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ABSTRACT: The melon is an outstanding fruit crop in Brazil, mainly in the Northeast region due to
favorable conditions for cultivation. Water salinity affects the growth and production of several species,
but there is tolerance among cultivars of the same species. The objective of this study was to evaluate the
growth and gas exchange in melon seedlings subjected to water salinity. Experiment was carried out in a
greenhouse belonging to the Center of Sciences and Agri-Food Technology, Federal University of Campina
Grande, Pombal, PB, Brazil, from September to October 2016. The experimental design was a randomized
complete block design in a 6 x 5 factorial scheme, with four replicates, for six cultivars of melon (Natal,
Solares, Goldex, Iracema, Mandacaru and Amarelo Ouro) and five irrigation water salinity levels with the
following electrical conductivities: 0.3, 1.1, 1.9, 2.7 and 3.5 dS m™". Each experimental unit consisted of a
polypropylene container with a volume capacity of 0.350 dm?’, which contained soil + Basaplant® commercial
substrate at a ratio of 2:1. At 25 days after sowing, the plants were evaluated for growth, gas exchange and
dry mass accumulation. Increased salinity of irrigation water inhibits the growth, dry mass accumulation
and physiological processes of melon cultivars. The cultivar Natal showed to be more tolerant, while the
cultivars Solares, Goldex, Iracema and Mandacaru were moderately sensitive and the cultivar Amarelo
Ouro was more sensitive to the salinity of irrigation water.
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Crescimento e trocas gasosas de mudas
de meloeiro submetidas a salinidade da agua

RESUMO: O meloeiro é uma olericola de destaque no Brasil, principalmente no Nordeste pelas condi¢des
edafoclimaticas favoraveis para cultivo. A salinidade da 4gua acomete o crescimento e produgéo de diversas
espécies, porém ha tolerancia entre cultivares de uma mesma espécie. Com isso, objetivou-se estudar o
crescimento e as trocas gasosas em mudas de meloeiro submetidas a salinidade da agua. Foi desenvolvido
experimento em casa de vegetagdo pertencente ao Centro de Ciéncias e Tecnologia Agroalimentar,
Universidade Federal de Campina Grande, municipio de Pombal, PB, no periodo de setembro a outubro
de 2016. O delineamento experimental utilizado foi em blocos casualizados em esquema fatorial 6 x 5,
com quatro repeti¢des, relativo a seis cultivares de meloeiro (Natal, Solares, Goldex, Iracema, Mandacaru e
Amarelo Ouro) e cinco niveis de salinidade da agua de irrigagdo, com as seguintes condutividades elétricas:
0,3; 1,15 1,9; 2,7 € 3,5 dSm™. Cada unidade experimental foi constituida de um recipiente de polipropileno com
capacidade volumétrica de 0,350 dm’, no qual foram acondicionados solo + substrato comercial Basaplant®
na propor¢ao de 2:1. Aos 25 dias apos a semeadura as plantas foram avaliadas quanto ao crescimento, trocas
gasosas e acimulo de massa seca. O aumento da salinidade da 4gua de irrigagdo inibe o crescimento, acimulo
de massa seca e os processos fisioldgicos dos cultivares de meloeiro. O cultivar Natal demonstrou ser mais
tolerante, enquanto os cultivares Solares, Goldex, Iracema e Mandacaru demonstraram moderadamente
sensiveis e o cultivar Amarelo Ouro mais sensivel a salinidade da agua de irrigagao.
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INTRODUCTION

Melon (Cucumis melo L.) is a profitable crop with fast
economic return, besides being adapted to the Northeast
region. The Brazilian production, according to the data
of IBGE (2017), was 873,196 tons of melon fruits and the
Northeast region is the largest producer, with 94%, mainly the
state of Rio Grande do Norte (642,306 tons) with cultivation
concentrated in the microregion of Mossoro, specifically at the
Apodi Plateau, encompassing the semi-arid region close to the
coast (Pereira et al., 2017).

However, the parent material, irregular rainfalls and
high temperatures in this region have caused salinization of
water and soil in areas of melon production (Medeiros et al.,
2012). Excess salts harm soil fertility because they affect the
availability of beneficial ions such as calcium and potassium
to plants (Lima et al., 2018; Sé et al., 2018). Daily application
of water with high contents of salts in irrigation compromises
growth, development, and consequently the production of
various cucurbits, including Curcubita moscata (Carmo et al.,
2011), Citrullus lanatus (Costa et al., 2013; Silva et al., 2015)
and Cucumis melo (Freitas et al., 2014).

Adversities occur because excess salts in the water
cause negative effects on plants, such as reduction in water
availability, i.e., osmotic effect, nutritional imbalance and
toxicity by specific ions, especially sodium (Na*) and chlorine
(CI') at high concentrations, which compromise morphological
and physiological performances, as observed by Bosco et
al. (2009) and Carmo et al. (2011) in eggplant (Solanum
melongena) and pumpkin (Curcubita moscata) and by Aratdjo
et al. (2016) in melon cultivars.

However, tolerance to salinity differs among species and
cultivars of a same species (Aragdo et al., 2009; Araujo et al.,
2016). Pereira et al. (2017), who studied five melon cultivars:
Sancho, Medellin, Mandacaru, Néctar and Sedna, found that
the cultivar Sancho was more tolerant to the salt, followed by
Mandacaru, Medellin, Sedna and Néctar.

Therefore, with the appearance of new cultivars and due
to the scarce information related to the effects of salts on
physiological aspects in melon cultivars, the present study
aimed to evaluate the growth and gas exchanges in seedlings
of melon cultivars subjected to water salinity.

MATERIAL AND METHODS

The experiment was conducted from September to October
2016 in a greenhouse at the Federal University of Campina

Grande (UFCQG) in the Center of Sciences and Agri-Food
Technology (CCTA), located in the municipality of Pombal,
Paraiba, Brazil. This municipality is situated in the western
region of the Paraiba state, at geographic coordinates
6°46’ 127 S, 37° 48’ 07”7 W and altitude of 184 m. According
to Koppen’s classification, the climate of the region is BSh,
which indicates a hot and dry semi-arid climate, with mean
rainfall of approximately 750 mm year”, and mean annual
evapotranspiration of 2,000 mm (Alvares et al., 2013).

The experiment was set up in a 6 x 5 factorial scheme and
treatments were arranged in randomized blocks, with four
replicates and two plants per plot. The sources of variation
corresponded to six cultivars of melon - Cucumis melo (cv.
Natal, cv. Solares, cv. Goldex, cv. Iracema, cv. Mandacaru and
cv. Amarelo Ouro) and five levels of irrigation water electrical
conductivity (0.3; 1.1; 1.9; 2.7; 3.5 dS m™).

The substrate was composed of soil and Basaplant” (based
on pine bark, peat, charcoal, vermiculite, initial fertilization
with NPK and micronutrients) at 2:1 proportion, respectively,
placed in 0.35 dm’ dark polypropylene containers. The soil used
was autoclaved at temperature of 121 °C for 1 h. The physical
and chemical characteristics of soil and commercial substrate
(Table 1) were determined at the Laboratory of Soils and Plant
Nutrition of the UFCG, according to methodologies proposed
by Donagema et al. (2011).

Two seeds were planted at 0.02 m depth in each container
and, seven days after sowing (DAS), thinning was performed
leaving only the most vigorous seedling.

Waters of increasing salinity were prepared by diluting non-
iodized sodium chloride (100% pure) in water from the local
supply company (CAGEPA), chemical characteristics described
in Table 2, using Eq. 1 according to Rhoades et al. (2000), and
measuring later for simple confirmation with a portable digital
conductivity meter (model TSD & EC).

Q=ECw 640 (1)

where:
Q - quantity of NaCl added to the water, mg L'; and,
ECw - desired level of water electrical conductivity, dS m

Irrigations were applied once a day to increase soil moisture
to close to field capacity, based on the drainage lysimetry
method, and a leaching fraction of 0.20 was added to the
applied water depth. The volume applied (Va) per container
was obtained by the difference between the previous water

Table 1. Physical and chemical attributes of the components of the substrate (soil and Basaplant® commercial substrate) used in

melon cultivation

Chemical characteristics

pH EC P Na+
(mg dm3)

H,0 1:25 (dS m") 1:5
Soil . . . . 0.61
Basaplant®

119  6.60

caZ+

2.70
15.60

Mg2* AR+ H* + AR+

2.50
9.50

0.00
0.00

0.32 72 821
6.60 1422 33.0

16.00
8.25

Physical characteristics

Soil
Basaplant® - - -

1.42

texture
2.68 Loamy Sandy

0.57

0.47
0.88

SB - Sum of bases; EC - Electrical conductivity; T - Total cation exchange capacity; OM - Organic matter; DS - Soil Density; PD - Particle Density; TP- Total Porosity
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Table 2. Chemical analysis of the public-supply water used to prepare the solutions

0.3 7.0 0.3 0.2 0.6

1.4 0.2 0.0 0.8 1.3 2.21

Note: 'EC,, - Electrical conductivity of water; SAR - Sodium adsorption ratio

depth (La) applied minus the average drainage (D), divided
by the number of containers (N), divided by one, minus the
leaching fraction (LF), according to Eq. 2.

La_(ll\)fj
Va=———2

2
(1-LF) @

At 25 DAS, phenological analyses were conducted based
on main stem length, measured with a ruler, considering
the distance between soil and plant apex, and leaf area (LA),

determined by measuring the width of leaves, according to Eq.
3 of Nascimento et al. (2002).

LA =0.826W'"* 3)

where:
LA -leafarea; and,
W - width of leaves.

Atthe same age, readings of CO, assimilation (A), transpiration
(E), intercellular CO, concentration (C ) and stomatal conductance
(gs) were taken with the portable photosynthesis meter “LCPro+”
of ADC BioScientific Ltda, in the third fully expanded leaf
subjected to saturating irradiance (1000 umol ms™).

After the readings, plants were removed from the substrate,
separated into roots and shoots, and dried in forced air
circulation oven at 65 °C until constant weight, to obtain
shoot dry mass and root dry mass. These masses partitioned
among vegetative organs were summed to obtain the total dry
mass (TDM) and calculate the salinity tolerance index (STI),
by comparing the data of saline treatments with those of the
control (ECw = 0.3 dS m™!), using Eq. 4.

_ TDM production in the saline treatment

STI x100  (4)

~ TDM production in the control treatment

In which the STI considers the electrical conductivity
corresponding to the relative efficiency of 75%.

The data were subjected to analysis of variance; means
among cultivars were compared by Scott-Knott test and those
relative to water salinity were compared by regression, using
the software SISVAR Version 5.6 (Ferreira, 2011).

RESULTS AND D1SCUSSION

The interaction between cultivars and water salinity levels
had significant effects (p > 0.05) on all variables of biometric
growth, physiological aspects and biomass formation by roots
and shoots in the production of melon seedlings, corroborating
some authors who worked with irrigation water salinity and
melon cultivars (Aragio et al., 2009; Lucio et al., 2013; Aratjo
et al., 2016; Lopes et al., 2017; Pereira et al., 2017).

R. Bras. Eng. Agric. Ambiental, v.23, n.2, p.90-96, 2019.

The data of net CO, assimilation of the cultivars Amarelo
Ouro and Solares did not fit to any mathematical model with
the increase in water salinity and were represented by the mean
values of 3.42 and 2.13 pmol m? s (Figure 1A). Increasing
water salinity inhibited the net CO, assimilation of the cultivars
Goldex (42.94%), Iracema (52.98%) and Mandacaru (53.12%)
and stimulated it up to the highest value of 5.49 umol m? s in
plants of the cultivar Natal irrigated using waters with maximum
estimated electrical conductivity of 1.1 dS m™'; comparatively, the
cultivar Natal was shown to be less sensitive to salinity.

Net CO, assimilation is related to stomatal conductance,
since greater stomatal opening favors higher influx of carbon
dioxide in leaf mesophyll, increasing its internal concentration
and consequently, increasing photosynthesis (Taiz et al., 2017).
The divergence in the physiological behavior of the cultivars
was also found by Akrami & Arzani (2018), when analyzing
the interference of salinity on physiology in other 17 other
cultivars of melon. Morais et al. (2018), in melon plants cv.
AF 015 under irrigation with saline nutrient solutions, found
highest photosynthetic rate estimated for the lowest level of
salinity (1.1 dS m™), whereas the lowest photosynthetic rate
was observed at the highest level of salinity (5.5 dS m™).

For stomatal conductance (gs), the cultivars Iracema and
Amarelo Ouro did not fit to any mathematical model for
regression, showing the respective mean values of 0.05 and
0.03 mol m* s H,O (Figure 1B). The cultivar Natal stood out
with the highest value at estimated electrical conductivity of
1.3 dS m™ (0.0723 mol m™ s!), whereas the cultivars Solares,
Goldex and Mandacaru reached it at the respective levels of 1.7,
1.5,1.6 dSm™ (0.05205; 0.05567; 0.0612 mol m~s™). According
to Arantes et al. (2016), the difference in the physiological
behavior of cultivars is due to a genotypic variation in response
to the environment, which may select cultivars that are superior
to the others.

The reduction in gs in seedlings irrigated using water above
1.3 dS m™ can be explained because the accumulation of salts
in the substrate reduces water availability, causing decrease in
leaf water potential, leading to loss of turgor and reduction in
stomatal conductance (Bosco et al., 2009). Thus, the increment
of salts from higher concentrations in irrigation water reduces
CO, assimilation and, consequently, stomatal conductance, due
to photochemical damages caused by the decrease in stomatal
opening (Freire et al., 2014).

The transpiration of melon seedlings in the cultivars Solares
and Iracema, despite not fitting to the regression model,
showed means of 1.44 and 1.75 mmol m™ s, respectively
(Figure 1C). The cultivars Goldex and Mandacaru exhibited
increases of 19.88 and 48.76%, respectively at the levels from 0.3
to 1.5and from 0.3 to 2 dS m™, decreasing from these levels on.
The cultivars Natal and Amarelo Ouro linearly reduced their
transpiration rates by 47.92 and 66.28%, respectively, between
seedlings irrigated using waters of highest and lowest salinity.
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Figure 1. Net CO, assimilation (A), stomatal conductance (B), transpiration (C) and intercellular C0, concentration (D) in seedlings

of melon cultivars (¢) Natal, (() Solares, (A
increasing salinity

During the process of CO, absorption, plants inevitably
lose water through the leaves, which occurs mainly through
the stomata, which have mechanisms to control their degree
of opening and, under stress conditions, there is a reduction,
thus explaining the increased transpiration up to a certain
level of salinity and subsequent reduction observed in some
cultivars (Melo et al., 2017). Evaluating the physiology of melon
subjected to saline conditions, Lucio et al. (2013) observed
reductions in transpiration, stomatal conductance and net

) Goldex, (A) Iracema, (o) Mandacaru and (o) Amarelo Ouro irrigated using water of

CO, assimilation with the increment in the contents of salts
in irrigation water.

Increasing salinity levels linearly reduced the internal CO,
concentration (Ci) for the cultivars Natal and Amarelo Ouro,
with losses of 10.11 and 32.27% between the lowest and highest
levels of electrical conductivity, respectively. In the cultivars
Solares and Goldex, the Ci was increased up to electrical
conductivity levels from 0.3 to 1.8 and from 0.3 to 2.3 dS m’,
showing increases of 26.53 and 13.04%, respectively (Figure 1D).
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Despite such behavior for these cultivars (Solares and Goldex),
there was no increase in net assimilation rate (photosynthesis),
i.e., the increased carbon detected in the substomatal chamber
and available for photosynthesis was not synthesized during the
carboxylation phase (Morais et al., 2018). The cultivars Iracema
and Mandacaru showed means of 247.8 and 246.9 mg g of CO,.

Waters with higher salinity levels caused reduction in
stomatal opening, limiting CO, assimilation and transpiration
in plants, and consequently reducing their photosynthetic
rates (Bosco et al., 2009; Lucio et al., 2013; Melo et al., 2017).
This leads to alterations in the state of thylakoid membranes
of chloroplasts, which cause changes in the characteristics
of the signals of fluorescence and consequently reduction in
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plant growth and production (Taiz et al., 2017; S et al., 2018;
Lima et al., 2018).

Increased salinity caused linear reductions of 27.20, 27.69
and 17.86% in the stem length of the cultivars Natal, Iracema
and Amarelo Ouro. On the other hand, it stimulated the growth
of this variable in the cultivars Solares, Goldex and Mandacaru
up to highest values of 8.11, 8.30 and 8.49 cm. These values
express increments of 0.38, 8.96, 0.64% in these cultivars
between plants irrigated using water from 0.3 dS m™! to those
subjected to 0.6, 1.7 and 0.7 dS m™, respectively (Figure 2A).

The inhibition of plant growth by salt stress is related to the
adverse effects of the excess of salts on the ionic equilibrium,
water balance, mineral nutrition and carbon metabolism
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Figure 2. Length (A), leaf area (B), shoot dry mass (C) and root dry mass (D) in seedlings of melon cultivars (#) Natal, ({) Solares,
(A) Goldex, (A) Iracema, (o) Mandacaru and (o) Amarelo Ouro irrigated using water with increasing salinity
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(Prisco etal., 2016). The results corroborate those of Araujo et
al. (2016), who evaluated the initial growth and tolerance of the
melon cultivars Gaticho Redondo, Gaticho Casca de Carvalho
and Hales Best Jumbo to water salinity and concluded that the
cultivars of the same species exhibited differences in terms of
growth in height and shoot dry biomass.

Increasing irrigation water salinity negatively affected leaf
expansion in the seedlings of melon cultivars (Figure 2B). The
cultivars which showed lower reductions between lowest and
highest levels of electrical conductivity, were Goldex (59.69%),
Mandacaru (70.84%), Iracema (71.28%) and Natal (74.63%),
whereas Solares and Amarelo Ouro showed greater reductions,
77.24 and 79.94%, respectively.

According to Lopes et al. (2017), the phase of production
of melon seedlings is one of the most harmed by the effects
of irrigation water salinity. The reductions must be responses
to the increase in substrate salinity caused by daily irrigation
with saline waters, as reported by Lima Neto et al. (2016) in
seedlings of papaya (Carica papaya) cv. Golden and by Oliveira
etal. (2017) in seedlings of jackfruit (Artocarpus heterophyllus)
‘Mole’ variety, irrigated with saline waters. Similar situation
was presented by Aragéo et al. (2009), who found that water
salinity caused inhibition of leaf area in the melon cultivars
AF682, Gatcho and Sancho.

Continuous daily addition of water with high contents
of soluble and toxic salts in the substrate for growth and
development of plants can cause water deficit, nutritional
imbalance and toxicity by specific ions. These effects lead to
inhibition in plant growth, in which shoots and leaves (growth
and expansion) are the plant parts most affected by salt stress
(Parihar et al., 2015; Taiz et al., 2017).

The increase in irrigation water salinity reduced dry mass
accumulation in the melon seedlings. The shoot dry mass of
the melon cultivars (Figure 2C) decreased linearly as irrigation
water salinity increased; the cultivars Natal, Iracema and
Goldex were the most tolerant (10.2, 9.76, 15.71% of reduction
per unit increase in salinity) and the cultivars Solares,
Mandacaru and Amarelo Ouro were the most sensitive (17.48,
17.21 and 22.32% of reduction per unit increase in irrigation
water salinity). The root dry mass of melon seedlings decreased
with the increase of salts in the irrigation water by 75.47, 97.85,
75.72,76.71,89.21 and 96.87% in the respective cultivars Natal,
Solares, Goldex, Iracema, Mandacaru and Amarelo Ouro
comparing waters of 0.3 and 3.5 dS m™ (Figure 2D).

With the reduction of growth in plants under saline
conditions, it is possible to infer a reduction in biomass
production (Aragao et al., 2009). These results corroborate
those of Lopes et al. (2017), who studied melon varieties, Meldo
Gaucho Casca de Carvalho and Hales Best Jumbo, subjected
to different levels of salinity and also found reductions of dry
mass accumulation in the plants.

Highest salinity tolerance index was observed in the cultivar
Natal, which maintained relative biomass yield of about 62.24%
at water salinity of 3.5 dS m, thus standing out as tolerant to
salinity of 2.5 dS m™* for showing 75% yield during the stage of
seedling. The cultivars Solares, Goldex, Iracema and Mandacaru
were considered as moderately sensitive, because they showed
yield of approximately 75% at salinity of 1.5 dS m™. Conversely,
the cultivar Amarelo Ouro was indicated as the most sensitive
with only 21.01%, relatively, at 3.5 dS m™, with relative yield of
75% at salinity of 0.8 dS m™ (Figure 3).

Aratjo et al. (2016) also observed divergence in the aspect
of tolerance to water salinity in the initial growth of melon
cultivars, where Gaticho Casca Carvalho was moderately
sensitive to salinity of 3.0 dS m™, while Gaticho Redondo
was characterized as the most sensitive, with relative yield
of 48.46% under the same irrigation water, i.e., cultivars of
a same species showed different behaviors with respect to
tolerance to salinity.
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- —=-Mandacaru vy =104.98-20.226x""R*=0.98
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Figure 3. Salinity tolerance index of seedlings of melon cultivars
(#) Natal, () Solares, (A) Goldex, (A) Iracema, (e) Mandacaru
and (o) Amarelo Quro irrigated using water of increasing salinity

CONCLUSIONS

1. The increase in irrigation water salinity inhibits the
growth, dry mass accumulation and physiological processes
of the melon cultivars.

2. Water salinity harms the gas exchanges of melon
seedlings in different ways among the cultivars, and the cultivar
Natal was less compromised in terms of photosynthesis.

3. Waters with salinity of up to 2.5 dS m™* are reccommended
for irrigation of melon plants cv. Natal, whereas waters
of 1.5 dS m™ can be used for the cultivars Solares, Goldex,
Iracema and Mandacaru, and waters of 0.8 dS m™ can be used
for the cultivar Amarelo Ouro in the production of seedlings.
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