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Abstract

One of the great challenges that apple producers face is to substantially improve the quality of fruit, including after harvest.
A balanced and timely supply of calcium (Ca) during growth and in the post-harvest stage is considered a technique that could
improve shelf life and fruit quality; thus calcium plays a key role during post-harvest, with calcium carbonate and calcium
sulphate being an alternative of foliar spraying. The study was carried out on “Top Red” and ‘Golden Delicious” apple cultivars,
in a randomized complete block design with 13 treatments (referring to different commercial presentations of calcium) and 6
repetitions; 8 foliar sprays were applied weekly, from June 22 until harvest; “Top Red’ (151 days after full flowering, DDCF)
and ‘Golden Delicious’ (145 DDCF) fruit were evaluated in regard with fruit traits (diameter, weight and colour) and
maturity (pulp firmness, total soluble solids, titratable acidity and sugar acidity ratio). In “Top Red’ cv., calcium carbonate
presented the best results, with intermediate to high quality apple fruit, while for cv. ‘Golden Delicious’ the best results were
obtained with calcium sulphate, which increased fruits” diameter, weight, colour and titratable acidity. Even more, of the
products evaluated, CaCO; and CaSO4 had the lowest costs, and can be considered as good alternatives of foliar calcium

supplement applied in order to preserve the quality of the apple during post-harvest.
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Introduction

Worldwide, more than 62 million tons of apples are
annually produced (Garcia-Mufioz ez 4l., 2015) of which
Mekxico, in the year 2016 contributed with 716,931 tons on
a sown arca of 58,528 ha', making it the fifteenth world
producer of this fruit (SAGARPA, 2017). Due to the
cultivated area, economic importance (Zermefio-Gonzilez
et al, 2009) and the social demand generated by its
nutritional aspects, content of phenolic compounds and
antioxidants (Flores et al., 2018), Malus domestica Borkh. is
one of the most important temperate fruit trees in
northeastern Mexico. The main producing states are
Chihuahua, Coahuila and Durango (Zermefo-Gonzalez ez
al., 2009) of which Chihuahua produces 74% of the apples
nationwide (Romero e al,, 2017). However, in Mexico,
approximately 43% of apple cultivation is lost during post-
harvest period due to changes in quality characteristics, such
as firmness, defects, external damage, microbial
contamination and color changes (Cardenas-Pérez et 4,
2017), so it is a priority to substantially improve the quality,
conservation capacity and shelf life of this fruit.

In Chihuahua, the majority of the apple crop is generally
stored as a regulatory action of the markets. It must be
added that during recent years, the United States imported
apple had crowded the national market during periods
closer to harvest intervals. In addition to market
competition, the decline in refrigerated storage spaces
becomes a serious problem. Among the ways in which this
situation is addressed it can be noted the improvement of
apple quality at harvest and post-harvest, improvement in its
storage capacity and the ability to achieve a longer shelf life
(Soto et 4l., 2016).

A balanced and timely supply of calcium (Ca) during
growth and in the post-harvest stage is considered a
technique that could improve shelf life and fruit quality
(Flores et al., 2018), since its bivalent cations have been
associated with physiological and pathological problems in
fruit, with influence on the expression of physiological
diseases and disorders in fruit trees (Castellano ez 4/, 2006).

Calcium deficiency levels in the fruit has caused more
and more frequent aspersions and immersions in different
sources of Ca, over different physiological stages of the
crops, in order to decrease the physiological disorders
induced by this problem (Lobos ¢# 4/, 2011).

Received: 13 May 2019. Received in revised form: 22 Jul 2019. Accepted: 23 Jul 2019. Published online: 21 Nov 2019.



Acevedo-Barrera AA etal/ Not Bot Horti Agrobo, 2019, 47(4):1136-1144

In fruit trees, calcium plays a fundamental role because it
performs multiple metabolic functions in both planting and
post-harvest, affects the quality of the fruit and its storage
resistance after harvest because it reduces the permeability of
cell membranes, reduces water absorption, increases the
hardness of the pulp, slows the senescence and controls
different fruit and vegetable pathogens (Castellano ez al,
2006; Pérez-Pérez et al., 2008; Soto et al., 2015; Mitre et al.,
2018). When the Ca content in the fruit is below the limit
indicated as sufficient, respiratory metabolism increases and
maturation and senescence are accelerated (Pérez-Pérez ez
al., 2008; Soto-Parra et al.,, 2015). In terms of nutrition, Ca
is the nutrient with the greatest effect on the storage
potential and quality of apples. Therefore, there is a direct
relationship between the Ca content of the fruit, the
firmness and the shelflife (Soto e 4/, 2015).

There are few studies indicating the post-harvest effects
of foliar fertilization with calcium carbonate and calcium
sulphate in apple trees. However, physiological bases and
several studies related to the application of calcium
established that Ca nutrition in fruit trees induced higher
quality of the final crop and lower fruit damage during post-
harvest. This has been observed in avocado, pear, strawberry,
mango and apple tree (Lépez and Cajuste, 1995). Due to
the economic importance of apple growth, it is important to
carry out research that develops techniques that increase
both the quality and the useful life of the fruit.

Several authors have demonstrated the effect of Ca on
the factors that influence the quality of post-harvest fruits.
Bouzo and Cortez (2012) reported for melon fruits a 60%
increase in external firmness of the fruit after foliar
applications of calcium nitrate. However, applications of
ammonium calcium EDTA and organic calcium did not
show increases in the concentration of soluble solids or fruit
weight. Lanauskas ez a/. (2006) mentioned that foliar
applications with calcium nitrate increased the sucrose
content in strawberry fruits, but did not influence the
content of soluble solids, total sugars and titrated acids.
Davarpanah ez a/. (2018) upon applying foliar treatments
for two seasons with nano-Ca and CaCl, at 1% and 2% on
pomegranate fruits indicated a significant decrease of the
cracking of the fruit in comparison with the control
treatment and an increase in the concentration of solids
soluble totals of 7.6% in the second season with CaClL, 1%.
However, for titrated acidity, fruit maturity and total sugar,
no increases were recorded with any treatment.
Ramezanian ez al. (2009) performed foliar applications with
calcium chloride in concentrations of 2% and 4%, which
significantly increased the average weight of the fruit and
the soluble solids content in both concentrations.

In general, there is little information available on the
effect of calcium carbonate and calcium sulphate on the
post-harvest quality of apple, so the objectives of the present
study were to evaluate the influence of foliar application of
calcium carbonate and calcium sulphate on diameter,
weight, color, firmness, soluble solids, titrated acidity and
sugar-acidity ratio in apple fruits (Malus domestica Borkh.)
cvs. Top Red’ and ‘Golden Delicious’; also, it was
investigated the economical efficiency of products used in
this regard, to identify products with lower cost, but better
results on apple quality.
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Materials and Methods

Study area

The research was carried out during the 2016 vegetative
cycle in the municipality of Cuauhtémoc, Chihuahua, in
the orchard “Field 22”, which is located at coordinates
28°24'18" North 106°52'00" West. The climate is classified
as semi-arid. The physical-chemical characteristics
corresponding to the soil of the orchard under study
correspond to a strongly clayey texture, pH in CaCl, 6. 58
organic matter content 1.03%, C.E. 0.15 mmhos cm’
CaCO:;, 1.10%, nutrients (in pp) N= NO; 1425, P =
26.60,K = 87.50, Ca=3112.5, Mg=1537.5, Cu =242, Fe
=3.96, Mn = 3.12, Zn = 5.32, percent of saturation of base
cations (PSBC) = 31.60 cmol kg, its relative distribution is
K 7.08%, Ca 49.25%, Mg 39.88% and Na 3.78%; the
chemical characterlsmcs of irrigation water are pH = 7.23,
cations in meq L' Ca=275, Mg=0.75,Na=0.59,K =
0.12, anions in meq L' CO;s = 0.5, HCO; = 1.28, SO =
2.35,Cl=0.08.

Orchard management and experiment desz'gn

Apple cultivars “Top Red’/M111’ and ‘Golden
Delicious’/'MMI111" were planted in 1986 and 1992
respectively, with a density of 625 trees/ha”. The fruits were
harvested on August 30 2016 (151 days after full flowering,
DACEF) and on August 242016 (145 DACEF).

The study used an experimental design in randomized
blocks with thirteen treatments and six repetitions per
treatment. For post-harvest quality assessment, nine (9)
fruits were taken at random from each of the treatments for
both varieties and were stored in a controlled atmosphere
for 4 months (September-December 2016) to evaluate the
behavior of the products. The distribution of treatments is
shown in Table 1 below.

Determination of quality parameters in fruit

Diameter and weight of fruit

Nine (9) fruits per repetition were used; for the diameter
determination was used a vernier AutoTec, with readings in

mm (two digits of precmon) while the weight was taken
with digital scale Ohaus Scout™ Pro-0 at 500.00 g.

Colour

Two measures of colour per fruit were taken on
intermediate sides, in respect to colour scales developed for
‘Red Delicious’ and for ‘Golden Delicious’ by Soto ez 4.
(2001), using six categories: 1) green; 2) start of red
striations formation; 3) uniform opaque red striations; 4)
full red striations. In order to make the scale more objective,
the colour was expressed as a percentage.

Firmness

The firmness of the pulp of the fruit was determined
with penetrometer (model Effe-Gi327, 0-28 Ib in*); two
readings were taken for each fruit on the sides on which the
color was measured and thus the individual average was
obtained. Five representative fruits were selected from the
nine taken for the sample, in which measurements were
made.
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Table 1. Characteristics of the commercial presentations sources of Ca used
Application
Treatment Description Characteristics concentration™ Coding
Kg/Lha'
4 Applications NICA+4 applications MET A
1 Producer witness TESP
(2,000 ppm de Ca)
2 Water 0.0 AGUA
Calcium 10%, SiO224% p/p, conditioners and thinners
3 Barrier 4 BARR
66% (Cosmocel)
4 Calcium polyiquel Ca10%, Mg 1%, B 0.5%, Mo 10 ppm (ArystaLifeScience) 5° POCA
Free amino acids 5%, Ca 8%, B 0.21%, L amino acids 5%
5 Thoramin calcium 5" BOCA
p/p (Tradecorp)
6 Calbic C CaO 15% p/p. 21.7% p/v (Valagro) 35" CALC
Ca 8% p/p B 0.25, acids polyhydroxycarboxylic 6% p/p
7 Packhard (total oxidizable organic carbon 5.0%) 6" PACK
(Chihuahua chemical products SA de CV)
8 Calcium matalosate Calcium 6% calcium amino acid chelate p/p (Albion) 4" META
9 Calcium chloride Ca 35.74% purity 95% 6 CACL
Ca22.58%, S 18.07%
10 Foliar calcium 20 CAFO
(Industrial plaster of Navojoa SA de CV)
11 Calcium carbonate Ca 35.38% (Cemento de Chihuahua) 20 CACO
12 Calcium nitrate Ca 19%, N 15.5%, purity 95% 139 NICA
Ca 10%, Mg 1%, Mo 0.001%, B 0.050%, acids
13 Calcium sagaquel polyhydroxycarboxylic 6%, natural carbohydrates 3%, S SAGA

thinners and conditioners 79.94% (Quimica sagal)

Xt considers an application volume of 1,000 liters of solution per hectare; the aspersions were carried out with a backpack sprinkler of liters to cover trees, 1.25 litres
of solution per tree. Bionex (Arysta LifeScience) was used as a coadjuvant, one millilicre per litre of solution. 8 spaced sprays were made every week from June 22 to

August 10.

Total soluble solids (TSS)

The extract of two slices of each fruit was obtained
(those in which the penctrometer was introduced). A
refractometer (Atago 0-32 °Brix) previously calibrated with
distilled water was used to determine TSS.

Titratable acidity

Ten (10) ml of the juice extract was labelled. Five (5)
drops of phenolphthalein (0.5 g of phenolphthalein plus 70
ml of ethyl alcohol and distilled water was added to total a
volume of 100 ml, bearing a solution of 0.1 N of NaOH
(2.15 g NaOH 97% purity, 500 ml of volume) until a pink
brick-red purple color was obtained; the volume used was
transformed into malic acid using the expression:

9% malic acid = [(0.1*ml)/10)*67)/10]

Sugar acidity ratio was expressed as parts of sugar by an

acid (TSS/titrated acidity).

Results and Discussion

Top Red’

The quality of a fresh fruit is related to its physical
characteristics (color, firmness, size, etc.) and its chemical
composition, which determines its characteristic taste
(Mancera-Lépez et al., 2007; Soto et al., 2016). According
to Mancera-Lépez ez al. (2007), the highest quality of the
fruit is reached at harvest time, after which point it is not
possible to increase the quality of decisive parameters. The

current investigation showed significant differences due to
the application of commercial sources of calcium (Table 2).
For fruit size, calcium carbonate treated trees had a
significantly higher fruit diameter and weight in relation to
the control group at 6% and 11.2% respectively. For foliar
calcium CaSOzf both diameter and weight of fruit were
lower compared to CaCOs; by 43% and 10.1%
correspondingly. Both sources have similar Ca content
(35%), however, the cost per kilogram of CaSOs is 37.5
times higher than CaCO;. This opens up the possibility of
improving the apple quality at a significantly lower cost,
even representing an acctllvantage for a greater contribution of
Ca, since calcium chloride applied to concentrations greater
than 19 kg per 1,000 L water causes burns to the FT oliage.
This is often overlooked because the objective is to supply
the largest amount of Ca and at pre-harvest, the damage is
considered irrelevant. However, if the applications are f%om
flowering, small and medium fruit, damage to the foliage
may be considerable because at least cight (8) foliar
aspersions are required (Soto ez al., 2016).

Among the most important aspects of apple quality for
consumers is firmness, a key attribute and driver of the
acceptance by consumers of apples, many of which expect a
high turgor and firmness appropriate to the purchase
(Bonany ¢t al., 2013; Cardenas-Pérez et al., 2017). This
characteristic represents the maturity of the fruit and it can
indicate the useful life, freshness, durability and quality of
the fruit (Cérdenas-Pérez et al, 2017), allowing on some
occasions prediction of the buyers response (Jha ez a/., 2010;
Cardenas-Pérez et al., 2017).
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Arana et al. (2001) indicated that there is a correlation
between the degree of firmness of the pulp and the time of
cold storage, with “Top Red’ variety showing the greatest
intensity in this relationship and ‘Golden Delicious™ the
least intensity relative to the ratio. Therefore, the first
variety is more likely to develop a good firmness. These
authors also point to the existence of a relationship between
firmness and maximum impact resistance, as well as the
maximum and permanent deformations and duration of
the impact.

By the year 2018 firmness in “Top Red’ average was 12.2
Ib in% almost 30% lower than the year 2017, which also has
a relationship with the sudden appearance (intensity of
about 40%) of the physiological disorder heart of water
(water core), associated with an imbalance in the calcium
content. It is worth mentioning that the problem presented
in current experiment was shown to be less severe (<5%) in
trees subject to experimentation with calcium sources
application.

The highest firmness was recorded with the foliar
calcium treatment, trees bearing fruits with 16.5 b in’
being higher than the control (4.24%). Therefore these
fruits can be classified as good quality apples according to
Flores ez al. (2018) and Silveira ez a/. (2007), as these latter
authors recommended values from 75 to 80 N for pulp
firmness at harvest time in red apples. Likewise, the current
data matches those reported by Flores ¢f 4/. (2018) in “Top
Red’ apples mentioning an increase in firmness of 23%
(73.84 N) with respect to the witness in fruits treated with
Ca. Similar results were obtained by Romero-Gomezcana et
al. (2006) in mangoes, as they indicated greater firmness in
CA-treated fruits (10 and 20 g Ca L") compared to the
control group (34% more).

The loss of firmness, essentially in climacteric storage
fruits, according to Cardenas-Pérez et al. (2017), is due to
the depolymerization of the polysaccharides of the cell wall
by a variety of hydrolytic enzymes which in turn are altered
by the presence of Ca, for which Romero-Gomezcana et al.
(2006) referred that senescence depends on the level of Ca
in the tissues, and that due to the increase in levels of this
element, parameters such as respiration, protein content
and membrane fluidity are altered. These assertions,
together with the results presented in hereby research, aim
to be able to attribute the changes of firmness in fruit with
the amount of Ca present, because this element is a
structural constituent of the medium sheet, the walls and
cell membranes and, in addition, participates in cell division
and extension, influences the compartmentalization of the
cell, modulates the action of hormones and signals, stabilizes
the wall and membranes, and contributes to the ion
equilibrium of the cell (Diaz ez al., 2007).

The processing of fresh cut apples requires overcoming
factors that decrease the quality of the apple, such as the
rapid enzymatic patching of the tissue during transport and
storage, thus in recent years different methods for its control
have been studied. These include the application of
different products based on Ca (Rodriguez ez 4., 2013).

One of the quality parameters for apple is color, taking
into account that each variety of commercial apple
requirements are specific to the color of skin; currently,
apples are marketable only if they meet strict standards for
the percentage of coverage and intensity of the red color,
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thus encouraging producers to select redder varieties despite
the fact that this color is not an indicator of quality or
ripeness of the fruit (Seipel ¢z /., 2009).

In the current color determination study, CaCl treated
trees obtained fruit within the best result, with 11.6%
higher than the control group. For “Top Red’, 2 minimum
value of 66% is recommended, corresponding to obvious
dark red striations (Soto et 4/., 2016). Flores et al. (2018)
present similar results, indicating for “Top Red’ an average
of 67.6% in fruits treated with Ca, surpassing the control
group. Therefore, the fruits evaluated in this research, as
well as those reported by these authors, and as dictated by
the official Mexican norm (2003), would be of first quality,
since it indicate 50% for bicolored or partially red cultivars.
However, if we base our study on the color classification
according to the criteria of the European standard for
bicolor varieties (FFV-01, 1996) mentioned by Seipel ez 4.
(2009), the fruits obtained hereby would fall within the
Extra classification (more than 50% of the red surface).

For other authors, treatments with Ca in various fruits
were not encouraging. An example was reported by
Contreras-Angulo ez al. (2011) in tomato fruit as they
found no differences with respect to treatments with
sources of Ca and the control group in regards to color,
titratable acidity and soluble solids. Likewise, Garcia and
Cardenas (2010) mentioned having found darkening in
strawberry fruits, which they attributed, among other
things, to the degradation of anthocyanins due to the
application of the CaCl, solution.

From an industrial point of view, it is also important
that fruits are harvested in the optimal state of maturity,
defined as the moment when they present the appropriate
chemical composition, responsible for their nutritional and
organoleptic characteristics, as well as the characteristics of
their derivatives, for which Silveira ez 4l (2007)
recommended optimal values for harvest of red apple variety
SST greater than 11 °Brix and AT between 3.7 and 5.2
cmol-L", as apples with values higher than 4.5 cmol.L" are
considered acidic and apples with lower values are
considered sweet. For these considerations, the current
BARR experiment presented the highest amount of sugar
with 13.4 °Brix, CECO and CAFO with 12.3 °Brix and
12.6 °Brix, respectively, being optimal because high values of
Brix degrees are undesirable.

With respect to malic acid, the best treatment was
CACL with 16.8%, CECO and CAFO obtained 3.9% and
6% respectively, resulting in a sugar acidity ratio greater than
40%, that is considered as incipient maturity, which
although mitigated by a relatively crispier fruit (greater
firmness), this variety continues the transformation of
starch to sugar (Mancera-Lopéz et al., 2007). A balance
different from the present calcium nitrate with the lowest
firmness (14.6 Ib in®) and greater titratable acidity (0.343%
of malic acid), giving a reﬁtionship of sugar to acidity of
37.7 (with a sugar content of 12.8 “Brix, required to harvest
a minimum of 12 °Brix) (NMX-FF-061-SCFI-2003).
CaCQO; presented an intermediate situation between these
two contrasts, with a firmness of 10.5 Ib in% 12.3 °Brix,
0.340% malic acid and a sugar acidity ratio of 36.1.

The values of the ratio of sugar acid (sugar “Brix/acidity
of malic acid) proposed arc less than those reported by
Hammett (1980) for red cultivates, as they indicate that
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these have an excellent quality of storage if the relationship
of solid soluble/titratable acidity is from 32 to 36 post-
harvest; with a value of less than 32 the fruits have a high
water loss during storage, the tendency to develop a bitter
it and problems of scalding; with a ratio of solid
soluble/titratable acidity increased to 50, the fruits should
not be stored for long periods of time because of the major
changes in the textural properties, whereas a solid soluble/a
titratable acidity ratio of 35 to 40 is suitable for immediate
sale or for short storage.

Romero-Gomezcaiia e al. (2006) when determining the
°Brix/acidity ratio in mango, noted that no significant
differences were detected between treatments with Ca and
the control group. However, the relative difference between
the control and the highest dose of Ca (20 g L) was 55% in
favor of the first. They also observed that the °Brix/acidity
ratio tended to decrease as the dose of Ca increased.
Therefore, they showed that there was an effect of the Ca
on the delay in maturation, allowing the fruits to retain
more acidity. Akthar e 4/. (2010), when studying the effect
of CaCl, on quality parameters in Eriobotrya japonica
Lindl, found positive effects compared to the control
group, as well as for firmness, whereas they noticed an
increase in CaCL to 3% up to ten weeks, a fact that they
attributed to an accumulation of this element in the cell
walls, which lead to a facilitation in the reticulation of the
pectic polymers, increasing the resistance of the wall and cell
cohesion. For OSH they obtained the maximum
concentration with CaCL at 3% (13.1 °Brix). A fact they
mentioned may be due to a higher concentration of CaCl,
(3%) that formed a thin layer on the surface of the fruit that
delayed the degradation process.

The present results are in agreement with the
conclusions of these authors, in regard with the positive

effect on firmness and OSH in fruits from Ca sources. In
the same context, Ranjbar e# 4/. (2018) mentioned finding
greater firmness in Ca-treated fruits, as well as for AT where
Ca-treated fruits turned out to have higher values compared
to the control group, with 2.5% the maximum found. These
same authors showed a decrease in the percent of AT during
storage, which however was lower with the treatment of Ca,
this may be due to a decrease in the rate of softening during
the climacteric period, which affects the system of glycolytic
enzymes and leads to the preservation of the acids.
However, the same was not true for OSH, as in the control
group fruit OSH was greater than in fruit treated with Ca
sources. Similar results were reported by Torres ez al. (2017)
finding a decrease in OSH in apple fruits treated with Ca.

If we consider the statistical responses obtained in OSH,
titrated acidity and acidity sugar ratio, the inclusive and
representative variable would therefore be the acidity sugar
ratio. Wang ez 4l. (2010) reported the sugar/acid ratio as a
variable associated with apple fruit taste, which tends to
increase with the maturation progresses, due to the decrease
in the malic acid content that is used as a respiratory
substrate, to the increase in the sugar content due to the
hydrolysis of starch accumulated during growth. If we
establish an optimal range of full flavor of the variety with
storage capacity and shelf capacity between 30 and 40, then,
the best quality was presented by CaSO4, CaCO;, CaCl and
control, respectively; the four sources of calcium exceeded
the control producer, which reinforces its impact since it is
considered that this orchard received a highly technical
intensive management with infrastructure and equipment
that places it at low risk and with high responsiveness to
abiotic and biotic contingencies. Such a result gives
perspective to the use of CaCO; as an alternative calcium
foliar supplement to improve apple quality. The critical test

Table 2. Post-harvest apple quality for “Top Red’ cv. under different commercial sources of calcium and foliar spray

Fruit finish Maturity of the fruit
Product/ concentration ha' Diameter Weight Colour Firmess TSS Acidity
. TSS/Titratable acidity
L*/kg cm g % Ibin* *Brix 9% Ac. Malic
0.0455Y 0.0599 0.08296 <.0001 0.0034 0.1019 0.0244
Producer
. 0.0 707 d 163.0 bed 67.22b 15.8 ab 13.10a 0.333 bed 4053 a
witness
Water 0.0 74.2 abe 178.36 abc 7650a 12.74de 12.55 abe 0.320 od 38.62 abed
Barrier 4% 74.1 abe 179.80 ab 72.95ab 13.0de 1340a 0.334 bed 40.18 ab
Calcium
5% 714 o 167.0 abed 70.99 ab 122¢ 12.96 ab 0323 od 39.41 abc
polyiquel
Calcium
52 71.8 bed 159.27 d 73.63ab 1209 ¢ 12.81 ab 0333 od 39.47 abe
boramin
Calbit C 3.5% 72.9 abed 17.17 abed 7551 a 115ab 1243 be 0315 d 39.66 abc
Packhard 6* 715 o 159.77 d 67.12b 14.0cd 13.03 ab 0.375 ab 3540 bed
Calcium
4% 745 ab 176.65abed 73.77 ab 13.0 de 11.86 cd 0.351 abed 3401 d
matalosate
Calcium
6 732 abed 171.39abcd 7495a 1217 ¢ 1250 abe 0.389a 3374 d
chloride
Foliar calcium 20 71.89 bed 161.15 od 67.15 b 1650 a 12.61 abe 0.363 abc 3516 od
Calcium
20 748 a 18140 a 70.60 ab 15.0 be 1226 bed 0.340 abed 36.11 abed
carbonate
Calcium
. 139 744 ab 171.8 ab 6921 ab 1455 b 1278 ab 0.343 abed 37.70 abed
nitrate
Calcium
52 73.9 abe 179.22ab 76.16a 15.67ab 1136 d 0.338 abed 3366 d
sagaquel
DMSY¥ 29 17.6 7.51 133 0.90 0.031 5.0006
CV* 3.39 8.90 9.035508 827 6.19 10.66 11.64
g 730 171.4 71.98628 13.94 12.6 0.343 3721

“Probability Pr > 0.05 notrsigniﬁcant, 0.05 < Pr < 0.01 significant, Pr < 0.01 highly significant; " Different letters are statistically different according to the t-Student
multiple-range test ¢0.05; ¥YMinimum significant difference (t-Student o 0.05); XVariable coefficient; "Media general.
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will be the behavior in storage because a quantity of fruit
equal to that harvested in the controlled atmosphere is to be
stored and further analysed.

‘Golden Delicious’

‘Golden Delicious’ is marketed after a period of frigo-
conservation and the minimization of marketable apple
losses (which can reach up to 40% of erosion) (Si6 ez 4.,
2018). This variety of apple preserved in a controlled
atmosphere (AC), suffers the most important changes
during the first four months of conservation, with a
si%:iiﬁcant loss of quality (Guerra and Casquero, 2005)
which is reflected in: decrease of firmness, changes in color,
hydrolysis of starch and increase of sugars, whose evolution,
combined with the effect of various deterioration factors,
define the storage life (Cepeda ez al., 2014). Si6 et al. (2018)
mentioned that a high concentration of Ca in fruits
prevents numerous pre-and post-harvest disorders from
developing,

From this perspective, the results presented with respect
to CA foliar applications for the ‘Golden Delicious’ variety
(Table 3) indicate that treatment with foliar calcium, which
recorded significantly the largest diameter and fruit weight
at 67.2 cm and 141.5 g respectively, showed a low firmness
(10.70 Ib in*) compared to the range recommended by
Cepeda ez al. (2014) for both harvest (7475 N) and
maturity of consumption (54-55 N) in this variety. The
same authors mentioned having obtained the greatest
firmness in apple fruits treated with pre-and post-harvest
CaCl, sources (pre-harvest spraying with 4% CaCl, and
immersions in 6% CaCl, solutions). However, in the
current research the treatment with this same Ca source, did
not positioned outstanding, since the fruit maintained a
6.92% level, lower than that of the control group, which
achieved the best firmness (11.98 Ib in*), followed by
Packhard (11.95). Data concerning the size and weight of
apple fruit reported by Flores ez 4. (2018) point out that,
indeed, CaCOs5 treatments tend to increase these variables
indicating 5.2% and 13.4% increases over the control.

For the evaluation of color, CaSOs presented the highest
percentage with regard to all treacments, with 60.87%, as
well as the highest amount of sugar (13.95 °Brix), followed
by CaCl, with 60.49% and 13.96 °Brix, respectively, found
in the acceptable range for the amount of sugar, since higher
amounts are disregarded for their conservation, so that the
values obtained fall within what Soto e 4/. (2015) indicated
as ideal for harvest (13 °Brix).

The same two treatments presented AT values of
0.482% and 0.538% malic acid and acidity sugar ratio of
29.01 and 26.66 correspondingly. Following the
recommended data presented by Soto e a/. (2015)as ideal
for harvest quality in the ‘Golden Delicious’ variety, the
hereby results for titrated acidity are considered low, because
they indicate 0.7% malic acid, not enough to maintain a
juicy, crispy apple, figure that does not allow the expression
of sugar to achieve the characteristic flavor of the variety.
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Finally Soto ez al. (2015) point out that in order to
obtain a full taste of the variety, storage capacity and
considerable shelf life, an acidity sugar ratio of 22.0 is
required. This is inferior to the current results, but high
enough to reach the recommended level by Cepeda ez al.
(2014) for cooling purposes in normal or controlled
atmosphere (33.1). However, the sugar/acid ratio has to
increase as the fruit matures, due to the decrease in the malic
acid content used as a respiratory substrate and the increase
in the sugar content due to the hydrolysis of starch
accumulated during growth (Cepeda ez 4/, 2014; Soto ez al.,
2015).

Soto ¢t al. (2016) mentioned the evolution of color after
harvest in ‘Golden Delicious’ as a very particular feature, as
in varieties such as “Top Red’ this does not happen, its
harvest color remaining until the end. For ‘Golden
Delicious’ in harvest they indicate an optimal fruit color of
45 to 50%, corresponding to transition from rough green
coarse crimson-waxy green, which confers a fresh
appearance that must be associated with a good amount of
sugar and sugar-acidity balance suitable for the fruit to be of
pleasant taste post-harvest. Referring to the optimal
coloring for post-harvest, they consider values ranging from
56% to 66% (advanced waxy green) which denotes freshness
and corresponds to an attractive maturity for the buyer (not
very green — immaturity, nor very yellow - over maturity).

The results obtained in the present research indicate
that by using foliar calcium in this variety, it is possible to
obtain the best coloration for post-harvest by then inciting
the preference for the consumer and decreasing the erosion.
Also, for the variety ‘Granny Smith’, Rodriguez ez a/. (2013)
point out, with regard to the evaluation of the browning of
the apple, a lesser development of darkenipg within\ the
treatment with higher percent in Ca (1.0% AC + 1,0 AA -
0.5% calcium chloride). Therefore, this treatment
maintained the highest values for the greenish shade
characteristic of this variety, by which they infer that the
treatment with the highest percent of calcium is effective to
reduce the deterioration of the ‘Granny Smith’ apples,
maintaining quality during storage.

In terms of the amount of calcium per application of
CaCO:;, 7,000 ppm-without fruit or foliage damage -was
provided, which represent 1,300 times more than calcium
boramin and Packard and twice the amount for calcium
metalosate. On the other hand, it is very likely that the
intensity of the responses obtained with foliar aspersions
can be improved through the concurrent use of carbonate
applications to the soil, which in itself means a watershed in
the integral calcium supplement for the apple tree.

From this perspective, analysing Table 4 one can observe
the economic cost of commercial calcium products applied
during the project, as well as the price comparison between
the same products, resulting with the lowest costs belonging
to calcium carbonate and foliar calcium, with the first even
more economical by $2.5 compared to the second. However
the decision on which product to use depends on the apple
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Table 3. ‘Golden Delicious’ apple harvest quality under different commercial sources of calcium in foliar spray

Fruit finish Maturity of the fruit Fruit finish
Product/ concentration Diameter Weight Colour Firmness TSS Acidity TSS/Titratable
ha' L/ kg cm g % Ib in’ “Brix % Ac. Malic acidity
0.1518 0.2950 0.7840 0.1538 0.0470 0.2339 0.0529
Producer
) 0.0 6457 122.0b 58.61a 1198 a 13.18 abed 0.431 ¢ 31.15a
witness
Water 0.0 66.65 132.94 ab 58.09 a 11.60 ab 13.43 abc 0.447 be 30.42 ab
Barrier 4" 66.41 131.45 ab 57.88a 11.55ab 13.77 ab 0.471 abc 29.65 abc
Calci
um 5 6422 118.25 b 58552 10.67 abe 1230 d 0442 ¢ 27.97 abed
polyiquel
Calcium .
5% 66.41 134.60 ab 58.57a 10.33 be 12.80 bed 0.485 abc 26.96 abed
boramin
Calbit C 3.5% 63.67 122.34 b 5793 a 11.07 abc 13.33 abed 0.467 abc 28.70 abed
Packhard 6 6291 11751 b 60.02a 11.95 abc 13.33 abed 0.453 bc 29.73 abc
Calcium 7
4 63.69 119.50 b 57.65a 987 ¢ 13,51 abc 0.505 abc 27.56 abed
matalosate
Calcium
6 65.20abcd 130.01 ab 60.49 a 11.15 abc 13.96a 0.538a 26.66 cd
chloride
Foliar
20 67.22a 141.45a 60.87 a 10.70 abe 1395a 0.482 abc 29.01 abc
calcium
Calcium
20 64.07abced 125.08 ab 57.80a 10.05 ¢ 12.93 abed 0.493 abc 2625 od
carbonate
Calcium
. 13.9 65.66abcd 132.15ab 57.61a 10.80 abc 12.90 bed 0.527 ab 2521 d
nitrate
Calcium .
5 63.19 od 122.26b 57.66a 11.28 abc 12,56 cd 0.465 abc 27.19 bed
sagaquel
DMSY 332 18.94 395 1.42 1.046 0.071 3.61
cv* 4.44 12.92 5.84 11.30 6.85 12.94 11.10
[.LY 64.92 126.89 58.59 11.92 1323 0.47 28.19

UProbabiliry Pr > 0.05 not signiﬁcam, 0.05 < Pr<0.01 significant, Pr <0.01 highly signiﬁcam; Different letters are statistically different according to the t-Student
multiple-range test 20.05; ¥Minimum significant difference (t-Student o 0.05); *Variable coefficient; "Media general.

Table 4. Economic aspects based on foliar applications of calcium

Product Cost Concentration by application Cost per application Total for 8 applications
BARR $75.00 4 $300 $2400
POCA 83.00 5 415 3,320
BOCA 101.00 5 505 4,040
CALC 141.00 35 493.50 3,948
PACK 117.00 6 702 5,616
META 282.40 4 1129.60 9,036.80
CACL 14.72 6 88.32 706.56
CAFO 4 20 80 640
CACO 1.5 20 30 240
NICA 10.52 13.85 145.70 1,165.62
SAGA 60 5 300 2400

variety, because calcium carbonate induce the best response
for the “Top Red’ variety, while foliar calcium produced in
almost all variables analysed the best response for ‘Golden

Delicious’ variety.

Conclusions

Both calcium carbonate and foliar calcium are a
favorable alternative to improve the quality of apples fruit

during post-harvest, at a considerably low cost compared to
other calcium presentations for routine use. Calcium
carbonate favors the increase in quality variables such as
diameter, weight, color and titrated acidity in the variety
“Top Red’ and foliar calcium increased diameter, weight,
color, total soluble solids, titrated acidity and acidity ratio in
‘Golden Delicious’. Finally, it is worth to emphasize that the
foliar application of both calcium carbonate and foliar
calcium can be considered an appropriate agronomic
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practice to improve the post-harvest quality of “Top Red’
and ‘Golden Delicious’ apples, while reducing the amounts
invested on fertilization. For this reason, the tested Ca
sources can be considered as a good alternative of foliar
calcium supplement applied in order to preserve the quality
of the apple during post-harvest.
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