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Abstract 
The experiment was conducted in 2014, in a completely randomized factorial design (5x6), with three replications. The factors were soil 
classes (Typic Ustipsamments, Typic Haplustults, Typic Haplustepts, Typic Ustifluvents, and Typic Haplusterts) and levels of irrigation 
water salinity (0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 dS m-1). Increasing salinity of irrigation water caused increase in leaf contents of macronutrients 
in all soils. Adequate leaf contents of N, K, and Mg were observed in plants grown in all soils except K in Typic Haplusterts and Mg in 
Typic Ustipsamments. Appropriate P levels were observed only in Typic Haplustepts, and Ca only in Typic Haplustults and Typic 
Ustifluvents. Increased salinity of irrigation water caused increased leaf contents of micronutrients in all soils except copper in Typic 
Ustifluvents, iron in Typic Haplusterts and Typic Haplustults, and manganese in Typic Ustipsamments and Typic Haplustults. 
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Estado nutricional de las plantas de melón de Galia regadas con 
agua salina en diferentes suelos 

 
Resumen 
El experimento se realizó en 2014, en un diseño factorial completamente al azar (5x6), con tres repeticiones. Los factores fueron clases de suelo (tipic 
Ustipsamments, Typic Haplustults, Typic Haplustepts, Typic Ustifluvents y Typic Haplusterts) y niveles de salinidad del agua de riego (0.5, 1.0, 2.0, 
3.0, 4.0 y 5.0 dS m-1). El aumento de la salinidad del agua de riego provocó un aumento en el contenido de las hojas de los macronutrientes en todos 
los suelos. Se observaron contenidos foliares adecuados de N, K y Mg en plantas cultivadas en todos los suelos excepto K en Typic Haplusterts y Mg 
en Typic Ustipsamments. Los niveles apropiados de P se observaron solo en Typic Haplustepts, y Ca solo en Typic Haplustults y típicos Ustifluvents. 
El aumento de la salinidad del agua de riego provocó un aumento en el contenido foliar de micronutrientes en todos los suelos, excepto el cobre en los 
típicos Ustifluvents, el hierro en los Typic Haplusterts y Typic Haplustults, y el manganeso en Typic Ustipsamments y Typic Haplustults. 
 
Palabras clave: Cucumis melo L., Salinidad, Diagnóstico foliar. 

 
 
 

1.  Introduction 
 
The Brazilian melon production in year 2015 was 521 596 

metric tons and the planted area was 20 837 hectares [1]. The 
Northeastern region was responsible for 87% of that 
production, especially the state of Rio Grande do Norte, 
which is the main producer and exporter of this fruit. This 
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region has large volumes of groundwater in the aquifers 
Calcário Jandaíra (medium and high salinity water) and 
Arenito-Açu (low salinity water), mainly in the Apodi Plateau 
region. The abundance of water favors the practice of 
irrigation, but in some irrigated areas problems of soil 
salinization and loss of crop productivity have been observed 
due to inadequate soil, water and crop management [2]. 
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The use of irrigation water with high electrical conductivity 
causes a reduction in fresh and dry matter yield of plants and a 
higher accumulation of calcium, magnesium and potassium [3]. 
In addition, salinity may cause limitations in plant uptake of 
nutrients such as nitrogen and phosphorus early in the vegetative 
cycle. This can cause restrictions on the development of the 
plants’ shoots and roots, without later recovery, even if there is 
a new supply of these nutrients. Considering that the harmful 
effects of salinity depend on crop tolerance and irrigation 
management, a way of reducing the effect of high water salinity 
on plants is to irrigate with saline water mixed with low salinity 
water at the most tolerant stages of the crop [4]. 

Among the environmental factors that affect crops, the soil 
class deserves to be highlighted, since the soil’s physical and 
chemical characteristics imply more or less difficulty in absorbing 
water and nutrients by plants. In this respect, [3] evaluated the 
growth and nutrition of melon cultivated in soil classes with 
different textures and verified that the dry matter production and 
the accumulation of Ca, Mg, Na, K and Cl were different among 
the soil classes. The clay content of the soil was identified as the 
main factor determining the effects of soil salinity. 

Given the need to use water with different salt levels to 
irrigate melon crops, this study evaluated how Galia melon 
plants responded in the nutritional aspect to the salinity of 
irrigation water in different soils of the semiarid region of Rio 
Grande do Norte state, Brazil. 

 
2.  Material and methods 

 
2.1 Local, climate, and structure 

 
The experiment was conducted in a protected environment 

of the Federal Rural University of the Semiarid, located in the 
municipality of Mossoró, RN, with geographic coordinates 
5º11'31 S and 37º20'40" W, and average altitude of 18 m. The 
dominant climate of the region, according to the classification of 
Köppen, is BSwh', namely hot and dry, characterized as 
semiarid tropical climate, with irregular rainy season 
concentrating on the first months of the year, and lasting from 
summer to autumn. 

The protected environment had a metal arched structure 
covered by a transparent plastic sheet treated against the action 
of ultraviolet rays. The place was closed laterally with a nylon 
net providing 50% shade. The ceiling height was 3.5 meters and 
the internal dimensions were 7 meters wide and 18 meters long. 

 
2.2 Experimental design and soil classification 

 
The experimental design was completely randomized in a 

factorial scheme (5 x 6), with three replications. The factors 
studied were five soil classes: Neossolo Quartzarênico - RQ 
(Typic Ustipsamments), Argissolo Vermelho-Amarelo - PVA 
(Typic Haplustults); Cambissolo Háplico - CX (Typic 
Haplustepts), Neossolo Flúvico - RY (Typic Ustifluvents) and 
Vertissolo Háplico - VX (Typic Haplusterts), and six water 
irrigation salinity levels (expressed as electrical conductivity): 
A1 = 0.5, A2 = 1.0, A3 = 2.0, A4 = 3.0, A5 = 4.0, and A6 = 5.0 
dS m-1. Soil classification was carried out according to Brazilian 
Soil Classification System [5] and correlated with Soil 
Taxonomy [6]. The physical and chemical characteristics of the 

soils are presented in Table 1.  
The soils at each sampling site were collected in trenches at 

depths of 0-20 and 20-40 and their physical and chemical 
characteristics are presented in Table 1. 

 
2.3 Water characterization 

 
The water used in the study was obtained from two aquifers: 

Arenito Açu, with depth of approximately 1,000 m and water 
with low salinity (electrical conductivity around 0.5 dS m-1); and 
Calcário Jandaíra, with depth of around 80 m and water with 
high salinity (electrical conductivity around 5.0 dS m-1), with the 
predominant cations of Na+ and Ca++ and anions of HCO3

- and 
Cl-. The chemical characterization of these waters is presented 
in Table 2. The water salinity levels of 1.0 dS m-1, 2.0 dS m-1, 
3.0 dS m-1, and 4.0 dS m-1 were obtained from mixing water 
samples from the two aquifers in different proportions. For this, 
the electrical conductivity was measured with a commercial 
benchtop conductivity meter, which was calibrated using a KCl 
solution (1.0 mmol L-1) in a controlled temperature environment 
at 27.0 ± 1.0 ºC. During the experiment, the electrical 
conductivity was periodically measured with a pocket 
conductivity meter with automatic temperature compensation. 

 
2.4 Experimental procedures 

 
The crop was the Galia type melon (Cucumis melo L.) of the 

cultivar Néctar, which presents medium cycle and fruits of 
spherical shape, weighing between 0.8 and 1.2 kg. The skin has 
a dense netting of rough lines; the color of the pulp is green and 
its yield is around 22,000 kg ha-1. Pest and disease control was 
performed preventively with insecticides and fungicides specific 
for the crop, in order to avoid the presence of the pests and 
diseases most common in the region. 

The experimental units consisted of polyvinyl chloride 
cylinders with controlled water drainage. They were 40 cm high 
and 20 cm in diameter and had capacity of 12 liters of soil. They 
were arranged in rows with spacing between them of 1.0 x 0.5 
m. After being filled with soil, the cylinders were kept moist for 
incubation of the fertilizers, and then five melon seeds were 
sown in each one. 

Soil moisture was monitored daily by tensiometers installed in 
each treatment for irrigation management purposes. Irrigation was 
carried out with test tubes containing the amount of water 
determined from the tensiometer readings to raise the soil 
moisture to field capacity. For this, soil water retention curves 
were plotted by the Tension Table and Richards Chamber 
methods (Fig. 1). 

 
2.5 Measurements performed 

 
The nutritional status of melon plants was evaluated by 

foliar diagnosis at 45 days after planting, when the plants 
were in the flowering phase. For this, the plants were cut at 
ground level and separated into leaves and stems, which were 
dried in an oven with forced air circulation at a temperature 
of 65 ºC until reaching constant weight. Next, the dry leaf 
material was ground in a Wiley mill for macronutrient and 
micronutrient measurement in the laboratory. 
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Table 1 
Chemical and physical characteristics of soils cultivated with melon in the western region of the state of Rio Grande do Norte, Brazil 

  

Soil Class 
RQ PVA CX RY VX 

Sampling depth (cm) 
0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 

N total g kg-1 0.56 0.14 0.14 0.42 1.05 0.63 0.42 0.49 0.42 0.07 
SOM g kg-1 12.0 3.00 4.00 6.60 15.0 7.60 7.00 5.60 7.40 4.20 
pH  5.25 5.30 7.10 6.85 7.56 7.11 7.33 7.16 8.63 9.10 
P mg dm-3 6.40 1.60 3.00 6.70 6.50 2.30 76.1 88.0 3.10 0.80 

K+ mg dm-3 53.2 18.3 39.2 66.1 335.2 270.4 146.9 124.9 41.12 27.2 
Na+ mg dm-3 16.6 10.7 11.6 14.6 15.6 15.6 96.2 88.4 83.4 30.27 
Ca2+ cmolc dm-3 2.58 0.73 1.29 1.81 7.99 7.90 13.2 9.67 36.1 39.72 
Mg2+ cmolc dm-3 0.52 0.44 0.35 0.40 1.99 0.00 0.71 4.18 10.54 6.52 
Cu mg dm-3 0.28 0.21 0.27 0.21 1.61 1.54 0.94 1.02 0.18 0.18 
Fe mg dm-3 25.9 20.8 7.70 8.20 8.80 6.40 27.9 21.5 3.80 1.80 
Mn mg dm-3 2.60 1.90 4.10 10.30 12.2 13.7 18.2 19.3 1.40 1.60 
Zn mg dm-3 1.10 0.75 2.05 1.47 2.56 2.93 0.75 1.34 0.83 0.85 

H + Al cmolc dm-3 2.81 1.24 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.00 
SB cmolc dm-3 3.31 1.26 1.79 2.44 10.91 8.66 14.7 14.6 47.1 47.6 
T cmolc dm-3 3.31 1.26 1.79 2.44 10.91 8.66 14.7 14.6 47.1 47.6 

CEC cmolc dm-3 6.11 2.50 1.79 3.02 10.91 8.66 14.7 15.6 47.1 47.6 
V % 54 51 100 81 100 100 100 100 100 100 

ESP % 1 2 3 2 1 1 3 3 1 3 
Sand g kg-1 930 930 930 940 510 350 490 500 420 370 
Silt g kg-1 40 10 10 20 150 160 370 350 250 340 
Clay g kg-1 30 60 60 40 340 490 140 160 330 300 

  0-40 cm layer 
SD g cm-3 1.31 1.61 1.55 1.45 1.32 
PD g cm-3 2.63 2.66 2.58 2.47 2.47 
Msat % 34 37 53 41.30 46.56 
Ptot % 50.2 39.5 39.9 41.3 46.6 

RQ - Typic Ustipsamments; PVA - Typic Haplustults; CX - Typic Haplustepts; RY - Typic Ustifluvents, and VX – Typic Haplusterts; SOM – soil organic 
matter; SB – sum of bases; T – cation exchange capacity at pH 7.0; CEC – cation exchange capacity; V – base saturation; ESP – exchangeable sodium 
percentage; SD – soil density; PD– particle density; Msat – saturation moisture; Ptot – total porosity. 
Source: The Authors. 

 
 

Table 2 
Chemical characteristics of water used in different mixtures for irrigation of melon in different soils of the western region of the state of Rio Grande do Norte, Brazil 

Aquifer EC pH K+ Na+ Ca2+ Mg2+ CO3 HCO3 Cl ∑Cations ∑Anions RAS Class dS m-1 - ------------------------------------mmol L-1------------------------------------ (mmol L-1)0,5 
AA 0.5 7.5 0.53 2.79 1.8 0.5 0.35 4.1 1.6 3.62 6.05 0.74 C2S1 
CJ 5.0 6.9 0.15 22.0 20.2 5.8 0.2 4.8 35.2 46.15 40.2 6.33 C4S1 

EC – electrical conductivity; SAR (sodium absorption ratio) = Na+ /[(Ca+2 + Mg+2)/2]0,5 ; Class – water classification of Richards (1954). AA –Arenito Açú 
Aquifer; CJ - Calcário Jandaíra Aquifer. 
Source: The Authors. 

 
 
The N content of the leaves was determined after extraction 

by sulfur digestion. For this purpose, 0.2 g of the dry matter was 
digested in 3 mL of sulfuric acid, 1 mL of hydrogen peroxide 
and 1 g of a 10:1 mixture of potassium sulfate and copper sulfate. 
The samples remained in the digester block for half an hour until 
presenting a brown color, when the temperature was raised to 
350 °C for two hours until the samples presented greenish color, 
when the extracts were completed to the volume of 25 mL. The 
method used to obtain extracts was steam distillation (Kjeldahl 
method), as described by [7]. 

The contents of the other nutrients were determined after 
extraction by nitric digestion in a microwave oven. For this, 
0.5 g of dry matter was used, which was digested in 5 mL of 
nitric acid. In the digested extract, the phosphorus content 
was determined by molybdate blue spectrophotometry, the K, 
Na and Ca contents were determined by flame emission 
photometry, and the Mg, Cu, Mn, Fe and Zn were determined 
by atomic absorption spectrophotometry, according to [9]. 

2.6 Statistical analysis 
 
The data were submitted to analysis of variance with the aid 

of the “Sistema para Análises Estatísticas” software [10]. The 
effect of salinity levels was evaluated by means of regression 
analysis, for which the coefficients of the models were tested 
based on the mean square residual of the ANOVA. 

 
3.  Results and discussion 

 
A significant effect was observed of the interaction 

between the factors soil class and irrigation water salinity 
level for macronutrient and micronutrient contents. The 
nutrient content in the leaves, in addition to reflecting the 
plants’ nutritional status, shows the effect of irrigation water 
salinity on nutrient uptake by plants. 

The increase in the irrigation water salinity from 0.5 to 
5.0 dS m-1 promoted a linear increase in the contents of  
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Figure 1. Water retention curves in the 0-20 cm layer of the soils: RQ - Typic 
Ustipsamments; PVA - Typic Haplustults; CX - Typic Haplustepts; RY - 
Typic Ustifluvents, and VX – Typic Haplusterts.  
Source: The Authors. 

 
 

phosphorus, potassium, and sodium in the soils studied (Fig. 
2). The exceptions were the contents of phosphorus and of 
potassium in the Typic Haplustepts, which presented 
quadratic increases. 

 
3.1 Macronutrients 

 
Phosphorus, besides being in the composition of 

adenosine triphosphate, acts to promote the storage and 
transport of energy for endergonic processes, such as the 
synthesis of organic compounds and the active absorption of 
nutrients. Potassium is important for plants under stress 
conditions, with influence on osmotic properties, opening 
and closing of stomata, photosynthesis, enzymatic activation, 
protein synthesis and carbohydrate transport [11]. Sodium 
can stimulate the growth of C4 plants, aiding the movement 
of substrates between the mesophyll and the bundle sheath. It 
can also replace potassium in its osmotic role [12]. However, 
the increase in sodium concentration in leaf chloroplasts 
causes osmotic, ionic and oxidative stresses that result in low 
photosynthetic performance and reduced growth and yield 
[13]. 

The phosphorus contents in the melon leaf tissue (Fig. 
2A) increased with the increase in irrigation water salinity in 
all soils studied and were below the values considered 
adequate by [14], which are between 3 and 7 g kg-1. The 
exception was the Typic Haplustepts, in which phosphorus 
levels were within the range mentioned, at all salinities. The 
waters with highest salinity provided contents of 2.21, 1.59 
and 1.08 g kg-1 of phosphorus for the soils Typic Haplusterts, 
Typic Ustifluvents, and Typic Ustipsamments, respectively. 
At the lowest levels of water salinity, the lowest phosphorus 
content (0.53 g kg-1) was observed in the Typic 

Ustipsamments. High levels of P were observed in 
Haplustepts by [15], when studying the phosphate 
fertilization of melon plants. The authors explained that these 
contents are due to the soil parent material, namely limestone 
of the Jandaíra formation. 

The accumulation of phosphorus in the plants grown in 
Typic Haplustepts was greater than in the other soils, and 
showed an increase of 60% for the water of highest salinity 
in relation to the lowest salinity. The higher amount of this 
element occurred due to the high natural fertility of this the 
soil (Table 1). Phosphorus content in the plant leaf blades in 
the present study was within the average found in other 
melon cultivars, which varied between 0.4 and 6 g kg-1 in the 
works of [16] and [17]. 

The foliar potassium contents increased by 77, 45, 43, 64 
and 116% for the Typic Ustipsamments, Typic Haplustults, 
Typic Haplustepts, Typic Ustifluvents, and Typic 
Haplusterts, respectively, when irrigation water salinity 
increased from 0.5 to 5.0 dS m-1 (Fig. 2B). The potassium 
contents in the melon leaf tissue in most soils and irrigation 
water salinities were within the range considered adequate by 
[12], which is between 25 and 40 g kg-1, indicating that the 
plants were satisfactorily nourished at this stage of 
development. The exception was the Typic Haplusterts, in 
which potassium levels were below the range mentioned until 
the salinity of 3 dS m-1. Above this point, the contents of 
potassium were within the adequate range, which according 
to [17] is of 24 g kg-1. 

When evaluating the leaf content of sodium during the 
initial growth of the crop, increases of 399, 253, 214, 66, and 
58% for the soils Typic Haplustepts, Typic Ustipsamments, 
Typic Haplustults, Typic Ustifluvents, and Typic Haplusterts 
were observed, respectively, as a function of the increase in 
irrigation water salinity from 0.5 to 5.0 dS m-1 (Fig. 2C). The 
foliar contents of sodium varied between 0.8 and 4.14 g kg-1 
in the studied soils. The highest content of sodium was 
observed in the plants grown in Typic Haplusterts (2.57 to 
4.14 g kg-1). The greater accumulation of this element at the 
highest irrigation water salinity level, regardless of the soil 
class, agrees with the results obtained by [18] for the melon 
‘Piel de Sapo Sancho’. The percentages of increase in foliar 
sodium contents indicated that the use of saline water poses 
a risk to the growth and yield of melon plants. 

The increase in the irrigation water salinity from 0.5 to 
5.0 dS m-1 promoted a linear increase in the melon leaf 
contents of magnesium, nitrogen, and calcium in nearly all 
the soils studied (Fig. 3). The exceptions were the contents of 
magnesium and of nitrogen in the plants grown in Typic 
Haplustepts, which presented quadratic increases. 
Magnesium is part of chlorophyll, and it is necessary for 
photosynthesis and synthesis of proteins and several enzymes 
that act on phosphate transfer [10] and [9]. Nitrogen has a 
strong effect on the development of plants, and when 
supplied to plants, causes an increase in leaf area and plant 
biomass, as the leaves remain green longer, thus increasing 
the plant’s photosynthetic capacity [19]. Calcium is 
important for cell wall and membrane stabilization, 
osmoregulation, and as a secondary messenger, allowing 
plants to regulate developmental processes in response to 
environmental stimuli [10]. According to [20], the reduction 
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in transpiration as a consequence of saline stress can cause 
imbalance in calcium nutrition in plants. 

The magnesium content in the leaves of the melon plants 
varied from 1.24 g kg-1 in the Typic Ustipsamments when the 
water of lowest salinity was used, to 10.61 g kg-1 in the Typic 
Ustifluvents irrigated with water with salinity of 5.0 dS m-1 
(Fig. 3A). The increases in these contents were 65, 118, 160, 
233, and 331% for the soils Typic Ustipsamments, Typic 
Haplustults, Typic Haplusterts, Typic Ustifluvents, and 
Typic Haplustepts, respectively. Even so, the contents of this 
nutrient in the melon plant leaves grown in the Typic 
Ustipsamments did not reach the range considered adequate 
by [12], which is between 5 and 12 g kg-1. In the other soils, 
the adequate contents were reached from the salinity of 4.0 
dS m-1 in the Typic Haplusterts, 3.0 dS m-1 in the Typic 
Ustifluvents, 2.0 dS m-1 in the Typic Haplustults, and only at 
the salinity of 5.0 dS m-1 in the Typic Haplustepts. The levels 
of these ions observed in this study were higher than those 
reported by [21], who observed a content of 0.97 g kg-1 in the 
shoots of ‘Piel de Sapo Sancho’ melon plants. 

The nitrogen content in the leaves of the plants varied 
between 18.26 g kg-1 in the Typic Ustipsamments irrigated 
with water of lowest salinity (0.5 dS m-1) and 35.82 g kg-1 in 
the Typic Haplusterts irrigated with water with salinity of 5.0 
dS m-1 (Fig. 3B). In comparison, the contents of nitrogen in 
net melon leaves observed by [22] ranged from 20.65 to 
21.90 g kg-1. 

The increases in the foliar content of nitrogen were 18, 
28, 37, 38 and 75% in the soils Typic Ustipsamments, Typic 
Haplustepts, Typic Haplusterts, Typic Ustifluvents and Typic 
Haplustults, respectively. In the Typic Haplustepts, Typic 
Haplustults, Typic Haplusterts and Typic Ustipsamments, for 
all salinities the nitrogen content of melon leaves was within 
the range considered adequate by [12], between 25 and 40 g 
kg-1. In the Typic Ustifluvents, this content was below that 
range for the salinities of 0.5 and 1.0 dS m-1. The adequate 
contents of nitrogen also agree with [23] and [24]. 
Considering that, generally foliar analysis in melon plants is 
performed at the beginning of flowering [24], which occurs 
around 37 days after sowing. So, it can be stated that 
independently of the treatment, the plants did not present 
deficiency of N. On the other hand, the results obtained in 
this study were higher than those found by [15], who obtained 
levels of 9.71 and 6.81 g kg-1 of N for the ‘Trusty’ and 
‘Orange Flesh’ melon hybrids, respectively. 

The content of Calcium of melon leaves was below the 
range between 25 and 50 g kg-1, considered adequate by [12], 
in most soils and salinities. The exceptions were the Typic 
Haplustults, which presented contents within that range for 
all salinities, and the Typic Ustifluvents, which presented 
contents within the range from salinity of 4.0 dS m-1. The 
increases in the foliar content of this nutrient were 36, 47, 
122, 151, and 526% in the Typic Haplustults, Typic 
Haplusterts, Typic Ustipsamments, Typic Haplustepts and 
Typic Ustifluvents, respectively, when the water salinity 
increased from 0.5 to 5.0 dS m-1 (Fig. 3C). A linear increase 
in the calcium content in pumpkin leaves as a function of the 
increase of the irrigation water salinity was also verified by 
[26]. Typic Haplustept soils, which contain a greater amount 
of clay, are subject to higher accumulation of this ion. The 

large increase in calcium content in the Typic Ustifluvents 
can be explained by that soil class’s physical and chemical 
characteristics, which make it more susceptible to 
salinization and sodification processes [27]. 

 
3.2 Micronutrients 

 
The micronutrient contents in the leaves of the melon 

plants presented the greatest variations when the irrigation 
water salinity increased from 0.5 to 5.0 dS m-1. Only the zinc 
concentration presented a linear increase in all soils (Fig. 4C). 
The contents of this nutrient in all soils were within the range 
considered adequate by [12], which is between 20 and 100 
mg kg-1. The lowest content of zinc (35.56 mg kg-1) was 
found in plants irrigated with water having lowest electrical 
conductivity (0.5 dS m-1) and cultivated in Typic 
Haplustepts, while the highest content (104.74 mg kg-1) was 
observed in plants irrigated with water of highest salinity in 
Typic Ustipsamments. The increase in water salinity from 0.5 
to 5.0 dS m-1 caused increases in foliar zinc contents of 46, 
51, 65, 69, and 134% for Typic Ustipsamments, Typic 
Ustifluvents, Typic Haplustults, Typic Haplusterts and Typic 
Haplustepts, respectively. 

The contents of copper in the leaf tissue of melon plants 
showed increasing linear behavior as a function of the 
increase in irrigation water salinity in the different soil 
classes, except for the Typic Haplustepts, which presented 
quadratic behavior (Fig. 4A). Among the studied soils, the 
highest increase (79%) occurred for Typic Ustipsamments, 
while for Typic Haplusterts, Typic Haplustepts and Typic 
Haplustults the increases were 56, 56 and 49%, respectively. 
Contrary behavior was observed in Typic Ustifluvents, in 
which a reduction of 53 % in the Cu content occurred when 
the irrigation water salinity increased from 0.5 to 5.0 dS m-1. 

In most soils, the leaf contents of this nutrient were within 
or very close to the range considered adequate by [12], which 
is between 10 and 15 mg kg-1. However, in the Typic 
Haplustepts the foliar contents of copper were above the 
recommended range at all salinities. It should be noted that at 
the beginning of the experiment, the copper contents in this 
soil were much higher than in the other soils (Table 1). 

The contents of iron in the leaf tissue of melon plants 
showed increasing linear behavior as a function of the 
increase in irrigation water salinity in Typic Ustipsamments, 
Typic Haplustepts and Typic Ustifluvents (Fig. 4B). The 
increases in these soils were 13, 15 and 204%, respectively. 
On the other hand, the foliar contents of iron decreased by 
32% in the Typic Haplusterts and 44% in the Typic 
Haplustults. The contents of Fe observed when considering 
the Typic Ustipsamments, Typic Haplustults, Typic 
Haplustepts and Typic Ustifluvents are very close to those 
found by [15], who observed contents between 1 and 3 g kg-

1. In most soils, the foliar contents of iron were within the 
range considered adequate by [12], which is between 50 and 
300 mg kg-1. However, for Typic Ustifluvents, the contents 
found were within that range only up to the electrical 
conductivity of 3.0 dS m-1. 

It is noteworthy that at the beginning of the experiment, 
the contents of iron in the Typic Ustipsamments and Typic 
Ustifluvents were higher than in the other soils, but the  
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Figure 2. Contents of phosphorus (A), potassium (B) and sodium (C) in leaf blades of flowering melon irrigated with water of different salinities and in 
different soil classes: RQ - Typic Ustipsamments; PVA - Typic Haplustults; CX - Typic Haplustepts; RY - Typic Ustifluvents, and VX – Typic Haplusterts. 
Source: The Authors. 

 
 

 
Figure 3. Contents of magnesium (A), nitrogen (B) and calcium (C) in leaf blades of flowering melon irrigated with water of different salinities and in 
different soil classes: RQ - Typic Ustipsamments; PVA - Typic Haplustults; CX - Typic Haplustepts; RY - Typic Ustifluvents, and VX – Typic Haplusterts. 
Source: The Authors. 

 

 
Figure 4. Contents of copper (A), iron (B), zinc (C) and manganese (D) in the leaf blades of flowering melon irrigated with water of different salinities and 
in different soil classes: RQ - Typic Ustipsamments; PVA - Typic Haplustults; CX - Typic Haplustepts; RY - Typic Ustifluvents, and VX – Typic Haplusterts. 
Source: The Authors.  
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contents in the melon leaves presented a small increase in the 
Typic Ustipsamments and a three-fold increase in the Typic 
Ustifluvents. This is because the Typic Ustifluvents soil is 
clayey and has a higher natural fertility than the Typic 
Ustipsamments soil, causing the plants to absorb this ion 
better when subjected to saline stress. 

The contents of manganese in the leaf tissue of melon 
plants showed increasing linear behavior as a function of the 
increase in irrigation water salinity in the Typic Haplusterts 
and Typic Ustifluvents (Fig. 4D). The increases in foliar 
contents of manganese in these soils were 78 and 35%, 
respectively. The foliar content of this nutrient in the Typic 
Haplustepts increased 97%, but in a quadratic pattern. On the 
contrary, the foliar contents of manganese decreased by 41% 
in the Typic Ustipsamments and Typic Haplustults. In most 
soils, the foliar contents of manganese were within the range 
considered adequate by [12], which is from 50 to 250 mg kg-

1. However, in the Typic Haplustepts, the contents of 
manganese were within that range only up to the water 
electrical conductivity of 2.0 dS m-1, while in the Typic 
Ustipsamments the foliar contents of manganese were above 
that range from the irrigation water salinity of 2.0 dS m-1. 

 
4.  Conclusions 
 

Increasing salinity of irrigation water caused a rise in leaf 
macronutrient content of melon plants in all soils. Increased 
sodium content indicates the risk to plants and soil of 
irrigation with saline water. Adequate leaf contents of N, K, 
and Mg were observed in all soils except K in Typic 
Haplusterts and Mg in Typic Ustipsamments. Appropriate P 
levels were observed only in Typic Haplustepts, and Ca only 
in Typic Haplustults and Typic Ustifluvents. 

Increased salinity of irrigation water caused higher leaf 
contents of micronutrients in plants grown in nearly all soils, 
with the exception of copper in Typic Ustifluvents, iron in 
Typic Haplusterts and Typic Haplustults, and manganese in 
Typic Ustipsamments and Typic Haplustults. Micronutrient 
contents remained within the appropriate range, with the 
exception of iron in Typic Ustifluvents and manganese in 
Typic Haplustepts and Typic Ustipsamments, which had low 
levels at the highest water salinities. 

 
References 

 
[1] Instituto Brasileiro de Geografia e Estatística. IBGE., Produção 

agrícola municipal: culturas temporárias e permanentes. Produção 
Agrícola Municipal, 43, pp. 1-62, 2016. 

[2] Freitas, L.D.A., Figueirêdo, V.B., Porto Filho, F.Q., Costa, J.C. and 
Cunha, E.M., Crescimento e produção de meloeiro cultivado sob 
diferentes níveis de salinidade e nitrogênio. Revista Brasileira de 
Engenharia Agrícola e Ambiental, 18 (suplemento), pp. S20-S26, 
2014. DOI: 10.1590/1807-1929/agriambi.v18nsupps20-s26 

[3] Silva, M.O., Freire, M.B.G.S., Mendes, A.M.S., Freire, F.J., Sousa, 
C.E.S. and Góes, G.B., Crescimento de meloeiro e acúmulo de 
nutrientes na planta sob irrigação com águas salinas. Revista 
Brasileira de Engenharia Agrícola e Ambiental, 12(6), pp. 593-605, 
2008. DOI: 10.1590/S1415-43662008000600005 

[4] Cosme, C.R., Dias, N.S., Oliveira, A.M., Oliveira, E.M.M. and Sousa 
Neto, O.N., Produção de tomate hidropônico utilizando rejeito da 
dessalinização na solução nutritiva aplicados em diferentes épocas. 
Revista Brasileira de Engenharia Agrícola e Ambiental, 15(5), pp. 

499-504, 2011. DOI: 10.1590/S1415-43662011000500010 
[5] Santos, H.G., Jacomine, P.K.T., Anjos, L.H.C., Oliveira, V.A., 

Lumbreras, J.F., Coelho, M.R., Almeida, J.A., Cunha, T.J.F. and 
Oliveira, J.B., Sistema Brasileiro de Classificação de Solos. 5a Ed. 
Embrapa, Brasília, Brazil, 2018. 

[6] United States Department of Agriculture. USDA., Keys to soil 
taxonomy. 12 ed. Soil Survey Staff, Natural Resources Conservation 
Service, Washington, USA, 2014. 

[7] Empresa Brasileira de Pesquisa Agropecuária. EMBRAPA. Manual 
de análises químicas de solos, plantas e fertilizantes. Embrapa 
Informação Tecnológica, Brasília, Brasil. 2009. 

[8] Ribeiro Junior, J.I., Analise estatística no SAEG. Viçosa: UFV, 2001. 
[9] Taiz, L. and Zeiger, E., Fisiologia vegetal. 3ra ed., Artmed Editora, 

Porto Alegre, Brasil, 2016. 
[10] Marschner, P., Mineral nutrition of higher plants. 3ra ed., Elsevier, 

London, _United Kingdom, 2012. 
[11] Bose, J., Munns, R., Shabala, S., Gilliham, M., Pogson, B. and 

Tyerman, S.D., Chloroplast function and ion regulation in plants 
growing on saline soils: lessons from halophytes. Journal of 
Experimental Botany, 68(12), pp. 3129-3143, 2017. DOI: 
10.1093/jxb/erx142 

[12] Boaretto, A.E., Raij, B.V., Silva, F.C. and Chitolina. C., Amostragem, 
acondicionamento e preparo de amostras de plantas para análise 
química. In: Silva, F.C., ed. Manual de análises químicas de solos, 
plantas e fertilizantes. Embrapa Informação Tecnológica, Brasília, 
Brasil, 2009. pp. 59-85. 

[13] Costa, C.L L., Batista, J.E., Costa Júnior, C.O., Santos, A.P. and Silva, 
M.L., Uso de adubo fosfatado na cultura do melão em solos de origem 
calcária. Revista Verde, 6(3), pp. 58-62, 2011. 

[14] Gurgel, M.T., Gheyi, H.R., Oliveira, F.H.T., Fernandes, P.D. and 
Silva, F.V., Nutrição de cultivares de meloeiro irrigadas com águas 
de baixa e alta salinidade. Revista Caatinga, 21(5), pp.36-43, 2008. 

[15] Medeiros, J.F., Dias, N.S. and Barros, A.D. Manejo da irrigação e 
tolerância do meloeiro a salinidade da água de irrigação. Revista 
Brasileira de Ciências Agrárias, 3(3), pp. 242-247, 2008. DOI: 
10.5039/agraria.v3i3a264 

[16] Bernardi, A.C.C., Paiva, P.R.P. and Monte, M.B.M., Produção de 
matéria seca e teores de nitrogênio em milho para silagem adubado 
com uréia misturada a zeólita. São Carlos: Embrapa Pecuária Sudeste, 
2007. 

[17] Terceiro Neto, C.P.C., Medeiros, J.F., Gheyi, H.R., Dias, N.S., 
Oliveira, F.R.A. and Lima, K.S., Acúmulo de matéria seca e 
nutrientes no meloeiro irrigado sob estratégias de manejo da 
salinidade. Revista Brasileira de Engenharia Agrícola e Ambiental, 
16(10), pp. 1069-1077, 2012. DOI: 10.1590/s1415-
43662012001000006 

[18] Oliveira, F.A., Cultivo de pimentão em ambiente protegido utilizando 
diferentes manejos de fertirrigação. Thesis. Escola Superior de 
Agriculta Luiz de Queiroz, Piracicaba, Brasil, 2012. 

[19] Prado, R.M., Nutrição de plantas. UNESP, São Paulo, Brasil, 2008.  
[20] Silva Júnior, M.J., Medeiros, J.F., Oliveira, F.H.T. and Dutra, I., 

Acúmulo de matéria seca e absorção de nutrientes pelo meloeiro 
“Pele-de-Sapo”. Revista Brasileira de Engenharia Agrícola e 
Ambiental, 10(2), pp. 364-368, 2006. DOI: 10.1590/S1415-
43662006000200017 

[21] Cardoso, A.F., Charlo, H.C.O., Ito, L.A., Corá, J.E. and Braz, L.T., 
Teores foliares de nutrientes em melão rendilhado cultivado em fibra 
da casca de coco reutilizada. Horticultura Brasileira, 28(2-
suplemento), pp. S378-S384, 2010.  

[22] Jones Júnior, J.B., Wolf, B. and Mills, H.A., Plant analysis handbook: 
a practical sampling, preparation, analysis and interpretation guide. 
Athens: Micro-Macro, 1991. 

[23] Locascio, S.J., Cucurbits: cucumber, muskmelon and watermelon. In: 
Bennett, W.F., Ed., Nutrient deficiencies and toxicities in crop plants. 
APS Press, St. Paul, Brazil, 1993. pp.123-130. 

[24] Malavolta, E., Vitti, G.C. and Oliveira, A.S., Avaliação do estado 
nutricional das plantas. Princípios e aplicações. Piracicaba: 
POTAFOS, 2006. 

[25] Carmo, G.A., Oliveira, F.R.A., Medeiros. J.F., Oliveira, F.A., 
Campos, M.S. and Freitas, D.C., Teores foliares, acúmulo e partição 
de macronutrientes na cultura da abóbora irrigada com água salina. 
Revista Brasileira de Engenharia Agrícola e Ambiental, 15(5), pp. 



Silva, et al / Revista DYNA, 88(216), pp. 79-86, January - March, 2021 

86 

512-518, 2011. DOI: 10.1590/S1415-43662011000500012 
[26] Freire, M.B.G.S., Ruiz, H.A., Ribeiro, M.R., Ferreira, P.A., Alvarez, 

V.H. and Freire, F.J., Estimativa do risco de sodificação de solos de 
Pernambuco pelo uso de águas salinas. Revista Brasileira de 
Engenharia Agrícola e Ambiental, 7(2), pp. 227-232, 2003. DOI: 
10.1590/S1415-43662003000200007 

 
 

J.L.A. Silva, has a BSc. Eng. in Agricultural Engineering from Federal 
Rural Semi-Arid University (UFERSA) and a MSc. in Agricultural Systems 
Engineering from Luiz de Queiroz School of Agriculture, University of São 
Paulo (ESALQ/USP), Brazil. He is currently a PhD student in the Graduate 
Program in Agricultural Engineering of Federal University of Viçosa (UFV), 
Brazil. He has experience in agricultural engineering, with emphasis on 
water and soil engineering, mainly in the following subjects: water resources 
planning and management, soil and water conservation, salinization of 
irrigated areas and tolerance of crops to salinity. 
ORCID: 0000-0002-4368-6079 
 
J.F. Medeiros, is BSc. in Agronomy from the School of Agriculture of 
Mossoró, Brazil, in 1985, MSc. in Agricultural Engineering from the Federal 
University of Paraíba, Brazil in 1992 and Dr. in Agronomy from the 
University of São Paulo, Brazil in 1998. He is currently an agronomist at the 
Federal Rural University of the Semi-Arid, CNPq Researcher IA, permanent 
professor of the Postgraduate Programs in Phytotechnics and of the Soil 
Water Management at UFERSA, where he is currently also a member of the 
Collegiate of this last Program, and is leader of the research group "Water 
and soil management in irrigated agriculture". He has experience in the field 
of Agricultural Engineering, with an emphasis on Irrigation and Drainage, 
acting mainly on the following themes: cultivation of melon, watermelon, 
sorghum, banana, salinity, fertigation and irrigation management. 
ORCID: 0000-0003-1202-8783 
 
I.B. Mascimento, is BSc. in Agronomy from the Federal Rural University 
of Semi-Arid in 2000, MSc. and Dr. in Agronomy (Fitotecnia) from the 
Federal University of Ceará, Brasil in 2007, environmental and work safety. 
ORCID: 0000-0002-7077-834X 
 
J.V. José, is a PhD. in Biosystems Engineering from ESALQ-USP in 2017 
and a PhD. in Agricultural Engineering from UFMT in 2019. PhD in 
Sciences with an area of expertise in Agricultural Systems Engineering from 
ESALQ / USP in 2014, MSc. in Agronomy from UEM in 2011 and BSc. in 
Agricultural Engineering from UEM in 2008. He is currently an adjunct 
professor in the area of irrigation, hydrology and drainage, hydraulics and 
rural constructions in the Agronomy and Forest Engineering course. He is a 
collaborating member of the graduate program in agricultural engineering at 
UFMT. He is editor of Revista Engenharia Agrícola in the area of 
interdisciplinary themes. 
ORCID: 0000-0003-1384-0888 
 
N.O. Miranda, holds a BSc in Agronomy from Federal University of Santa 
Maria (UFSM), Brazil, a MSc. in Agricultural Engineering from Federal 
University of Santa Maria, a PhD in Agronomy (Phytotechnics) from 
Federal University of Ceará (UFC), Brazil and a PhD. fellowship with the 
Graduate Program in Forestry Sciences of UFRN. He is currently professor 
at Federal Rural Semi-Arid University. He has experience in the area of 
agronomy, with emphasis on farm machinery and agricultural 
mechanization, working mainly on the following topics: soil preparation 
systems and soil management. 
ORCID: 0000-0003-1808-572X 
 
C.M.M. Souza, is BSc. in Agronomy from the Federal Rural University of 
Semi-Arid, Brazil in 2007, MSc. in Soil Science from the Federal Rural 
University of Pernambuco, Brazil in 2009 and PhD in Soils and Plant 
Nutrition from the Federal University of Viçosa, Brazil in 2012. She is 
currently Adjunct Professor IV at the Federal Rural University of the Semi-
Arid (UFERSA). He has experience in the field of Agronomy, with an 
emphasis on Soil Science, acting mainly in the following lines of research: 
genesis, morphology and classification of soils, soil mineralogy, 
management of soil organic matter in semiarid regions, Less developed soils 
and Education in Soils. 
ORCID: 0000-0002-9553-9126 

 


	1.  Introduction
	2.  Material and methods
	2.1 Local, climate, and structure
	2.2 Experimental design and soil classification
	2.3 Water characterization
	2.4 Experimental procedures
	2.5 Measurements performed
	2.6 Statistical analysis

	3.  Results and discussion
	3.1 Macronutrients
	3.2 Micronutrients

	4.  Conclusions
	References

