratio, there were also significant effects due to the
different plant sizes, with positive quadratic behavior in both crops (Figure 4A). In the 2016/2017
cycle, the maximum value for this variable (16.4) was found in the plant crown diameter of 15 mm
(Figure 4A). In the 2017/2018 harvest, the maximum value (16.5) was obtained for the plant diameter
of 11.6 mm. In this cycle, the soluble solids/titratable acidity ratio averages were lower than in the
2016/2017 cycle. That happened because, in the 2017/2018 harvest, both the reduction in titratable
acidity and the increase in sugar content in fruits, resulting from the use of more vigorous plants,
occurred at lower intensities when compared to the 2016/2017 cycle (Figures 3 A and B). Thus there

were lower estimates of the soluble solids/titratable acidity ratio (Figures 4 A).
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Figure 4. The response of the ratio between the content of soluble solids (TSS) by titratable acidity (A)
and pulp firmness (B) of the fruits of strawberry plants cv. 'Pircinque’, depending on different crown
diameters of the plants (5, 7, 9, 11, 13, 15, 17, and 19 mm) during the 2016/2017 and 2017/2018
production cycles.

The soluble solids / titratable acidity ratio is one of the most important fruit quality
parameters. It allows us to verify the existing balance between the concentration of sugars and
acidity, making this parameter more representative than the isolated estimates of titratable acidity
and soluble solids content [39].

For the fruit pulp's firmness, there was also a significant effect provided by the use of plants
with different crown diameters, and quadratic regression curves were obtained for both crop cycles
(Figure 4 B). In the 2016/2017 harvest, there was an increase in pulp firmness values, up to the
estimated average of 5.86 N, corresponding to the crown diameter of 10.5 mm. However, in crown
diameters above 13 mm, a sharp decrease in the averages was obtained for this variable, reaching
4.74 N for the largest crown diameter evaluated (19 mm). In the 2017/2018 cycle, the regression curve
obtained resulted in a minimum value of 5.35 N for the plant crown diameter of 15 mm. In this
harvest, the oscillation in fruit pulp's firmness averages provided by the different crown diameters
of the plants was much lower than in the previous cycle.

In strawberry production, the fruits' pulp firmness is one of the most relevant characteristics
to take into account. Fruits with firmer pulp are usually better accepted by consumers, more
resistant to transport, have a longer shelf life after harvest [40], and are more resistant to rot caused
by pathogens [36]. That requires combining the fruits' taste attributes (balance between sweetness
and acidity) with appropriate pulp firmness values to ensure the marketing and maintenance of the
fruits' quality for the longest possible period at post-harvest.

Three variables, considered separately, evaluated the epidermis coloration. Both production
cycles (2016/2017-2017/2018) showed similar behavior. For the variable luminosity of epidermis
(figure 5A), a greater luminosity was observed in the fruit of plants with a crown diameter of 5mm
and 7mm, (> 40.0). Plants with a crown diameter of 13mm generated lower luminosity values,
between 38.6 and 39.2. The luminosity ranges from 0 to 100, from darker colors (smaller values) to

lighter colors (larger values).
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Figure 5. The response of the parameters related to fruit's epidermis coloration, represented by the
values of Luminosity (A), Chroma (B), and the skin color (°hue) (C) in strawberry plants cv.
'Pircinque’, depending on different plant crown diameters (5, 7, 9, 11, 13, 15, 17, and 19 mm) in the
2016/2017 and 2017/2018 production cycles.

For the variable Chroma or epidermis' color saturation (figure 5B), higher averages were
observed in fruits from plants with crown diameter between 5 and 9 mm, with averages higher than
49.0, that is, epidermis with purer or saturated color. Lower chroma averages were found in the
fruits from plants with crown diameters between 15 and 19 mm (averages between 48.0 and 48.5). As
for the hue angle (figure 5C), which determines the epidermis' color tone, the highest values were
found in fruits produced from plants with a diameter of 5mm, with an average of 36.4 in the first
production cycle (2016/2017), and 36.0 in the second (2017/2018). In fruits from plants with a
diameter of 13mm, the lowest hue angle values were observed (33.8 in the first production cycle and
33.6 in the second cycle).

Considering the three variables of coloration all together, it is possible to observe that in the
fruits that have the lightest epidermis, with the highest luminosity averages, the saturation was also
higher, that is, a more vivid color, and also the shade closer to the light red or orange. The external
epidermis' color of strawberry fruits is one factor that most influences the consumers' purchase
intention and fruits with more intense, bright red coloration and free of defects tend to be more

desirable in the in natura consumer market [37].
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Pigments belonging to the anthocyanin group are responsible for the red color in strawberry
fruits [41]. The main anthocyanins in strawberry fruits are pelargonidin 3-glucoside and cyanidin
3-rutinoside, the former in higher concentration [42].

In the principal components analysis (Figure 6), the first two components represented 92.2%
of the variation obtained, 63.8% in Axis 1, and 28.4% in Axis 2, allowing the treatments' graphical
dispersion and variables analyzed in a two-dimensional graph (Figure 6). The main component 1
was related to the variables soluble solids / titratable acidity ratio, soluble solids content, number of
fruits per plant, hue angle of the fruit epidermis, chroma, luminosity, total production, and titratable
acidity (Figures 6 and 7). Plant crown diameters of 17 and 19 mm were the most correlated with the
total production and number of fruits per plant (Figure 6). The 15 mm treatment, in turn, was closely
related to the soluble solids content and the soluble solids/titratable acidity ratio. On the other hand,
the smaller crown diameters evaluated (5 and 7 mm) were related to higher titratable acidity values,

luminosity, chroma, and hue angle.

PCA - Biplot
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. v
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Figure 6. Principal component analysis for the variables in a study concerning the effect of bare-root
plants with different crown diameters (5, 7, 9, 11, 13, 15, 17, and 19 mm) on production and fruit
quality parameters of strawberry plants cv. Pircinque. Caption: FP = fruits per plant. TP = Total
production. FM = fresh mass. % CP = commercial percentage. SS = content of soluble solids. FR =
firmness. TA = titratable acidity. RT = soluble solids/titratable acidity ratio. LM = epidermis
luminosity. CR = epidermis chroma. H = epidermis hue angle.
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On the other hand, the variables commercial fruits' average mass, percentage of commercial
production, and pulp firmness were responsible for most of the variation present in the Main
Component 2 (Figures 6 and 7). Plant crown diameters of 9, 11, and 13 mm were the treatments most

closely related to these variables (Figure 6).

Scree plot i pi -
63.8% ML R -
L
- @
dss
™ @
) 44
FM
[
g %CP . 1
@
5 40-
o FR . Grss
()
<
IS
g TA . dlas
]
%
8 SS i/ T
=
Q
o
0 20-
& il . af29
" @
qo
- @
X
@
& o

Dimensions

Figure 7. Decompose principal component analysis for the variables in a study concerning the effect
of bare-root plants with different crown diameters (5, 7, 9, 11, 13, 15, 17, and 19 mm) on production
and fruit quality parameters of strawberry plants cv. Pircinque. Caption: FP = fruits per plant. TP =
Total production. FM = fresh mass. % CP = commercial percentage. SS = content of soluble solids. FR
= firmness. TA = titratable acidity. RT = soluble solids/titratable acidity ratio. LM = epidermis
luminosity. CR = epidermis chroma. H = epidermis hue angle.

In a general approach to the Analysis of the Main Components, it is possible to affirm that
the plant crown diameters from 15 to 17 mm were closely related to the most important agronomic
characteristics for the strawberry crop (productivity, soluble solids/acidity ratio, and pulp firmness).
The plants with the largest evaluated crown diameter (19 mm) were related to the highest yields in
the two evaluation cycles and high ratios between soluble solids content and titratable acidity.
However, the sharp drop in the pulp firmness values occurred in the 2016/2017 harvest, when plants
with 19 mm crown diameter were used (Figure 4 B), suggests that new studies need to be carried out
to investigate the feasibility of using plants with this caliber, to the cultivar 'Pircinque'.

As a multivariate analysis modality, the Analysis of Main Components is a handy tool in
agricultural research concerning identifying the most recommended treatments, taking into account

the largest number of possible variables [43]. Thus, this type of analysis often supports more precise
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conclusions approximately a research's result than the exclusive use of univariate analyzes, which
often leave doubts approximately the most effective treatments measurement [44]. That can be
especially important in the case of a crop such as strawberry, in which the yield and fruit quality

parameters are equally relevant [36,40].

The use of plants of different calibers provided different results for the seasonality of the
strawberry plants cv. Pircinque’ total production, in both harvests studied. There was an interaction
between plant crown diameters and harvest months (Tables 1 and 2). In the 2016/2017 cycle, the
largest productions occurred in November for most of the treatments evaluated (Table 1). Exceptions
were the plant crown diameter of 7 mm, with the largest yields in November and December, with no
significant difference between these months, and the diameter of 19 mm, with the highest averages
in October, November, and December. In the 2017/2018 cycle, the highest total productions were
obtained in October for most of the treatments evaluated (Table 2). The exception was the crown
diameter of 5 mm, with the highest production in November.

Table 1. Productive seasonality of strawberry plants cv. Pircinque’, from plants with different crown
diameters, in the agricultural cycle of 2016/2017

Treatment SET OCT NOV DEC JAN Average
05 mm 7.0 dD* 53.8 cD 132.7 aB 92.6 bC 85.9 bA 744
07 mm 6.8 cD 87.8bC 158.6 aB 129.1 aB 66.3 bA 89.7
09 mm 16.6 eC 93.4 cC 178.0 aA 135.0bB 66.3 dA 97.9
11 mm 24.7 dC 105.3 bC 195.8 aA 111.9bC 70.2 cA 101.6
13 mm 32.0¢B 139.6 bB 184.1 aA 109.2 bC 49.3 cA 102.8
15 mm 41.9 cB 128.9bB 182.9 aA 133.0bB 53.5 cA 108.0
17 mm 49.3 cA 136.0 bB 185.2 aA 1259bB 56.4 cA 110.6
19 mm 62.5bA 203.5aA 187.6 aA 171.5 aA 62.7 bA 137.6

Average 30.1 118.5 175.6 126.0 63.8
Ccv 11.21

* Averages followed by the same lowercase letters in the rows, and uppercase letters in the columns,
belong to the same group by the Scott-Knott Test, at 5% error probability.

Table 2. Productive seasonality of strawberry plants cv. Pircinque’, from plants with
different crown diameters, in the agricultural cycle of 2016/2017

Treatment SET OCT NOV DEC JAN Average
05 mm 23.7dB*  144.6bC  199.2aA  1455bA  79.3cA 118.5
07 mm 36.9 dB 2221aA  1755bA  148.6bA  68.1cA 130.2
09 mm 58.6 cA 202.1aB  125.0bA  1523bA  63.8cA 120.3
11 mm 59.1 cA 242.7aA  1724bA  156.9bA  56.6 cA 137.5
13 mm 65.4 cA 241.8aA 1726 bA  1529bA 663 cA 139.8
15 mm 78.0 cA 271.0aA  1874bA  1826bA  67.1cA 157.2
17 mm 64.0 cA 288.0aA  1635bA  1839bA  704cA 154.0
19 mm 86.4 cA 298.0aA  177.7bA  1884bA  719cA 164.5

Average 59.0 238.8 171.7 163.9 67.9
Ccv 12.06

* Averages followed by the same lowercase letters in the rows, and uppercase letters in the columns,
belong to the same group by the Scott-Knott Test, at 5% error probability.
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Taking into account the influence of plant crown diameters within each harvest month, it was
found that, in the two harvests studied, the use of more vigorous plants resulted in higher precocity
in the productive phase, that is, significantly higher yields compared to smaller diameter plants at
the beginning of each harvest (tables 1 and 2). In the 2016/2017 cycle, for example, for the first month
of harvest (September), the yields with crown diameters of 17 and 19 mm were significantly higher
than the other plant sizes. In October 2016, the largest diameter plants (19 mm) provided the most
significant results, differing from other treatments. On the other hand, in November of that year,
there was no significant influence of the plant sizes on the production averages, while in December,
the crown diameter of 19 mm resulted in the largest productions. In January, corresponding to the
final phase of the productive period, the different plant sizes provided similar productivity results.

In the 2017/2018 harvest, for the first month of the harvest (September), the use of plants with a
crown diameter of 9 mm or higher provided higher production averages than smaller plants (5 and 7
mm). In the second month of that harvest (October), plants with any crown diameter from 7 mm
resulted in higher yields than plants with a crown diameter of 5 mm. On the other hand, in
November, December, and January, the caliber had no significant influence on the total production.

When analyzing both harvests together regarding productive seasonality, one of the most
important results was that larger caliber plants favored higher yields in the first two months of each
harvest, namely, higher productive precocity. The early production of fruits in the strawberry tree is
directly correlated to the plant quality at planting [32]. Among the factors related to the quality of
the plants that most influence the strawberry tree's production and precocity, the crow diameter, the
mass of the aerial part, the quality and volume of the root system stand out [45]. In plants with a
smaller crown diameter, the peak production is later compared with plants with a larger diameter.

4. Conclusions

Plants with large crown diameters provide superior results regarding the productive
performance of strawberry plants cv. 'Pircinque', and improve the quality of the harvested fruits,
compared to less vigorous plants.

For the strawberry cultivar 'Pircinque’, it is recommended to use plants with a crown diameter
greater than 9 mm, and avoid plants with diameter.

The use of plants with crow diameters of 15 and 17 mm leads to higher yields, precocity, and
high physical-chemical quality of the fruits.
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