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ABSTRACT: Salinity is one of the main agricultural problems faced, and may negatively influence plant
development. However, studies have shown that in protected environments and under the application of organic
fertilizers, deleterious effects are mitigated. In this context, the objective of this study was to evaluate the effects
of irrigation water salinity on mineral nutrition in noni plants grown in two environments and bovine manure
application. The statistical design was a randomized block design arranged in split-split plot scheme, with five
repetitions. The plots consisted of the cultivation environments (greenhouse and open field), the subplots formed
by salinity levels of irrigation water (ECw: 0.3, 1.5, 3.0, 4.5 and 6.0 dS m™"), and the subsubplots were represented
by the absence and presence of organic matter, with experimental unit consisting of three pots totaling 300 pots.
The nitrogen, potassium, calcium, magnesium, sodium and chloride concentrations were determined in plant
leaves. It was verified that the foliar concentrations of Ca**, Mg**, Na* and Cl" and the ratio Na/K was increased
with increasing salinity of the irrigation water, being the largest increments observed in the open field. Organic
matter is not much relevant in attenuating the deleterious effects of irrigation water on the concentration of leaf
nutrient in noni plants. The maintenance of lower values of Na/K ratio in the treatment with organic matter is
a positive factor that can attenuate the effects of salt stress on cell metabolism.

Key words: Morinda citrifolia, bovine manure, salt stress, mineral nutrition

Agua salina na composi¢io mineral foliar
de noni sob adubacio orgéanica

RESUMO: A salinidade é um dos principais problemas agricolas enfrentados, podendo influenciar negativamente
o desenvolvimento vegetal. Porém, estudos tém demonstrado que em ambientes protegidos e sob aplicagao de
adubos orgénicos, os efeitos deletérios sdo amenizados. Nesse contexto, objetivou-se avaliar os efeitos da salinidade
da 4gua de irrigagdo sobre a nutri¢do mineral em plantas de noni, cultivadas em dois ambientes sob adubagio
com esterco bovino. O delineamento experimental foi em blocos ao acaso, disposto no esquema de parcelas
subsubdivididas com cinco repeti¢cdes. As parcelas foram constituidas pelos ambientes de cultivo (céu aberto e
telado), as subparcelas pelas salinidades da agua de irrigacio (0,3; 1,5; 3,0; 4,5 € 6,0 dS m™) e as subsubparcelas
pela auséncia e presenca de matéria orgénica, com a unidade experimental consistindo de trés vasos, totalizando
300 vasos. Foram determinados as concentragdes foliares de nitrogénio, potassio, calcio, magnésio, sodio e cloreto.
Verificou-se que os teores foliares de Ca?*, Mg**, Na* e Cl e arazdo Na/K aumentaram com o aumento da salinidade
da 4gua de irrigagdo, sendo os maiores incrementos observados no ambiente a céu aberto. A matéria organica nao
é relevante o suficiente para atenuar os efeitos deletérios da d4gua de irrigagdo na concentragio de nutrientes foliares
em plantas de noni. A manutenc¢do de menores valores da razdo Na/K no tratamento com matéria orgénica é um
fator positivo que pode atenuar os efeitos do estresse salino no metabolismo celular.
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INTRODUCTION

Noni (Morinda citrifolia L.) is a plant belonging to the
Rubiaceae family, with extensive medicinal use, because it
has great antioxidant, dyslipidemic, hypotensive, healing,
antimicrobial and analgesic potential (Krishnaiah et al., 2013;
Mompié et al., 2014; Pandy et al., 2014). Noni cultivation is
greatly favored in tropical climate environments, because the
plant is able to adapt to the most diverse situations of climate,
soil and abiotic stresses (Singh, 2012; Souto et al., 2015).

Salinity is one of the abiotic stresses that most limit plant
development, because nutrient absorption rate is reduced
in saline environment, negatively influencing the mineral
nutrition and yield of plants worldwide, including noni (Freire
etal., 2011; Lima et al., 2014; Souza et al., 2017). Thus, the use
of strategies aimed at mitigating salt stress in plants is a viable
alternative to favor full plant development (Silva et al., 2013).

One of these strategies is the use of organic compounds
such as organic matter, which can reduce the exchangeable
sodium percentage (ESP), increase water retention in the
substrate, promote greater aggregation of soil particles and act
as a source of nutrients, such as calcium, magnesium, nitrogen
and phosphorus (Oliveira et al., 2014). Another important
strategy for tropical regions is the cultivation in protected
environments (Sousa et al., 2012b; Taiz et al., 2017).

With regard to the cultivation environment, it is known that
it has great importance for plant development, since climatic
factors such as temperature, luminosity and water availability
directly interfere with the absorption of nutrients by plants
and, consequently, with their physiological and production
responses (Silva et al., 2013; Taiz et al., 2017).

Therefore, this study aimed to evaluate the influence of
saline water irrigation on the leaf concentrations of nitrogen,
potassium, calcium, magnesium, sodium and chloride of noni
plants cultivated in substrate with and without organic matter
in two environments.

MATERIAL AND METHODS

The experiment lasted a total of approximately seven
months, from the preparation of noni seedlings in May 2011
until the harvesting in December 2011, and was carried out
in a seedling production garden of the municipality of Sobral,
CE, Brazil, located at geographic coordinates of 3° 41’ 10” S
and 40° 20’ 59” W, with an altitude of 70 m.

According to Koppen’s classification, this region has
a BSw'h' climate, because it has a typically hot tropical
climate, with summer rains (Alvares et al., 2013). Along the
experimental period, the average rainfall was 39.52 mm and
the average maximum and minimum temperatures were 36.2
and 21.6 °C, for the environment in open field and 34.4 and
20.4 °C, for the shaded environment.

The experiment was conducted in a randomized block
design, in split-split plots, with five repetitions. Plots consisted
of the cultivation environments (open field and under 50%
shade net), subplots consisted of levels of irrigation water
salinity - ECw: 0.3, 1.5, 3.0, 4.5 and 6.0 dS m™) and the
sub-subplots were represented by the absence and presence
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of organic matter, with three plants per plot, totaling 300
experimental units.

Noni seedlings were produced from seeds obtained in a
commercial plantation located in the municipality of Trairi,
CE, Brazil. The seeds were removed from the fruit, washed
in running water and dried in the shade on absorbent paper
for 48 h. Then, they were sown in cell-type trays containing
substrate formulated from the mixture of 50% washed sand +
50% aged bovine manure.

At 60 days after sowing (DAS), the most vigorous seedlings
were selected, transplanted to 2-L polyethylene bags (15 cm
wide x 28 ¢cm long), containing a mixture of bovine manure
(aged) and soil, in a 1:1 proportion. For each 20 L of this
mixture, 500 g of the 4:14:8 (NPK) formulation was applied
based on soil analysis. The seedlings were irrigated daily using
water with electrical conductivity of 0.3 dS m™ and, when they
had four to six pairs of true leaves, at 80 DAS, they were planted
in 20-L pots (50 cm wide x 90 cm high) for the experiment.

The pots were filled with 10 L of sandy soil in the lower
half and a mixture of 5 L of sandy soil + 5 L of bovine manure
in the upper half. In relation the pots filled only with soil, was
used an amount of 20 L. A 2-cm-thick layer of crushed stone
was placed at the bottom to facilitate drainage. The physical and
chemical characteristics of the two substrates were analyzed
and the results are presented in Table 1.

Based on the results of the substrate analysis, plants were
fertilized to correct any deficiencies. Each pot received, as basal
fertilization, 0.5 g of urea, 1.0 g of single superphosphate and
0.5 g of potassium chloride, and, as topdressing, 0.5 g of urea
and 0.5 g of potassium chloride, at 30, 45 and 60 days after basal
fertilization. At the 2™ topdressing application, 45 days after
basal fertilization, 1 g plant™” of micronutrient (FTE Br-12) was
applied. At 60 days after basal fertilization, foliar fertilization
was performed with 2 mM of magnesium sulfate and 1 mM of
calcium sulfate only in plants of the control treatment.

To achieve the desired levels of irrigation water electrical
conductivity (ECw), different quantities of NaCl, CaClZ.2HZO
and MgCL.6H,0 salts, in a 7:2:1 equivalent proportion,
were added to the water of lowest salinity, according to the
relationship between ECw and the concentration (mmol_ L™
= EC x 10), using the methodology of Rhoades et al. (2000).
Irrigation was performed on alternating days and the volume
of solution applied to the plants was in accordance with the
drainage lysimeter principle, keeping the soil at field capacity

Table 1. Physical and chemical attributes of the substrates used
in the experiment

Characteristics Treatme:nt without Treatn_1ent with
organic matter organic matter
Textural classification Sand Sand
Attributes
pH in water 6.20 7.00
EC (dS m™) 0.14 1.40
P (mg dm-3) 74.00 669.00
Ca*? (mmol, dm'd) 42.00 40.00
Mg*? (mmol, dm®) 6.00 37.00
Na* (mmol, dm) 1.20 16.17
K* (mmol, dm3) 1.47 24.07
H* + AR* (mmol, dm3) 23.93 28.88
Organic matter (g kg") 3.72 24.72
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and adding a leaching fraction of 0.20 in order to favor the
leaching of salts. Water application was made in a localized
manner, so as to avoid direct contact with the leaves.

All leaves were collected at 110 days after transplanting
(DAT), placed in properly identified paper bags and dried in
an air circulation oven at 65 °C, until constant weight. The
samples were crushed and then taken to the laboratory to
determine the leaf concentrations of nitrogen (N), potassium
(K), calcium (Ca), magnesium (Mg), sodium (Na) and chloride
(CD), following the methodologies proposed by Cataldo et al.
(1975), Malavolta et al. (1997) and Silva (2009).

The data were subjected to analysis of variance at p < 0.05
by F test. The means of environments and of bovine manure
were compared by Tukey test (p < 0.05), while irrigation water
salinity were subjected to polynomial regression (p < 0.05).
Data analysis was carried out using the statistical program
Assistat 7.7 Beta (Silva & Azevedo, 2016).
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RESULTS AND DISCUSSION

According to the values of mean square, the salinity
x environment interaction interfered with the mineral
composition of noni leaves, except for chloride (Table 2).
The environment x organic matter interaction influenced
the concentrations of nitrogen, calcium, magnesium and
chloride. The leaf concentrations of magnesium and sodium
and the sodium/potassium ratio responded to the interaction
between water salinity and organic matter. There was no
significant effect of the environment x salinity x organic matter
interaction on leaf nutrient concentrations of noni plants.

The leaf nitrogen concentrations of noni plants cultivated
in the open field increased as the water electrical conductivity
increased, with increments of 0.999 g kg™ due to the increase
of ECw (Figure 1A). In general, when cultivated in a shaded
environment, noni plants showed higher N concentrations
than those cultivated in the open field.

Table 2. Summary of the analysis of variance, for the concentrations of nitrogen, potassium, calcium, magnesium, sodium,
chloride and the Na/K ratio in leaves of noni plants in response to the cultivation environment (Env), irrigation water salinity

(ECw) and organic matter (OM) in the substrate

Sources DF Mean square
of variation N K Ca Mg Na Cl Na/K
Block 4 3.69 29.49s 92.91* 1.84m 14,12 0.37m 1419
Env (a) 1 475.68* 967.71** 249.08* 62.43** 338.25** 35.51** 341.16**
Residue (a) 4 33.29 12.18 10.64 0.65 10.11 0.27 9.79
ECw (b) 4 25.33** 193.65** 28.14** 2.12%* 214.44** 10.98** 213.32%*
Env x ECw 4 42.85%* 45.06% 15.00** 1.57** 4.31** 0.67™ 21.58**
Residue (b) 32 441 11.79 5.48 0.32 4.96 0.36 4.95
OM (c) 1 430.06** 620.91** 3.77™ 3.51** 116.61** 2.88* 116.71**
Env x OM 1 132.81** 5.96" 58.95** 1.52* 1.72 9.04** 1.73"
ECw x OM 4 3.30 3.291 0.61m 4.74*%* 22.18** 0.32n 22.60**
Env x ECw x OM 4 8.71m 3.591 10.17m 0.57m 593 0.36™ 5.44m
Residue (c) 40 7.89 9.04 7.6 0.26 5.52 0.67 5.63
CV (%) (@) 26.39 16.96 12.25 13.69 41.94 13.18 4123
CV (%) (b) 9.6 16.68 8.79 9.38 29.4 15.32 29.33
CV (%) (c) 12.84 14.6 10.35 8.76 31 20.8 31.29
**,* and ™ Significant at p < 0.01, at p < 0.05 and not significant by F test, respectively; CV - Coefficient of variation; DF — Degrees of freedom
A, B.
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*, ** - Significant at p < 0.05 and p 0.01 by F test, respectively
Figure 1. Leaf concentrations of nitrogen (A), potassium (B), calcium (C) and magnesium (D) in leaves of noni plants irrigated
with saline water and cultivated in open field (OF) and shaded environment (S)
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Different results were reported by Lucena et al. (2012),
who evaluated the effect of salt stress on nutrient absorption
in mango cultivars grown in greenhouse and observed
that the increase of salinity caused significant reduction in
the N concentrations of the cultivars evaluated. Similarly,
salinity reduced the N concentrations in the leaves and
roots of Gliricidia sepium grown under shaded conditions,
compromising the initial growth of plants in nutrient solution
containing NaCl (Farias et al., 2009).

In relation to the potassium concentrations, the increase
of salt concentrations in the irrigation water reduced leaf
K concentrations, especially in plants cultivated in shaded
environment (Figure 1B). When the lowest ECw (0.3 dSm™)
was compared to the highest ECw (6.0 dS m™), there were
reductions of 19.65 and 38.59% in the K concentrations of
plants in the open field and shaded environment, respectively.
This occurred due to the increase of Na concentrations caused
by saline water irrigation, because Na competes with K for
the absorption sites in the plasmatic membrane, reducing the
amount of the element in the leaf tissue (Taiz et al., 2017).

Leaf Ca concentrations in noni leaves positively responded
to the increasing salinity of irrigation water. In the open field
environment, the increment was 10.15% while in the shaded
environment the increase was 8.61% (Figure 1C). This increase
was higher in plants grown in the open field environment
with a linear increment of 0.4755 g kg', while in the shaded
environment it was 0.3628 g kg™, both considering unit
increase of electrical conductivity of water.

The increase in Ca concentrations in the leaves can be
justified by the presence of this nutrient in the composition
of the water used, since the concentration of this element
increases with the increment in water salinity. Similar results
were found by Sousa et al. (2012a) in Jatropha curcas L. irrigated
using saline water with equivalent proportion of 7:2:1 for
the cations Na*, Ca** and Mg*, respectively. These authors
observed that Ca concentrations in the leaves increased linearly
with increasing water salinity.

Irrigation water salinity caused linear increments in the
leaf Mg concentrations of noni plants in both cultivation
environments (Figure 1D). The unit increase in irrigation
water salinity resulted in linear increments of 0.156 g kg
in plants grown in the open field and 0.074 g kg in plants
grown in shaded environment. Noni plants grown in the open
field accumulated about 20% more Mg than those cultivated
in the shaded environment, which possibly occurred due
to the higher photosynthetic efficiency of the plants in this
environment, since plants cultivated in open field usually have
higher photosynthetic rate.

The increase of Mg concentrations in the leaves results
from the higher concentration of this cation in the chemical
composition of irrigation water in the treatments with higher
electrical conductivity. In addition, Sousa et al. (2012a), working
with Jatropha curcas L. subjected to irrigation with saline water
composed of the cations Na*, Ca** and Mg?*, in equivalent
proportion of 7:2:1, observed the leaf Mg concentrations
increased as a function of irrigation water salinity.

With regard to the Na concentrations in the leaves, there
were increments as a function of the increase in irrigation water
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salinity, with higher intensity in plants cultivated in open field
(Figure 2A), with an increment rate of 1.661 g kg’ per unit
increase in salinity.

It was observed that the chloride concentrations in noni
leaves increased with the increment in irrigation water
salinity up to 4.18 and 4.87 dS m!, respectively, in the shaded
environment and open field, respectively, reaching maximum
estimated values of 4.3 and 3.17 g kg of Cl in the leaves
(Figure 2B). In a comparison of the cultivation environments,
it can be observed that, when cultivated under shade net,
plants accumulated more chloride, which can be justified by
the lower efficiency in the physiological apparatus since the
accumulation of toxic ions such as sodium and chloride can
increase chloroplast degradation (Taiz et al., 2017).

The Na/K ratio increased linearly with increased irrigation
water salinity in both environments (Figure 2C). In general,
when cultivated in the open field, plants had higher values
of Na/K ratio. Increments of 0.094 and 0.0513 with per unit
increase in irrigation water electrical conductivity were
observed for plants cultivated in open field and shaded
environment, respectively.

For Na concentrations, as well as for Na/K ratio, plants
showed increments with the increase in irrigation water
salinity, which was already expected, due to the increase in Na
absorption and reduction in K absorption. Likewise, the Na/K
ratio in the leaves of castor bean (Ricinus communis) increased
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*, ** - Significant at p < 0.05 and p < 0.01 by F test, respectively

Figure 2. Leaf concentrations of sodium (A), chloride (B)
and Na/K ratio (C) in leaves of noni plants irrigated with
saline water and cultivated in open field (OF) and shaded
environment (S)
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with the increment of salts in the water used for irrigation up to
the electrical conductivity of 3.9 dS m™'. However, in the case of
castor bean, the increase in Na/K ratio was due to the increase
in the leaf Na concentration, and there was no reduction in K
concentration (Lima et al., 2015).

Na/K ratios equal to or lower than 0.6 are considered
optimal for metabolic efficiency in non-halophytes, and this
variable has been considered as criterion for the selection
of genotypes that are more tolerant to salinity (Alves et al.,
2008; Santos et al., 2016). Noni plants cultivated in shaded
environment showed better responses, with Na/K ratios much
lower than 0.6. On the other hand, at water salinity levels of 4.5
and 6.0 dS m*, plants cultivated in the open field showed Na/K
ratios higher than 0.6, which may be indicative of metabolic
damage caused to cells of plants grown in this environment
(Souto et al., 2015).

The application of organic matter increased leaf N
concentrations in the shaded environment (Table 3).

According to Souza et al. (2014), organic matter supply
can contribute to the growth of noni plants, as well as to the
increase of leaf N concentrations. Results similar to those found
in the present study were reported by Silva et al. (2014) and
Souto et al. (2018), who worked with bovine manure and K
in the mineral composition of noni plants (Morinda citrifolia)
and observed that the leaf N concentrations increased with the
addition of bovine manure.

The largest concentration of N observed in the shaded
environment in the presence of OM may be related to
the greater control of edaphoclimatic conditions, such as
temperature, air humidity, radiation and wind, which interfere
with water availability and nutrient absorption (Galati et al.,
2013).

The leaf concentrations of Ca did not differ between the
environments in the treatments without organic matter (Table
3). For Mg, the highest leaf concentrations were found in plants
grown in substrate with organic matter and in open field,
followed by the same environment and without this organic
matter (Table 3), demonstrating that the shaded environment
hampers Mg accumulation in noni leaves.

This occurred because the manure supplies larger amounts
of N, compared to plants without bovine manure. Since N and

Table 3. Leaf concentrations of nitrogen, calcium, magnesium
and chloride in leaves of noni plants cultivated in open field
and shaded environment and in substrate without and with
bovine manure

Environment  Without organic matter With organic matter
Nitrogen (g kg™

Open field 18.76 aA 20.60 aA

Shaded 20.82 aB 27.27 aA
Calcium (g kg™)

Open field 27.60 aA 28.80 aA

Shaded 26.00 aA 2410 bB

Magnesium (g kg™")

Open field 6.30 aB 6.90 aA

Shaded 5.30 bA 5.30 bA
Chloride (g kg™")

Open field 3.20 bA 3.50 bA

Shaded 5.00 aA 410 aB

Means followed by the same lowercase letters in the columns and uppercase letters in the
rows did not differ at p < 0.01 and p < 0.05 by Tukey test
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Mg are directly related to chlorophyll synthesis and because
plants are under direct light, this possibly helped promote better
use of the physiological apparatus and consequently led to
higher N and Mg concentrations in plants that received manure.

The highest concentrations of chloride in noni leaves were
observed in the shaded environment and without organic
matter in the substrate, being 18, 36 and 30% higher than
those found in the shaded environment with organic matter
in the substrate, the open field environment without organic
matter and the open field environment with organic matter,
respectively (Table 3). However, it is not clear that organic
matter is an attenuator of salt stress, because the reduction in
Cl concentration by the addition of bovine manure occurred
only in the shaded environment. For this case, there may be a
relationship between higher nutrient availability and reduction
in chloride accumulation.

In relation to the interactive effect of the factors salinity
x organic matter on noni leaves, it was observed that, in the
presence of organic matter, the leaf Mg concentrations decrease
by 8.71% between the lowest ECw (0.3 dS m™') and the highest
ECw (6.0 dS m™), while plants without the fertilizer showed
an increase of 39.28% (Figure 3A). The increase in leaf Mg
concentrations observed in plants grown in substrate without
bovine manure is due to the accumulation of this ion caused
by the greater availability with the increase in irrigation water
salinity.
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Figure 3. Leaf concentrations of magnesium (A), sodium (B)
and Na/K ratio (C) in leaves of noni plants cultivated with
(OM) and without (WOM) bovine manure in the substrate
and irrigated with saline water
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The increment in irrigation water salinity increased Na
concentration in noni leaves and with higher intensity in the
substrate without organic matter (Figure 3B). In plants that did
not receive organic matter, leaf Na concentrations increased
linearly by 1.7984 g kg™ per unit increment in the electrical
conductivity, whereas in the treatment with the organic matter
this increase was 0.9523 g kg'. Between the lowest ECw (0.3 dS m™)
and the highest ECw (6.0 dS m), leaf Na concentrations
increased by 3.8 times in plants that did not receive bovine
manure and by 2.4 times in plants that received bovine manure.

For the Na/K ratio, it was observed that plants cultivated
both in the presence and in the absence of organic matter
showed linear increments of 0.1167 and 0.058, respectively
(Figure 3C), per unit increase in irrigation water conductivity
electrical. Plants cultivated without organic matter showed
higher values than plants cultivated in the presence of organic
matter at all levels of irrigation water salinity. This possibly
occurred because of their response to Na accumulation, since
there was no significant response for K. Therefore, as the
plants without organic matter had higher Na concentrations,
consequently, they had higher Na/K ratios.

Maintaining Na/K ratio below 0.6 is considered an
important criterion in the characterization of plant tolerance
to salinity (Cunha et al., 2013; Santos et al., 2016). Thus, despite
the linear increase in the Na/K ratio due to the level of salinity,
plants grown in the presence of organic matter showed values
within the adequate range, reducing the impacts of salinity on
their metabolism.

CONCLUSIONS

1. Irrigation water salinity and the cultivation environment
influence the increase in the leaf concentrations of Ca, Mg,
Na, Cl and Na/K ratio in noni plants, especially in the open
field environment.

2. Organic matter is not much relevant in attenuating the
deleterious effects of irrigation water on the concentration of
leaf nutrient in noni plants.

3. The maintenance of lower values of Na/K ratio in the
treatment with organic matter is a positive factor that can
attenuate the effects of salt stress on cell metabolism.
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