
����������
�������

Citation: Marković, M.; Šoštarić, J.;

Kojić, A.; Popović, B.; Bubalo, A.;

Bošnjak, D.; Stanisavljević, A. Zinnia
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Abstract: The study of salinity stress in irrigated floriculture can make a significant contribution to
the preservation of freshwater sources. To analyze the morphological and aesthetic responses of
zinnia (Zinnia elegans L.) and periwinkle (Catharanthus roseus (L.) G. Don) to different salinity stress
levels, the following treatments were performed: s0 = municipal water (control), s1 = 3 dS m−1,
s2 = 4.5 dS m−1, and s3 = 6 dS m−1. The growth of zinnia (flower number, plant height, branch
and leaf number, total fresh and dry biomass, and root length) was linearly reduced by increasing
salinity levels, while all observed periwinkle traits for the s2 salinity treatment were either equal to or
greater than the control treatment (n.s.) and a further increase in salinity stress showed a significant
(p < 0.01) decrease. The first flower buds on zinnia appeared with the control treatment (s0), while
for periwinkle the first flower bud appeared with the s1 treatment. With regard to both zinnia and
periwinkle leaf necrosis, drying and firing occurred during the third week in the s2 and s3 treatments.
Zinnia proved to be sensitive to salinity, while periwinkle showed mild tolerance to salinity stress, up
to 3 dS m−1.

Keywords: salinity stress; morphology; aesthetic value; zinnia; periwinkle

1. Introduction

A literature review has shown that agriculture accounts for 70% of freshwater with-
drawals, which is equivalent to 2700 km3 year−1 [1], and is often mentioned as the main
cause of water scarcity in the future [2]. There are three major theoretical and conceptual
frameworks for the mentioned problem, i.e., the increasing world population [3,4], which
leads to increasing demand for food, climate change [5,6], and drought [7,8]. Consequently,
the competition for high-quality irrigation water among different crops is becoming more
intense, resulting in lower water quality.

Plants’ reactions to stress caused by drought or salinity is manifested in various
metabolic and morphological changes that are very similar, especially at the beginning, that
is, at the early stage of the stress. The reason is that soil salinity reduces the ability of plants
to absorb water, so the symptoms of lack of water, i.e., drought, are visible. This has been
explored in a prior study by Munns [9]. The author claims that salinity reduces the ability
of plants to take up water, and this quickly causes reductions in growth rates, along with a
suite of metabolic changes identical to those caused by water stress. Salinity causes osmotic
and ionic stress in plants, mainly due to the accumulation of toxic Na+ and Cl– ions in plant
tissues [10]. A previous study by Ravindran et al. [11] shows that salinity affects about
one-third of irrigated land, causing a significant reduction in crop productivity. A large
number of studies in the broader literature have examined the plant stress caused by high
salinity levels of irrigation water [12–15]. They state that plants respond to saline stress
with a variety of different mechanisms, whereby the level of salt stress depends on the crop
species [16,17], the frequency and length of exposure [18–20], and the salinity level [21,22].
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In floriculture, the use of saline water requires an understanding of plant response to
the salinity effects of irrigation [23]. Previously published studies conducted on a variety
of flower species have indicated that salt stress causes a decrease in plant height [24–26],
leaf dry weight, and flower number [27–29]. On the one hand, some effects of salinity
could be desirable, such as decreased length and/or the number of internodes, while, on
the other hand, some effects could be undesirable, such as chlorosis and marginal leaf
necrosis, which is of crucial importance for ornamental plants, i.e., their aesthetic value,
which is an important component of ornamental plants. In terms of aesthetic value, it is
important to emphasize the importance of the negative impact of saline stress, which is
primarily manifested in morphological changes, such as shoot and leaf growth reduction,
leaf necrosis, as well as the quality of the flower (size and color). For example, Sun et al. [30]
reported that marigold plants began to show foliar salt damage (leaf burn and necrosis) at
6 weeks after the initiation of salt treatment.

Zinnia (Zinnia elegans) and periwinkle (Catharanthus roseus (L.) G. Don) are highly
valued species in the horticultural industry, and are often planted in gardens, flower
beds, or pots as summer flowering plants. It must also be mentioned that the periwinkle
is often considered as an important source of pharmaceutical materials used in cancer
treatment [31,32]. The impact of different irrigation or drought treatments on zinnia and
periwinkle has been the subject of many studies [25,33,34]. However, as water scarcity
and the consequent use of lower quality water has come to be of increasing importance in
ornamental plant growing, as well as landscaping, more studies are needed to assess the
effects of salinity on the growth and aesthetic value of zinnia and periwinkle. Therefore,
this study, through an assessment of the adaptability of and reactions to different salinity
levels in zinnia and periwinkle plants, aimed to determine their morphological responses
and aesthetic values and hence the possibility of preserving freshwater sources by using
irrigation water of lower quality in floriculture.

2. Materials and Methods
2.1. Plant Material

The greenhouse pot experiment was performed in Orahovica, Continental Croatia
(45◦32′ N 17◦53′ E), in April 2020, on zinnia (Zinnia elegans L.) and periwinkle (Catharanthus
roseus (L.) G. Don). The pot trial was conducted as a randomized complete design with
four repetitions.

Zinnia (MaggellanTM Scarlet) and Periwinkle (Madagascar) seeds were purchased
from Syngenta Seeds (Downers Grove, IL, USA). Before sowing, the flower seeds were
sterilized with 70% ethanol and washed with distilled water. Then, the seeds were sown in
a plastic tray for seedlings on the substrate Substral, Terra Osmocote® (Evergreen Garden
Care, Warszawa, Poland). At early stage, both zinnia and periwinkle seedlings were grown
in the same growing conditions (25.6 ◦C ± 1.3 ◦C air temperature, 24 ◦C water temperature,
and 55% relative humidity) to achieve as uniform an initial growth as possible.

At the four-leaf stage, seedlings were transplanted into plastic pots (450 mL, 10 cm h,
11.5 cm Ø) on 2 May 2020. A size of pot that would place no restrictions on plant growth was
chosen. The pots were filled with growing medium (Vigorplant, Fombio, Italy), composed
of perlite and peat (0–10 mm). The upper part of the pot was left empty, i.e., the pots
were not filled with substrate to the very top or edge, to avoid surface run-off and loss of
irrigation rate.

Plants were grouped in four repetitions of ten plants per treatment, that is, 320 plants
in total = 10 plants× 4 salinity stress× 4 repetitions = 160. Thereafter, plants were subjected
to salinity stress for 35 days.

2.2. Salinity Stress Treatment

Four salinity stress treatments were performed: s0 = municipal water (control), s1 =
3 dS m−1, s2 = 4.5 dS m−1, and s3 = 6 dS m−1. Plants were irrigated with municipal water,
the main indicator and chemical parameters of which are presented in Table 1.
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Table 1. Indicator and chemical parameters of irrigation water.

Temp. Turbidity Color Odor EC

Unit ◦C NTU Pt/Co
Range 22–25 4 20 2.5 dS m−1

Value 24 1.06 <3 - 0.63

Parameter pH Chlorite Ammonium Nitrite Nitrate
MAC 6.5–9.5 0.25 mg/L 0.5 mg NH4/L 0.50 mg NO2/L 50 mg NO3/L
Value 7.73 0.13 <0.01 <0.001 1.32

Parameter Iron Manganese Aluminium Phosphate Sulphate TDS
MAC 200 µg/L 50 µg/L 200 µg/L 300 µg P/L 250 mg SO4/L <450 mg/L
Value <1 19 50 8.47 20.2 349.6

MAC = maximum allowable concentration; TDS = total dissolved slats.

As mentioned earlier, the source of irrigation water was municipal water, and therefore
the water quality evaluation was according to Directive 2020/2184, which determines the
quality of water intended for human consumption [35]. Regarding water quality for
irrigation, there are no potential problems, that is, the water can be used without any
restrictions [36].

Salinity stress was achieved by adding different amounts of NaCl, MgSO4, and CaCl2
to irrigation water, whereby, for EC = 1 dS m−1, 169.3 mg/L of NaCl, 91.2 mg/L of MgSO4,
and 163.7 mg/L of CaCl2 is added. The EC was measured using an HM Digital COM-80
EC/TDS meter, factory calibrated (HM digital, Inc., Redondo Beach, CA, USA) continuously
during the study.

Since the study treatment was salinity stress, i.e., higher salt concentrations in irrigation
water, the irrigation time was determined by gravimetric method due to the impact of salt
on the moisture sensors readings. The following procedure was performed to determine
available water capacity (AWC—the maximum amount of plant-available water) and
irrigation rate per pot. The mass of the empty pot was weighed first. Then, three samples
of 100 g of air-dried substrate were placed in paper bags and dried in an oven (104 ◦C) until
constant weight. After cooling, the samples were weighed again, and moisture content
(g/g) was calculated as an average of three samples. The amount of air-dried substrate
per pot was determined so that the moisture content (g/g) of the air-dried substrate was
accounted for.

It is important to determine the amount of water needed to refill the water content
to maximum water holding capacity (MWHC). The following procedure was taken to
determine MWHC. Substrate samples were placed in three containers with perforated
bottoms so that the excess water could drain. The filter paper was placed on the top of
the substrate so that the water could evenly and slowly infiltrate into the substrate. After
the substrate was saturated (when water drainage occurs), the containers were covered
with plastic to prevent evaporation. After two days, when all excess water was drained,
100 g of the substrate was sampled from the middle of each container, and the MWHC was
determined according to a standard gravimetric method. Irrigation rate, expressed as mass
equivalent of moisture, was determined to bring the water content (WC) of each pot to
MWHC. The plants were well-irrigated (80–100% AWC) manually (each pot separately) so
that drought stress would be avoided and excluded from the study and to reduce runoff as
much as possible. Pot weights were checked daily (in the morning, 08:00–09:00) and the
target moisture level was maintained during the entire experimental period. The growth
index (GI) was used to compare plant growth with different salinity stress treatments. The
method was presented by Warsaw et al. [37]:

GI = (plant width A + plant width perpendicular to plant width A + plant height)/3 (1)

where GI is growth index, plant width A was the widest plant width on an east-to-west
axis, plant width perpendicular to plant width A was the widest plant width measured on
a north-to-south axis, and plant height was measured from the container rim.



Water 2022, 14, 1066 4 of 13

2.3. Data Collection

During the experimental period, the pots could be moved as needed for weight
measurements and then put back. At the end of the experimental period, flower number
(n), plant height (cm), branch number (n), leaf number (n), fresh and dry biomass (g), and
root length (cm) were measured for five random healthy plants per treatment. Only fully
opened flowers were taken into analysis.

The root of the plant was carefully separated from the substrate and washed with tap
water to measure the length. Plant biomass was dried in the oven at 70 ◦C until constant weight.

To evaluate leaf RWC, leaf samples were taken and weighed (fresh weight, FW). Then,
the leaf samples were placed in distilled water for one day (24 h) and weighted again
(turgid weight, TW). RWC was calculated according to Pieczynski et al. [38]. Water use
efficiency (WUE) was determined according to Heidari et al. [39]:

WUE = fresh weight (g)/net irrigation rate (mm) (2)

These measurements were taken for five randomly selected plants for each study
treatment after 28 days. The remaining plants were observed over the next week to assess
aesthetic value, mortality, and leaf necrosis. The following observations were performed at
the end of the experimental period to classify the aesthetic value of zinnia and periwinkle:
healthy plants with green leaves; number of dry, chlorotic leaves; leaf firing; and dead
plant number.

2.4. Statistical Analysis

To compare all salinity treatments, statistical analyses were conducted with STATIS-
TICA 13 (StatSoft, Inc., Tulsa, OK, USA). Data were analysed using analysis of variance
(one-way ANOVA). A protected least significant difference (LSD) procedure was used to
separate the differences at probability levels of 0.05 and 0.01. Linear correlations between
the tested parameters were evaluated using Student’s t-tests. A correlation analysis was
performed by measuring a linear dependence between two variables, and the strength of
the correlation was expressed as the r coefficient. The r2 coefficient was used to test how
close the data were for salinity stress and tested variables.

3. Results
3.1. Growing Conditions and Irrigation Scheduling

For the experimental period, the average RH in the greenhouse was 57.6%, the average
daily temperature was 27.3 ◦C, while the average night temperature was 20.8 ◦C. Irrigation rates
ranged from 0.04 to 0.1 L/pot/day for zinnia and from 0.03 to 0.09 L/pot/day for periwinkle
(Figure 1). The net irrigation rate was 2.28 L/pot for zinnia and 2.38 L/pot for periwinkle.

Figure 1. Irrigation rates (L/pot/day) for zinnia and periwinkle.
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3.2. Effect of Salinity Stress on Zinnia Growth

The growth of zinnia was significantly (p < 0.01) affected by salinity stress, except for
plant height (Table 2). All tested variables were reduced as salinity stress became more
pronounced. Compared with the control treatment, the flower number was reduced by 20%
(s1) and 40% (s2), while with the s3 treatment the flowers were completely absent. Plant
height ranged from 21.02 (s0) to 16.51 cm (s3), although without significant differences
(n.s.). There was no difference in branch number between the control treatment (s0) and
the s1 treatment (3 dS m−1), while with further salinity stress levels branch number was
significantly (p < 0.01) decreased, by 25% (c2) and 50% (c3). Similar trends were noted for
the remaining variables. For example, total fresh biomass ranged from 11.1 g/plant (s0) to
5.3 g/plant (c3); salinity stress significantly reduced fresh biomass, by 31.5% (s2) and 52.3%
(s3). Furthermore, by increasing the salinity level, total dry mass was significantly (p < 0.01)
reduced, by 25% (s2) and 53.6% (s3). Root length was significantly (p < 0.01) reduced with
s2 (55.2%) and s3 (64.3%).

Table 2. Effect of salinity stress treatment on zinnia flower number (n), plant height (cm), branch
number (n), leaf number (n), total fresh biomass (g/plant), total dry biomass (g/plant), and root
length (cm).

Salinity Level Flower
Number Plant Height Branch

Number Leaf Number Total Fresh
Biomass

Total Dry
Biomass Root Length

n cm n n g g cm

s0 5 21.02 4 45 11.1 2.8 4.73
s1 4 19.29 4 39 10.9 2.7 3.98
s2 3 18.84 3 32 7.6 2.1 2.12
s3 0 16.51 2 25 5.3 1.3 1.69

LSD0.01 0.793 4.819 0.298 8.614 1.264 0.351 1.132
LSD0.05 1.082 6.248 0.461 11.544 2.085 0.498 1.936
Fvalue 36.242 ** 2.692 n.s. 49.318 ** 6.748 ** 7.358 ** 39.252 ** 6.698 **

s0 = control; s1 = 3 dS m−1; s2 = 4.5 dS m−1; s3 = 6 dS m−1; ** = p < 0.01; n.s. = non-significant.

3.3. Effect of Salinity Stress on Periwinkle Growth

The growth of periwinkle was significantly influenced by salinity treatment (Table 3).

Table 3. Effect of salinity stress treatment on periwinkle flower number (n), plant height (cm), branch
number (n), leaf number (n), total fresh biomass (g/plant), total dry biomass (g/plant), and root
length (cm).

Salinity Level Flower
Number Plant Height Branch

Number Leaf Number Total Fresh
Biomass

Total Dry
Biomass Root Length

n cm n n g g cm

s0 28 65.22 9.26 294.5 27.41 2.8 15.35

s1 31 65.38 11.84 306.8 28.36 3.3 16.21

s2 24 52.31 7.31 261.0 24.35 2.4 11.02

s3 18 43.16 4.01 174.3 22.80 1.8 10.76

LSD0.01 6.99 22.34 4.84 201.3 1.91 0.413 2.73

LSD0.05 5.78 14.92 3.52 118.9 1.45 0.564 1.76

Fvalue 39.584 ** 3.39 * 5.361 ** 6.45 * 5.648 ** 42.264 ** 5.683 **

s0 = control; s1 = 3 dS m−1; s2 = 4.5 dS m−1; s3 = 6 dS m−1; * = p < 0.05; ** = p < 0.01; n.s. = non-significant.

Flower number was significantly (p < 0.01) modified by salinity levels. An interesting
observation was that flower number with the s1 salinity treatment was by 10.7% higher
than the control treatment, while a further increase in salinity decreased flower number by
14.3% (s2) and 35.7% (s3).
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The same trend was noted for all tested variables. Plant height ranged from 65.38 cm
(s1) to 43.16 mm (s3). A significant (p < 0.05) impact of salinity stress was noted only for the
s3 treatment. The maximum number of branches was also recorded for the s1 treatment
(11.84). With a further increase in salinity, the number of branches was significantly
(p < 0.01) reduced, by 21.1% (s2) and 56.7% (s3). As for leaf number, the maximum number
was recorded with the s1 treatment (306.8), while further increase in salinity reduced leaf
number, by 11.4% (s2) and 40.8% (s3). Total fresh biomass ranged from 28.36 g (s1) to
22.80 g (s3). Significantly (p < 0.01) lower fresh weight was recorded with the s2 (−11.2%)
and s3 (−16.8%) salinity treatments. In addition, the maximum dry biomass was recorded
with the s1 treatment (3.3 g). Significantly (p < 0.01) lower dry biomass was recorded for the
s2 (−14.3%) and s3 (−35.7%) treatments. Compared to the control treatment, root length
was 5.6% (n.s.) higher with the s1 treatment, while with a further increase in salinity the
root length was significantly (p < 0.01) reduced, by 28.2% (s2) and 29.9% (s3).

3.4. Leaf Relative Water Content (RWC), Water Use Efficiency (WUE), and Growth Index (GI)

The RWC, WUE, and GI values for zinnia and periwinkle are presented in Table 4.
RWC ranged from 74.2% (s0) to 52.4% (s3) in zinnia, and from 75.4% to 59.3% in periwinkle.
As for WUE, it was in a range from 6.07 g/L (s0) to 2.9 g/L (s3) in zinnia and from 14.13 g/L
(s0) to 11.75 g/L (s3) in periwinkle. GI in zinnia ranged from 27.01 cm (s0) to 12.2 cm (s3)
and from 39.41 cm (s1) to 19.18 cm (s3) in periwinkle.

Table 4. Relative water content (RWC, %) and water use efficiency (WUE, g/L) and growth index
(GI, cm) of zinnia and periwinkle with different salinity treatments (s0 = control; s1 = 3 dS/m;
s2 = 4.5 dS/m; s3 = 6 dS/m).

Salinity
Stress

RWC (%) WUE (g/L) GI (cm)
Zinnia Periwinkle Zinnia Periwinkle Zinnia Periwinkle

s0 74.2 75.4 6.07 14.13 27.01 38.92
s1 69.8 74.9 5.96 14.62 20.65 39.41
s2 68.7 68.8 4.15 12.55 16.32 26.73
s3 52.4 59.3 2.90 11.75 12.12 19.18

Significant correlations (p < 0.05) for zinnia were found only between salinity and
plant height (r = −0.95, Figure 2) and salinity and leaf number (r = −0.97, Figure 3). Both
correlations showed negative trends.

Figure 2. Zinnia correlation between salinity and plant height.
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Figure 3. Zinnia correlation between salinity and leaf number.

The results of the correlation analysis for zinnia are presented in Table 5. Strong positive
correlations were found between flower number and plant height (r = 0.97), flower number
and branch number (r = 0.96), flower number and leaf number (r = 0.96), flower number and
total fresh biomass (r = 0.95), and flower number and total dry biomass (r = 0.98).

Table 5. Correlation coefficients between tested zinnia variables (significant correlations are marked
in bold, p < 0.05, N = 80).

Flower
Number

Plant
Height

Branch
Number

Leaf
Number

Total Fresh
Biomass

Total Dry
Biomass

FN -
PH 0.97 -
BN 0.96 0.91 -
LN 0.96 0.97 0.95 -
TFB 0.95 0.90 0.99 0.96 -
TDB 0.98 0.94 0.99 0.96 0.98 -
RL 0.88 0.88 0.92 0.97 0.95 0.92

FN = flower number; PH = plant height; BN = branch number; LN = leaf number; TFB = total fresh biomass;
TDB = total dry biomass; RL = root length.

Furthermore, strong positive correlations were found between plant height and leaf
number (r = 0.97), branch number and leaf number (r = 0.95), branch number and total
fresh biomass (r = 0.99). In addition, a strong positive correlation was found between leaf
number and total fresh biomass (r = 0.96), leaf number and total dry biomass (r = 0.96), and
leaf number and root length (r = 0.97). A strong positive correlation was also found between
total fresh biomass and total dry biomass (r = 0.98) and between total fresh biomass and
root length (r = 0.95).

The results of the correlation analysis for periwinkle are presented in Table 6. Strong
positive correlations were found between flower number and branch number (r = 0.99),
flower number and leaf number (r = 0.97), flower number and total fresh biomass (r = 0.97),
and flower number and total dry biomass (r = 0.99).

Furthermore, strong positive correlations were found between plant height and leaf
number (r = 0.95) and between plant height and total fresh biomass (r = 0.98). In addition,
strong positive correlations were found between branch number and leaf number (r = 0.95),
branch number and total fresh biomass (r = 0.96), and branch number and total dry biomass



Water 2022, 14, 1066 8 of 13

(r = 0.99). Strong positive correlations were also found between total fresh biomass and
total dry biomass (r = 0.97) and between total fresh biomass and root length (r = 0.97).

Table 6. Correlation coefficients between tested periwinkle variables (significant correlations are
marked in bold, p < 0.05, N = 80).

Flower
Number

Plant
Height

Branch
Number

Leaf
Number

Total Fresh
Biomass

Total Dry
Biomass

FN -
PH 0.97 -
BN 0.99 0.94 -
LN 0.97 0.95 0.95 -
TFB 0.97 0.98 0.96 0.92 -
TDB 0.99 0.94 0.99 0.94 0.97 -
RL 0.91 0.94 0.90 0.82 0.97 0.91

FN = flower number; PH = plant height; BN = branch number; LN = leaf number; TFB = total fresh biomass;
TDB = total dry biomass; RL = root length.

3.5. Aesthetic Value

Aesthetic value was analysed in zinnia and periwinkle through visual observation.
The first zinnia flower buds in the s1, s2, and s3 treatments appeared two to three days later
than those in the control (s0) treatment. Necrotic changes, drying, and firing occurred on a
majority of leaves in the s2 and s3 treatments, 3 weeks after transplanting. At the end of
the experimental period, mortality in the s2 treatment was 80%, while in the s3 treatment
all plants died (mortality 100%, Figure 4).

Figure 4. Zinnia mortality (%).

The first flower buds on periwinkle were noted eight days after transplantation to
the s1 treatment. Over the next five days, flower buds appeared with the other salinity
treatments as well. Leaf necrosis, chlorosis, and firing were noted during the third week in
the s2 treatment and later in the s3 treatment, too. At the end of the experimental period,
over the next five days, more flower buds appeared with the other treatments as well. More
than 55% of plants in the s2 treatment and 70% of plants in the s3 treatment died (Figure 5).
With the s0 and s1 treatments, all zinnia as well as periwinkle plants survived till the end
of the experimental period (0% mortality, Figures 4 and 5) with healthy green leaves and
vivid flower color.
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Figure 5. Periwinkle mortality (%).

4. Discussion

Increasing the salinity of irrigation water inhibited the growth of zinnia. All tested
variables exhibited decreasing linear trends with increasing salinity stress levels. This
shows that zinnia is sensitive to salinity stress, even with lower (3 dS m−1) salinity levels.
Our finding is in agreement with Macherla and McAvoy [40], who claim that zinnia can be
irrigated with saline water up to 0.5 g·L−1 NaCl (an EC of 1 dS·m−1) in a 5-week production
cycle without adverse effects on growth.

Due to intolerance to salinity stress, the GI was reduced by 23.5% (s1), 39.6% (s2),
and 54.8% (s3). This indicates reduced biomass, which, in addition to the decrease in leaf
number, indicates reduced photosynthetic activity. The reduced root length with salinity
treatment is also a very important subject to address. As previously reported by Duan
et al. [41], roots are highly sensitive to changes in their surrounding environment and root
system responses to stress, such as salinity and drought, can be very dynamic and complex
in nature. This was confirmed by our research, considering that even the smallest increase
in salt caused a decrease in the zinnia roots. Yasemin et al. [42] also claimed that root
lengths of all zinnia cultivars were dramatically decreased by salt stress. Furthermore, high
salinity levels (s2 and s3) caused leaf drying, brown leaves (firing), and pale coloring of the
flowers, which changes are, of course, very similar to symptoms of drought stress. This
has previously been reported by Taiz and Zelger [43]. The authors claimed that salinity
can have similar effects to water stress on plant growth, except for the addition of ion
cytotoxicity, which appears with excess salt in soil.

A notable leaf firing (visual browning) has been observed in zinnia plants in the s2
and s3 salinity treatments. This observation is in accordance with Xiang et al. [44]. The
authors claimed that leaf firing increased as salinity levels increased, as previously reported
by Sifers and Beard [45]. The increase in the percentage of leaf firing associated with less
water availability to plants might be due to shorter roots, density, and biomass, or relatively
higher evapotranspiration rates during progressive water stress.

Due to high salinity stress levels, plants absorb less water, which in our study resulted
in lower GI with the treatments with higher salinity levels (s1, s2, and s3). The linear
decrease in fresh and dry biomass with the salinity treatments in our study was, of course,
associated with reductions in leaf number. This is in accordance with Escalona et al. [46].
The authors claimed that, in their study, increases in salinity affected plant growth, causing
decreases in biomass and plant height. As for our study, plant height was also significantly
reduced by salinity treatment.

First zinnia mortality occurred early in the first week of the experiment with the s3
salinity treatment. By the end of the experimental period, all plants in the s3 treatment and
80% in the s2 treatment died. This is in agreement with the study results of Niu et al. [25].
The authors stated that all zinnia plants died by the end of the treatment at EC 6.0 and EC
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8.2 as a result of high salinity in the root zone. In some studies, even higher salinity stress
was applied, which, of course, caused plant death. For example, Villarino and Mattson [29]
studied the impact of different salinity levels on fourteen floriculture species, and for zinnia
plant they reported that Z. angustifolia was sensitive to salt stress and that plants did not
survive at an EC of 14.0 dS m−1. The authors also emphasized that the sensitivity of zinnia
to salinity stress is species-dependent. In our study, plants were irrigated according to
daily water use and therefore the runoff was negligible. This is, of course, difficult to
achieve when irrigating in gardens, flower beds, or parks, where overwatering can easily
occur and, consequently, salt leaching into deeper soil layers. We consider it important to
emphasize proper irrigation scheduling, since high salinity water frequently increases the
accumulation of salts in the soil. As for flowering time, given that the first flowers in the s1,
s2, and s3 treatments appeared two days later compared to the control treatment (s0), it
could be stated that the difference in time to flower may be commercially insignificant.

A certain degree of tolerance to increased salt content in irrigation water has been
noted in periwinkle. Moderate tolerance to salinity was also reported by Cai et al. [47].
According to their study on five rose genotypes subjected to salinity levels of 1.5, 4.0,
and 8.0 dS m−1, most genotypes tested were moderately tolerant to salinity from 3.0 to
4.0 dS m−1. In our study, all tested variables in the s1 salinity treatment were higher than
or the same as in the control treatment (s0), although without statistical significance. A
further increase in salinity stress caused a decrease in all tested variables the same as for
zinnia plants.

Interestingly, the first appearance of buds was observed in the s1 treatment, but it
must be emphasized that this was only a few days earlier compared to the other salinity
treatments. As with zinnias, this time difference cannot be considered commercially
significant. Although the aim of this paper was not to compare the two flower species, it is
important to point out that the mild tolerance of periwinkle to increased salt content is also
manifested in mortality. Although the appearance of the first dead plants was noticed very
early, as in zinnia, ultimately, at the end of the experimental period, the mortality percentage
in periwinkle was lower. This indicates a better tolerance of periwinkle to the increased
salt content in irrigation water. The study by Niu et al. [25] showed a linear decrease in dry
weight and GI as the salinity of irrigation water increased. In our study, a linear decrease
was noted for RWC and GI as well. As for WUE, a slightly higher WUE was noted in the s1
salinity treatment in comparison to the control treatment, yet without statistical significance.
This is in agreement with Zapryanova and Atanassova’s [48] study. The authors claimed
that in their study plants treated with high NaCl concentrations manifested a significant
delay in bud formation compared to control plants. In their research, the effect of increased
salt concentration was observed in Tagetes patula and Ageratum mexicanum. In conclusion,
the authors stated that salt tolerance was species-specific, and that the tagetes were more
tolerant. From our results, it is clear that salinity higher than 3 dS m−1 has a negative
effect on periwinkle morphology, which is in line with study results by Neves et al. [49].
In their study, water salinity had a decreasing effect on leaf biomass, stem biomass, and
flower biomass. Furthermore, the authors claimed that maximum flower production was
estimated at a salinity level of 3.9 dS m−1. In our study, the maximum flower number was
at a salinity level of 3 dS m−1, although without significant differences in relation to the
control treatment. As for aesthetic value, contrary to the findings of Huang and Cox [50],
we found considerable chlorosis on the periwinkle leaf, which, according to Römheld [51],
is usually associated with a Fe deficiency due to a reduction in Fe availability at high
pH levels.

Consequently, the RWC, WUE, and GI of zinnia were linearly reduced by increasing
the salinity level, while the maximum values for periwinkle were recorded in the s1 salinity
treatment. However, it is important to emphasize that the values for the s1 treatment are
very close to the control treatment (s0) and that, of course, a further increase in salinity in
the s2 and s3 salinity treatments caused the decreases. The results of our study are in line
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with previous studies on different crops stating that salinity stress reduces the WUE [52–54],
RWC [55–57], and GI [58,59].

The notable contribution of the results of this study is that salinity stress is observed
through variables that are important to flower growers, i.e., first flower bud appearance,
aesthetic value, and plant survival given mild and severe salinity stress levels. Future
research should consider the potential effects of salinity stress more carefully, for example,
examining more incremental levels of salinity stress (EC 0, 0.5, 1, 1.5, . . . 3), which could
indicate a limitation of this research. Furthermore, future studies could investigate the
association between (un)treated wastewater and salinity levels, the use of wastewater from
various sources to irrigate ornamental species, and ways of modifying irrigation scheduling
when ornamental plants are irrigated with water of poor quality.

5. Conclusions

The morphological parameters and aesthetic value of zinnia and periwinkle were
modified by different salinity stress levels. The zinnia cultivar used in this study was
sensitive to even lower salinity stress levels and, therefore, should not be planted in areas
with high soil salinity or when alternative waters with high salinity may be used for
irrigation. The negative effects of salt on the aesthetic values of zinnia and periwinkle
were also noted. As for periwinkle, a certain degree of tolerance of increased salt content
was recorded, which in our study was up to 3 dS m−1. This allows the conclusion that
periwinkle can potentially be utilized in freshwater landscape conservation.
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