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Abstract Soil salinity is mainly caused by excessive use of
fertilizers and the use of poor quality water, and adversely
affected crop growth especially when grown in protected
environments. Soil salinity causes salt stress in plants,
which inhibits plant growth, leading to morphological,
metabolic and physiological changes. Though it is a major
problem occurs more frequently, there is less information
on the behavior of calla lily (Zantedeschia aethiopica)
under these conditions, and most studies are conducted
with other species of the genus Zantesdeschia. Therefore,
this study aimed to evaluate ecophysiological, biochemical
and anatomical growth responses of calla lily plants to salt
stress. Rhizomes were grown in trays containing coconut
fiber as a substrate and treated with 0, 25, 50, 75 and
100 mM NaCl to induce stress. A decrease in plant height
was observed, as well as in the number of tillers and leaves,
main root length, fresh and dry matter of the shoot and root
system. A reduction in photosynthetic rate, stomatal con-
ductance and transpiration rate was observed at 60 days.
However, after 90 days, the photosynthetic rate was
unchanged, with increased stomatal conductance and
transpiration rate for plants exposed to 75 mM NaCl. Salt
stress caused a higher accumulation of carbohydrates in
shoots and roots. Thus, high concentrations of NaCl affect
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the development of calla lily, indicating that this species is
susceptible to salt stress.
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Introduction

The main causes of salt stress in ornamental plants are the
use of brackish irrigation water, fertilization required and
cultivation in protected environments (Rasool et al. 2013).
Calla lily is highly susceptible to salt stress in unsuit-
able growing conditions, although there is no record of its
behavior under these conditions. The habitat of calla lily
cultivation is in swamps and edges of rivers and streams,
however, for commercial production, planting in these
areas is not recommended due to the constant humidity that
favors many diseases, especially bacteria such as Pecto-
bacterium carotovorum. Thus, commercially, calla lily is
suggested to a well-drained areas, with constant irrigation,
maintaining high soil moisture (Paiva and Almeida 2012).
However, poor quality water used to irrigation cause
damage to plants.

In addition to causing damage to plants, the use of poor
water or improper use of fertigation may also cause nutri-
tional imbalance. Information on fertilization is still scarce
for ornamental plants and the empirical treatment with high
doses of fertilizers affects the production and quality of
inflorescences, mainly by the salinity caused by excess fer-
tilizers (Almeida et al. 2012; Furtini Neto et al. 2015).

In ornamental plants, excess salts cause, a stunting of
plants, reduced chlorophyll rate, photosynthetic rate,
quality of plants and flowers, due to imposed physiological
drought and nutritional deficiency, particularly due to
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calcium (Ca*") and potassium (K™) ions (Veatch-blohm
et al. 2012). Therefore, changes in gas exchange occur
because the osmotic stress in the root zone that reduces the
availability of water for the plant. Furthermore, the excess
salt also cause synthesis of abscisic acid, which is trans-
ported to the guard cells and induces the stomatal closure,
then causes decrease in photosynthesis (Fraire-Velazquez
and Balderas-Hernandez 2013). The photosynthetic
reduction is also caused by changes in the structures of
chloroplasts due to the toxic effects caused by Na™ and C1~
ions, thus chlorophylls content decrease (Assis junior et al.
2007; Veatch-Blohm et al. 2012).

Anatomically, salt stress may causes lignification of cell
walls, the appearance of Caspary thickenings, calcium
oxalate crystals storage, reduction of the vascular bundles
cell and disruption in the deposition of cells. The tissue
thickness, Na™ transport via apoplastic, number of stomata
and epidermal cells, the distance of the vascular bundles
and differentiation and the number of xylem vessels are
also altered under the conditions of high concentrations of
NaCl (Melo et al. 2011; Veatch-Blohm et al. 2012).

It was reported that salinity causes reduction in plant
height in ornamental sunflower, carnation and roses,
besides affecting the productivity and quality of flowers
and plant dry matter (Travassos et al. 2011; Maciel et al.
2012; Navarro et al. 2012; Cai et al. 2014). Moreover, it
was examined how salinity applied either pre- or post-
emergence altered shoot growth and flower production in
four Zantedeschia K. Koch (Z. elliotiana xremannii, Z.
rehmannii Engl, Z. albomaculata, Z. rehmannii violacea
and Z. elliotiana xmaculata). In these conditions, salinity
applied post-emergence did not significantly affect shoot
growth in either the 25 or 50 mM NaCl treatments, how-
ever, irrigation with a 50 mM NaCl solution reduced dry
weight and flower production. In this way, results indicate
that use of irrigation water salinized by 25 mM NaCl can
be used without a loss, enabling its cultivation with poor
quality water (Veatch-Blohm and Morningstar 2011).

Salt stress is a frequent problem in floriculture. How-
ever, physiological studies that show the effects of stress on
ornamental plants are scarce and there are few dates for
calla lily. Therefore, this study aimed to evaluate eco-
physiological, biochemical and anatomical growth
responses in the early development of calla lily plants
subjected to salt stress, to understand better the tolerance
levels of the species to salinity.

Materials and methods
Calla lily rhizomes with approximately 5.0 cm long were

planted in 16 L polyethylene trays, with 10 rhizomes per
tray. The substrate used was granulated coconut fiber
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which were fertilized every 15 days with 100 mM NPK
13-40-13, 90 mM potassium nitrate, 70 mM calcium
nitrate, 50 mM urea, 80 mM magnesium sulfate and
1.42 mM micronutrients (adapted from Comissdo de Fer-
tilidade do Solo do Estado de Minas Gerais-CSFEMG
1999).

The experiment was conducted in a growth chamber at
25 °C, 16-h photoperiod and with average irradiance of
56 umol m~2 s~'. The application of salinity treatments
was performed by irrigation using distilled water, initiated
10 days after the rhizomes were planted. Irrigations with
treatments were done twice a week to maintain soil mois-
ture near field capacity, using 0.5 L per tray on each day of
irrigation.

The experimental was conducted in a completely ran-
domized (CRD) design, and the treatments consisted of
different NaCl concentrations (0, 25, 50, 75 and 100 mM)
diluted in distilled water, with the electrical conductivities
of the solutions, 0.0052, 2.30, 4.58, 6.86 and 9.14 dS m_l,
obtained by Richards equation (1954).

Non-destructive growth assessments were made at
60 days (when the first symptoms caused by salinity
appeared) and 90 days after salt stress was imposed. Plant
height, number of leaves and number of tillers were reck-
oned. Dry matter assessments of shoot and root, besides
root length (measured from the lower end of the rhizome to
the apex of the primary root), were evaluated at 90 days.
For these evaluations, five replicates with two plants per
replication were used.

Ecophysiological evaluations were performed at 60 and
90 days in the morning, between 9 and 11 AM, collecting a
sample per plant, with seven replicates per treatment.
Photosynthetic rate (A), stomatal conductance (gs) and
transpiration rate (E) were evaluated using the
Portable Infrared CO, Analyzer (IRGA® LCA-4 ADC
Hoddesdon, UK). The relative chlorophyll content was
determined using the portable AtLeaf+® chlorophyll meter
(FT Green LLC, Wilmington, DE).

Biochemical assessments were performed at the end of
the experiment, and a sample per plant was collected, with
three replicates per treatment. The analyses were per-
formed in duplicate. For the quantification of total soluble
sugars and starch, the anthrone method (Yemm and Willis
1954) was used; for reducing sugars, the DNS method
(Miller 1959); the quantitation of non-reducing sugars was
obtained by the difference between the concentration of
soluble sugars and reducing sugars, and total protein by the
Bradford method (1976).

Samples for anatomical analyses were collected at
90 days after planting. Fully expanded leaves and roots
were stored in 70% alcohol (v v™'). Cross cuts were made
on the leaves in both epidermis and roots, and staining was
performed according to Kraus and Arduin (1997). Semi-
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Fig. 1 Visual aspect of calla
lily plants submitted to salt
stress after 90 days

omM

permanent slides were prepared and observed under a
microscope (Zeiss Scope AX10®) coupled to a digital
camera, and photomicrographed using the AxioVision
R.E.L. 4.8% software.

The parameters observed in the leaves were: polar (PD)
and equatorial (ED) diameter of the stomata, stomatal
density (number of stomata per mm?) and the ratio PD/ED.
The evaluations of PD and ED were performed in 15
replicates per treatment and stomatal density, in five
replicates.

Data were submitted to analysis of variance, when sig-
nificant (P < 0.05) by the F test and the regression analy-
sis; the choice of the equation was based on the highest
coefficient of determination (R?). When polynomial, after
the derivation of the equation, the inflection points of the
curves were determined. The software SISVAR® (Sistema
de Analise de Variancia para Dados Balanceados) (Ferreira
2014) was used.

Results

Perusal of the results revealed that increasing in NaCl dose
from 25 to 100 mM in irrigation water progressively
inhibited the development of calla lily plants. At a con-
centration of 100 mM necrosis in leaf tissues was observed
and accelerated senescence of mature leaves was noted,
due to the presence of toxic Na* and CI™ ions, which
prevented growth, biochemical and ecophysiological
characters (Fig. 1).

Plant height decreased with increasing NaCl concen-
trations at both 60-90 days after the imposition of salt
stress and plants that received 75 mM NaCl showed a
reduction of 52.15% in height at 60 days and, at 100 mM,
it was 69.73%, compared with those under control (without
NaCl), and these concentrations had the highest decrease in
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Fig. 2 Height of calla lily plants subjected to NaCl concentrations at
60 and 90 days. 60 days: y = —0.1156x 4+ 16.49 and 90 days:
y = —0.1576x + 18.509

growth rate (Fig. 2). At 90 days, treatments with 100 mM
NaCl strongly limited plant height, not allowing any further
assessments to record.

The number of tillers and leaves per plant, however,
showed no changes with increasing NaCl concentrations up
to 60 days. A cumulative effect was noted and, at 90 days,
the number of tillers per plant was found to increase that
received up to the maximum estimated concentration of
32.5 mM NaCl (Fig. 3a). On the other hand, the number of
leaves per plant and the length of main root were reduced
with increasing NaCl concentrations (Fig. 3b, c).

Formation of lateral roots in plants was not observed at a
concentration of 0, 25, 50 and 75 mM, but this occurred in
100 mM NaCl (Fig. 4).

As a result of these changes in the shoot and root sys-
tem, there was also a decrease in the dry matter of shoots
and root (Fig. 5a, b).

The ratio of dry matter of shoots/root system showed a
decrease with increasing salt concentrations (Fig. 6a). In
plants subjected to stress and treated with 25 mM NaCl, as
well as in its absence, the allocation of dry matter was
higher in the shoot. However, with increasing salt con-
centrations from 50 and to 75 mM NaCl, the opposite
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Fig. 3 Number of tillers (a), number of leaves (b) and root length (c¢) of calla lily plants after 90 days, subjected to concentrations of 0, 25, 50
and 75 mM NaCl. a y = —0.0002x* + 0.013x + 0.595, b y = —0.0284x + 3.44, ¢ y = —0.1671x + 18.932

[ effect was noted, showing greater dry matter partitioning
for the root system (Fig. 6b).

Analyzing the effect of stress imposed on physiological
characteristics, we observed that after 60 days, the photo-
synthetic rate (A) decreased as there was an increase in
NaCl concentrations, it is smaller in 75 mM (Fig. 7a). A
decrease was also observed in stomatal conductance,
transpiration rate and chlorophyll content. Stomatal con-
ductance (gs) was higher at the estimated maximum con-
centration of 23.25 mM NaCl (Fig. 7b) which, in turn,
reduced transpiration rate (Fig. 7c). However, at 90 days,
the photosynthetic rate was not affected due to different
NaCl concentrations. Nonetheless, stomatal conductance
reduced up to the estimated minimum concentration of
39.13 mM, and the transpiration rate was increased
(Fig. 7b, c).

After 60 days of salinity imposition, the relative
chlorophyll content was lower at higher salt concentrations.
However, after 90 days, this reduction with increased salt
concentration did not occur (Fig. 7d).

Observing the cross sections of calla lily leaves, there
Fig. 4 Root cross sections of calla lily plants subjected to concen- was an increase in stomatal density with stress induction
trations of NaCl for 90 days. a 0 mM NaCl, I)_25 mM NaCl, ¢ 50 mM (Fig. 8a, b). Under normal conditions, the number of
NaCl, d 75 mM NaCl and e 100 mM NaCl with a detail of lateral root . . .

stomata on the abaxial surface of the epidermis was

formation (RP root primordial) i ) -
approximately 32.5%, higher than on the adaxial surface

Fig. 5 Shoot (a) and root 2.0 - ==0.999 1- R*=0.998
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Fig. 6 Relationship between
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Fig. 7 Photosynthetic rate-A (a), stomatal conductance-gs (b),
transpiration rate-E (c¢) and relative chlorophyll content (d) of calla
lily plants submitted to concentrations of 0, 25, 50 and 75 mM NaCl
after 60 and 90 days. a y = —0.0797x + 5.111, b 60 days:

for calla lily, as observed by Yiotis and Psaras (2011).
However, with the increase in salinity, this difference
was increased to 51% (Fig. 8a, b). In addition, a
reduction in the polar (PD) and equatorial (ED) diameter
of the stomata in the abaxial and adaxial epidermis was
observed with the increase in salinity from 50 mM NaCl
(Fig. 8a, b), as well as a parallel reduction in the ratio
PD/ED in the adaxial and abaxial epidermis were also
noted, reducing from 50 mM NaCl to the adaxial surface
and linearly on the abaxial surface with increasing of
salt concentration (Fig. 8c, d).

y = 0.000023x*> — 0.001x + 0.045; 90 days: y = —0.000029x>
+0.001x 4+ 0.013, ¢ 60 days = —0.0007x> + 0.038x + 0.5016;
90 days: y = 0.0004x> — 0.0317x + 1.0118 and d 60 days:
y = —0.0028x* + 0.14x 4 51.589

Protein concentration in roots did not change due to
different NaCl concentration. However, in shoots, with
75 mM NaCl, the protein concentration was almost five
times higher than the control treatment (Fig. 9).

In the shoot, the concentrations of total soluble sugars
and non-reducing sugars in plants treated with 50 mM
NaCl were increased by 76.79% (Fig. 10a) and 73.94%
(Fig. 10b), when compared with control. However, the
concentration of reducing sugars did not differ due to dif-
ferent NaCl concentrations. The highest starch concentra-
tions were observed in plants treated with 70.45 mM NaCl
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Fig. 9 Protein concentration in the shoot of calla lily plants
submitted to concentrations of 0, 25, 50 and 75 mM NaCl for
90 days. y = 0.1137x + 2.362

(Fig. 10c). In the roots, the concentrations of total soluble
sugars, reducing and non-reducing sugars increased with
increasing doses of NaCl (Fig. 10a, b, d). Moreover, was
noted the minimum for starch with 35.08 mM NaCl
(Fig. 10c).

Discussion

Plants are often exposed to conditions of biotic and abiotic
stress and, between abiotic stress, salinity is one of the
main limiting factors of crop production worldwide
(Munns and Tester 2008). Salt stress restricts water uptake,
leading the cells to lose turgor, increasing the concentration
of ions in the cells, causing nutritional and metabolic
imbalance and disorders. These resulted a reduction in the
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expansion of leaf surface, loss of turgor, dehydration,
decreased growth and elongation of roots, besides the
increase in respiratory rate and a decrease in photosynthetic
rate (Munns and Tester 2008; Dias and Blanco 2010;
Nawaz et al. 2010).

In calla lily, the reduction in height in the first evalu-
ation period is indicative of the effect of salinity, a result
of the osmotic effect of salts, which limits cell expansion
(Munns 2002). However, in the same period, there were
no differences in the number of tillers and leaves formed,
indicating that they are affected in the longer term. Thus,
after 90 days, the increase in the number of tillers up to a
concentration of 32.5 mM NaCl can be justified by the
essentiality of chlorine as a micronutrient, necessary for a
better plant development, when it is present in irrigation
water at appropriate levels, but at higher concentrations
the number of tillers decrease again. The reduction in the
number of leaves may be associated with the accumula-
tion of Nat and Cl~ in the cell wall and into the cyto-
plasm of older leaves. Moreover, the reduction in the
number of leaves may also be an adaptive mechanism of
the plant to minimize water loss by transpiration (Nawaz
et al. 2010).

Analyzing the root system of the plants when subjected
to salt stress, a reduction in the main root length was
observed, which can be attributed to restrictions in cell
division and elongation. This decrease may be a result of
the ionic toxicity occurring in the rhizosphere (Galvan-
Ampudia and Testerink 2011). However, changing effects
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Fig. 10 Concentration of total soluble sugars—TSS (a), non-reduc-
ing sugars—NRS (b), starch (c¢) and reducing sugars—RS (d) in the
shoot and root system of calla lily plants submitted to concentrations
of 0, 25, 50 and 75mM NaCl for 90 days. a R.S:

on root architecture, such as the formation of lateral roots,
are strategies of plants to mitigate the stress imposed by
salinity, being seen as an adaptive mechanism, since it is
possible to cover a larger soil volume, in an attempt to find
suitable portions with lower salinity and higher nutrient
availability, enabling normal plant development (Castro
et al. 2009; Galvan-Ampudia and Testerink 2011).

Moreover, with increasing salt concentrations, the lar-
gest reduction in shoot dry matter may be due to the
translocation of ions from the root system which, at higher
concentrations, become cytotoxic and cause damage to
plant development (Nawaz et al. 2010). The greater parti-
tioning of dry matter in the root system can be observed by
the reduction of 80.33% in the shoot, while the root system
reduced only 44.43%, when compared to the control and
application of 75 mM NaCl. Therefore, it is possible to
prove the sensitivity of the species Z. aethiopica to salt
stress, since plants with greater tolerance restrict the
accumulation of ions Na* and C1~ in the shoot through
compartmentalization in the root system, with greater
allocation of dry matter in the shoots, not in the roots
(Cavalcanti et al. 2004). Similar results were reported for
four Z. K. Koch cultivars (Z. elliotiana x rehmannii, Z.
rehmannii Engl., Z. albomaculata (Hook.) Baille and Z.
rehmannii violaceae), which showed that the shoot bio-
mass was significantly reduced in 50 mM NaCl treatment
(Veatch-blohm and Morningstar 2011).
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R.S.: y = 0.3274x% — 22.94x + 881.5 and d y = 3.0685x + 333.12

To understand how salt stress affected the growth
characteristics of the plants, we analyzed the effect of the
treatments on physiological and anatomical factors. A
reduction in photosynthetic rate at 60 days was observed,
which caused lower plant growth after 60 days using NaCl.
This effect may be related to low photosynthetic assimi-
lation of CO, (Silva et al. 2008) or decreased stomatal
conductance, transpiration rate and chlorophyll content
(Veatch-blohm et al. 2012; Rivero et al. 2014).

The reduction in stomatal conductance after 60 days
allowed plants to maintain low levels of toxic ions, func-
tioning as a protective mechanism, in addition to the
economy and efficient use of water. This is considered an
adaptive mechanism of the plant (Parida and Das 2005;
Chaves et al. 2009; Debez et al. 2013; Fernandez-Garcia
et al. 2014). However, with the reduction in stomatal
conductance, the photosynthetic assimilation of CO, was
also reduced, parallel to the production of photoassimilates,
which limits plant growth (Feijao et al. 2011). These
effects were distinctly observed in calla lily, when height,
number of tillers and leaves were analyzed.

The unchanged photosynthetic rate at 90 days may be
explained from the fact that even when other factors indicate
the occurrence of stress, anatomical changes in leaves, such as
greater density of chloroplasts and stomata, can result in
increased stomatal conductance and transpiration rates
(Shabala and Munns 2012). Thus, the lower PD/ED ratio of
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stomata at higher salt concentrations, the unchanged photo-
synthetic rate, the increase in stomatal conductance and
transpiration rates can be related to increased stomatal density
in the adaxial and abaxial epidermis. However, the changes
were not sufficient for the adaptation of plants to salt stress,
since all growth parameters were adversely affected by the
increased concentration of NaCl. It was observed that the
increase in salts in the soil prevented greater water absorption;
therefore, the transpiration rate might have been higher than
the water absorption, indicating an inefficient use of water.

The reduction in the relative chlorophyll content at
higher salt concentrations after 60 days of salt stress is a
result of the degradation of chlorophyll, mainly by
chlorophyllase, at the beginning of salt stress (Veatch-
blohm et al. 2012). However, after 90 days, this reduction
did not occur with the increase in salt concentration, which
justifies the unchanged photosynthetic rate found at
90 days, since a higher concentration of chlorophyll may
indicate the highest chloroplast density (Shabala and
Munns 2012; Tarchoune et al. 2012).

When evaluating biochemical parameters, we observed
that there was a difference in the protein concentration only in
shoots, possibly due to the translocation of ions from the roots,
justifying the observations of changes in the relationship
between the dry matter of shoots and root system and the
reduction in growth parameters. Salinity caused an increase in
total soluble sugars and non-reducing sugars in the shoot.

In roots, increase in concentrations of total soluble
sugars, reducing and non-reducing sugars with increasing
NaCl doses, is related to the maintenance of the osmotic
balance of the cell (Lacerda et al. 2001). In the root system,
the increase in carbohydrate contents and the unchanged
protein synthesis may be an attempt to protect the rhizomes
during salt stress (Prisco and Gomes Filho 2010), since this
structure has a reserve function.

The change in protein synthesis, the increase in carbo-
hydrate concentration and the reduction in photosynthetic
rate are strongly related with growth inhibition of calla lily
plants, when subjected to salt stress. Therefore, according
to the observations on growth, ecophysiological, bio-
chemical and anatomical analyses, it is possible to classify
the species as sensitive to salt stress, since it responded
negatively to the application of higher than 25 mM NaCl
(230 dS m™') concentrations according to the scale
determined by Grieve et al. (2012).

Conclusions
Salt stress reduced the height, the number of leaves and the
number of tillers in calla lily plants. This reduction, espe-

cially height, is correlated with lower rate of photosyn-
thetic found in highest concentrations of NaCl and
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reducing carbohydrates in leaves, even though an adapta-
tion attempt has occurred with increased roots.

In salt stress conditions occurred anatomical changes in
the calla lily plants. The reduced diameter polar and equa-
torial and low stomatal functionality is indicative the poor
adaptability of the species to salt stress. The increase of the
stomata on the abaxial surface justifies the photosynthetic
rate unchanged at 90 days of evaluation, because this date
was reduced stomatal conductance and transpiration
increased, leading to a decrease in photosynthetic rate.

Negative changes in growth analysis, ecophysiological
and biochemical can classify the species as sensitive to salt
stress, because it responded negatively to the application of
higher than 25 mM NaCl.
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