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Noni (Morinda citrifolia) is a fruit species which is well adapted to different soil and climate conditions,
and may be a good option for farmers in arid and semi-arid regions. To evaluate the tolerance of noni
plant in the initial phase to salinity and the accumulation of inorganic solutes in its organs, an
experiment was carried out in a greenhouse under hydroponic system. The experimental design was
completely randomized, with five levels of NaCl (0, 25, 50, 75 or 100 mM) in the nutrient solution, and
four replicates. Plant height, stem diameter, number of leaves, dry matter of leaves, stems and roots,
leaf area, leaf succulence, sclerophylly index and the contents of Na®, ClI"and K" in different plant
organs were evaluated after 40 days of stress. Salinity reduced the growth of all plant organs in the
initial phase, in contrast, leaf succulence and sclerophylly index increased by 32% at the highest saline
level, compared with control plants. The contents of Na* and CI in leaves, stems and roots increased,
while K™ contents decreased with the increment in salinity. The highest K" contents were observed in
the roots and the highest Na® and CI° contents were observed in the leaves. Salinity induced
disturbances in the ionic homeostasis of noni plants, which can explain, at least in part, the salt-
induced growth reduction.
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INTRODUCTION

The cultivation of salt-tolerant species has called the
attention of researchers and farmers in order to achieve
an economically viable production in salt-affected areas.
The saline soils are located mainly in arid and semi-arid

regions. In these areas, the soil and climatic conditions
and inadequate irrigation management favor the salt
accumulation in soil and water. In Brazil, the semi-arid
region occupies an area of 980,133.079 kmz?, located
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mainly in the Northeast of the country, with about 53
million inhabitants (IBGE, 2011; Santos et al., 2014).
Therefore, the introduction of salt-tolerant plants is
essential to maintain the crop production in these areas.
The noni plant acclimates to the most diverse
environmental conditions, including high levels of salts in
the soil (Nelson and Elevitch, 2006). Under favorable
conditions, the plant produces fruits nine to twelve
months after planting (Chan-Blanco et al., 2006), which
turns the noni (Morinda citrifolia) as an interesting crop to
be introduced in salt-affected areas.

Noni is an exotic plant, belonging to the Rubiaceae
family, and a fruit crop with medicinal and nutritional
value that has been cultivated in several states of Brazil
(Correia, 2010). This plant has been used for thousands
of years by the Polynesians in the combat of various
diseases. Noni seeds, peel and pulp have significant
amounts of carbohydrates, proteins, vitamin C, caro-
tenoids and phenolic compounds, which have antioxidant
activity in vitro (Costa et al., 2013).

Salinity affects plant development inducing osmotic and
ionic stress (Munns and Tester, 2008). However, the
plant can develop mechanisms to survive to these
conditions. Na" and CI are the main ions found in saline
soils. These salts, when absorbed and accumulated by
plants, can contribute to osmotic adjustment or be toxic;
however, the amounts of salts and the capacity of the
plant to cope with salt stress will determine the crop
production. Therefore, understanding the mechanisms of
plant tolerance to salinity is fundamental for the
introduction of this crop in salt-affected areas. Thus, the
study aimed to evaluate the effect of salinity on the initial
growth and accumulation of inorganic solutes in the
different parts of noni plants in order to know its tolerance
level to salt stress.

MATERIALS AND METHODS

The experiment was carried out in a greenhouse of the Center of
Soil and Water Engineering, at the Federal University of Reconcavo
of Bahia, in Cruz das Almas-BA, Brazil (12°40'19"S, 39° 6'23"W).
The mean values of temperature, relative air humidity and
photosynthetically active radiation (at noon) during the experimental
period were 25° C, 81% and 1200 pmol m* s™, respectively.

Mature noni fruits were selected for collection of seeds,
prioritizing the characteristics of plant sanitary conditions and size.
After the removal of seeds, dormancy breaking was performed by
immersing the seeds for 48 h in water (Leite et al., 2012). After 50
days of sowing, the seedlings with two cotyledonary leaves were
transferred to 500-mL plastic cups, containing a mixture of Red-
Yellow Latosol and humus (1:1), irrigated daily with well water and
weekly with 50 mL of nutrient solution (Furlani, 1998).

Noni seedlings three months old with four pairs of leaves were
transferred to containers with 12 L of Furlani nutrient solution, in a
floating hydroponic system, where they remained for four days for
acclimation. After this period, the seedlings were subjected to five
treatments, which consisted in the addition of 0, 25, 50, 75 or 100
mM of NaCl in the nutrient solution. The NaCl was gradually added
(25 mM day™), in order to avoid the osmotic shock. The volume of

the solutions was completed daily with water and the renewal was
performed weekly. The pH was maintained at 6.0 £ 0.2 by adding
NaOH or HCI. The system was maintained under intermittent
aeration of 15 min every hour, using an air compressor coupled to a
timer.

At the end of the experimental period (40 days), the plants from
all treatments were carefully removed from the nutrient solution, the
roots were washed with distilled water and the plants were divided
into different organs for fresh mass (FM), dry mass (DM), and leaf
area (LA) determinations. LA was measured with the WinDIAS
image analysis system, model W-C110-PC (Delta-T Devices Ltd,
Cambridge, UK). The leaf (LDM), stem (SDM), and root (RDM) dry
masses were determined after drying of plant parts in an oven at
65°C, for 72 h. These data were used to calculate the shoot to root
dry mass ratio (S/R). The values of leaf fresh mass (LFM), LDM and
LA were used to calculate leaf succulence and sclerophylly index
(SI), according to the equations proposed by Benincasa (2003):

Succulence = (LFM-LDM)/LA
SI = LDM (mg)/LA (cm?).

For determination of Na', K" and CI contents, the extracts were
prepared as described by Jones (2001), with minor modifications.
100 mg of leaf, stem or root ground material were mixed with 10 mL
of deionized water in test tubes. The tubes were maintained for 1 h
at 80°C in water bath, with shaking every 15 min. After this period,
the tubes were centrifuged at 5,000 x g for 15 min, at room
temperature. The Na* and K* contents were determined by flame
photometry (Faithfull, 2002) and the CI° contents by spectro-
photometry (Jones, 2001).

The experiment was conducted in a completely randomized
design, with five salinity levels (0, 25, 50, 75 or 100 mM of NaCl)
and four replicates. The data were subjected to analysis of variance
and regression using SISVAR 4.6 statistical software (Ferreira,
2011). The models were selected based on significance level by F
test and determination coefficient (R2).

RESULTS AND DISCUSSION

The increase of NaCl in the nutrient solution linearly
decreased the plant height, stem diameter and number of
leaves, with reductions of 0.225 cm, 0.041 mm and 0.255,
respectively, per mM NacCl in solution (Figure 1). Thus,
among biometric variables, the reduction in 200 mM NacCl
was higher in the plant height (62%), number of leaves
(62%) and lower in the stem diameter (35%), as
compared to the control. Similar results were also
reported by Souto et al. (2013), in noni plants grown in
soil and irrigated with saline water. The reduction in plant
height, stem diameter and number of leaves may affect
biomass production. Studies on noni have demonstrated
that salt-induced changes in growth variables directly
affect crop yield (Souto et al., 2015, 2016).

Figure 2 shows that LDM, SDM and TDM presented
decreasing linear response, with reductions of 0.146,
0.074 and 0.329 g per mM NacCl, hence reductions of 72,
49 and 68% at the highest NaCl level, respectively.
However, for the S/R, succulence and Sl, there were
increases of 0.0319, 0.0823 mg H,O cm™ and 0.0202 mg
of DM cm? for each increment in salinity, that is,
increases of 117, 32 and 32% at 100 mM of NacCl, in
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Figure 1. Plant height (A), stem diameter (B) and number of leaves (C) of noni plants 40 days after treatments in
hydroponic system as a function of NaCl doses in the nutrient solution.

relation to control treatment.

RDM and LA followed a quadratic polynomial model,
with more pronounced reductions (35 and 31%) at 25 mM
NaCl in comparison with control, and reductions of 77
and 74%, respectively in 100 mM NacCl. The reduction in
noni LA may decrease photosynthesis, absorption of
water and nutrients, and consequently, affect growth and
biomass production (Souto et al., 2013).

Comparing the different plant organs, the roots showed
the greatest reduction in dry mass induced by the saline
stress suggesting that the root is the most sensitive organ
to the deleterious effects of salinity in noni plants.
Rodrigues et al. (2014) observed a reduction of 52% in
Ricinus communis roots, which was the most affected
organ at 150 mM NacCl in the nutrient solution, compared
with the control plants. Although Abreu et al. (2008)
suggested that roots have greater capacity for osmotic
adjustment and better protection against oxidative stress

under saline stress conditions, this growth reduction may
occur because the root is the first organ directly exposed
to the salt stress (Azevedo Neto et al., 2006).

The higher sensitivity of roots to salt stress, in
comparison to the shoots, led to a linear increase in the
S/R, which varied from 2.72 in the control to 5.91 in the
treatment of 100 mM NacCl. According to Marana et al.
(2008), in coffee seedlings, a plant of the same family of
noni, values between 4.7 and 7.0 are considered as
satisfactory for plant development.

Plants, when subjected to abiotic stress, including
salinity, can develop mechanisms to survive to environ-
mental conditions, such as changes in leaf succulence
and Sl. The increment in succulence observed in the
present study indicates an increase in the amount of H,O
per unit of LA, which may be important for saving water
through transpiration, water storage, and dilution of the
toxic ions Na” and CI'. In turn, increased Sl indicates that
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Figure 2. Leaf dry matter - LDM (A), stem dry matter - SDM (B), root dry matter - RDM (C) and total dry matter - TDM
(D), shoot/root ratio - S/R (E), leaf area - LA (F), leaf succulence (G) and sclerophylly index - SI (H) in noni plants 40
days after treatments in hydroponic system as a function of NaCl doses in the nutrient solution.



the leaves are thickened, with more strata of
photosynthetic tissues, which may be important to reduce
the deleterious effects of salinity on plant growth (Oliveira
et al., 2012).

Reductions in growth variables of noni irrigated with
saline water have recently been reported in the literature
(Souto et al.,, 2013; Souza et al.,, 2014; Souto et al.,
2015). These authors attributed the results to the
increase in soil salinity, which affects water absorption,
and to the accumulation of toxic ions and reduction of
photosynthetic pigments. The accumulation of the toxic
ions Na" and CI in the different plant organs, the
nutritional imbalance and/or the water deficit induced by
salinity can affect the plant growth (Munns et al., 2006;
Munns and Tester, 2008; Bosco et al., 2009).

The Na* and CI contents in leaves, stems and roots of
noni plants, as a function of NaCl concentrations in the
nutrient solution are shown in Figure 3. It can be
observed that the Na® and CI contents increased
guadratically, except for the CI contents in the roots,
which followed a linear model. In relation to the control,
the contents of Na” and CI" in 100 mM of NaCl increased,
respectively, 15 and 6 times in the leaves, 31 and 4 times
in the stem and 6 and 5 times in the roots. It can also be
observed in Figure 3 that, at 100 mM of NaCl, the
estimated values for Na* and CI" were 1.81 and 1.17
mmol g DM in the leaves, 0.80 and 0.75 mmol g™ DM in
roots, respectively.

The high content of Na' in the leaf tissue can affect
physiological and biochemical processes, such as
stomatal opening, respiration and synthesis of proteins,
consequently affecting photosynthesis, growth and vyield
of the crops (Apse and Blumwald, 2007; Tavakkoli et al.,
2010; Furtado et al, 2013). Thus, among the
characteristics of salt-tolerant plants, the capacity to
restrict the transport and accumulation of toxic ions in the
leaves has been considered as the most important
(Munns and Tester, 2008).

Chloride in high concentrations can reduce photo-
synthetic capacity and quantum yield, due to chlorophyll
degradation (Tavakkoli et al., 2010). On the other hand,
Rodrigues et al. (2014) reported that the accumulation of
Na" and CI' in leaves of R. communis played an important
role in the osmotic adjustment.

Considering that the highest Na* and CI"accumulations
were observed in the leaves, the results obtained in this
study indicate that noni plants have no mechanisms of
exclusion of these ions in the organs with smaller
metabolic activity, such as stem and roots.

According to Taiz and Zeiger (2013), values above 100
mM of Na’ and CI' become cytotoxic, causing protein
denaturation and destabilization of membranes.
Considering the data of LFM and LDM, the estimated
concentrations of Na® and CI in the leaf were,
respectively, 188 and 134 mM at the lowest salinity level
(25 mM NaCl). These values are similar to those reported
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by Azevedo Neto and Tabosa (2000) in the leaves of
maize plants grown in nutrient solution with 100 mM
NaCl. These authors considered that the ionic
compartmentalization and cytoplasmic accumulation of
compatible solutes was necessary for the reduction of
ionic toxicity. Thus, the growth reduction observed in noni
can, at least in part, be related to the toxic effects of Na"
and CI' accumulation. However, since the NaCl levels
were not lethal and did not cause early senescence of the
leaves, the data of the present study also suggest that
noni plant utilizes mechanism of Na® and CI
compartmentalization.

The K* content and the K'/Na" ratio in leaves, stems
and roots of noni plants as a function of NaCl doses
applied in the nutrient solution are shown in Figure 4. The
K" contents in the plant organs decreased with the
increment of NaCl in the nutrient solution and fitted to an
exponential regression model in the leaves, quadratic in
the stem and linear in the roots, which represented
reductions of 65, 59 and 41%, respectively, in 100 mM
NacCl.

According to Bosco et al. (2009), high Na" concen-
trations can reduce K' absorption by plants. Various
factors can affect the absorption of this ion under saline
conditions, especially the antagonism between K™ and
Na" for absorption sites in the plasmalemma and
disorders in the membrane integrity (Apse and Blumwald,
2007). These results corroborate with those of Rodrigues
et al. (2014), in castor bean subjected to increasing levels
of NaCl in the nutrient solution, leading to a reduction of
photosynthesis and dry mass vyield and increase of S/IR
ratio.

The K'/Na’ ratio has been considered as an important
variable in studies on the plant nutrition under salt stress
(Bosco et al., 2009). In the present study, this variable
decreased exponentially in all plant organs. Thus, the
K*/Na" ratio in leaf, stem and root decreased by 96, 97
and 93%, respectively, at 100 mM NaCl. The abrupt
reduction of the K'/Na" ratio in noni plants was due to the
increase in Na" uptake in conjunction with the decrease
in K" uptake. Many studies have shown that, under saline
conditions, several crops alter the K'/Na' ratio, causing
nutritional imbalance, due to the antagonism between
these elements (Silva et al., 2008; Bosco et al., 2009).
According to Greenway and Munns (1980), the K'/Na"
ratio in glycophytes must be higher than 1.0 for the
maintenance of ionic homeostasis and an optimal
metabolic efficiency. Based on the regression equation of
K'/Na" ratio in the leaves, the maximum dose would be
equal to 15 mM NaCl for the maintenance of a ratio
adequate for the metabolism in noni.

Conclusions

1. Salinity negatively affects biomass production in noni
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Figure 3. Contents of Na* (A, B, C) and CI'(D, E, F) in leaves, stem and roots of noni 40 days after treatment in hydroponic system as a
function of NaCl doses in the nutrient solution.
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plant and the root is the main organ affected by the stress
in the initial phase;

2. Salinity reduces leaf area and increases succulence
and sclerophylly index as a mechanism of tolerance to
salinity in noni plant;

3. Noni plant in the initial phase does not have
mechanisms of restriction to the transport of Na* and CI’
to the leaves, which show higher contents of these ions,
while having the compartmentalization of Na" and CI as a
mechanism of tolerance to salinity;

4. The increment in salinity until the dose of 100 mM
causes alterations in the ionic homeostasis of noni plants,
which can, at least partially, explain the salt-induced
growth reduction.
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