POST HARVEST TECHNOLOGY
@ https://doi.org/10.1590/1678-4499.20210063 Article 8

Calcium applications on ‘Fuji Suprema’ and ‘Maxi Gala’
apple trees: fruit quality at harvest and after cold storage

Leandro Hahn! @, Denimar Luiz Suzin? (®, Luiz Carlos Argenta® (), Tadeu Luis Tiecher®* @, Fabio
Rodrigo Thewes* ), Jean Michel Moura-Bueno®* ®, Gustavo Brunetto®

1. Empresa de Pesquisa Agropecuaria e Extensao Rural de Santa Catarina ®or — Cacador (SC), Brazil.

2. Universidade do Alto Vale do Rio do Peixe R — Departamento de Agronomia — Cacador (SC), Brazil.

3. Instituto Federal do Rio Grande do Sul ®® — Porto Alegre (RS), Brazil.

4. Universidade Federal de Santa Maria R® — Departamento de Fitotecnia — Santa Maria (RS), Brazil.

5. Universidade Federal de Santa Maria R®r — Departamento de Solos — Santa Maria (RS), Brazil.

Received: Feb. 26,2021 | Accepted: Nov. 3,2021
Section Editor: Juliana Sanches
*Corresponding author: bueno.jeanl@gmail.com

How to cite: Hahn, L., Suzin, D. L., Argenta, L. C., Tiecher, T. L., Thewes, F. R., Moura-Bueno, G. and Brunetto, G. (2022). Calcium
applications on ‘Fuji Suprema’ and ‘Maxi Gala’ apple trees: fruit quality at harvest and after cold storage. Bragantia, 81, e0522 . https://doi.
0rg/10.1590/1678-4499.20210063

ABSTRACT: The aim of this study was to evaluate the effect of new Ca sources sprayed on ‘Fuji Suprema’ and ‘Maxi Gala’ apple trees
on nutrient levels in leaves and fruit, as well as on fruit ripening features and quality at harvest time and after cold storage. Experiments
were carried out in a commercial orchard planted with ‘Fuji Suprema’ and ‘Maxi Gala’ apple trees in Cagador, Santa Catarina state, Brazil.
Application of different Ca sources and untreated trees were evaluated in each experiment. Fruit were harvested at two different ripening
stages and analyzed based on the following variables: fruit ripening at harvest time, as well as fruit quality and incidence of physiological
disorders after 210-day storage at 1 °C. Calcium applications did not change Ca levels in the leaves and of the whole fruit. Calcium levels
in fruit peel increased in cultivars Maxi Gala and Fuji Suprema due to leaf Ca applications. ‘Maxi Gala’ apples recorded higher postharvest
incidence of physiological disorders, such as greater loss of fruit firmness than ‘Fuji Suprema’ apples (Due to 1-methylcyclopropene [1-MCP]
application on ‘Fuji Suprema’ apples). Calcium applications did not change fruit maturation (starch index and pulp firmness) or apple pulp
firmness preservation in both cultivars, although they reduced the incidence of bitter pit disorder in ‘Maxi Gala’ apples. The new sources of
Ca tested did not increase Ca contents, nor did they reduced the risk for physiological disorder compared to the standard CaCl, treatment
that has been commercially used for decades as the main Ca fertilizer.

Key words: Malus domestica Borkh, mineral content, foliar spray, physiological disorder, postharvest.

INTRODUCTION

Apple (Malus domestica Borkh.) crops cover more than 30,000 hectares in Brazil and produce approximately 1.2 million
tons of fruit per year (IBGE 2018). Rio Grande do Sul (RS) and Santa Catarina (SC) states are the largest apple producers in
the country. Apple harvest period in orchards is relatively short: January and February for ‘Maxi Gala apples and its clones,
and March and April for ‘Fuji Suprema’ apples and its clones (Gongalves et al. 2017). However, apple fruit is available to
consumers throughout the year, mainly due to postharvest cold storage technologies. However, high fruit loss rate can be
observed during cold storage due to incidence of diseases (rot) and physiological disorders such as bitter pit, cork spot and
lenticellar depression, among others (Watkins and Mattheis 2019). Crop losses due to Ca deficiency-associated disorders
such as bitter pit can be higher than 60% (Mattheis et al. 2017).

Bitter pit is a physiological disorder caused by pulp cell collapse below the fruit peel, which creates small depressions that
can be seen through dark color or small spots on fruit surface, often on the fruit calyx region (Amarante et al. 2018; 2020;
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Ferguson et al. 1989; Freitas et al. 2010). This physiological disorder is associated with Ca deficiency or imbalance in K/Ca, Mg/
Ca, N/Caand K + Mg/Ca ratios (Amarante et al. 2006; Ferguson et al. 1989; Freitas et al. 2010; 2012; Miqueloto et al. 2018). In
addition to bitter pit, other physiological disorders, such as pulp degeneration, have their incidence increased under conditions
such as high Mg, K and N levels in fruit (Corréa et al. 2017; Freitas et al. 2012; Neuwald et al. 2014). It happens because Ca**
can produce two electrovalent bonds, whereas Mg, K and N can only produce one bond. Thus, membranes’ sedimentation/
stabilization power through Ca* is much greater than the one recorded for other nutrients; thus, Ca** enables greater membrane
stability (Freitas et al. 2012). Accordingly, high K/Ca, Mg/Ca, N/Ca and K + Mg/Ca ratios make fruit more susceptible to
present physiological disorders such as bitter pit and internal darkening. In addition, there are nutritional differences in fruit
peel and pulp among different apple cultivars (Amarante et al. 2006).

Physiological disorders in apple fruit can be mitigated by strategies such as the application of fertilizer added with Ca on
leaves and fruit, mainly on soils presenting low Ca content or on orchards planted with rootstocks and cultivars presenting
low soil-nutrient absorption efficiency or low Ca transport capacity and redistribution within plants (Amarante et al.
2020; Blanco et al. 2010; Schlegel and Schonherr 2002). Fertilizers can be applied at different concentrations throughout
plants’ vegetative and fruit development periods (Amarante et al. 2020), since nutrients are preferentially absorbed by fruit.
Therefore, Ca falling straight on fruit can reduce physiological disorders, since it is absorbed at higher rates, which increases
its concentrations in the apoplast (Amarante et al. 2013).

Thus, application of CaCl, every 15 days, starting 30 days after full bloom, has been recommended as practice to reduce
Ca deficiency risks and to prevent the emergence of physiological disorders associated with Ca deficiency (Sezerino 2018).
However, new commercial products have been developed to meet the demand of Ca to apple plants. Currently, a large
number of foliar fertilizers are available in the market, with formulations containing Ca and biostimulants, such as amino
acids, sugar-alcohol, seaweed extracts, and humic acids. Although local and regional tests to prove the efficiency of these
products have not been conducted by research. Despite this, apple growers have been using these products. The aim of the
current study was to evaluate the effect of new Ca sources sprayed on ‘Fuji Suprema’ and ‘Maxi Gala’ apple trees on nutrient
levels in leaves and fruit, as well as on fruit ripening features and quality at harvest time and after cold storage.

MATERIAL AND METHODS
Experiment description

Two experiments were carried out during the 2018/2019 crop season, in Cagador, Midwestern Santa Catarina state
(Latitude: 26°42°36”S; Longitude: 51°03°28”W; Altitude: 1,025 m), Southern Brazil. Experiment 1 was carried out in a
‘Maxi Gala’ apple orchard planted in 2015 at 5 x 2.5 m spacing, under central leader system. ‘Maxi Gala’ trees were grafted
on ‘Marubakaido’ rootstock with M9 as filter. Experiment 2 was carried out in an ‘Fuji Suprema’ apple orchard planted in
2011 at 5 x 2.5 m spacing, under central-leader system. ‘Fuji Suprema’ trees were grafted onto ‘Marubakaido’ rootstock.
The physical-chemical featuring of the experimental soils is shown in Table 1. Levels of Ca and Mg in both experimental
soils were classified as “high” (SBCS 2016).

In each cultivar (experiment) six treatments were applied, namely:

i) Control: water application, only;

ii) Treatment 1 (T1): standard application of CaCl, (p.c. with 18% of Ca), at dose of 0.5% Ca, 1* application at 30 days

after full bloom (DAFB) and reapplication every 15 days—it totaled 10 applications;

iii) Treatment 2 (T2): product A, at dose of 0.25% Ca, 1* application at 30 DAFB and reapplication every 15 days—it

totaled 10 applications;

iv) Treatment 3 (T3): Product A, at dose of 0.25% Ca, 1* application at 15 DAFB and reapplication every 15 days—it

totaled 10 applications;

v) Treatment 4 (T4): Product A, at dose of 0.5% Ca, 1% application at 30 DAFB and reapplication every 15 days—it

totaled 10 applications;
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vi) Treatment 5 (T5): Product B, at dose of 0.5% Ca, 1% application at 30 DAFB and reapplication every 15 days—it
totaled 10 applications.

Table 1. Physical and chemical attributes of soil cultivated with ‘Maxi Gala’ and ‘Fuji Suprema’ apple trees in the
implementation of the experiments

Attributes of soil Maxi Gala Fuji Suprema

Clay (g-kg™®) 29 35

Organic matter (%) 1.8 3.0

pH in water (ratio 1:1. v/v) 6.0 5.6

K available (mg-dm=)* 296 292

P available (mg-dm=3)* 475 8.0

Ca exchangeable (cmolc-dm=3)** 153 9.0
Mg exchangeable (cmolc-dm=)** 5.0 3.0
CECpH70 (cmolc-dm=3)*** 25.0 189

Cu (mg-dm3)**** 173 4.0

Zn (mg-dm-3)*** 125 105
B (mg.dm=3)**** >5.0 >50

Mn (mg.dm=3)**** 45.6 11.8

* Extracted by Mehlich-1 solution; ** Extracted by KCI 1.0 mol-L%; *** cation exchange capacity; **** Extracted by HCI 1 mol-+.

Product A is registered as leaf fertilizer and presents the following composition: 5.3% of Ca complexed with sugar-
alcohol, 7.0% of N and 2.6% of Mg. Product B is also registered as leaf fertilizer and presents the following composition:
18% of Ca (in CaO form) and 2% of B complexed with 10% of seaweed.

The two experiments have followed a complete randomized block design with four replications per treatment. Plots
comprised 9 plants, where the 5 central plants were used for evaluations. Treatments were sprayed with an electric backpack
sprayer on the entire canopy of the trees (new shoots and fruit), at spray volume equal to 1,000 L-ha™".

Leaf sample and nutrient analysis

Leaves were sampled in the last week of January, as suggested by CQFS-RS/SC (SBCS 2016), in order to determine mineral
nutrient concentrations in them. Twenty-five full ripe leaves, free from damage caused by insects and diseases, were sampled in
the median part of shoots sprouted during the year, which were located in the median height of the crown and in the external part
of each plant. Leaves were dried in oven equipped with forced air circulation at 65 + 5 °C until they reached constant mass. Next,
they were ground in Wiley mill and stored in paper bags. Macronutrient (N, P, K, Ca and Mg) levels in leaves were determined after
sulfuric digestion, whereas micronutrient (Zn, Fe, Cu, Mn and B) levels in them were determined after nitroperchloric digestion
(Silva 2009). Boron (B) level was determined through colorimetric method by using the azomethine H reagent, after incineration
in muffle. Readings were performed in UV-visible spectrophotometer (Bell Photonics, 1105, Brazil), at 420 nm (Bataglia et al.
1983). Total N was determined in micro-Kjeldahl distiller (Tecnal, TE-0363, Brazil), based on Tedesco et al. (1995). Phosphorus
(P) content was determined in UV-visible spectrophotometer (Bell Photonics, 1105, Brazil), at 882 nm (Murphy and Riley 1962).
K, Ca, Mg, Zn, Fe, Cu and Mn readings were performed in atomic absorption spectrophotometer (Analyst 2000, PerkinElmer).

Fruit harvesting and mineral nutrient analysis
Apples of both cultivars were harvested at two different ripening stages that had been previously estimated based on
starch index analysis. Fruit were harvested early (1* harvest) in order to induce disorders caused by Ca deficiency (Freitas

et al. 2012), as well as harvested late (2" harvest) to induce disorders associated with senescence and rot (Watkins and
Mattheis 2019) during storage. Twenty mid-sized fruit (130 to 150 g) were sampled at both harvest times.
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Mineral contents in fruit were determined in peel strips, as well as in pulp wedges with and without peel. Peel strips
(approximately 1 cm wide) were taken in the longitudinal direction of each fruit, with the aid of fruit peeler, for mineral
analysis. The longitudinal wedge of each fruit (approximately 1 cm thick in the peel) was taken for mineral analysis in the
pulp and peel. Carpel tissues were removed from the wedge in the central region of the pulp. A wedge per fruit was taken,
as described above, and the peel was removed beyond the carpel tissues to mineral content analysis in the pulp.

Fruit were divided for nutrient concentration analysis, as follows: i) peel: manually removed with the aid of peeler;
ii) whole fruit (pulp + peel): wedge-shaped longitudinal slice (1 cm thick), without the central part of the carpel, extracted
from each fruit; and iii) pulp: the same procedure adopted to analyze whole fruit, although without the epidermis. Tissue
samples were dried in oven equipped with forced air circulation at 65 + 5 °C until they reached constant mass, before they
were ground. Subsequently, N, P, Ca and Mg concentrations were determined based on the same methodology used to

determine leaf contents. N/Ca, K/Ca and K + Mg/Ca ratios were calculated, after nutrient content determination.
Fruit ripeness and quality analysis

Fruit ripeness and quality were analyzed at the day after harvest (at harvest), as well as after cold storage and 7 days
on the shelf at 22 °C. Starch index (iodine-starch test, at 1-9 scale, wherein 1 indicates minimal starch degradation), pulp
firmness, physiological disorder and rot assessed to each fruit, whereas total soluble solids (TSS) content and titratable
acidity analyzed to 4 samples comprising 7 fruits per repetition as described by Argenta et al. (2020).

Physiological disorders, as well as external and internal rot, were visually analyzed based on severity scales ranging from
1to2,1to3or 1 to4, wherein 1 indicates no damage, and 2, 3 or 4 indicate maximum severity, depending on the disorder
(Table 2). Internal disorders were analyzed in four cross-sections of fruit (in the equatorial region, above the equatorial
region and two cuts below the equatorial region). Disorder severity was determined based on fruit surface area, affected

cross-section area or on the number of observed lesions, as described by Argenta et al. (2020).

Table 2. Severity scale of the physiological disorders described in Argenta et al. (2020).

Severity score

Disorders Measures
1 2 3 4
. . . Number of spots on
Bitter pit e Ieptlcellar fruit epidermis and/ absent 1-4 5-9 >9
depression
or cortex
Blotch pit Areg Ofth? affected absent <1 1-3 >3
epidermis (cm2)
D|ﬁusefles;h Relative area (%) of absent 1-30 30-60 ~60
browning cortex affected
Browning eplc*jiarmls Relative area (%) of absent 1-10 11-40 > 40
and pulp cortex affected
External rot Areq of thg affected absent <1 >1 -
epidermis (cm2)
Carpel rot Area of the affected <50 50-100 ; ;
epidermis (cm2)
Pulp cracking and Present or absent absent present - -

shrivel

*Assessed in the cross section of the equatorial region. **Evaluated in the cross section of the pistillary region (distal to the peduncle).
Treatment with 1-MCP, packaging and fruit storage

‘Fuji Suprema’ apples were treated with 1-MCP, as described by Amarante et al. (2010a), in order to avoid superficial
scald, which leads to rot and makes it hard to identify bitter pit symptoms.
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Apples were placed on cardboard trays and in cardboard boxes internally coated with low-density polyethylene plastic
bag (20 pm thick) commercially used for apples to avoid dehydration. Packaged apples were transferred to cold storage
chamber (1 + 0.5 °C) one day after harvest. Apples were kept at cold atmosphere for 210 days; subsequently, they were kept
at 22 + 1 °C, for 7 days. Plastic bags were removed at the day fruit were removed from the cold storage chamber.

After 7 months of cold storage, apples were removed from the chamber and stored at 22 °C, for 7 days, in order to
simulate transport and shelf time. ‘Maxi Gala’ fruit of 1* harvest were analyzed after 4- and 7-day shelf life while ‘Maxi Gala’
fruit of 2" harvest and ‘Fuji Suprema’ of both harvests were assessed only after 7-day ripening.

Fruit firmness and TSS were evaluated after the storage period. Apples were sliced crosswise in order to visually identify
and assess the incidence and severity of rot and physiological damage, based on severity degree. Rot assessment was based
on the following scores: 1 for absence of rot; 2 and 3 for 1 or 2 lesions with total diameter smaller than 1 cm and larger
than 1 cm, respectively. Lenticel breakdown and bitter pit disorders were analyzed based on the severity of symptoms
such as dark brown cork-like spots on fruit epidermis and/or cortex, as follows: 1) lack of symptoms; 2) mild: 1 to 3 spots;
3) moderate: 4 to 9 spots; and 4) severe: more than 9 spots. Blotch pit was analyzed based on the severity of symptoms such
as well-defined and depressed black spots on the epidermis, as follows: 1) lack of symptoms; 2) mild: 1 spot with diameter
smaller than 1 cm; 3) moderate: 1 to 3 spots with total diameter ranging from 1 to 2 cm; and 4) severe: 1, or more, spots
with total diameter larger than 2 cm. Carpel rot was evaluated based on the size of the injury in the internal cortex and
pith tissues of apples subjected to cross section in the equatorial region, as follows: 1) lack of pith injury, 2) mild: injury
smaller than 1 cm (in diameter); 3) moderate: injury with diameter ranging from 1 to 3 cm; 4) severe: injury with diameter
larger than 3 cm. Superficial scald was analyzed based on the severity of symptoms such as well-defined dark brown spots
on fruit surface (damage restricted to the epidermal tissue), as follows: 1) lack of symptoms; 2) 1 to 15% of total fruit surface
affected by dark brown spots; 3) 15 to 40% of total fruit surface affected by dark brown spots; and 4) more than 40% of total
fruit surface affected by dark brown spots. The senescent degeneration disorder is featured by browning pulp regions; it was

evaluated based on scores ranging from 1 to 4 (1 = absent, 2 = mild, 3 = moderate, and 4 = severe).
Statistical analysis

Data were analyzed to check statistical assumptions. They were subjected to analysis of variance (ANOVA). Means were
compared to each other through Tukey’s test at 5% significance level (p < 0.05). All analyses were performed in R language
(R Core Team 2020).

RESULTS AND DISCUSSION
Nutrients in leaves

Leaf N, P, K, Mg, Fe, Mn, Zn, B and Ca contents in the two cultivars (experiments 1 and 2) did not change due to Ca
sources and doses applied via leaf fertilizer (Table 3). Results have shown that Ca applied via leaf was not absorbed by leaves.
It may have happened due to unidirectionality of applications, according to which a small part of the applied Ca may have
touched the outer surface of leaves (Kannan 2010; Schlegel and Schonherr 2002). In addition, part of Ca deposited on leaves
after the application procedure may have been carried by the rain and ended up being deposited in the soil (Blanco et al.
2010; Kraemer et al. 2009) or in other plant organs.

Leaf Ca concentrations in both cultivars were higher than 8.0 g-kg™'; this content is considered sufficient for apple culture
(SBCS 2016). The highest leaf Ca concentrations were observed in cultivar Fuji Suprema (12.5 g-kg™) in comparison to
‘Maxi Gala’ (8.9 g-kg™). This outcome can be explained by the fact that, overall, Ca translocation to apples tends to be higher
in ‘Maxi Gala’ than in ‘Fuji Suprema’ (Nachtigall and Dechen 2006). Lower leaf contents were also verified in ‘Maxi Gala’

for N, Mg, Fe, Zn, Cu and, B (Table 3). Differences in plant architecture, orchard management, root system growth, with
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great influence of climatic variables, may explain lower leaf nutrient contents in orchards (Kalcsits et al. 2020). In any case,
nutrient contents in leaves considered insufficient by CQFS-RS/SC (SBCS 2016) were not verified in this study.

Table 3. Nutrient concentrations in ‘Maxi Gala’ and ‘Fuji Suprema’ apple leaves with foliar applications of Ca sources starting at 30 DAFB and
reapplication every 15 days.

N P K Ca Mg Fe Mn Zn Cu B
Treatments g-kg? mg-kg?
‘Maxi Gala’

Control 12.2 25 22.6 8.4 2.2 28.6 504.9 121.3 5.6 381
T1 12.6 21 233 8.0 19 35.4 396.4 96.5 78 36.4

T2 133 3.0 26.3 91 24 275 511.4 94.7 78 379

T3 12.9 29 24.8 89 23 332 522.4 109.2 74 393
T4 12.3 27 23.8 8.8 22 277 479.0 109.7 9.1 384

T5 12.0 2.8 25.2 10.0 24 54.9 494.2 1111 6.6 377

Mean 125 27 243 8.9 22 345 484.7 1071 74 38
F-test 0.57 0.35 0.42 0.31 0.24 0.05 0.48 0.28 0.16 0.86
CV (%) 87 223 11.0 13.9 145 35.2 19.3 15.8 238 85

Treatments ‘Fuji Suprema’
Control 249 27 242 112 2.6 2435 255.2 2513 15.4ab 521
T1 247 30 23.0 13.8 27 67.2 2425 215 12.8b 459
T2 24.2 2.5 22.8 129 25 62.8 255.8 246.6 16.3ab 51.9
T3 247 27 232 13.6 29 73.8 249.6 280.7 171a 49.2
T4 25.4 27 243 119 25 66.4 253.3 255 16.9a 52.6
T5 24.6 2.6 230 115 25 61.0 2374 220.2 12.5b 48.3
Mean 247 27 234 125 2.6 95.8 249 244.8 15.2 50.0
F-test 0.99 0.17 0.91 0.18 0.49 0.44 0.96 0.36 0.00 0.52
CV (%) 9.7 8.8 10.5 13.2 12.2 150.4 137 18.2 117 114
Recommended 25 15 120 14.0 35 150.0 90.0 60.0 175 400
contents

Means were analyzed by Tukey's test at p < 0.05. CV = coefficient of variation. Control = water application, only; T1= CaCl,0.5% Ca every 15 days after full bloom (DAFB);
T2=Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB.

Nutrients in fruit

Nitrogen, P, K and Mg concentrations in the peel, pulp and whole fruit of both cultivars were not affected by the
application of doses and sources of leaf fertilizer added with Ca (Supplementary Material, Tables S1-S4). On the other
hand, the lowest Ca concentrations in the peel of ‘Maxi Gala’ apples were observed for the control and T1, both in the
I**and 2™ harvest dates (Fig. 1a and b, respectively). The highest Ca concentrations in fruit peel were observed for T2, T3
and T5 in the 1* harvest, as well as for T5 in the 2" harvest. On the other hand, K/Ca and K + Mg/Ca ratios did not change
by treatments (Fig. 1c—f, respectively).

The Ca concentration, K/Ca and K + Mg/Ca ratios in the peel of ‘Fuji Suprema’ apple did not change due to treatment
application in the 1* harvest (Fig. 2a, c and e). However, Ca contents in the peel of apples subjected to the control treatment
(147.1 mg-kg™') were significantly lower than those of T1 (CaCl,) (176.1 mg-kg™") and T4 (product A, 0.5% of Ca, at 15-day
interval) (177.7 mg-kg™) in the 2" harvest (Fig. 2b, d and f). This outcome has evidenced Ca content increase by 16.5 and
17.2% in fruit subjected to treatments T1 and T4, respectively, in comparison to control. These higher Ca contents have
also led to changes in K/Ca and K + Mg/Ca ratios in the peel of fruit subjected to these treatments; the highest ratios were
observed in the control treatment, whereas the lowest ratios were observed in T1.
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Figure 1. Calcium concentration in the 1%t (a) and 2™ (b) harvest; K/Ca ratio in the 1%t (c) and 2" (d) harvest; and K + Mg/Ca ratio in the
15t (e) and 2™ (f) harvest in the fruit peel of ‘Maxi Gala’ apples submitted to foliar applications of different Ca sources starting at 30 DAFB and
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water application, only; T1 = CaCl, 0.5% Ca every 15 days after full bloom (DAFB); T2 = Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca

product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB. Means followed by the same letter do not differ by the
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The ‘Maxi Gala’ apples have shown the lowest Ca concentrations in the pulp at T1 (32.3 mg-kg™) at 2" harvest date
(Fig. 3b). On the other hand, T4 fruit have shown the highest Ca concentrations in the pulp (45.0 mg-kg™), which led
to decreased K/Ca and K + Mg/Ca ratios (Fig. 3d and f, respectively). According to Neuwald et al. (2008) and Freitas et
al. (2010), K content in the pulp higher than 950 mg-kg™'—such as the one herein observed in apples of all treatments
in the present study including untreated control (Supplementary Material, Tables S3 and S4)— affects K/Ca ratio
increase and can be harmful to stored fruit. It happens because K excess reduces Ca absorption and transport to fruit
(Freitas et al. 2012) and competes with Ca for the binding sites in the plasma membrane (Freitas et al. 2010). Increased
Ca concentration in the pulp of T4 fruit (product A at 0.5% Ca applied every 15 days) has indicated that part of the Ca
falling on fruit may have been redistributed to the pulp (Saure 2005). This phenomenon mainly happens at early fruit
development stage—between 4 and 6 weeks after flowering—when Ca absorption is fast and linear, although it presents
notable decline until harvest (Cline et al. 1991; Saure 2005).

There was no difference between Ca concentrations in the whole fruit, if one takes into consideration treatment application
in the two harvest times and both evaluated cultivars (Supplementary Material, Tables S1 and S2). According to Suzuki and
Basso (2006), adequate nutrient concentrations used to feature apple fruit with nutritional quality comprise N < 500, P > 100,
K =800-1,200, Ca > 40, Mg > 40 mg-kg™, as well as nutrient ratios such as N/Ca < 14, K/Ca < 20 and K+ Mg/Ca < 30.
Therefore, there were adequate Ca contents in fruit of all treatments, including control, to both cultivars and both harvest
times. This outcome may indicate that Ca contents in the soil, or even in plants, were enough to supply Ca demanded
by fruit. However, K concentrations higher than the recommended one (800-1200 g-kg™') were observed at both ‘Fuji
Suprema’ harvest times, mainly at the 2" harvest (Supplementary Material, Tables S1 and S2). The aforementioned high
K values have increased the K/Ca and K + Mg/Ca ratios to levels above the recommended (< 20 and < 30, respectively) in
all evaluations conducted at the 2 ‘Maxi Gala’ harvest. Unbalanced mineral ratios increase the likelihood of developing
physiological disorders during cold storage and fruit commercialization, which would lead to product depreciation.
According to Argenta and Suzuki (1994) and Amarante et al. (2010b), K + Mg/Ca ratio higher than 27 and 32, respectively,

lead to greater risks of bitter pit incidence in ‘Gala’ apples.
Fruit ripening stage at harvest time

‘Maxi Gala’ apples have shown pulp firmness higher than 20 1b, TSS content higher than 12 °Bx at both harvest times,
as well as starch index 2 at the first harvest and 3.4 at the second one (Supplementary Material, Table S6). ‘Fuji Suprema’
apples have shown pulp firmness equal to 19.9 and 16.1 Ib, as well as starch index 3.4 and 6.2 at the 1** and 2" harvests,
respectively. Apples of both harvest date presented ripening indices corresponding to that of commercial harvest time
(Gongalves et al. 2017), although apples of both cultivars were at more advanced ripening stage at the 2" harvest date
than at the 1* one. ‘Maxi Gala’ apples of both harvest dates were at the proper ripening stage recommended for long-
term storage; ‘Fuji Suprema’ apples collected at the 1* and 2 harvests were at suitable maturation stage recommended
for long- and mid-term storages, respectively.

‘Fuji Suprema’ fruit have shown higher pulp firmness in T1 than in the control at the 2™ harvest (Fig. 4b).
Increased pulp firmness observed in T1 fruit was associated with better nutritional balance (higher Ca content;
lower K/Ca and K + Mg/Ca ratios - Fig. 2), which may have increased fruit cell membrane and wall stabilization and
enabled greater pulp firmness (Amarante et al. 2012; Fallahi et al. 2010). Brackmann et al. (2010) have also observed
increased Ca contents in the peel of ‘Fuji Suprema’ apple fruit, which led to fruit ripening delay due to low ethylene
production, as well as enabled pulp firmness maintenance and higher TSS levels, after 9 CaCl, (0.6%) applications.
The incidence of rot in the present study was remarkably low (Fig. 5a and b) and presented minimal differences

between treatments.
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Figure 3. Calcium concentration in the 15t harvest (a) and 2nd harvest (b); K/Ca ratio in the 15t harvest (c) and 2" harvest (d); and K + Mg/Ca
ratio in the 1st harvest (e) and 2nd harvest (f) in the fruit pulp of ‘Maxi Gala’ submitted to foliar applications of Ca sources starting at 30 DAFB
and reapplication every 15 days.

Control = water application, only; T1 = CaCl, 0.5% Ca every 15 days after full bloom (DAFB); T2 = Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca
product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB. Means followed by the same letter do not differ by the

Tukey’s test at p <0.05. ns =

10

nonsignificant.
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Figure 4. Pulp firmness in the 15t harvest (a) and in the 2" harvest (b) in ‘Fuji Suprema’ apples submitted to foliar applications of different Ca
sources starting at 30 DAFB and reapplication every 15 days.
Control = water application, only; T1 = CaCl, 0.5% Ca every 15 days after full bloom (DAFB); T2 = Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca

product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB. Means followed by the same letter do not differ by the
Tukey’s test at p < 0.05. ns = nonsignificant.
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Figure 5. Rot severity index in the fruit 7 months after the 15t harvest (a) and 2™ harvest (b) in ‘Fuji Suprema’ apples submitted to foliar
applications of different Ca sources starting at 30 DAFB and reapplication every 15 days.

Control = water application, only; T1 = CaCl, 0.5% Ca every 15 days after full bloom (DAFB); T2 = Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca
product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB. Means followed by the same letter do not differ by the
Tukey’s test at p < 0.05. ns = nonsignificant.

Fruit quality and physiological disorders after storage

Calcium treatments did not affect ripening and physiological disorders in ‘Fuji Suprema’ apples after cold storage
(Table 4). Pulp firmness values after 7-month cold storage (19.0 Ib, on average, in all treatments) were virtually the same
as those observed at the beginning of storage (19.8 Ib, on average, in all treatments) (Table 5). In addition, there was low
incidence of physiological disorders in ‘Fuji Suprema’ apples, which indicated the good nutritional status of this cultivar,
for storage purposes (Amarante et al. 2012; Fallahi et al. 2010). Overall rot and core rot were the most observed postharvest
disorders, although at low levels (Tables 4 and 5).
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Table 4. Maturation attributes and physiological disorders in ‘Fuji Suprema’ fruit from the 15t harvest after seven months of storage, submitted
to foliar applications of Ca sources starting at 30 DAFB and reapplication every 15 days.

Treatments  Pulp firmness (Ib) TSS (°Bx)* ER? Cracking LD? BP* CR®
Control 19.16 131 107 1.00 1.00 1.06 1.08
T1 19.04 131 1.06 1.00 1.00 112 101

T2 19.40 129 112 1.00 101 1.02 1.09

T3 18.85 129 1.08 1.00 1.00 101 111

T4 18.64 13.0 1.09 101 1.00 1.04 1.06

T5 18.91 13.3 1.08 1.00 1.00 1.06 1.08
Mean 19.00 13.05 1.08 1.00 1.00 1.05 1.07
F-teste 0.68 0.83 0.55 0.45 0.45 011 0.08
CV (%) 35 3.69 429 0.82 0.82 5.25 421

ITSS = total soluble solids; 2ER = external rot; 3LD = lenticellar depression; “BP = bitter pit; °CR = carpel rot; CV = coefficient of variation. Means were analyzed
by Tukey’s test at p < 0.05. Control = water application, only; T1=CaCl, 0.5% Ca every 15 days after full bloom (DAFB); T2 = Product A 0.25% Ca every 15 DAFB;
T3 =Product A 0.25% Ca product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB.

Table 5. Maturation attributes and physiological disorders in ‘Fuji Suprema’ fruit from the 2" harvest after seven months of storage, submitted
to foliar applications of Ca sources starting at 30 DAFB and reapplication every 15 days.

Treatments Pulp firmness (Ib) TSS (°Bx)! ER? LD3 BP4 HDS® CR® SS’ SD?
Control 17.49 137 1.06ab 100 1.00 1.00 1.09 101 1.00
T1 17.40 13.4 112a 1.03 104 101 116 101 1.00

T2 1761 13.6 1.07ab 1.02 101 1.00 114 1.00 1.00

T3 1725 134 101b 101 104 100 110 100 101

T4 1717 13.6 1.08ab 101 1.02 100 110 1.00 1.00

T5 17.40 13.8 110a 1.03 104 1.00 1.09 1.00 101
Mean 1739 13.58 1.07 1.02 1.03 1.00 111 1.00 1.00
F-teste 0.96 0.87 0.02 0.27 0.26 0.45 0.62 0.45 0.60
CV (%) 416 372 3.56 2.28 2.86 0.41 6.61 0.52 0.60

ITSS = total soluble solids; 2ER = external rot (cm?); 3LD = lenticellar depression; “BP = bitter pit. (HDS = hard deep scald (blotch pit or deep scald) without
corky below the epidermis; °CR = carpel rot (cm?);’SS = superficial scald. 8SD = senescent degeneration; CV = coefficient of variation. Means were analyzed by
Tukey’s test at p < 0.05. Control = water application, only; T1 = CaCl, 0.5% Ca every 15 days after full bloom (DAFB); T2 = Product A 0.25% Ca every 15 DAFB;
T3 =Product A 0.25% Ca product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB.

‘Maxi Gala’ apples did not show any effect of Ca applications on fruit ripening after 7-month cold storage, in fruit of
both harvest times (Tables 6 and 7). ‘Maxi Gala’ apples recorded a greater reduction in pulp firmness than ‘Fuji Suprema’;
the average firmness of the ‘Maxi Gala’ pulp recorded for early-harvested fruit reached 22.7 Ib, whereas that of fruit of
2" harvest reached 20.5 Ib. Pulp firmness has decreased to 11.02 and 8.85 Ib, after 7-month cold storage, respectively. The
lower firmness loss rate recorded for ‘Fuji Suprema’ apples during storage, in comparison to that of ‘Maxi Gala’ apples, was
closely associated with the treatment based on ethylene inhibitor 1-MCP application to ‘Fuji Suprema’ apples and with
genetic differences between cultivars. The lowest fruit firmness value recorded for ‘Maxi Gala’ apples may be associated with
fruit ripeness, since this cultivar is more sensitive to ethylene than ‘Fuji Suprema’ (Brackmann et al. 2000).

Although there was no difference between Ca sources and doses in the applied treatments, pulp browning
disorder recorded the most significant incidence, both at the 1% and 2™ harvests (Tables 6 and 7). Rot and bitter pit
have also recorded considerable incidence at both harvests. However, it is worth mentioning that the disorder incidence
observed in the current study was overall low in comparison to that observed in similar studies (Freitas et al. 2012;
Watkins and Mattheis 2019).

After 7-month cold storage of ‘Maxi Gala’ fruit from 1* harvest, it was possible seeing that fruit subjected to the
Ca applications decreased the bitter pit index compared to the control, which had the highest index (1.14) (Fig. 6b). Low Ca
concentrations in fruit peel and pulp, as well as high Mg/Ca, K + Mg/Ca and K + Mg + N/Ca ratios, have led to increased
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bitter pit severity (Amarante et al. 2006). In addition, fruit size has influenced its susceptibility to bitter pit, since exponential
fruit size increase also increased nutrient content dilution—such as Ca—in fruit and enabled the emergence of this disorder
(Brackmann and Ribeiro 1992). In the present study, the relationship of nutrient dilution in larger fruit was not verified. The
fruit had an average weight of 108.4 and 115.6 g for ‘Maxi Gala’ and ‘Fuji Suprema;, respectively, without treatment effect,
which was also verified for yield (24.7 and 29.1 t-ha™, respectively) (data not shown). Apple fruit presenting Ca deficiency
have shown higher bitter pit incidence in the postharvest period (Corréa et al. 2017; Miqueloto et al. 2018), and it can get
worse when fruit present high Mg, N and K levels and its relationship with Ca (Amarante et al. 2020), as the ones observed
in the present study. On the other hand, fruit presenting high Ca concentrations often show greater pulp firmness, both
at harvest and during storage (Fallahi et al. 2010). Thus, leaf applications of fertilizers added with Ca, regardless of its
source, have shown positive effect on decreasing the incidence of bitter pit disorder. This outcome corroborates the study
by Brackmann et al. (2010), who observed that 9 and 10 CaCl, (0.6%) applications helped avoiding physiological disorders
in fruit belonging to ‘Fuji Suprema.

Table 6. Maturation attributes and physiological disorders in ‘Maxi Gala’ fruit from the 15t harvest after seven months of storage, submitted
to foliar applications of Ca sources starting at 30 DAFB and reapplication every 15 days.

Treat Fir! TSS? ER3 SSDh* ISD® Crack LD® BP?”  Shrivel CR® SDB® DBSC® HDS*"
Control  11.46 13.6 1.09 1.67 1.02 107 1.09 114 101 1.00 101 115 1.04
T1 11.09 139 1.07 1.68 1.08 1.09 112 1.26 1.05 101 101 1.09 1.00
T2 9.08 13.8 116 2.00 1.06 127 114 113 1.02 1.02 1.00 119 101
T3 11.95 135 1.09 1.49 1.00 107 112 107 1.08 1.02 104 1.06 1.00
T4 11.32 13.8 1.09 152 1.04 107 112 112 1.03 1.00 1.03 112 1.02
T5 11.20 137 112 153 1.06 1.04 1.20 118 101 1.00 1.03 115 1.03
Mean 11.02 137 110 1.65 104 110 113 115 1.03 1.00 1.02 113 1.02
F-teste  0.20 0.87 0.62 0.10 0.21 0.19 0.43 0.79 0.19 0.52 0.21 0.33 0.53
CV (%) 14.0 31 701 15.4 4.4 115 6.7 159 39 18 23 73 3.2

Fir=PULP firmness (Ib); 2TSS =total soluble solids (°Bx); °ER = external rot; *SSD = superficial senescent degeneration; °ISD = internal senescent degeneration;
5LD = lenticellar depression; ’BP = biter pit; 3CR = carpel rot; °SDB = superficial diffuse browning; °DBSC = dark brown spots in the carpel chalice. *HDS
= hard deep scald (blotch pit or deep scald) without corky below the epidermis; CV = coefficient of variation. Means were analyzed by Tukey’s test at
p <0.05. Control =water application, only; T1=CaCl, 0.5% Ca every 15 days after full bloom (DAFB); T2 = Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca
product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB.

Table 7. Maturation attributes and physiological disorders in ‘Maxi Gala’ fruit from the 2" harvest after seven months of storage, submitted
to foliar applications of Ca sources starting at 30 DAFB and reapplication every 15 days.

Treat Firt TSS? ER? Crack SSh* SDB® LD BP’ Shrivel ISD?® CR™®
Control 9.54 151 107 121 1.82 1.20 107 114a 1.00 1.03 1.00
T1 8.29 14.8 127 1.40 2.26 1.06 110 1.02b 1.00 113 1.00
T2 8.74 14.6 107 123 215 1.06 110 1.02b 101 107 1.00
T3 8.06 147 127 147 2.37 112 119 1.01b 1.00 1.05 1.00
T4 8.77 145 114 132 196 112 115 1.01b 1.00 1.03 101
T5 9.68 15.0 1.04 115 178 1.08 119 1.00b 1.00 1.06 101
Mean 8.85 1478 114 1.30 2.06 i 113 1.02 1.00 1.06 1.00
F-teste 0.09 0.32 0.46 0.46 0.10 0.46 0.94 0.01 0.45 0.15 0.45
CV (%) 10.67 311 1174 1763 1724 722 991 4.66 0.41 6.79 0.41

11Fir = Pulp firmness (Ib); 2TSS = total soluble solids (°Bx); *ER = external rot; *SSD = superficial senescent degeneration; *SDB = superficial diffuse browning; LD
=lenticellar depression; ’BP = bitter pit; 8ISD = internal senescent degeneration; *°CR = carpel rot; CV = coefficient of variation. Means were analyzed by Tukey’s
testat p <0.05. Control = water application, only; T1=CaCl2 0.5% Ca every 15 days after full bloom (DAFB); T2 = Product A 0.25% Ca every 15 DAFB; T3 = Product
A 0.25% Ca product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB.

Calcium translocation to fruit only takes place through the xylem, which functionality in apple fruit is relatively
short (Drazeta et al. 2004; Miqueloto et al. 2014). Therefore, it is important emphasizing that supplementary Ca
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sources must be applied in order to guarantee fruit quality, whenever there is competition for this nutrient between
organs such as leaves and fruit, with emphasis on ‘Fuji Suprema, whose fruit present high nutritional imbalance
(Amarante et al. 2012).
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Figure 6. Bitter pit severity index (scale 1to 4) on apples 7 months after the 1% (a) and 2™ (b) harvest in ‘Maxi Gala’ apple trees submitted to
foliar applications of different Ca sources starting at 30 DAFB and reapplication every 15 days.

Control = water application, only; T1 = CaCl, 0.5% Ca every 15 days after full bloom (DAFB); T2 = Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca
product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB. Means followed by the same letter do not differ by the
Tukey’s test at p < 0.05. ns = nonsignificant.

In general, the new sources of Ca tested did not increase Ca contents, nor did they improve N/Ca or K + Mg/Ca ratios, nor
did they reduced the risk for physiological disorder compared to the standard CaCl, treatment that has been commercially
used for decades as the main Ca fertilizer for apple trees. An exception occurred for the Ca concentration in the peel of the
cultivar Maxi Gala in the 1 harvest, where T2, T3, and T5, as well as for T5 in the 2™ harvest, which showed a higher Ca

concentration compared to the standard CaCl, treatment.

CONCLUSION

Calcium fertilizers CaCl,, product A (Ca complexed with sugar-alcohol plus N and Mg) and product B (CaO plus B
complexed with seaweed) sprayed on apples trees did not change Ca levels in leaves.

All three Ca-source fertilizers have increased Ca levels in the fruit peel of both ‘Maxi Gala’ and ‘Fuji Suprema’ apple
trees. However, the pulp was influenced to a lesser extent, whereas whole fruit were not affected by these fertilizers.

Calcium sources have decreased the incidence of bitter pit in fruit of ‘Maxi Gala, depending on harvest time.

The new sources of Ca tested did not increase Ca contents, N/Ca or K + Mg/Ca ratios, nor did they reduced the risk
for physiological disorder compared to the standard CaCl, treatment that has been commercially used for decades as the

main Ca fertilizer.

AUTHORS’ CONTRIBUTION

Conceptualization: Hahn L. and Argenta L. C.; Methodology: Hahn L., Suzin, D. L. and Argenta L. C.; Investigation:
Hahn L. and Suzin, D. L.; Writing - Original Draft: Hahn L., Tiecher T. L., Thewes E. R., Moura-Bueno, J. M. and Brunetto

14 Bragantia, Campinas, 81, 0522, 2022



Calcium applications on apple trees

G., Writing - Review and Editing: Hahn L., Argenta L. C., Tiecher T. L. and Moura-Bueno, J. M., Brunetto, G.; Funding
Acquisition: Hahn L.

DATA AVAILABILITY STATEMENT

The data will be available upon request.

FUNDING

Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico
[http://doi.org/10.13039/501100003593]
Grant no. 302023/2019-4

Coordenacio de Aperfeicoamento de Pessoal de Nivel Superior
[http://doi.org/10.13039/501100002322]
Grant no. 88887.363332/2019-00

ACKNOWLEDGMENTS

Not applicable.

REFERENCES

Amarante, C. V. T., Chaves, D. V. and Ernani, P. R. (2006). Andlise multivariada de atributos nutricionais associados ao “bitter pit” em
magcas ‘Gala’. Pesquisa Agropecuaria Brasileira, 41, 841-846. https://doi.org/10.1590/S0100-204X2006000500017

Amarante, C.V.T., Argenta, L. C., Vieira, M. J. and Steffens, C. A. (2010a). Alteracao da eficiéncia do 1-MCP com o retardo na sua aplicagdo
apo6s a colheitaem magas ‘Fuji Suprema’. Revista Brasileira de Fruticultura, 32,984-992. https://doi.org/10.1590/S0100-29452010005000131

Amarante, C. V. T, Steffens, C. A. and Ernani, P. R. (2010b). Identificacdo pré-colheita do risco de ocorréncia de “Bitter Pit” em maca
‘Gala’ por meio de infiltragdo com magnésio e analise dos teores de calcio e nitrogénio nos frutos. Revista Brasileira de Fruticultura, 32,
027-034. https://doi.org/10.1590/S0100-29452010005000015

Amarante, C. V. T., Argenta, L. C., Basso, C. and Suzuki, A. (2012). Composicao mineral de macas ‘Gala’ e ‘Fuji’ produzidas no Sul do
Brasil. Pesquisa Agropecuaria Brasileira, 47, 550-560. https://doi.org/10.1590/S0100-204X2012000400011

Amarante, C. V. T., Miqueloto, A., Freitas, S. T., Steffens, C. A., Silveira, J. P. G. and Corréa, T. R. (2013). Fruit sampling methods to quantify

calcium and magnesium contents to predict bitter pit development in ‘Fuji’ apple: A multivariate approach. Scientia Horticulturae, 157,
19-23. https://doi.org/10.1016/j.scienta.2013.03.021

Amarante, C. V. T., Miqueloto, A., Steffens, C. A., Maciel, T. M., Denardi, V., Argenta, L. C. and Freitas, S. T. (2018). Optimization of fruit
tissue sampling method to quantify calcium, magnesium and potassium contents to predict bitter pitin apples. Acta Horticulturae, 1194,
487-492. https://doi.org/10.17660/ActaHortic.2018.1194.71

Amarante, C. V. T., Katsurayama, J. M., Pereira, A. J. and Steffens, C. A. (2020). Apple orchard spraying with commercial sources of calcium
to improve fruit quality. Acta Horticulturae, 1275, 201-206. https://doi.org/10.17660/ActaHortic.2020.1275.28

Bragantia, Campinas, 81, 0522, 2022 15


http://doi.org/10.13039/501100003593
http://doi.org/10.13039/501100002322
https://doi.org/10.1590/S0100-204X2006000500017
https://doi.org/10.1590/S0100-29452010005000131
https://doi.org/10.1590/S0100-29452010005000015
https://doi.org/10.1590/S0100-204X2012000400011
https://doi.org/10.1016/j.scienta.2013.03.021
https://doi.org/10.17660/ActaHortic.2018.1194.71
https://doi.org/10.17660/ActaHortic.2020.1275.28

L.Hahnetal.

Argenta, L. C. and Suzuki, A. (1994). Relacao entre teores minerais e freqtiéncia de bitter pit em maga cv. Gala no Brasil. Revista Brasileira
de Fruticultura, 16, 267-277.

Argenta, L. C., Amarante, C. V. T,, Betinelli, K. S., Brancher, T. L., Nesi, C. N. and Vieira, M. J. (2020). Comparison of fruit attributes of ‘Fuji’
apple strains at harvest and after storage. Scientia Horticulturae, 272, 109585. https://doi.org/10.1016/j.scienta.2020.109585

Bataglia, O. C, Furlani, A. M. C., Teixeira, J. P. F,, Furlani, P. R. and Galo, J. R. (1983). Métodos de analise quimica de plantas [Boletim
técnico]. Campinas: Instituto Agronémico.

Blanco, A., Fernandez, V. and Val, J. (2010). Improving the performance of calcium-containing spray formulations to limit the incidence
of bitter pit in apple (Malus x domestica Borkh). Scientia Horticulturae, 127, 23-28. https://doi.org/10.1016/j.scienta.2010.09.005

Brackmann, A. and Ribeiro, N. D. (1992). Desordens fisiol6gicas em macieira induzidas por deficiéncia de calcio e seu controle. Ciéncia
Rural, 22, 247-253. https://doi.org/10.1590/S0103-84781992000200021

Brackmann, A, Steffens, C. A., Neuwald, D. A. and Mello, A. M. (2000). Armazenamento de maca ‘Royal Gala’ sob diferentes concentragdes
de etileno. Revista Brasileira de Agrociéncia, 6, 39-41.

Brackmann, A., Schorr, M. R. W,, Pinto, J. A. V. and Venturini, T. L. (2010). Aplicacdes pré-colheita de calcio na qualidade pds-colheita
de macas ‘Fuji’. Ciéncia Rural, 40, 1435-1438. https://doi.org/10.1590/S0103-84782010000600032

Cline, J. A., Hanson, E. J., Bramlage, W. J., Cline, R. A. and Kushad, M. M. (1991). Calcium accumulation in delicious apple fruit. Journal
of Plant Nutrition, 14, 1213-1222. https://doi.org/10.1080/01904169109364279

Corréa, T. R., Steffens, C. A., Amarante, C. V. T., Miqueloto, A., Brackmann, A. and Ernani, P. R. (2017). Multivariate analysis of mineral
content associated with flesh browning disorder in ‘Fuji’ apples produced in Southern Brazil. Bragantia, 76, 327-334. https://doi.
0rg/10.1590/1678-4499.127

Drazeta, L., Lang, A., Hall, A. J., Volz, R. K. and Jameson, P. E. (2004). Causes and effects of changes in xylem functionality in apple fruit.
Annals of Botany, 93, 275-282. https://doi.org/10.1093/aob/mch040

Fallahi, E., Fallahi, B., Neilsen, G. H., Neilsen, D. and Peryea, F. J. (2010). Effects of mineral nutrition on fruit quality and nutritional disorders
in apples. Acta Horticulturae, 868, 49-60. https://doi.org/10.17660/ActaHortic.2010.868.3

Ferguson, I. B. and Watkins, C. B. (1989). Bitter pit in apple fruit. In J. Janick (Ed.), Horticultural Reviews (p. 289-355). Portland: Timber
Press. https://doi.org/10.1002/9781118060841.ch8

Freitas, S. T., Amarante, C. V. T,, Labavitch, J. M. and Mitcham, E. J. (2010). Cellular approach to understand bitter pit development in
apple fruit. Postharvest Biology and Technology, 57, 6-13. https://doi.org/10.1016/j.postharvbio.2010.02.006

Freitas, S. T. and Mitcham, E. J. (2012). Factors involved in fruit calcium deficiency disorders. In J. Janick (Ed.), Horticultural Reviews (p.
107-146). Hoboken: Wiley-Blackwell. https://doi.org/10.1002/9781118351871.ch3

Gongalves, M. W., Argenta, L. C. and Martin, M. S. (2017). Maturity and quality of apple fruit durinig the harvest period at apple industry.
Revista Brasileira de Fruticultura, 39, e-825. https://doi.org/10.1590/0100-29452017825

[IBGE] Instituto Brasileiro de Geografia e Estatistica. (2018). Produgao agricola municipal. IBGE. [Accessed Oct. 20,2019]. Available at:
https://sidra.ibge.gov.br/tabela/1613#resultado

Kalcsits, L., Lotze, E., Tagliavini, M., Hannam, K. D., Mimmo, T., Neilsen, D., Neilsen, G., Atkinson, D., Biasuz, E. C., Borruso, L., Cesco, S.,
Fallahi, E., Pii, Y.and Valverdi, N. A. (2020). Recent achievements and new research opportunities for optimizing macronutrient availability,
acquisition, and distribution for perennial fruit crops. Agronomy, 10, 1738. https://doi.org/10.3390/agronomy10111738

Kannan, S. (2010). Foliar fertilization for sustainable crop production. In E. Lichtfouse (Ed.), Genetic engineering, biofertilisation, soil
quality and organic farming. Sustainable (p. 371-402). Dordrecht: Springer. https://doi.org/10.1007/978-90-481-8741-6 13

16 Bragantia, Campinas, 81, e0522, 2022


https://doi.org/10.1016/j.scienta.2020.109585
https://doi.org/10.1016/j.scienta.2010.09.005
https://doi.org/10.1590/S0103-84781992000200021
https://doi.org/10.1590/S0103-84782010000600032
https://doi.org/10.1080/01904169109364279
https://doi.org/10.1590/1678-4499.127
https://doi.org/10.1590/1678-4499.127
https://doi.org/10.1093/aob/mch040
https://doi.org/10.17660/ActaHortic.2010.868.3
https://doi.org/10.1002/9781118060841.ch8
https://doi.org/10.1016/j.postharvbio.2010.02.006
https://doi.org/10.1002/9781118351871.ch3
https://doi.org/10.1590/0100-29452017825
https://sidra.ibge.gov.br/tabela/1613#resultado
https://doi.org/10.3390/agronomy10111738
https://doi.org/10.1007/978-90-481-8741-6_13

Calcium applications on apple trees

Kraemer, T., Hunsche, M. and Noga, G. (2009). Cuticular calcium penetration is directly related to the area covered by calcium within
droplet spread area. Scientia Horticulturae, 120, 201-206. https://doi.org/10.1016/j.scienta.2008.10.015

Mattheis, J. P., Rudell, D. R. and Hanrahan, I. (2017). Impacts of 1-methylocyclopropene and controlled atmosphere established during
conditioning on development of bitter pit in ‘Honeycrisp’ apples. HortScience, 52, 132-137. https://doi.org/10.21273/HORTSCI11368-16

Miqueloto, A., Amarante, C. V. T,, Steffens, C. A., Santos, A., Heinzen, A. S., Miqueloto, T, Strauss, R., Finger, F. L., Picoli, E. A. T.and Souza,
G.A. (2018). Mechanisms regulating fruit calcium content and susceptibility to bitter pit in cultivars of apple. Acta Horticulturae, 1194,
469-474. https://doi.org/10.17660/ActaHortic.2018.1194.68

Miqueloto, A, Amarante, C. V. T, Steffens, C. A., Santos, A. and Mitcham, E. (2014). Relationship between xylem functionality, calcium
content and the incidence of bitter pit in apple fruit. Scientia Horticulturae, 165, 319-323. https://doi.org/10.1016/j.scienta.2013.11.029

Murphy, J. and Riley, J. P. (1962). A modified single solution method for the determination of phosphate in natural waters. Analytica
Chimica Acta, 27, 31-36. https://doi.org/10.1016/S0003-2670(00)88444-5

Nachtigall, G. R. and Dechen, A. R. (2006). Seasonality of nutrients in leaves and fruits of apple trees. Scientia Agricola, 63, 493-501.
https://doi.org/10.1590/S0103-90162006000500012

Neuwald, D. A., Kittemann, D. and Streif, J. (2008). Possible prediction of physiological storage disorders in ‘Braeburn’ apples comparing
fruit of different orchards. Acta Horticulturae, 796, 211-216. https://doi.org/10.17660/ActaHortic.2008.796.28

Neuwald, D. A, Sestari, I., Kittemann, D., Streif, J., Weber, A. and Brackmann, A. (2014). Can mineral analysis be used as a tool to predict
‘Braeburn’ browning disorders (BBD) in apple in commercial controlled atmosphere (CA) storage in Central Europe? Erwerbs-Obstbau,
56, 35-41, 2014. https://doi.org/10.1007/s10341-014-0202-x

R Core Team. (2020). R: A language and environment for statistical computing. The R Foundation. [Accessed Oct. 20, 2019]. Available
at: https://www.R-project.org/

Saure, M. C. (2005). Calcium translocation to fleshy fruit: its mechanism and endogenous control. Scientia Horticulturae, 105, 65-89.
https://doi.org/10.1016/j.scienta.2004.10.003

[SBCS] Sociedade Brasileira de Ciéncia do Solo. (2016). Manual de adubacao e calagem para os Estados do Rio Grande do Sul e Santa
Catarina. Porto Alegre: Comissao de Quimica e Fertilidade Do Solo - RS/SC. [Accessed Oct. 20, 2019]. Available at: http://www.sbcs-
nrs.org.br/docs/Manual_de_Calagem_e Adubacao_para_os_Estados do RS e de SC-2016.pdf

Schlegel, T. K. and Schénherr, J. (2002). Stage of development affects penetration of calcium chloride into apple fruits. Journal of Plant
Nutrition and Soil Science, 165, 738-745. https://doi.org/10.1002/jpIn.200290012

Sezerino, A. A. (2018). Sistema de produgao para a cultura da macieira em Santa Catarina. Floriandpolis: EPAGRI.
Silva, F. C. (2009). Manual de andlises quimicas de solos, plantas e fertilizantes. Brasilia: Embrapa Informacao Tecnolégica.
Suzuki, A. and Basso, C. (2006). Solos e nutricao da macieira. In EPAGRI (Ed.), A cultura da macieira (p. 341-381). Floriandpolis: EPAGRI.

Tedesco, M. J.,, Gianello, C., Bissani, C. A., Bohnen, H. and Volkweiss, S. J. (1995). Andlise de solo, plantas e outros materiais. Porto
Alegre: UFRGS.

Watkins, C. B. and Mattheis, J. P. (2019). Apple. In S. T. Freitas and S. Pareek (Eds.), Postharvest physiological disorders in fruits and
vegetables. Boca Raton: CRC Press.

Bragantia, Campinas, 81, 0522, 2022 17


https://doi.org/10.1016/j.scienta.2008.10.015
https://doi.org/10.21273/HORTSCI11368-16
https://doi.org/10.17660/ActaHortic.2018.1194.68
https://doi.org/10.1016/j.scienta.2013.11.029
https://doi.org/10.1016/S0003-2670(00)88444-5
https://doi.org/10.1590/S0103-90162006000500012
https://doi.org/10.17660/ActaHortic.2008.796.28
https://doi.org/10.1007/s10341-014-0202-x
https://www.R-project.org/
https://doi.org/10.1016/j.scienta.2004.10.003
http://www.sbcs-nrs.org.br/docs/Manual_de_Calagem_e_Adubacao_para_os_Estados_do_RS_e_de_SC-2016.pdf
http://www.sbcs-nrs.org.br/docs/Manual_de_Calagem_e_Adubacao_para_os_Estados_do_RS_e_de_SC-2016.pdf
https://doi.org/10.1002/jpln.200290012

L.Hahnetal.

SUPPLEMENTARY MATERIAL

Table S1. Concentrations and relationships between nutrients in the peel, pulp and whole fruit of ‘Fuji Suprema’ apples in the 1t harvest with
foliar applications of Ca sources starting at 30 DAFB and reapplication every 15 days.

N P K Ca Mg
Parts Treatments N/Ca K/Ca K+Mg/Ca
................... (11 To (e e ———
Control 1039.0 7307 2338.0 122.6 291.5 8.6 19.3 217
T1 989.9 734.5 2040.4 139.7 273.0 71 145 16.5
T2 1058.6 755.1 21174 1347 295.0 7.8 157 179
T3 1075.4 690.3 2211.2 141.0 3075 77 157 179
Peel T4 1046.8 7373 2232.6 1378 302.6 7.6 16.2 183
T5 961.7 7312 2095.0 1419 3071 6.8 14.8 170
Mean 1028.6 7299 2172.4 136.3 296.1 76 16.0 18.2
F-test 0.74 0.84 0.87 0.41 0.97 0.19 0.10 0.10
CV (%) 11.5 9.2 16.6 10.2 221 11.5 137 12.8
Control 3217 286.9 16891 41.2 541 81 1.4 427
T1 361.5 308.4 17831 473 59.7 77 378 391
T2 298.0 2710 1590.7 427 52.7 70 377 39.0
T3 386.2 286.6 14615 419 491 9.3 351 36.3
Pulp T4 3675 303.8 15479 437 521 8.4 35.6 36.8
T5 3527 281.4 1543.9 45.6 543 78 341 353
Mean 3479 289.7 1602.7 437 53.7 81 370 38.2
F-test 0.07 073 0.28 0.38 0.63 0.19 0.25 0.26
CV (%) 1.4 13.0 122 10.0 155 15.2 11.6 11.6
Control 4215 3139 1525.8 447 76.1 9.6 345 36.2
T1 3829 3193 14245 438.8 743 8.0 297 31.2
T2 383.6 315.2 1326.5 46.3 70.8 8.3 287 30.3
T3 4443 305.8 1232.8 469 64.9 9.5 26.1 275
Whole fruit T4 443.6 3315 14133 50.6 731 8.9 28.0 29.4
T5 371.2 3177 1282.8 53.4 68.1 73 247 26.0
Mean 4079 3172 1367.6 485 712 8.6 28.6 301
F-test 013 0.96 0.32 0.62 0.52 0.44 011 011
CV (%) 111 12.0 13.8 155 124 20.5 159 157

Means were analyzed by Tukey's test at p < 0.05. CV = coefficient of variation. Control = water application, only; T1=CaCl, 0.56% Ca every 15 days after full bloom (DAFB);
T2=Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB.

Table S2. Concentrations and relationships between nutrients in the peel, pulp and whole fruit of ‘Fuji Suprema’ apples in the 2" harvest with
foliar applications of Ca sources starting at 30 DAFB and reapplication every 15 days.

N P K Ca Mg
Parts Treatments N/Ca K/Ca K+Mg/Ca
................... (LT R R ——
Control 788.0 78.2 1771.3 1471b 2731 5.4 121a 140a
T1 889.3 68.8 1621.0 176.1a 248.5 5.0 9.2b 106b
T2 829.6 68.5 1715.2 156.0 ab 2841 53 11.0ab 129ab
T3 780.0 69.0 1800.4 164.0 ab 296.9 48 11.0ab 12.8ab
Peel T4 804.1 675 1773.9 1777 a 2943 4.6 100b 117b
T5 785.1 68.0 1682.4 158.8 ab 2577 5.0 10.7ab 12.3ab
Mean 8127 70.0 17274 163.2 275.8 5.0 10.7 124
F-test 0.65 0.84 0.63 0.00 0.59 0.48 0.04 0.04
CV (%) 125 18.3 9.4 5.2 16.3 12.8 11.0 111

Continue...
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Table S2. Continuation...

Mg

Parts Treatments N/Ca K/Ca K+Mg/Ca
................... T L ——
Control 2871 347 1412.9 34.4 479 8.4 417 431
T1 319.4 28.5 15433 38.4 53.9 8.4 40.5 419
T2 2779 351 1469.4 30.6 48.8 9.4 49.9 516
T3 276.4 50.6 1528.2 36.3 53.9 77 431 44.6
Pulp T4 266.8 34.0 1490.9 354 48.8 7.8 432 447
T5 266.9 34.0 1592.9 344 56.4 8.0 472 489
Mean 282.4 36.1 1506.3 349 51.6 8.3 443 458
F-test 0.58 0.41 0.27 0.24 0.26 0.81 0.61 0.62
CV (%) 15.6 40.0 70 121 11.4 22.2 18.9 19.1
Control 341.4 511 1452.8 429 85.5 8.0 34.0 36.0
T1 335.6 58.56 1376.9 517 78.4 6.5 26.9 28.4
T2 3075 54.0 12674 434 719 72 29.5 312
T3 334.5 73.8 1309.5 49.2 85.4 70 275 29.3
Whole fruit T4 308.3 472 14101 474 75.6 6.5 29.8 313
T5 344.2 49.2 14351 478 79.3 73 30.4 321
Mean 328.6 55.6 1375.3 471 79.4 71 29.7 314
F-test 0.42 0.33 0.26 0.19 0.70 0.55 0.23 0.25
CV (%) 9.7 312 8.8 11.0 175 177 137 13.9

Means were analyzed by Tukey's test at p < 0.05. CV = coefficient of variation. Control = water application, only; T1=CaCl, 0.56% Ca every 15 days after full bloom (DAFB);
T2=Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB.

Table S3. Concentrations and relationships between nutrients in the peel, pulp and whole fruit of ‘Maxi Gala’ apples in the 1% harvest with

foliar applications of Ca sources starting at 30 DAFB and reapplication every 15 days.

Parts Treatments P K Ca Mg N/Ca K/Ca K+Mg/Ca
................... L T R ——
Control 696.5 5771 1106.5 105.4b 201.4 6.6 10.5 12.4
T1 627.8 552.8 960.5 106.4b 184.0 6.3 9.7 11.6
T2 7015 580.9 1115.8 1245a 2253 5.6 9.0 10.7
T3 641.0 561.8 1043.4 1316a 229.8 49 79 9.7
Peel T4 684.5 584.3 1004.3 114.8 ab 184.8 5.9 8.7 10.3
T5 674.3 568.6 1039.2 1245a 198.3 5.4 8.4 10.0
Mean 670.9 570.9 1044.9 116.7 203.9 5.8 9.0 10.8
F-teste 0.91 0.96 0.59 0.00 0.65 0.18 0.12 0.19
CV (%) 170 9.4 13.0 6.7 235 151 13.7 13.9
Control 273.6 178.0 14572 39.6 73.0 72 371a 389a
T1 289.4 160.4 1378.2 391 69.0 75 36.1ab 379 ab
T2 279.9 162.4 13249 393 66.7 71 33.8ab 35.5ab
T3 2815 162.2 1163.2 478 577 6.0 24.8b 26.0b
Pulp T4 280.8 152.5 1073.5 38.8 57.6 73 279 ab 29.4 ab
T5 2878 161.2 1203.3 440 63.2 6.6 27.8 ab 29.2ab
Mean 282.2 162.8 1266.7 41.4 64.5 6.9 313 32.8
F-teste 0.99 0.86 0.10 0.22 0.70 0.64 0.04 0.04
CV (%) 12.3 16.7 15.2 14.0 24.9 19.4 18.5 18.5
Control 3277 385.4 1171.2 483 65.8 70 243 257
T1 334.2 358.0 1186.2 397 66.3 8.4 307 324
T2 354.2 3847 1330.8 51.8 84.9 6.9 25.9 276
T3 303.2 365.1 1102.0 52.8 68.2 5.9 21.6 229
Whole fruit T4 290.2 378.3 12251 46.0 676 6.3 26.6 281
T5 3024 375.6 1378.2 473 90.2 6.6 287 30.6
Mean 318.6 3745 12323 476 73.8 6.9 26.3 279
F-teste 0.10 0.83 0.31 0.24 0.30 0.13 0.22 0.23
CV (%) 8.1 9.0 14.7 16.1 25.4 177 19.2 19.2

Means were analyzed by Tukey's test at p < 0.05. CV = coefficient of variation. Control = water application, only; T1=CaCl, 0.56% Ca every 15 days after full bloom (DAFB);
T2=Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB.
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Table S4. Concentrations and relationships between nutrients in the peel, pulp and whole fruit of ‘Maxi Gala’ apples in the 2" harvest with
foliar applications of Ca sources starting at 30 DAFB and reapplication every 15 days.

N P K Ca Mg
Parts Treatments N/Ca K/Ca K+Mg/Ca
................... LT —
Control 748.6 419.0 2239.0 110.2b 586.0 6.8 20.3 257
T1 576.8 4357 20747 110.5b 392.6 53 189 22.4
T2 659.1 402.4 1889.2 125.2ab 4475 5.4 15.2 18.8
T3 614.6 3947 1960.9 121.0ab 440.7 51 16.3 19.9
Peel T4 7679 4149 2046.6 139.5ab 510.1 5.7 149 19.0
T5 703.9 393.2 2019.4 143.0a 5470 5.0 14.7 18.5
Mean 678.5 410.0 2038.3 1249 4873 5.5 16.7 20.7
F-teste 0.25 0.49 0.26 0.03 013 0.39 0.22 0.45
CV (%) 18.3 8.3 9.6 16.8 21.0 231 18.3 16.8
Control 284.2 259.8 2551.6 36.7ab 129.0 75 76.4ab 80.2ab
T1 280.9 2315 2429.0 32.3b 117.8 79 79.9a 83.7a
T2 256.8 258.5 25215 371ab 124.2 6.4 66.2ab 69.4 ab
T3 301.0 266.8 2701.7 39.9ab 152.2 6.7 63.1ab 66.2 ab
Pulp T4 269.4 266.8 2295.0 450a 1170 6.8 60.4ab 63.8ab
T5 296.2 2719 2788.2 417ab 138.3 8.1 57.3b 60.2b
Mean 280.9 2315 2429.0 371 1178 79 672 70.6
F-teste 0.40 0.63 011 0.04 0.46 012 0.01 0.02
CV (%) 12.3 133 9.6 12.7 21.4 20.5 135 134
Control 339.9 2576 2765.7 45.8 183.3 79 62.9 670
T1 3171 258.1 23339 474 152.3 6.7 493 52.5
T2 3275 226.8 2031.6 48.4 135.6 6.9 430 45.8
T3 303.6 242.6 24072 491 1431 6.2 49.2 521
Whole fruit T4 331.2 2377 2149.9 431 148.8 78 50.4 53.9
T5 299.2 2571 2288.7 487 140.7 6.3 475 50.5
Mean 319.8 246.7 23295 471 150.7 70 50.4 53.6
F-teste 0.48 0.85 0.22 0.87 0.59 0.60 0.25 0.24
CV (%) 10.3 16.9 174 16.0 25.8 24.4 21.6 21.6

Means were analyzed by Tukey's test at p < 0.05. CV = coefficient of variation. Control = water application, only; T1=CaCl, 0.5% Ca every 15 days after full bloom (DAFB);
T2=Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca product every 30 DAFB; T4 =Product A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB.

Table S5. Pulp firmness values, total soluble solids (TSS), and iodine-starch index in ‘Fuji Suprema’ in the 15! and 2" harvest of fruit submitted
to foliar applications of Ca sources starting at 30 DAFB and reapplication every 15 day.

Pulp firmness (Ib) TSS (°Bx) lodine-starch index
Treatments 1st 2nd 1st 2nd 1st 2nd
Harvest Harvest Harvest Harvest Harvest Harvest

Control 19.94 16.14b 121 139 3.4 6.2

T1 19.23 18.77a 12.0 13.3 39 6.6

T2 19.58 1728ab 11.6 13.3 33 6.7

T3 20.50 18.09ab 12.0 13.8 36 6.8

T4 20.55 1753ab 117 134 29 6.0

T5 19.26 1723ab 12.3 134 33 71

Mean 19.84 1750 1195 135 34 6.6
F-teste 0.68 0.01 0.76 0.89 0.45 0.75
CV (%) 6.23 5.79 1778 493 22.42 12.86

Means followed by the same letter, in the columns, do not differ by the Tukey’s test at p < 0.05. CV = coefficient of variation. Control = water application, only;
T1=CaCl,0.5% Ca every 15 days after full bloom (DAFB); T2 = Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca product every 30 DAFB; T4 = Product
A 0.5% Ca every 15 DAFB; T5 = Product B 0.5% Ca every 15 DAFB.
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Table S6. Pulp firmness values, total soluble solids (TSS), and iodine-starch index in ‘Maxi Gala’ in the 15t and 2" harvest of fruit submitted
to foliar applications of Ca sources starting at 30 DAFB and reapplication every 15 days.

Pulp firmness (Ib) TSS (°Bx) lodine-starch index
Treatments 1st 2nd 1st 2nd 15t 2nd
Harvest Harvest Harvest Harvest Harvest Harvest

Control 2315 20.60 121 1450 2.50 3.4

T1 21.43 18.93 12.4 13.90 210 39

T2 2207 19.57 13.2 13.70 2.00 33

T3 2319 21.55 136 13.60 2.20 36

T4 2331 20.97 117 13.65 160 29

T5 23.40 2141 11.8 14.65 198 33

Mean 2276 20.50 125 14.0 2.06 3.4
F-teste 0.82 0.56 0.16 013 0.69 0.45
CV (%) 8.83 8.63 14.24 4.03 45.61 2242

Means were analyzed by Tukey's test at p < 0.05. CV = coefficient of variation. Control = water application, only; T1 = CaCl, 0.5% Ca every 15 days after full bloom
(DAFB); T2 = Product A 0.25% Ca every 15 DAFB; T3 = Product A 0.25% Ca product every 30 DAFB; T4 = Product A 0.5% Ca every 15 DAFB; T5 = Product B
0.5% Ca every 15 DAFB.

Bragantia, Campinas, 81, e0522, 2022 21



