Doi: https://doi.org/10.17584/rcch.2021v15i3.12601

Application of prohexadione calcium in strawberry
seedlings cv. Pircinque

Aplicacion de prohexadiona de calcio en plantulas
de fresa cv. Pircinque

ZULMA PAOLA MOLANO'®
LEO RUFATO'

DIEGO MIRANDA?
ANTONIO FELIPPE FAGUERAZZI'
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ABSTRACT

In Brazil, strawberry production depends on the importation of seedlings from different countries, with va-
riable levels of adaptation, different cold requirements, and high costs. The national production of seedlings
with good genetic, physiological and phytosanitary quality is a viable alternative for Brazilian strawberry
producers. The objective was to evaluate the effect of applications with different concentrations and timing
using calcium prohexadione (ProCa) (growth retardant in various cultivated species) on magnitude changes
in propagation structures, growth and development of strawberry seedlings cv. Pircinque, productive beha-
vior, and fruit quality. This experiment was carried out in the Agricultural Sciences Center of the Santa Cata-
rina State University (CAV-UDESC) in Lages / SC (Brazil), with a 5 x 2 factorial design, five concentrations
of prohexadione calcium (0, 100, 200, 300 and 400 mg L"), and two application schedules (20 and 30 days
after planting the rooting stolon). In the seedlings, the following were evaluated: number of leaves, crown
diameter, seedling height, and leaf area. The parameters evaluated in the strawberry plants were: number
of fruits per plant, average fruit weight, total fruit weight, and dry weight of leaves and crowns during the
2019/2020 cycle. Additionally, firmness, total soluble solids (TSS), titratable acidity (TA), and ratio were
evaluated. Applying ProCa significantly reduced vegetative growth and increased physiological responses in
the ‘Pircinque’ strawberry seedlings, such as leaf area and height for both application periods. On the other
hand, the ProCa concentrations did not influence the number of fruits, fruit mass per plant, or fruit quality
parameters, with the exception of firmness, which was favored by the 400 mg L concentration. The results
were related to the application timing, where, at 20 DAT, the highest values of the morphological variables
in the seedlings and plants were observed. On the contrary, applications at 30 DAT decreased the number of
commercial fruits per plant.
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RESUMEN

En Brasil, la produccién de fresas estd condicionada por la importacién de plantulas de diferentes paises, con niveles
de adaptacién variables, diferentes requerimientos de frio y altos costos del material introducido. La produccién na-
cional de plantulas de buena calidad genética, fisiolégica y fitosanitaria, se constituye en una alternativa viable para
los productores brasileros dedicados a esta actividad. El objetivo de este trabajo fue evaluar el efecto de la aplicacién
de diferentes concentraciones y épocas de aplicacién de prohexadiona de Calcio (Pro-Ca) (retardante del crecimiento
en varias especies cultivadas), sobre los cambios de magnitud de las estructuras de propagacién, el crecimiento y
desarrollo de plantulas, el comportamiento productivo y la calidad del fruto de fresa cv. Pircinque. El experimento se
llevé a cabo en el Centro de Ciencias Agrarias de la Universidad Estatal de Santa Catarina (CAV-UDESC) en Lages /
SC (Brasil), con un disefio factorial 5 x 2, cinco concentraciones de prohexadiona de calcio (0, 100, 200, 300 y 400 mg
L?) y dos perfodos de aplicacién (20 y 30 dias después de transplante del estolén). En las plantulas se evalud: ndmero
de hojas, didmetro de corona, altura de plantula y érea foliar. Los pardmetros evaluados en las plantas de fresa fue-
ron: nimero de frutos por planta, peso medio del fruto, peso total de frutos por planta, peso seco de hojas y coronas,
durante el ciclo 2019/2020. Ademas, se evalué la firmeza, los sélidos solubles totales (TSS), la acidez titulable (AT)
y la relacién de madurez. La aplicacién de Pro-Ca redujo significativamente el crecimiento vegetativo e indujo un
aumento de las respuestas fisiolégicas en plantulas de fresa cv. Pircinque, como el 4rea foliar y la altura para ambas
épocas de aplicacién. Por otro lado, las concentraciones de Pro-Ca no influyeron en el nimero de frutos y la masa
de frutos por planta, ni en los pardmetros de calidad del fruto, con excepcién de la firmeza, donde fue favorecida
por la concentracién de 400 mg L. Los resultados se relacionaron con el factor época de aplicacién, donde a los 20
DDT se presentaron los valores més altos de las variables morfolégicas de las plantulas y plantas; por el contrario,

aplicaciones a los 30 DDT disminuyen el nimero de frutos comerciales por planta.

Palabras clave adicionales: Fragaria ananassa; biorreguladores de crecimiento vegetal; propagacion; calidad de la fruta.
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Global strawberry production (Fragaria X ananassa
Duch.) has been growing in absolute numbers, go-
ing from 7,879,108 t (2013) to 12,106,585 t (2019), a
46% increase in recent years. In Brazil, according to
data from Embrapa, Incaper-ES, Emater (DE MG, PR,
RS), APTA and Epagri-SC, the cultivated area of this
small fruit has grown in recent years. South America
stands out every year in increases in strawberry pro-
duction. According to the latest data provided by the
FAQ, production grew from 8,242,262 t ha' in 2017
to 8,885,028 t ha! in 2019, a significant increase of
642,766 t ha', which represents an 8% increase. Bra-
zilian producers cultivated about 4,500 ha of straw-
berry in the 2019 harvest, around 165,000 t (Antunes
et al., 2020).

In fruit and vegetable crops, the quality of seedlings
and other propagules is very important for the qual-
ity and quantity of subsequent production. For this
reason, the quality of strawberry (Fragaria X anan-
assa Duch.) propagules has a direct influence on the
yield and quality of fruit after transplanting; propa-
gule quality is estimated to account for 80% of the
crop quality (Juneet al., 2014).

Rev. Colomb. Cienc. Hortic.

INTRODUCTION

Although the strawberry is physiologically a peren-
nial species, in the conventional production system,
it is renewed after a production cycle because of phy-
tosanitary problems that limit production (Verdial
et al., 2009). This creates a domestic demand of 175
million seedlings per year (Antunes and Peres, 2013),
which mostly come from Argentina, Chile, and Spain
(Barreto et al., 2018). The development of seedling
production systems that, in addition to the sanitary
condition, have physiological conditions for the ac-
cumulation of reserves and flower differentiation are
needed to compete in terms of precocity, fruit caliber
and sweet taste, with productivity similar to import-
ed, seedlings that have economic viability (Antunes
et al., 2020).

In addition, the production of domestic strawberry
seedlings with sanitary and physiological quality
throughout commercial planting (March-July) is a
growing demand in different producing regions to
reduce the dependence of Brazilian producers on the
acquisition of imported seedlings. To ensure this, is
necessary to reduce the excessive vegetative growth
of the aerial part of seedlings to accumulate more



reserves in the crown and root and, thus, develop bet-
ter quality seedlings (Cocco et al., 2015).

There is excessive vegetative growth of the aerial part
of seedlings, decreasing the accumulation of reserves
in the crown and roots during the early summer as
a result of the favorable environmental conditions
for development (Cocco et al., 2015; Pereira et al.,
2016). This is why it is necessary to reduce vegetative
growth in seedlings (Carra ez al., 2017), which can be
carried out with the use of plant growth bioregula-
tors, including calcium prohexadione (Pro-Ca).

One alternative to guarantee the productivity of crops
and improve fruit quality is the use of plant growth
regulators (Hawerroth and Petri, 2014), including
prohexadione calcium (calcium 3-oxide-4-propionyl-
5-oxo-3-cyclohexane carboxylate), which delays the
growth of strawberry seedlings (Black, 2004; Reekie
et al., 2005). This plant bioregulator belongs to the
acyl-cyclohexanediones class, compounds that regu-
late plant height but also play an important role in
other physiological phenomena, such as floral initia-
tion and fruit fixation (Taiz et al., 2017).

Recent studies have highlighted the application of
growth retardants in different fruit crops, such as
apple (Duyvelshoff and Cline, 2013), pear (Einhorn
et al., 2014), sweet cherry (Jacyna and Lipa, 2010),
avocado (Mandemaker et al., 2005), and raspberry
(Poledica et al., 2012). In strawberry, Black (2004)
explained that, although the application of Pro-Ca
in the fall increased the formation of ‘Chandler’
crowns, it did not affect the number of inflorescences
during the following year. Reekie et al. (2005) showed
that treatments with Pro-Ca applied in the nursery
improved the establishment of plants in the produc-
tion field, with positive effects on the precocity of
the culture and the yield of marketable fruits.

Min Kim ez al. (2019) with strawberry cultivar Mae-
hyang showed that the FW (fresh weight) and DW
(dry weight) of the first runner plant were not sig-
nificantly different in response to different concen-
trations of Pro-Ca treatments but the DW of the
second runner plant and the FW and DW of the third
runner plant were greatest in the 50 mg L* Pro-Ca
drench treatment. These results suggested that the
growth and production of Maehyang strawberry
runner plants were greatest under the 50 mg L Pro-
Ca drench treatment. Thus, the objective was to
evaluate the effect of different concentrations and

PROHEXADIONE CALCIUM IN STRAWBERRY SEEDLING 3

application schedules of Pro-Ca on controlling straw-
berry cv. Pircinque seedling growth.

MATERIALS AND METHODS

This experiment was carried out in an experimental
area belonging to the Center for Agricultural Sciences
of the Universidade do Estado de Santa Catarina
(CAV/UDESC), in Lages, SC, Brazil (27°47 S, 50°18’
W, altitude 922 m) in 2019 and 2020. Strawberry cul-
tivar Pircinque seedlings with clods (roots surrounded
by substrate) were used. The local climate is classified
as humid subtropical Cfb mesothermal according to
the Képpen classification. The propagules of the sto-
lons were obtained from the Pasa nursery, Farroupil-
ha/RS on March 21, 2019, with a pair of leaves and
placed in 50-cell polystyrene trays (internal volume
of 124 ml), containing commercial substrate based
on Pindstrup and Carolina Soil® (1:1).

The seedlings were kept for 10 d in a misting cham-
ber with an irrigation frequency of 10 s every 10 min
for the initial rooting period. Afterwards, they were
transferred to the acclimatization chamber, where
they were maintained for 20 d under controlled irri-
gation with an irrigation frequency of 30 s four times
a day and a flow rate of 30 L h'. At 20 and 30 d after
planting, the plant growth regulator Pro-Ca was ap-
plied (Prohexadione Calcium) (Viviful® with 27.5%
a.i.) to the seedlings. The application was done with
a manual sprayer (1 L capacity).

After 15 d of vernalization in the cold chamber at 2.5-
3°C, the seedlings were planted on Jun 28, 2019 in the
conventional system. The seedlings were established
in beds raised 30 cm from the ground, 9 m long and
0.9 m wide, covered with black polyethylene with 50
um (mulching). The spacing between the plants was
0.3 m, with three lines per bed in cuts made in the
plastic.

The irrigation was done with three dip tapes per
bed and emitters every 0.15 m to obtain the uni-
form wetting required by the culture. Fertigation
was performed every two weeks with the aid of a
venturi system using the nutrient solution proposed
by Yamazaki, which includes N (NOg: 5; NH,: 0.5);
P:1.5; K: 3; Ca: 2; Mg: 1; S: 1; Fe: 3; B: 0.5; Mn: 0.5;
Zn: 0.05; Cu: 0.02; Mo: 0.01 in meq/L. Weed control
was done with manual weeding between the beds
and the plantings. Phytosanitary management was
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carried out when necessary with products registered
by the Agricultural Ministry for the crop.

The climatic conditions were monitored with data
collection using the Automatic Meteorological Sta-
tion of Lages A865-SC, (27.8 S, 50.3 W, 953 m of alti-
tude). The data were collected from the database of
the National Institute of Meteorology - INMET. The
climatic parameters were air temperature (°C) and
average rainfall (mm) (Fig. 1).

At 60 d after the beginning of development period,
the following were measured: plant height (mm) tak-
en from the crown base to the fully expanded new
leaf and crown diameter (mm), using a digital caliper
(CD-20CPX, Mitutoyo Co. Ltd., Kawasaki, Japan);
number of leaves and leaf area (cm?), estimated using
the methodology proposed by Zeist et al. (2014), with
the sum of the product of the two dimensions of the
leaf (LF), length (L) and width (W), in each leaf, ac-
cording to Equation (1):

LA (cm?) = [LF1 (Lx W) + LF2 (L x W) + LE3 (L x W)]
)

At the end of the experiment, all plants were divided
into each part (root, crown, and leaves), and the fresh

mass and dry mass were measured with an electronic
balance; a drying oven (Venticell-220, MMM Medcen-
ter Einrichtungen GmbH, Planegg, Germany) at 65°C
for 72 h, until constant mass was obtained, was used
to prepare the plants for the dry mass measurement.

The harvest began on October 11, 2019 and lasted
until February 8, 2020, for a total of 25, starting when
the fruits had at least 75% red colored epidermis. The
fruits were weighed on a digital scale and counted.
The number and mass of fruits per plant were ob-
tained from the sum of all harvests and divided by
the number 5. The average fruit mass was calculat-
ed with the ratio between these two variables. The
fruits were classified as commercial (weight =10 g)
and non-commercial (weight <10 g).

Additionally, quality parameters were measured,
such as pulp firmness, with a digital penetrometer
with a 6 mm diameter tip, taking two readings on
the opposite sides in the equatorial zone of the fruits;
total soluble solids (TSS), determined with a digital
bench refractometer with temperature correction,
expressed as g/100 g of soluble sugars (° Brix); titrat-
able acid (TA), with a digital bench titrator through
titration with 0.1 N NaOH solution; and TSS/TA
ratio, calculated using the ratio between these two
variables.
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| Figure 1. Monthly minimum, maximum and average temperature variations in the experiment period. Source: INMET (2020).
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The experiment design was completely randomized,
with a & X 2 factorial design, five concentrations of
Pro-Ca (0, 100, 200, 300 and 400 mg L), and two
application schedules (20 and 30 d after planting or
period of rooting stolon (DAP) with four replicates,
each replicate composed of 10 plants). In the post-
planting phase, the experiment design used random-
ized blocks (the criteria for blocking the treatments
were the length of the bed and the slope) with the
same factorial array used in the seedling phase, with
four replicates, and the experiment unit consisted of
four plants.

The statistical analyses were performed using SAS
(SAS 9.4, SAS Institute Inc., Cary, NC, USA). The re-
sults were subjected to analysis of variance (ANOVA)
and Tukey’s tests. The variables with a significant
effect for the quantitative factor were submitted to
polynomial regression analysis (Silva and Azevedo,
2016).

RESULTS AND DISCUSSION

The height of the strawberry seedlings cv. Pircinque
cultivated on substrate showed an interaction be-
tween the Pro-Ca concentrations and application
schedules (Fig. 2A). It was observed that the height
of the seedlings decreased with the increasing Pro-
Ca concentrations under both application schedules,
with an adjustment of the quadratic polynomial
data (R? = 0.90 and 0.89 for 20 and 30 DAT, respec-
tively; Fig. 2). The Pro-Ca applications at 20 DAT re-
duced the seedling height by 54.05% using 400 mg
L1 as compared to the control treatment. The petiole
length of mother plants significantly decreased in the
Pro-Ca treatments compared to control plants. At 30
DAT, there was a reduction of 45.63% in the petiole
length using the same concentration, as compared to
the absence of the phytoregulator (Fig. 2).

Prohexadione calcium (Pro-Ca) is known to be an in-
hibitor of new gibberellin biosynthesis (Mandemaker
et al. 2005), which has been shown to be a useful tool
for controlling excessive vegetative growth in some
crops. In previous studies on strawberries, it has been
shown that increasing the Pro-Ca concentration
caused a reduction in vegetative growth in cultivar
Camarosa (Pereira et al., 2016) and in cultivar Mae-
hyang, where the petiole length was significantly
inhibited with the 200 mg L' concentration treat-
ment (Min Kim ez a/., 2019). In the present study, the
same results were obtained in the Pro-Ca treatments.
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These results explained the fact that GA regulates cell
elongation rather than cell division.

In previous studies, it has been shown that PGR treat-
ments in rice, chrysanthemum, cucumber, apple, and
tomato was associated with the suppression of plant
stretchiness (Kim et al., 2007; Hawerroth and Petri,
2014; Kim et al., 2016). Ozbae and Ergun (2015) re-
ported a 38% reduction in plant height in eggplant
(Solanum melongena) with the concentrations of 150
mg L. These results explained the fact that, when
applied to plants, this phytoregulator inhibits cell
elongation and growth by inducing a reduction in
the levels of active gibberellins (Barreto et al., 2018).

Likewise, the total leaf area of ‘Pircinque’ strawberry
seedlings was influenced by Pro-Ca concentrations,
following a quadratic model, where the lowest val-
ues were observed with the higher applications of
300 and 400 mg L', which decreased the leaf area by
36.9 and 44.2%, respectively, in relation to the 0 mg
L' concentration of Pro-Ca (Fig. 2B). The effect of
reducing the leaf area in the seedlings caused by the
Pro-Ca concentrations may have been due to the re-
duction of the leaf size. Previous studies (Barreto et
al., 2018) have reported that concentrations of 200
and 400 mg L! of Pro-Ca markedly reduced vegeta-
tive growth indicators such as petiole length and leaf
area in strawberry cultivars Camarosa and Aromas,
where this response is related to the cultivar.

In the transplant phase in the field, the plants with
a smaller size and foliar area suffered less injury and
presented better performance than the large plants.
Studies conducted by Reekie et al. (2005) showed
that minimizing transplant stress and good root de-
velopment seedlings are ideal conditions to obtain
good performance in the field and, consequently,
maximum fruit yield.

This reduction in leaf area was observed by Pereira et
al. (2016), who found a decrease of 32, 26 and 17%
of the total leaf area in ‘Camarosa’ strawberry seed-
lings in response to the concentrations 200, 400 and
800 mg L? of Pro-Ca, respectively, which possibly oc-
curred because of the hormonal regulation exercised
by Pro-Ca. This means that, when this phytoregu-
lator is applied, it reduces in GA levels that inhibit
cell elongation and leaf growth (Petri et al., 2016).
Therefore, it is likely that the effective concentration
of Pro-Ca for vegetative growth inhibition will be dif-
ferent for each strawberry cultivar.
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Figure 2. Morphological variables of strawberry seedlings cv. Pircinque. A, seedling height; B, total leaf area as function of
Pro-Ca concentration applied at 20 and 30 DAT.

Leaves have important functions and are one of the
main organs for which plants normally compete for
sunlight, absorbing it and influencing photosynthetic
rates and growth (Taiz et al., 2017). The number of
leaves can be attributed to the genetic characteristics
of plants; however, eventually, applications of plant
regulators may interfere with the expressiveness of
genes and, thus, influence this variable (Min Kim ez

al., 2019).

At the time of transplanting to the field, there were
significant differences in the number of leaves emit-
ted per plant (2.07 for control plants), as compared
to the plants that received 300 mg L of Pro-Ca at
20 DAP, which had 3.93 leaves per plant. Thus, the
number of leaves of the treated seedlings was adjust-
ed to a quadratic model (Fig. 3A), with an increase
in the number of leaves when compared to the con-
trol when concentrations between 100 and 300 mg
L' were used. The greatest reduction occurred when
Pro-Ca was applied at 30 d after the planting period
of the rooting stolon with 400 mg L* of Pro-Ca. Like-
wise, Reekie et al. (2005) observed that 62.5 mg L of
Pro-Ca applied via leaf sprinkling on strawberry cul-
tivars Sweet Charlie and Camarosa did not affect the
number of Jeaves.

Some of the principal parameters to determine the
strawberry seedling quality at the time of trans-
plantation are related to the crown diameter since
a positive relationship has been established between
its diameter, its mass, and the productive potential
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of the plants. Accordingly, it was hypothesized that
bigger transplants would result in greater strawberry
production (Cocco et al., 2011; Torres-Quezada et al.,
2015). The crown diameter of cv. Pircinque seedlings
submitted to concentrations of Pro-Ca had an in-
creasing trend in the different treatments; the curves
were adjusted to a quadratic model for both applica-
tion schedules, at 20 DAT and 30 DAT (Fig. 3).

The behavior of each application timing was dif-
ferent. At 20 DAT, the seedlings that received the
highest concentration, 400 mg L?, had an increase
of 9% in diameter in relation to the control plants.
At 30 DAT, the increase was 3%, which was not sig-
nificant. However, the average crown diameter (8.95
mm) achieved as a result of the application of Pro-
Ca was above 8.0 mm, which, according to Cocco et
al. (2011), is recommended for bare root strawberry
seedlings as an appropriate crown diameter. Barreto
et al. (2018) used Pro-Ca concentrations between 0
and 400 mg L! applied at 20 or 30 DAT on straw-
berry cultivars Camarosa and Aromas and found that
the diameter of the crown decreased by up to 15.6%
with concentrations 400 mg L. Pereira et al. (2016)
worked with the cultivar Camarosa and obtained a
crown diameter greater than 8 mm only with the ap-
plication of 200 mg L? of prohexadione calcium.

The results of dry leaf matter and crown dry mat-
ter were influenced by the timing and concentration
of Pro-Ca (Fig. 4A, 4B). The plants, when subjected
to applications of the regulator, produced a greater
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crown mass than those without applications. Howev-
er, this increase in concentration may end up decreas-
ing the crown production with the cultivar Pircinque.
The concentration of 100 mg L of Pro-Ca helped in
the production of 4.11 g of dry mass of crowns, and
400 mg L of Pro-Ca at 20 DAT decreased production
to 2.23 g of crown dry mass (Fig. 4A). This indicates
that, if the concentration increased beyond 200 mg
L* of Pro-Ca, the plants may produce less crowns or
even stop growth, failing to recover after planting.

Therefore, it is vital that the ideal concentration of
Pro-Ca be applied during the seedling phase.

The leaf dry mass also showed a significant negative
quadratic response to the Pro-Ca concentrations (Fig.
4B). The 200 mg L' concentration induced a 35% de-
crease in the leaf mass of the strawberry, as compared
to the control treatment. These data agree with Haw-
erroth and Petri (2014), who, in apple trees, found a
54.7% reduction in the mass of pruned branches (330

45 A
' y = -0.3226x2+ 1.7003x + 1.8633
R? = 0.9857
= 40 |
S
s
735 .
E
5 & Tt
g30, T §
> -
a
25 N
y = -0.0505x+ 0.0146x + 3.3008 o
Rz =0.85 e
2.0
0 100 200 300 400

Concentrations of ProCa (mg L")

55 B
y = 0.2431x2—7.0261x + 51.121
50 R? = 0.9217
ERE o
3 4
2
<
E 3
=30 o T °
a
251 T
201 y=-09749¢-0.73x + 50.228 o
R? = 0.9056
15
0 100 200 300 400
Concentrations of ProCa (mg L")
® 20 DAT 30 DAT

hexadione applied at 20 and 30 DAT.

Figure 4. Dry mass of crown (A) and leaves of strawberry plants cv. Pircinque (B) as function of the concentration of Ca pro-
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mg L) in relation to plants not treated with Pro-Ca.
In the present study, the reduction in leaf mass was
probably due to the reduction of the total leaf area.

The productivity and quality of strawberry are de-
termined according to the fruit number produced
per plant, which is influenced by the climatological
conditions and the management practices applied in
the crop. In this study, the Pro-Ca concentrations did
not influence the number of fruits per plant, average
fruit mass or fruit mass per plant (Tab. 1). However,
the applications of the growth regulator reduced the
marketable harvested fruit number (fruits=10 g) in-
versely to the increase in concentrations of Pro-Ca
used for the applications at 30 DAT. In this way, the
control plants with 21.78 commercial fruits per plant
were 27% higher than the plants treated with the
maximum concentration (400 mg L?).

The low production obtained with the cv. Pircinque
in the 2019/2020 cycle can be explained by the fact
that the experiment was conducted in an open field,
exposed to the rain, which favored the incidence of
diseases such as anthracnose (Colletotrichum acuta-
tum), which is responsible for direct damage to flow-
ers and fruits, reducing the commercial fruits per
plant. This variable was below that reported by Fer-
reira et al. (2019), who obtained averages between
31.8 and 50.5 fruits/plant for American strawberry

cultivars. However, our results were close to those
achieved by Zanin (2019), who obtained average
values between 23.84 and 40.37 fruits/plant for the
Pircinque cultivar. These differences were due to fac-
tors such as cultivar, planting date (Arizaet al., 2012),
cultural practices (Aradjo et al., 2016), fluctuations
in temperature, irrigation and incidence of diseases
(Costa et al., 2016).

Other studies have reported that Pro-Ca treatments
reduced fruit number, with a better distribution of
available photoassimilates (Jiang et a/., 2011). The
plant growth regulators had temporary action until
the beginning of fruit production but no longer had
an effect on these variables. For Reekie er al. (2005),
the short duration of Pro-Ca does not compromise
strawberry production but only delays the vegetative
growth of seedlings.

There were no effects from the application of Pro-Ca
in different periods on the organoleptic characteris-
tics: soluble solids and ratio (Tab. 2). The more appre-
ciated fruit quality parameters by consumers include
pulp firmness (Figueroa-Cares et al., 2018), which
is related to morphological characteristics and the
agronomic management provided in pre- (adequate
nutritional and water input, control of fungal and
bacterial diseases) and postharvest (Casierra-Posada
and Aguilar-Avendafio, 2008). Applying 400 mg L of

Table 1. Production parameters of strawberry cv. Pircinque as function of Pro-Ca concentration applied at 20 and 30 DAT.
0 270.80 s 251.93 1 23.30 1 221118 1265
100 280.03 ¢ 262.48 " 23.83 18 22.50" 13.011
20 200 265.57 ¢ 249.10M 23.67 18 22.2218 12.04 N8
300 213.13 18 203.48 s 20.30 19.28 ¢ 10.73 18
400 190.93 1 169.10 M 19.77 18 17.56 N 9.27 18
0 273.97% 251.60 M 23.50 21.78 a 12.84 N8
100 241.201 225.22"8 21.00 19.78 ab 12.84 N8
30 200 235.13 1 222.36" 19.93 1 19.00 ab 12.96 S
300 199.3718 1741118 17.87 1 17.39 ab 12.56 NS
400 187.33 1 177.86 18.101 15.89 b 10.60 NS
Concentration 0.0026 0.0023 0.0029 0.0021 0.0584
Application timing 0.2157 0.1884 0.0102 0.0153 0.2309
Concentration x Period 0.8267 0.7295 0.6246 0.4662 0.31

Means followed by the same letter in the columns do not differ statistically from each other according to the Tukey test at 5% probability of error. ™ not significant.
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the PGR at 30 DAT resulted in the highest firmness
value (3.47 N), as compared to the control, which did
not have Pro-Ca applications (Tab. 2).

In general, the pulp firmness obtained in this study
was different from the values obtained by Zanin
(2019), 5.52 N for the cultivar Pircinque, in the same
locality, Planalto Sul Catarinense in the 2017/2018
harvest, and by Dantas et al. (2017) for Albion and
San Andreas cultivars, with 10.6 and 13.0 N, respec-
tively, for the commercial maturation stage (80% red)
in Bahia. These results can be explained by the fact
that firmness is related to genetic and environmental
factors (Camargo et al., 2011), such as a high tem-
perature and relative humidity in the summer, which
result in less firmness (Filgueira, 2008).

According to Asin and Vilardell (2006), result effi-
ciency with plant regulators is dependent on climate,
plant vigor, season, phenology of the plant, concen-
tration and interval in which the sprayings are made.
Basak and Krzewinska (2006) found that, in the sec-
ond year of applications, the fruits of plants treated
with Pro-Ca presented lower firmness indexes than
control fruits. In addition, Carra et al. (2017) found
that the application of prohexadione calcium did not
affect the firmness behavior of ‘Smith’ pear fruits in
cold storage. Ramirez et al. (2008) reported similar re-
sults in tomato fruits ‘saladete’ and by Greene (1999)
in apples before storage.
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Titratable acidity, in turn, is one of the main compo-
nents of fruit flavor. At high levels, the acidity needs
to be balanced with the sugar content, so as not
to compromise the fruit acceptance by consumers
(Carpenedo et al., 2016). The acid with the highest
concentration in strawberries is citric acid although
there are also considerable amounts of malic acid and,
to a lesser extent, isocitric, succinic, oxalacetic, gly-
colic and glycolic acid (Azevedo, 2007).

For this parameter, a quadratic model was obtained,
and an increasing response was obtained for the con-
centrations of Pro-Ca (Tab. 2). The increase in the
phytohormone concentrations, up to a concentra-
tion of 200 mg L, resulted in an increase of 16.3%,
as compared to the control plants. According to our
results, the mean titratable acidity, 0.75, was in the
range reported by several authors (0.48 to 1.12%) for
this parameter (Lemiska et al., 2014). For other fruit
trees, the titratable acidity in ‘Kent’ mango fruits
treated with Pro-Ca was between 0.83 and 0.91%
(variation of 10%) at harvest, possibly related to the
effect of this regulator on the inhibition of ethylene
synthesis.

CONCLUSION

The application of Pro-Ca significantly reduced veg-
etative growth and increased physiological responses

Table 2. Quality parameters of strawberry cv. Pircinque as a function of Pro-Ca concentrations applied at 20 and 30 DAT.

0 2.80M 10.20M 7.7ab 14.09

100 2471 10.43 18 8.5ab 12.3418

20 200 2301 10.83 18 9.20b 11.77 18

300 24418 10.87 8.4 ab 12.93

400 3.06 " 10.47 1N 6.00 a 17.60 1

0 230a 9.80M 7.53 1 13.28 1

100 202a 10.10M8 8.27Ms 12.78 1

30 200 2.52ab 10.47 N8 8.20Ms 12.78 18

300 2.67 ab 101718 750N 13.58 1

400 347hb 10.20 ™ 7.331 13.901

Concentration 0.0049 0.9386 0.0148 0.2453
Period 0.9059 0.4244 0.5956 0.6384
Concentration x period 0.2297 0.9990 0.2555 0.5820

Means followed by the same letter in the columns do not differ statistically from each other according to the Tukey test at 5% probability of error. ns: not significant.
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in ‘Pircinque’ strawberry seedlings, such as leaf area
and height for both application schedules. On the
other hand, the Pro-Ca concentrations did not in-
fluence the number of fruits, the mass of fruits per
plant, or the quality parameters of the fruits, with
the exception of firmness, which was stimulated by
the concentration of 400 mg L. The results were re-
lated to the application timing, where, at 20 DAT, the
highest values of the morphological variables of the
seedlings and plants were observed, and, on the con-
trary, applications at 30 DAT decreased the number
of commercial fruits per plant.
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