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Post-harvest quality of melon accessions subjected to salinity
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Abstract

The objective was to evaluate the behavior of melon genotypes (Cucumis melo L.) in the physical, chemical and
biochemical quality of melon fruits as a function of electrical conductivity irrigation water levels (ECw). The
experimental design adopted was randomized blocks in a 5 x 3 factorial scheme with five replications. The first
factor was represented by five salinity levels (0.5, 1.5, 3.0, 4.5, and 6.0 dS m™") and the second factor by accessions
A35, and A24, and the hybrid Sancho. The physical, chemical and biochemical variables showed a reduction in
production, with smaller fruits, with less weight, smaller cavity, with increased pulp thickness for Sancho. Vitamin
C and yellow flavonoids increased indicating antioxidant power against ROS. The genotypes showed similar post-
harvest behavior, however, the hybrid Sancho stood out over the others, possibly because it is an improved material.
Accession A24 presented physiological and biochemical responses that classify it as intolerant.
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Resumo

Objetivou-se avaliar o comportamento de genétipos de meldo (Cucumis melo L.) na qualidade fisica, quimica e
bioquimica de frutos de meldo em fung¢do da condutividade elétrica de laminas de irrigagdo (CEa). O delineamento
experimental adotado foi o de blocos casualizados em esquema fatorial 5 x 3 com cinco repeti¢des. O primeiro
fator foi representado por cinco niveis de salinidade (0,5, 1,5, 3,0, 4,5 € 6,0 dS m™") e o segundo fator pelos acessos
A35, A24 e o hibrido Sancho. As variaveis fisicas, quimicas e bioquimicas apresentaram redu¢do na producao,
com frutos menores, com menor peso, menor cavidade, com maior espessura de polpa para Sancho. A vitamina
C e os flavonoides amarelos aumentaram indicando poder antioxidante contra ROS. Os gendtipos apresentaram
comportamento pés-colheita semelhante, porém, o hibrido Sancho se destacou dos demais, possivelmente por
ser um material melhorado. O acesso A24 apresentou respostas fisiolégicas e bioquimicas que o classificam como
intolerante.

Palavras-chave: Cucumis melo L., gen6tipos, osmorreguladores, antioxidante.

1. Introduction

The melon tree (Cucumis melo L.) is one of the most
important vegetables in northeastern Brazil. According
to the FAO (Food and Agriculture Organization of the
United Nations), in 2020, the world’s largest producers
of melons were: China, Turkey and India. Brazil occupies
the ninth position with approximately 613 thousand
tons (FAO, 2020). The Brazilian states that stood out in
terms of production were: Rio Grande do Norte with
375,574.00 Kg, followed by Ceara with 75,838.00 Kg and
Bahia 65,675.00 Kg (IBGE, 2020).

Abiotic problems have been worrying world producers
in recent years. Among the main problems, salinity of
the soil and irrigation water is highlighted, triggered
by successive irrigations in irrigated agriculture poles
(Pereiraetal., 2017; Sarabi et al., 2017; Akrami and Arzani,

2019). Salinity causes changes in the reduction of luminosity
(L) and chromaticity (C) with an increase in the angular
hue (°H) of the peel and fruit pulp, decrease in total yield,
increase in pulp firmness and thickness, reduction of
carotenoids total, titratable acidity, soluble solids and total
sugars (Akrami et al., 2019; Suarez-Hernandez et al., 2019;
Lima et al., 2020; Oliveira et al., 2021; Silva et al., 2021).
However, in relation to the action of antioxidants
such as total flavonoids, total carotenoids and vitamin C,
which work as reactive oxygen species (ROS) dismutators,
it seems to be scarce, especially in fruits (Ali and Ismail,
2014; Mallek-Ayadi et al., 2017). Aradjo et al. (2016) and
Morais et al. (2018b) reports the importance of increasing
the list of salinity-tolerant genotypes with the ability to
offer high yields. However, to date, there are no resistant/
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salinity-tolerant materials on the market, which makes
studies possible to provide high-performance commercial
materials adapted to cultivation conditions with lower
quality water.

Therefore, the objective was to evaluate the behavior of
melon accessions in the physical, chemical and biochemical
quality of fruits as a function of the electrical conductivity
of irrigation water (ECw).

2. Material and Methods

The experiment was conducted in a greenhouse
belonging of the Universidade Federal Rural do Semi-
arido/UFERSA, in Mossor6, RN, under the geographic
coordinates 5% 11’ 31” of latitude South and 37° 20’ 40” of
longitude West, at an altitude of 18 meters (approximately
60 ft). The greenhouse with an arch ceiling, coated with
low density polyethylene film (150 um thick) with sides
protected with black screen of 50% of shading. At sowing,
two seeds were placed in black polyethylene bags with
a capacity of 5 L, which were filled with Golden Mix
Type Coconut Fiber® pH: 6.0 £ 0.3, electric conductivity
EC: 0.5 dS m, density: 85 kg m3, weight: 31.88 kg, the
water retention capacity o (WRC): 500 (w/w). To fill the
bags, 25% of their volume was filled with granitic gravel
(9.5 to 19mm) adding them to the base, completing the
remaining volume 75% with coconut fiber (totaling the
volume of 5 L of the bag). After ten days of sowing, the
thinning was performed leaving only one plant per bag
when it presented the second complete leaf.

For the daily irrigations, the manual irrigation system
was adopted, using independent systems for the application
of the five salinity levels of the irrigation water, thus
avoiding the mixing of water; This method consisted
of five fiberglass boxes with a capacity of 350 L with
the appropriate amount of saline water, with the main
predominant cations CaCl,, NaCl and MgSO, The application
of saline water was initially carried out after the formation
of the third complete leaf of the melon until reaching the
ideal stage of fruit maturation around 75 DAS (after sowing).

The melon materials used in this experiment were
chosen in preliminary tests due to the lack of technical
information, mainly regarding the salinity tolerance.
In this way, two accessions classified as tolerant (A35)
and sensitive (A24) belonging to the Genetic resources
and plant breeding studies group of the UFERSA, Mossoré/
RN, Brazil, and the commercial hybrid Sancho of Syngenta,
which served as a witness. The distilled water used for
the preparation of the stock solutions was acquired by
the reverse osmosis process, and the fertilizations were
carried out according to the methodology proposed by
Hoagland and Arnon (1950) using 50% of the nutritional
composition.

The water used in the irrigation was the same as
domestic water. Before the addition of macronutrients
and micronutrients, the cationic balance of the nutrients
CaCl,, NaCl and MgSO, were calibrated for irrigation water
with the respective ECw: 0.5; 1.5; 3.0; 4.5 and 6.0 dSm™".

The plants were conducted vertically, remaining on a
single stem. Phytosanitary control was carried out according
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to the needs of the crop, until the fruit harvest phase.
All applications were performed at the doses recommended
by the manufacturer. The pollination used was the manual
cross in which, soon after the floral opening, the staminate
flowers detach from the plants, and quickly separate from
their petals that lightly touch their stigmatic surface with
the anthers of the male flowers.

The fruits after reaching physiological maturity
were collected separately according to their respective
treatments, and sent to the Laboratory of Post-Harvest
Physiology at UFERSA to proceed with the analysis of the
physicochemical qualities of the fruits.

Fresh mass and total production, obtained by means
of a semi-analytical scale with results expressed in grams
(g), for length (cm) and width (cm) a graduated ruler was
used; internal cavity and pulp thickness, a digital caliper
was used. The color of the skin and pulp was expressed in L
(luminosity - brightness, clarity or reflectance), C* (chroma
- color saturation or intensity) and °h (hue angle - hue)
(Commission Internacionale de L“Eclaraige) (Minolta 2007),
with the aid of a benchtop digital colorimeter (CR-410,
Minolta®); fruit and pulp firmness was determined using
a Texture Analyzer® texturometer, model TA.XTExpress/
TA.XT2icon (Stable Micro Systems Ltd., Surrey, England),
expressed in Newton (N).

Titratable acidity by titration, using 1 g of homogenized
juice according to Instituto Adolfo Lutz (IAL, 2005); the pH
was determined using the pH meter, which was inserted
into the homogenized juice; soluble sugars consisted of
using the anthrone method proposed by Yemm and Willis
(1954); soluble solids determined with the homogenized
juice by digital refractometer model PR - 100, Palette,
Atago Co, LTD., Japan according to AOAC (2002).

The fraction of total carotenoids was accounted for by
the method proposed by Lichtenthaler (1987). Vitamin C
content was determined according to the methodology
proposed by Strohecker and Henining (1967), with the
results expressed in mg of ascorbic acid per 100 g of
pulp. Yellow flavonoids were determined according
to Francis and Markakis (1989), one gram of pulp was
extracted with 95% of 1.5 N ethanol/HCl solution (85:15).
The absorbance of the filtrate was measured at 374 nm
for total yellow flavonoid content using an absorption
coefficient of 76.6 mol cm. The results were expressed
as mg 100 g' FW. The absorbances were monitored with
a UV-VIS spectrophotometer (model UV-1600 by Pro-
Analysis®, Brazil).

The experimental design was randomized blocks in
a factorial scheme (5 x 3) with five replications totalling
75 plots. The first factor was represented by treatments
with five levels of salinity (0.5, 1.5, 3.0,4.5 and 6.0 dS m™")
and in the second factor for accesses A35 and A24 and
the hybrid Sancho (control). Data were submitted to
analysis of variance and when significant between the
doses was performed regression analysis. For the melon
genotypes the averages were compared by Tukey’s test
(p < 0.05) at a 5% probability level, using the program R
x64 3.4.0 software. The graphs were prepared using Sigma
Plot software version 12.3.
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3. Results and Discussion

The results of the analysis of variance (Table 1) show
that the variables fruit mass, fruit length and thickness
showed a significant interaction between the melon
genotypes and the salinity of the irrigation water used.
The other variables showed significance only within one
of the factors studied.

For the total mass, it was possible to find an adequate
fit for the A35 and Sancho genotypes, = -29,464 ECw +
305.67 and §=-112.5 ECw + 1,195.2, respectively (Figure 1A),
whereas for the A24 genotype there was no curve fit,
perhaps because it is the most salinity-sensitive genotype.
Total production showed no interaction between the factors
studied, only within salinity, tending to decrease with
increasing doses (Figure 1B). The results of the present work
corroborate the literature, in which Pereira et al. (2017),
Akrami and Arzani (2019), Akrami et al. (2019) Lima et al.
(2020) and others found that increasing irrigation water
salinity decreases fruit mass and total fruit production.
Possibly, due to the osmotic effect that the salts present
in the water cause in the absorption of nutrients by the
plant (Mascarenhas et al., 2010).

Quality of melon accessions as a function the salinity

In relation to firmness, both of the fruit and of the
pulp, there was an increase with the increase of the
doses of salinity of the irrigation water (Figure 2A and B).
An adequate fit was not possible in Figure 2B with
§=0.4091ECw + 10.202 and R?=0.55. The linear increase in
fruit and pulp firmness (Figures 2A and B), with increasing
salinity is an important quality indicator, since fruits with
greater firmness are more resistant to mechanical injuries
during transport and marketing (Oliveira et al., 2021), in
addition to longer shelf life and post-harvest conservation.
This result being similar to those observed by Pereira et al.
(2017), Morais et al. (2018a) and Oliveira et al. (2021).

In relation to the length, width and thickness of the
fruits, linear reductions were observed with increasing
ECw of the irrigation water (Figures 3A, B, C and D).
An adequate fit in the 3D figure was not possible for
genotypes A24 § = -3.8386x + 35.97 with R? = 0.55 and
genotype A35 § = -1.8276x + 21.001 with R? = 0.51

For this attribute, smaller values of length, width and
thickness of the fruits are desired, since these variables
indicate the size of the internal cavity of the fruits.
The lower this characteristic, the higher the pulp yield,

Table 1. Analysis of variance of the characteristics FM- fruit mass (g); TP- total production (g); FF- fruit firmness (N); PF-pulp firmness
(N) L- length (cm); W- width (cm); IC- internal cavity (mm) and PT- pulp thickness (mm) of genotypes A24, A35 and Sancho the of
melon (Cucumis melo L.) produced in saline conditions (0; 1.5; 3.0; 4.5 and 6.0 dS m™).

Means Square
Source DF
FM TP FF PF L w IC PT

Block 4 3990.07 147866.32* 125.37" 418 3.34ns 1.64 34.96" 38.95m
Materials 2 2516819.01**  1064430.67**  20623.50™* 13.72 278.62** 72.89** 317.87**  1406.11**
Salinity 4 369993.13** 1064430.67** 244.00* 22.45" 44.15™ 10.79** 163.19*  604.83**
MxS 8 80240.57** 55491.45 116.65" 2.39m 6.26* 1.66 ™ 97.31m 127.96**

Error 12889.43 52051.18 94.99 4.92 2.67 1.16 60.64 36.53

Average 514.42 582.69 39.77 11.47 11.88 8.63 40.42 23.23

CV% 22.07 39.15 24.51 19.35 13.77 12.53 19.26 26.02

Materials = genotypes (A24; A35 and Sancho); Salinity = (0.5; 1.5; 3.0; 4.5 and 6.0 dS m™"); M= genotypes; S = Salinity doses; DF = Degrees of
freedom; ns = not significant; CV = coefficient of variation; **p < 0.01; *p < 0.05.
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Figure 1. Fruit mass (A) and total production (B) of fruits of genotypes A24; A35 and Sancho the of melon (Cucumis melo L.) in function
of the increase of saline doses in the irrigation water (0.5; 1.5; 3.0; 4.5 and 6.0 dS m™").
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Figure 2. Firmness of fruit (A) and fruit pulp (B) of fruits of genotypes A24; A35 and Sancho the of melon (Cucumis melo L.) in function
of the increase of saline doses in the irrigation water (0.5; 1.5; 3.0; 4.5 and 6.0 dS m™").
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Figure 3. Length (A), width (B), internal cavity (C), pulp thickness (D) of fruits of genotypes A24; A35 and Sancho the of melon (Cucumis
melo L.) in function of the increase of saline doses in the irrigation water (0.5; 1.5; 3.0; 4.5 and 6.0 dS m™").

with tolerance to transport, and these results are similar
to those found by Akrami et al. (2019), Dias et al. (2018)
and Oliveira et al. (2021).

For the coloring of the fruit skin, the reduction in
luminosity (L*) (Figure 4A) may be associated with the
degradation, or oxidation, of polyphenols present in the
tissue. For Chromaticity (C*), this elevation in the A24 access
atadose of 4.5 dS m' (Figure 4A) is within the acceptable
range for this factor, which is 60. The hue angle increased,
possibly due to the color of the genotypes, this being result
similar to that found by Suarez-Hernandez et al. (2019), who
verified an increase in luminosity and chromaticity with a
decrease in anglo hue, with an increase in salinity, which
shows the oxidizing power of salinity in the appearance
marker (color).
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The degradation of the luminosity in the pulp of
the fruits was evidenced by the decay in the analyzed
genotypes, possibly due to the reduction of the chlorophyll
content in the pulp, with an increase for the cultivar
sancho as the salinity of the irrigation water increases.
This reduction in L is accompanied by an increase in C*
chromaticity, mainly due to the hue of the white yellowish
pulp due to the concentration of yellow flavonoids as the
°H angle increases (Figure 4B).

There was a significant interaction between the
materials (genotypes) and ECw of irrigation water for
the variables vitamin C, total soluble sugars and yellow
flavonoids (Table 2). The variables, total soluble solids,
hydrogenation potential; titratable acidity showed a
significant difference only within an isolated factor.
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Figure 4. Luminosity (L*), Chroma (C*) and hue angle (°H) of melon bark (A) and fruit pulp (B) of genotypes A24; A35 and Sancho the of
melon (Cucumis melo L.) in function of the increase of saline doses in the irrigation water (0.5; 1.5; 3.0; 4.5 and 6.0 dS m™'). Lowercase
means followed by the same letter between doses, and uppercase means between genotypes do not differ statistically from each other
by Tukey’s test at 5% probability.

Table 2. Analysis of variance of the characteristics TSS - Total soluble solids in °brix; pH - Hydrogenation potential; TA - Titratable acidity in (%);
TS - Total soluble sugars in (%); VTC - Vitamin C in (mg 100 g'); TC - Total carotenoids in (mg 100 g"); YF - Yellow flavonoids in (mg 100 g) of
genotypes A24; A35 and Sancho the of melon (Cucumis melo L.) produced in saline conditions (0.5; 1.5; 3.0; 4.5 and 6.0 dS m'").

Means Square

Source DF
TSS pH TA TS VTC TC YF
Block 4 0.62 0.09 0.006 0.65™ 1.93* 0.0013"s 4.71*
Materials 2 26.25™* 0.69** 0.15** 9.53** 3.89** 0.0014 8.56"
Salinity 4 0.98m 0.12ns 0.009* 1.39m 6.90** 0.0087** 3.19*
MxS 8 1.18 0.07" 0.013 4.00** 0.54 0.0017** 6.76"*
Error 0.80 0.100 0.002 1.03 0.61 0.0005 0.99
Average 5.20 6.12 0.19 3.79 6.05 0.101 4.44
CV% 1717 5.18 26.11 26.84 13.00 22.86 2247

Materials = genotypes (A24; A35 and Sancho); Salinity = (0.5; 1.5; 3.0; 4.5 and 6.0 dS m™'); M = genotypes; S = Salinity doses; DF = Degrees of
freedom; ns= not significant; CV = coefficient of variation; **p < 0.01; *p < 0.05.

The titratable acidity was significant only as a function
of the ECw of the irrigation water (Figure 5A). Oliveira et al.
(2021) also showed that increasing levels of salinity
increased titratable acidity. Possibly because salinity has
a direct effect on the total titratable acidity of the fruits,
since the increase in acidity is related to the nutrition
provided to the crops (Prado, 2008). The decrease in sugars
for the genotypes Sancho and A35 respectively (Figure 5B)
may be due to the sugars that should have been allocated
in the fruits, having been used in the osmoregulation
process, thus justifying this reduction (Silva et al., 2021),
the sugars totals indicate the total amount of sugars in
the fruit (sucrose, glucose and fructose).

Brazilian Journal of Biology, 2024, vol. 84, 276161

The decrease in total carotenoids is due to the color of the
pulp of the fruits (characteristic of these genotypes) used
in this study (Figure 6A). The low content of carotenoids
was intensified with the oxidizing effect potentiated
by salinity. According to Dumas et al. (2003), a possible
explanation for this decrease in carotenoids is that salinity
caninhibit or upregulate carotenoid biosynthesis, through
the inhibition of genes encoding enzymes related to
lycopene and -carotene. Benmeziane et al. (2018) found
a lower amount of this pigment than that found in the
present study.

Yellow flavonoids increased linearly (Figure 6B). Melon
fruits are rich in phenolic compounds, with flavonoids
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Figure 5. Titratable acidity (A) and total soluble sugars (B) of the fruit of genotypes A24; A35 and Sancho the of melon (Cucumis melo L.)
in function of the increase of saline doses in the irrigation water (0.5; 1.5; 3.0; 4.5 and 6.0 dS m™").
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Figure 6. Total carotenoids (A), yellow flavonoids (B) and vitamin C (C) in genotypes A24; A35 and Sancho the of melon (Cucumis melo L.)
in function of the increase of saline doses in the irrigation water (0.5; 1.5; 3.0; 4.5 and 6.0 dS m™").

being one of the most representative of this group. There
is little information in the literature on the composition of
flavonoids in melon pulp. Mallek-ayadi et al. (2017) and Ali
and Ismail (2014) found an increase in the concentration
of flavonoids in tomato fruits after application of salinity.

Increasing EC doses of irrigation water increased
vitamin C with a positive linear effect only between
doses (Figure 6C). Oliveira et al. (2021) found an increase
in vitamin C levels when submitted to a second dose of
salinity. Corroborating the present study, Sousa et al.
(2016) observed an increase in vitamin C content in mini
watermelon (Citrullus lanatus) fruits of cv. Smile with
increasing saline concentrations. Vitamin C is widely
distributed in plant tissues and is used as a substrate by
APX, an important ROS-metabolizing enzyme, therefore,
reduced vitamin C significantly reduces cell protection
(Anjum et al., 2014).
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Despite the increase in pulp and fruit firmness,
improvement in antioxidant components, more studies
are needed for the development of genotypes that become
commercial salinity tolerant. So far, there are no commercial
genotypes tolerant to the salinity of irrigation water on
the market, which makes it possible for companies and
research institutes that work with genetic improvement
to commercially develop cultivars that can meet this need.

The results of this study indicate that the salinity from
1.5 dS m' reduced the production, obtaining smaller fruits
(length and width) of smaller mass for all melon accessions
studied. Vitamin C and yellow flavonoids increased for the
genotypes, indicating antioxidant power against ROS and the
accessions studied showed good quality, but the Sancho melon
cultivar stood out in the MF, PE and C, of the accessions, possibly
because it is an improved material. Accession A24 showed
lower AST indicating intolerance to saline solution.

Brazilian Journal of Biology, 2024, vol. 84, 276161
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