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Foliar fertilizers with Ca prolong the firmness
of Sweet Grape tomatoes during the post-harvest period
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ABSTRACT: The objective of this study was to evaluate the post-harvest quality of Sweet Grape tomatoes, with and without
nutritional deficiency, subjected to sources and frequency of application of foliar fertilizers based on Ca. Two experiments were
conducted with storage of the fruit in different climate chambers: 25 and 11 °C. The experiments were conducted in a randomized
block design with subdivided plots. The Ca sources used via foliar fertilization were allocated to the plots: calcium chloride and
calcium acetate at a concentration of 0.3% Ca, and deionized water. In the sub-plots the frequencies of foliar fertilizer application
(7 or 14 days) were allocated. The sub-sub-plots received the periods of fruit evaluation during storage (0, 9, 18, and 27 days).
In each experiment and evaluation period, firmness, pH, soluble solids content, and titratable acidity of the fruit were determined.
In both plants that received adequate and low Ca supply in the nutrient solution. Foliar fertilizer applications increased initial fruit
firmness, regardless of the frequency of application, enabling longer storage time at both temperatures. There were no differences
between the treatments in the evaluations referring to the taste of the fruits during the storage periods.

Key words: mineral nutrition; shelf life; Solanum lycopersicum L.

A aplicacao de fertilizantes foliares com Ca prolongam
a firmeza do tomate Sweet Grape durante o periodo pds-colheita

RESUMO: O objetivo deste estudo foi avaliar a qualidade pés-colheita do tomate Sweet Grape, com e sem deficiéncia nutricional,
submetido a fontes e frequéncia de aplicagao de fertilizantes foliares a base de Ca. Foram realizados dois experimentos com
armazenamento dos frutos em diferentes cAmaras climaticas: 25 e 11 °C. Os experimentos foram realizados em delineamento de
blocos casualizados e arranjo em parcelas sub-subdivididas. Alocaram-se nas parcelas as fontes de Ca usadas via fertilizagdo
foliar: cloreto de célcio e acetato de célcio na concentragdo de 0,3 % de Ca, e &gua desionizada. Nas sub-parcelas foram alocadas
as frequéncias de aplicagao dos fertilizantes foliares (7 ou 14 dias). As sub-sub-parcelas receberam as épocas de avaliagdo dos
frutos durante a armazenagem (0, 9, 18 e 27 dias). Em cada experimento e época de avaliagao foram determinados firmeza, pH,
teor de solidos soluveis e acidez titulavel dos frutos. Tanto nas plantas que receberam suprimento adequado quanto naquelas
que receberam baixo suprimento de Ca na solugao nutritiva. As aplicacdes dos fertilizantes foliares aumentaram a firmeza inicial
dos frutos, independentemente da frequéncia de aplicagdo, possibilitando um maior tempo de armazenamento em ambas as
temperaturas. Nao foram observadas diferengas entre os tratamentos nas avaliagées que remetem ao sabor dos frutos durante
0s periodos de armazenagem.

Palavras-chave: nutricdo mineral; vida de prateleira; Solanum lycopersicum L.

* Raphael Oliveira de Melo - E-mail: raphael.o.melo@ufv.br (Corresponding author) This is an open-access article distributed under the Creative
Associate Editor: Severino Matias Alencar Commons Attribution 4.0 International License.


https://orcid.org/0000-0002-1415-3927
https://orcid.org/0000-0002-2184-374X
https://orcid.org/0000-0003-2210-9069
mailto:raphael.o.melo%40ufv.br?subject=
mailto:herminia%40ufv.br?subject=
mailto:brunno.rocha11%40hotmail.com?subject=
mailto:raphael.o.melo%40ufv.br?subject=

Foliar fertilizers with Ca prolong the firmness of Sweet Grape tomatoes during the post-harvest period

Introduction

Tomatoes are a highly perishable fruit, demanding
numerous efforts in their preservation (Menezes et al.
2017). Extending tomato post-harvest quality is an important
way to minimize losses by providing greater flexibility for
growers, intermediaries, retailers, and consumers during
transportation, storage, marketing, and consumption of
the fruit (Machado et al., 2020). Increasing the calcium (Ca)
content in the fruit through pre-harvest foliar fertilization can
be a strategic measure to maintain post-harvest quality longer.

Ca content in tomato fruits prolongs post-harvest quality
(Islam et al., 2016). Ca gives stability to the cell wall, as it
covalently binds with the pectins, giving rise to calcium
pectate, restricting the action of hydrolytic enzymes,
responsible for premature softening of the fruit (Aghdam
et al., 2012; Pinheiro & Almeida, 2008). Fruit firmness is an
important attribute, since a firmer fruit can have its shelf life
extended (De Ketelaere et al., 2004).

In the plant, Ca moves exclusively through the xylem, so
the arrival of the nutrient in the fruit depends on transpiration
(Hocking et al., 2016). In tomato, problems caused by low Ca
supply in the fruit are common, even with supplementation of
the nutrient via soil, especially under conditions that reduce
transpiration of the plant, such as: high relative air humidity and
low soil water availability (Hagassou et al., 2019). Therefore,
foliar Ca fertilization has been indicated in tomato cultivation
as a complement to soil fertilization in order to improve plant
Ca nutrition (Coolong et al., 2014; Melo et al., 2022). The Ca
source, dose, and application frequency used for foliar fertilizer
sprays can interfere with the efficiency and potential of this
management (Fageria et al., 2009; Fernandez et al., 2015).

Coupled with adequate Ca contents in the fruit, cooling
is the most effective postharvest technique for shelf life
extension, as it promotes the decrease of microbiological,
physiological, and biochemical activity of the fruit, with
consequent reduction of ethylene production (Samira et
al., 2013). The limiting factor of refrigeration can be its high
cost, considering its operation, maintenance and energy
consumption needs, besides the expenses that involve
equipment acquisition (Cortez et al., 2002).

The hypothesis of this study is that different Ca
concentrations in the growing nutrient solution, different
foliar fertilizers, and different frequencies of foliar Ca
application alter the postharvest behavior of Sweet Grape
tomato fruit, regardless of storage temperature. The objective
of this study was to evaluate the postharvest quality of Sweet
Grape tomatoes stored for different periods and at different
temperatures in response to the foliar application of two
calcium sources and two application frequencies, in plants
with and without Ca deficiency.

Materials and Methods

The experiment was conducted from September to
December in the greenhouse of the Agronomy Department
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of the Universidade Federal de Vigosa (UFV), Vigosa, MG,
Brazil (20° 45’ 14” S, 42° 52’ 55” W, and 650 m of altitude).
Forty days after sowing, the seedlings, with four pairs of fully
expanded leaves, were transplanted into 8 L containers filled
with coconut fiber (Golden Mix). The plants were spaced at 0.5 m
between plants and 1.0 m in inner rows (2 plants m?), tied
with string, driven with two stems, pruned when each plant
had three leaves above the sixth flower cluster. Pruning of the
lateral shoots was carried out throughout the experiment.

Two experiments were conducted in temperature
controlled chambers at 25 and 11 °C. The experiments were
conducted in a randomized block design in subdivided plots,
with the different active ingredients used as foliar fertilizers
allocated in the plots: 0.3% calcium chloride, 0.3% calcium
acetate, and deionized water. In the sub-plots the frequencies
of foliar fertilizer application (7 or 14 days) were allocated.
In the subplots the evaluation periods of the fruits during
storage (0, 9, 18, and 27 days). The plants from which the fruit
were harvested were grown with and without Ca deficiency,
by applying two doses of Ca in the nutrient solution: 1.5 and
3.0 mmol L? sufficient and deficient, respectively, according
to (Fernandes et al., 2002). The experimental unit consisted
of five fruits, and four repetitions were used per treatment.

Foliar fertilizer applications were started from the onset of
flowering 22 days after transplanting. The amounts of foliar
fertilizers applied were calculated according to the doses and
spray volume recommended by the manufacturer for the
respective products, so that each plant received 0.3% Ca and a
fixed volume of 50 mL of solution in each application whatever
the source employed. The fertilizers were applied using a
handheld sprayer with a full cone nozzle. Plastic curtains were
used positioned between the plants at the time of spraying, in
order to avoid drifting the spray mixture onto plants that were
not part of the treatment in question.

Eighty days after planting, mature commercial fruits from
the third and fourth floral cluster were sampled, harvested
according to the marketing standards determined by Sakata
sudamerica®: weight between 5 to 18 g and absence of
damage by cracking, by apical rot and by pests or diseases
(Heath, 2012). The fruits were stored in PET packages with 20
units each, totaling approximately 200 g, and submitted to a
27-day storage period in temperature-controlled chambers.
Five fruits were removed from each package at each evaluation
time (0, 9, 18, and 27 days) to determine firmness, pH, soluble
solids content and titratable acidity.

The firmness was determined using a bench penetrometer
with 4.0 mm diameter tips. A 10 mL sample of juice was
extracted from the fruit to determine the SS content (°Brix)
with a digital refractometer, and the pH with a potentiometer.
To determine titratable acidity, the juice was diluted with
distilled water in a 1:20 ratio and titrated with solution of
NaOH 0.005 mol L* to pH 8.1.

All data obtained in the study were subjected to analysis
of variance using R software version 4.0.0 (R Core Team, 2018)
and when there were differences or interactions between
treatments, the averages were compared by Tukey test at
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5% probability. Polynomial regression curves were fitted to
measure the effect of storage times on the variables that
showed differences between treatments.

Results and Discussion

The post-harvest quality analyses of the fruits showed that
therewasaninfluence of the application of both foliar fertilizers
on the post-harvest quality, by increasing the firmness of the
fruits, independently of the frequencies between applications
(7 and 14 days). This occurred for the two doses of Ca supplied
in the nutrient solution (1.5 and 3.0 mmol L?) and at the two
storage temperatures (11 and 25 °C) (Tables 1 and 2). There
was an interaction of active ingredients and storage time for
fruit firmness (Table 3). Within the evaluations related to fruit
flavor only the pH was altered as a function of the storage
period (Tables 1 and 2) regardless of the foliar sprays that
occurred on the plants with the different Ca sources (Table 3).

The application of both foliar fertilizers containing 0.3%
calcium applied pre-harvest during the experimental period,
regardless of the frequency between sprays was responsible
for increasing initial firmness and promoting its greater
maintenance during the storage period at both 25 and 11
C°. The effects occurred regardless of the Ca concentration
in the nutrient solution (deficient or sufficient) (Figure 1).

The significant loss of firmness over storage time is a natural
process in many climacteric fruits. This occurs due to the
increased activity of enzymes that act in the degradation
of pectin, present in the cell walls, which have their activity
increased as the fruit ripens (Park et al., 2005).

Foliar sprays of calcium chloride or calcium acetate, every
7 or 14 days, regardless of Ca concentrations supplied via roots
(sufficient or deficient), elevate Ca contents in Sweet Grape
tomato fruit by raising their firmness (Melo et al., 2022).
Spraying 2% calcium chloride increases calcium accumulation
in the fruit and consequently raises the firmness of cherry
group tomatoes, prolonging postharvest quality (Islam et al.
2016).

Other studies have reported the positive influence
of calcium chloride application on postharvest quality
preservation through tomato fruit firmness (Gharezi et al.
2012; Rab & Hag, 2012; Genanew, 2013; Coolong et al., 2014).
However, no studies have been found in the literature where
the application of calcium acetate has been tested for post-
harvest preservation of tomato fruits. Although the influence
of this fertilizer has already been studied on apple trees, it
has been shown that calcium acetate in pre-harvest was a
possibility to increase the firmness of the fruit compared to
the application of fertilizers, which are more usual: calcium
chloride and calcium nitrate (Wdjcik & Borowik, 2013).

Table 1. Firmness (F), soluble solids (SS), pH, titratable acidity (TA), and soluble solids to titratable acidity ratio (SS/TA) in Sweet
Grape tomato fruits harvested from plants grown with 3.0 or 1.5 mmol of Ca in the nutrient solution, receiving different sprays
of foliar calcium fertilizer sources: 0.3% calcium chloride or calcium acetate, applied at the frequency of 7 or 14 days after
flowering, with storage of the fruits for 0, 9, 18, and 27 days at 25 °C.

Averages followed by equal letters do not differ by the F test 5% probability for @ and Tukey test at 5% probability for (¥ and ©.
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Table 2. Firmness (F), soluble solids (SS), pH, titratable acidity (TA), and soluble solids to titratable acidity ratio (SS/TA) in Sweet
Grape tomato fruits harvested from plants grown with 3.0 or 1.5 mmol of Ca in the nutrient solution, receiving different sprays
of foliar calcium fertilizer sources: 0.3% calcium chloride or calcium acetate, applied at the frequency of 7 or 14 days after
flowering, with storage of the fruits for 0, 9, 18, and 27 days at 11 °C.

Averages followed by equal letters do not differ by the F test 5% probability for @ and Tukey test at 5% probability for @ and ©.

Table 3. Analysis of variance firmness (F), soluble solids (SS), pH, titratable acidity (TA), and soluble solids to titratable acidity
ratio (SS/TA) in Sweet Grape tomato fruits harvested from plants grown with 3.0 or 1.5 mmol of Ca in the nutrient solution,
receiving sprays with different sources of calcium: calcium chloride or 0.3% calcium acetate (SC), applied at the frequency of 7

or 14 days after flowering (F), with different storage periods of the fruits for 0, 9, 18, and 27 days (SP) at 25 and 11 °C, as well as
their interactions SC x F, SC x SP, F x SP, and SC x F x SP.

* Significant by F test at 5% probability, ns = non-significant.
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Figure 1. Unfolding of the interactions between storage time and products used in calcium-based foliar spraying: calcium
chloride (CaCl,) or calcium acetate [Ca(C,H,O,),] both at 0.3% or water (H,0), under the following conditions: (A) plants grown
with 3.0 mmol L of Ca in the nutrient solution and fruit stored at 11 °C; (B) plants grown with 1.5 mmol L of Ca in the nutrient
solution and fruit stored at 11 °C; (C) plants grown with 3.0 mmol L of Ca in the nutrient solution and fruit stored at 25 °C; and,
(D) plants grown with 1.5 mmol L* of Ca in the nutrient solution and fruit stored at 25 °C.

No differences were noted, of fruit firmness by varying
the frequency of foliar fertilizer application (Tables 1, 2,
and 3). The results indicate that there is no need to make
weekly applications of calcium chloride or calcium acetate to
maintain fruit firmness longer. Other studies show that sprays
with foliar fertilizers containing Ca every two weeks are also
sufficient to increase yield and reduce the number of tomato
fruits with apical rot (Zamban et al., 2018; Melo et al., 2022).

When comparing the firmness values found for the doses
of Ca applied in the nutrient solution (sufficient or deficient),
it was possible to notice that the initial firmness of the fruits
(0 days after harvest) was on average 13% higher when a dose
of 3.0 mmol L! of Ca was applied in the nutrient solution
compared to the use of 1.5 mmol L? of Ca (Tables 1 and 2).
Similarly, the final firmness (27 days after harvest) of the fruit
at was on average 26% higher when the adequate dose of
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Ca in the nutrient solution was employed compared to the
insufficient dose (Tables 1 and 2).

Another factor that positively influenced the final firmness
of the fruit was refrigeration, which guaranteed a 19 and 21%
higher firmness at (27 days after harvest) for the sufficient and
insufficient dose of calcium respectively (Tables 1 and 2). Low
temperatures are the most effective means for extending the
post-harvest shelf life of fruits and vegetables because they
decrease the physiological, biochemical, and microbiological
activities that cause the product to deteriorate and change its
characteristics, including firmness (Samira et al., 2013).

As with fruits kept under refrigeration (Figure 1A and 1B),
when both foliar fertilizers were applied pre-harvest, the
firmness of fruits kept at room temperature was higher during
the storage period (Figures 1C and 1D). Due to the high costs
of keeping the fruits under refrigeration (Cortez et al., 2002),
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obtaining fruits with higher Ca contents by spraying with
foliar fertilizers containing calcium chloride or calcium acetate
at pre-harvest (Melo et al., 2022), may be an important
measure to reduce the acceleration of firmness loss under
the impossibility of preserving the fruits at low temperatures
(Figures 1C and 1D).

The content of soluble solids (SS) was not influenced by
the foliar application of Ca in the form of calcium chloride or
calcium acetate, in the two doses of calcium supplied in the
nutrient solution (1.5 and 3.0 mmol L) and in the two storage
conditions (11 and 25 °C). Nor was there significant variation
in SS over storage time (Tables 1, 2, and 3). In tomatoes picked
ripe the SS content varies very little during storage (Chitarra
& Chitarra, 2005; Sati & Qubbaj, 2021). Other studies have
also found that foliar application of calcium chloride (Rab &
Hag, 2012; Coolong et al., 2014; Mazumder et al., 2021; Melo
et al., 2022) or calcium acetate (Melo et al., 2022) does not
influence the SS contents of tomato fruits.

There was no significant difference for fruit pH as a function
of foliar application of calcium sources (Tables 1, 2, and 3).
Similar behavior was verified for tomatoes of the Santa Cruz
group that received foliar application of a calcium silicate-
based fertilizer during their production phase (Coutinho et
al., 2020). The pH of the pH of the fruit had increased with
storage time, regardless of whether the plants were sprayed
with foliar fertilizers (Tables 1, 2, and 3). This is possibly due
to an increase in the population of microorganisms that
consume organic acids predominant in tomato composition,
causing an increase in pH and a decrease in acidity (Alshaibani
& Greig, 1979).

The titratable acidity (TA) of the tomato flesh was not
influenced by the application of both foliar fertilizers used
(Tables 1, 2, and 3). Similar behavior was observed by
Mazumder et al. (2021), who found that the application of
calcium chloride at 1.0, 1.5, and 2.0% to tomatoes did not
alter TA. Nor was there significant variation over storage time,
regardless of the treatments (Tables 1, 2, and 3).

Like pH, SS, and TA, the SS/TA ratio did not vary in fruit
harvested from plants that did or did not receive foliar sprays
with both formulations (Tables 1, 2, and 3). The SS/TA ratio
is a variable that relates greatly to fruit flavor (Chitarra &
Chitarrra, 2005). Therefore, it is important that this variable
remains stable throughout the shelf life.

Conclusions

Fruits from plants that receive foliar sprays every 14 days
with calcium chloride or 0.3% calcium acetate have higher
firmness, regardless of whether the plants are grown with
different doses of Ca in the nutrient solution, and, whether
they are stored at room temperature or under refrigeration.

Fruits from plants that receive foliar sprays every 7 or 14
days with calcium chloride or 0.3% calcium acetate do not
have their flavor-related characteristics altered during storage.
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