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Abstract: The Zinnia genus which belongs to the Asteraceae family is an annual, multipurpose ornamental plant. Zinnia
plants are cultivated not only in landscape but also as the potted plant and cut flower. One of the most important problems in
the world is salinity in soil and water. The aim of this study was to determine the effects of salinity on twenty Zinnia
cultivars during seed germination and early seedling growth. The salt was applied by irrigating seeds with 0 and 100 mM
salt solutions. Radicle emergence, seed germination, root, hypocotyl and cotyledon lengths, relative growth index of the
root, and seedling fresh weight were evaluated. At the end of the study, the radicle emergence reduction was the highest
value in Zinnita Rose (52%). The highest reduction rates on seed germination were at Swizzle Cherry-Ivory, Double Zahara
Raspberry Ripple (48%), and Double Zahara Yellow (48%). Root lengths of all Zinnia cultivars were dramatically decreased
by salt stress. According to weighted ranked evaluation, Dreamland Ivory and Dreamland Coral were more tolerant to salt
stress than other Zinnia cultivars. However, in general Zinnia cultivars were relatively sensitive to salt stress at the
germination stage.
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threshold of salt damage at all developmental
stages is an essential step for the studies of salt
tolerance during different growth phases (Zapata et
al., 2004; Parida and Das, 2005; Hannachi and Van
Labeke, 2018). Seed germination, which is the
beginning of the life cycle of the plant, is of great
importance for the future vital activities of the
plant. Many plants need favorable conditions,
mostly non-saline, for germination (Cassaniti et
al., 2009, 2012, 2013). With the water imbibition,
germination stage starts, and different pathways
occur (molecular, biochemical, and cellular) in the
seed. As a result of these pathways, radicle and
hypocotyl protrusion occurs (Nonogaki et al.,

1. Introduction

Soil salinity and water scarcity are one of the most
forceful abiotic stresses that limit agricultural yield
and productivity. Water scarcity is the result of
global warming and excessive consumption. Soil
salinity increases with many factors such as over-
fertilization and irrigation with saltwater,
especially in arid and semi-arid regions (Koksal et
al., 2014; Yasemin et al. 2017; Hannachi and Van
Labeke, 2018). In parallel, the reduction of potable
water resources leads to using alternative
wastewater containing salt for agricultural growing
processes. As a result of these inferences, the

necessity to select salinity resistant plants have
emerged (Koksal et al., 2016; Ramila et al., 2016;
Feng et al., 2018; Liu et al., 2018).

Salt stress affects plants at different rates in
different stages of development. Determining the

2010; Mohamed et al., 2018). Depending on seed
characteristics (morphological, genetic,
physiological, etc) and environmental effects, seed
germination occurs specifically for each plant.
Since salinity affects all pathways during
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germination, it not only causes germination
inhibition but also reduces and delays it (Kaur et
al.,, 1998; Sebei et al.,, 2007; Mohamed et al.,
2018). Seed germination is affected by salinity
with osmotic stress and ion toxicity. Water uptake
and enzyme activation are inhibited due to osmotic
effects. Seed reserves are also negatively affected
by stress conditions. Moreover, the essential
metabolic stages for dividing and expanding cells
were inhibited with ion toxicity (Khan et al., 2000;
Ashraf and Foolad, 2007; Munns and Tester, 2008;
Mbarki et al., 2018).

Zinnia, Asteraceae family, is cultivated
worldwide as annual bedding plants and some of
Zinnia sp. could be used as cut flowers. Zinnia
plants have wide variation considering their
phenotypic characteristics, such as flower and leaf
morphology, and ray floret colors. For these
reasons, these plants are widely used in gardens or
landscape arrangements (Stimart and Boyle, 2007).

The main aim of this study was to evaluate the
relative salt stress response in the early stages of
seedling growth of twenty Zinnia cultivars which
have very important value in the bedding plant
groups. To interpret the cultivar reactions during
germination and early seedling growth for salinity
tolerance, we analyzed the rates of radicle
emergence and seed germination, radicle,
hypocotyl and cotyledon length, relative growth
index of the root, and fresh weight of seedlings.

2. Materials and Methods

This study was carried out in the plant physiology
laboratory at the Department of Biology Mersin
University/Turkey. Seeds of cultivars belong to
Zinnia elegans (1 to 14) and Z. marylandica (15 to
20) were supplied from a local seed distributor
(Tasaco Farm, Antalya, Turkey) (Table 1). Zinnia
cultivars seeds were placed in 20 x 30 mm dishes
lined with double-layer Whatman No 1 filter
paper. Seeds were irrigated with two different
solutions containing 0 (control) and 100 mM
NaCl. The filter papers were replaced every 2 days
to prevent microbial contamination. Seeds were
allowed to germinate at 25 = 1 °C in the growth
chamber and under dark conditions. The study was
terminated when seeds reached the maximum
germination number (5 days).

To determine the effects of salinity, seed
germination and seedling growth parameters were
evaluated in the study. Radicle emergence was
defined when the radicles were <2 mm long and
germination was considered to have occurred when
the radicles were >2 mm long (plumule and radicle
were fully visible) (Kaya et al., 2006; Gao et al.,
2018). The number of seeds that emerged and

germinated was recorded every 24 h for 4 days.
Radicle emergence and seed germination
percentages were calculated using the following
Equations 1 and 2 (Koksal et al., 2015; Gao et al.,
2018).

RE (%)= NES / TNS X 100 (1)

RE: Radicle Emergence, NES: Number of
emerged seeds, TNS: Total number of seeds

SG (%) =NGS/TNS X 100 )
SG: Seed Germination, NGS: Number of

germinated seeds, TNS: Total number of seeds

Root length was measured daily with a digital
caliper. Based on daily measurement, the relative
growth index (RGI) of the root was calculated with
the following Equation 3:

RGI (mm day”) = (RLy - RL\) / (t2 - 1) 3)

The RGI formula was modified from Ren et al.
(2016) and Acosta-Motos et al. (2017).

Where, RL,-RL,, is the root length at the end -
the beginning of the experiment; t>-t; was the time
duration for the treatment.

Table 1. Zinnia cultivars used in the study
Code

Cultivars

Dreamland Coral F1
Dreamland Ivory F1
Dreamland Pink F1
Dreamland Red F1
Dreamland Rose F1
Dreamland Scarlet F1
Dreamland Yellow F1
Zinnita Orange F1

Zinnita Rose F1

Zinnita Scarlet F1

Zinnita White F1

Zinnita Yellow F1

Swizzle Cherry And Ivory F1
Swizzle Scarlet Yellow F1
Double Zahara Raspberry Ripple F1
Double Zahara Yellow F1
Double Zahara Cherry F1
Double Zahara Fire Improved F1
Double Zahara Salmon F1
Double Zahara Strawberry F1

REEIRGESS IS eeaanswn—

Fresh weights were weighed using a digital top
loading weighing balance after the 5" day.
Plantlets formed hypocotyl was registered after 5%
day. Hypocotyl and cotyledon lengths were also
measured by a digital caliper.

Reduction rates of radicle emergence, seed
germination, root length, hypocotyl formation,
hypocotyl and cotyledon lengths, and fresh
weights of plantlets were calculated depending on
values of control and saline conditions.
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Radicles and root tips of Zinnia cultivars were
photographed with a Zeiss Discovery-V8 Stereo
microscope attached to a Zeiss AxioCam ICc 3
digital camera. Images were obtained using a 1.0X
lens and 1.5X ocular micrometer. Radicles were
photographed after 24 h and root tips were
monitored at the end of the germination period.

The experiment was carried out using a
completely randomized design with a single factor
and conducted with three replicates and each
replication included 25 seeds. All quantitative data

Table 2. The weighted ranked method, relative values

expressed as percentages were subjected to arcsine
transformation. Data were subjected to ANOVA
and the means were separated using the Least
Significant Difference (LSD) multiple range test at
p < 0.05. All statistical analyses were performed
using the JMP software package (JMP®, Version
8. SAS Institute Inc., Cary, NC, 1989-2019). The
weighted ranked method was used to determine the
tolerance level of cultivars (Saridas, 2018). The
weighted ranked method, relative values, and value
range applied to the data which explained the
reduction rate was presented in Table 2.

, and value ranges

Parameters Relative Value ranges
values 1 2 3 4 5

Radicle emergence 20 39-53 24-38 9-23 (-6)-8 (-21)-(-7)
Seed germination 20 30-49 10-29 (-10)-9 (-30)-(-11)  (-50)-(-31)
Forming hypocotyl 15 85-98 71-84 57-70 43-56 29-42
Cotyledon length 15 84-100 67-83 50-66 33-49 16-32
Hypocotyl length 15 92-100 83-91 74-82 65-73 56-64
Root length 15 57-67 46-56 35-45 24-34 13-23

3. Results and Discussion

At the end of the study, it was determined that salt
stress was effective on seed germination in Zinnia.
In addition, there was a wide variation among
cultivars in terms of germination parameters
examined at both control and saline conditions.
The differences in germination parameters were
demonstrated both in daily observations and at the
end of the germination process.

The cultivar differences in terms of radicle
emergence on daily observations were seen in
Figures la and 1b. As seen in Figures, the seed
emergence number was fixed after the third day. In
all Zinnia cultivars, the negative effects of salt
stress on radicle emergence occurred from the first
day. However, in general, Dreamland was the least
affected cultivar from salinity. Different effects of
salinity on radicle emergence were also shown in
Figure 2.

At the end of the germination, we determined
statistically significant differences among the
cultivars in terms of radicle emergence percentages
at both control and salt-containing conditions
(Table 3). In the control group, genotypic
differences were effective on radical emergence,
however, when all cultivars were considered in
terms of radicle emergence, the success rate was
almost above 50%. In the salt-treated group,
differences caused by the genotype were more
pronounced. In general, cultivars of Dreamland
and Double Zahara series generally had higher
radicle emergence ratios, compared to other
cultivars, under saline condition. The lowest

radicle emergence percentages under salt stress
were in Zi. Scarlet and Zi. Rose with the ratios of
32% and 37%, respectively. To explain the effects
of salt stress on the radical emergence, it is more
accurate to consider the reduction rate results
instead of raw data at the control and 100 mM. The
highest radicle emergence reduction was seen in
Zi. Rose (52%). However, in most Dreamland and
Zahara cultivars, in terms of radical emergence,
the reduction rate remained unchanged or
minimum level. Even, the percentage of radicle
emergence at D. Ivory (-19%), D. Scarlet (-7%),
and D. Coral (-7%) slightly increased with salinity.

From daily observations, it was also found that
the germination numbers were stable after the third
day. Daily changes in germination percentage of
cultivars were presented in Figures lc and 1d.
Seed germinations of some Double Zahara
cultivars and most Zinnita cultivars were
negatively affected by salt treatment.

Genotypic differences made a statistical
difference in seed germination (Table 3) in both
control and salt-containing conditions. The cultivar
which had the highest seed germination number in
control treatments was D. Za. R. Ripple followed
by other Double Zahara cultivars. However, D.
Red, D. Scarlet, and Zi. Orange had higher
germination rates than others under stress
conditions. D. Coral, D. Ivory, D. Pink, D. Za. Fire
Improved and D. Za. Salmon followed them.
According to the reduction rate results which
compared seed germination percentage under
control and salt-containing conditions, we noted
significant differences among cultivars. The seed
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Figure 1. Daily changes of radicle emergence percentage (RE-%) (a-control, b-saline) seed germination
percentage (%) (c-control, d-saline), root length (mm) (e-control, f-saline) of Zinnia cultivars on control
(0 mM NacCl) condition and saline (100 mM NaCl) condition
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Control (0 mM)

Treatmant (100 mM)

Figure 2. Radicle emergence images of Zinnia cultivars at the end of the 24" hour

germination percentage of the cultivars in the same
series was generally consistent with each other.
The highest reduction rates in terms of seed
germination percentage were calculated at S.
Cherry-Ivory (48%), D. Za. R. Ripple (48%), and
D. Za. Yellow (48%). In contrast, the germination
percentage of Dreamland cultivars increased with
salinity compared to others.

When root elongation was followed daily
during the experiment, some differences were
observed both between treatments and among
cultivars. The changes in the root lengths of Zinnia
cultivars under control and saline conditions were
presented in Figure le and 1f, respectively. As
seen in Figures, root lengths of all Zinnia cultivars
were dramatically decreased by salinity. The
adverse effect of salinity on root lengths were
revealed from the second day.

There was a quite significant effect of salt
stress on root elongation at the end of the
germination (Table 3). The root lengths of the
cultivars were different in the control group.
However, root length was suppressed in 100 mM
NaCl. The highest values of root lengths were
generally obtained at Swizzle and Dreamland
cultivars and the lowest ones were measured at

Zinnita cultivars, under control conditions. With
respect to salinity, the highest root lengths were
observed at Dreamland cultivars. The most
reduced rates of root length were in D. Za. R.
Ripple, S. Cherry-Ivory, Zi. White and D. Za.
Salmon with 65%, 63%, 62% and 61%,
respectively. The lowest reduction rates of root
length were in Zi. Rose, Zi. Yellow and Zi. Scarlet
with 13%, 24% and 24%.

The relative root growth index (RGI) results
demonstrated the effects of salt stress on the
radicle development stage of the seeds (Figure 3).
Generally, Dreamland cultivars and S. Cherry
Ivory had higher values than the others in terms of
root-RGI when the seeds were germinated under
control conditions. The highest root-RGI was
found in S.Cherry-Ivory under control condition.
On the other hand, the highest root-RGI under
saline condition was found in Zi.Scarlet. The
results on the control were similar, root-RGI of
Dreamland cultivars were higher than the others
under saline conditions. When the reduction rate
was evaluated in terms of root-RGI, the most
reduction was found in D. Za. R. Ripple cultivar
and D. Za. Salmon and Zi. White followed (data
not shown).
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Figure 3. Root relative growth index (RGI) of Zinnia cultivars

The limiting effects of salt stress were also
evident during the developmental stage of
germinated seeds (Table 4). There were
statistically significant differences among the
cultivars in terms of hypocotyl formation under the
control condition. The hypocotyl formation
percentages of cultivars were between 22% and
66% under control condition. However, hypocotyl
and cotyledon formations were reduced by salt
treatment and even completely inhibited in most
cultivars. All Zinnita series cultivars, S. Cherry-
Ivory, D. Za. R. Ripple, D. Za. Yellow and D. Za.
Cherry could not form hypocotyl under saline
conditions. So, the values related to hypocotyl
formation, length of hypocotyl, and cotyledon
were not obtained from these cultivars. Besides,
the lowest reduction rates of hypocotyl formation
were in D. Coral and D. Ivory, 31%, and 32%,
respectively. The cotyledon length of cultivars was
between 3.71 and 7.09 mm under the control
condition. The hypocotyl length of cultivars was
between 7.43 and 19.48 mm under the control
condition. The length of the cotyledon and
hypocotyl were reduced under salt condition. In
terms of the cotyledon length, the lowest values
were in D. Coral (16%) and D. Ivory (28%). And
the lowest reduction rates on hypocotyl length
were also in D. Coral (56%) and D. Ivory (64%).
The negative effects of salt stress on the growth of
germinated seeds can also be seen in the images in
Figure 4.

The negative effects of salt stress during the
germination were also reflected in the fresh weight
results. As it was shown in Figure 5, the fresh
weights of cultivars were affected by salinity. The
highest reduction rates of fresh weight were
obtained from D. Yellow and D. Za. Strawberry.
The lowest reduction rate was found in D. Pink
and Zi. Yellow.

The score values of the cultivars calculated by
evaluating all parameters examined in the study
according to the weighted grading method are
given in Table 5. In the study, there was a wide
variation of the affected level of cultivars by salt
stress. Some of the cultivars were relatively
tolerant, while some of them were quite sensitive.
According to the values (Table 5), the total score
average of twenty cultivars was found as 216.
When cultivars series were considered separately,
it was seen that Dreamland cultivars were 301,
Zinnita cultivars were 168, Swizzle cultivars were
163 and Double Zahara cultivars were 173.
Consequently, the average of Dreamland cultivars
was more than the average of all cultivars. So,
Dreamland cultivars generally were relatively
more tolerant than others in terms of total weighted
ranked values. D. Coral and D. Ivory cultivars had
the highest points among all cultivars, with 410
and 500, respectively, followed by Double Zahara
cultivars. Swizzle and Zinnita cultivars were more
sensitive with the lowest value in Swizzle Cherry
Ivory with 130 points.

In this study, we interpreted the salt stress
tolerance of twenty Zinnia cultivars at the seed
germination and early stage of seedling growth.
Although most cultivars were adversely affected
by salt treatment in general, there was a wide
variation among cultivars in terms of tolerance to
salt stress on seed germination and early seedling
development. Besides, when seed germination was
examined in different groups such as radicle
emergence, germination and, plantlet growth after
germination, it was determined that the cultivars
were affected at different levels at each growth
stage.

Seed germination starts via water uptake and
ends via radicle and plumule emergence from the
seed (Parvin et al., 2019). Radical emergence is the
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Treatment (100 mAd)

RFW (%)

Figure 5. Reduction of fresh weight (RFW - %) on Zinnia cultivars

Table 5. The score of cultivars related to weighted ranked evaluation

Cultivars Root S@ed . Hypocqtyl Cotyledon  Hypocotyl Root Total
emergence  germination formation length length length
D. Coral 80 60 75 75 75 45 410
D. Ivory 100 100 75 75 75 75 500
D. Pink 80 60 15 15 15 30 215
D. Red 80 80 45 60 45 45 355
D. Rose 80 40 15 15 15 30 195
D. Scarlet 100 60 30 45 45 15 295
D. Yellow 40 20 15 30 15 15 135
Zi. Orange 80 60 15 15 15 15 200
Zi. Rose 20 40 15 15 15 45 150
Zi. Scarlet 40 40 15 15 15 30 155
Zi. White 20 20 15 15 15 60 145
Zi. Yellow 40 60 15 15 15 45 190
S. Cherry-Ivory 20 20 15 15 15 45 130
S. Scarlet Yellow 40 20 15 30 30 60 195
D. Za.R.Ripple 60 20 15 15 15 15 140
D. Za. Yellow 40 40 15 15 15 30 135
D. Za. Cherry 40 40 15 15 15 45 150
D. Za. F. Improved 60 40 15 15 15 15 160
D. Za. Salmon 60 20 30 45 60 15 250
D. Za. Strawberry 60 20 15 30 30 30 205
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first stage of seed development. In our study, we
determined that salt stress and genotypic
differences affected radicle emergence. Radicle
emergence was generally not affected at
Dreamland and Double Zahara cultivars from
salinity while Zinnita cultivars were negatively
affected by salt stress. Similar to our results,
negative effects of salt stress on radicle emergence,
seed germination, and plant growth was expressed
in previous studies (Sun et al., 2013; Anderson et
al., 2015; Borsai et al., 2017; Hannachi and Van
Labeke, 2018; Pinheiro et al., 2018).

Seed germination is inhibited by a high salinity
level. Salinity affects the germination process via
altering imbibition water by seeds because of
osmotic stress, metabolic enzyme toxicity,
changing protein metabolism and hormonal
balance, and decreasing seed reserves (Promila and
Kumar, 2000; Othman et al., 2006; Dantas et al.,
2007; Gomes-Filho et al., 2008; Hasanuzzaman et
al., 2013). In this study, the most reduction in
terms of germination percentage was observed at
S.Cherry-Ivory, D. ZaR.Ripple, and D.
ZaYellow. The germination percentage of
Dreamland cultivars were slightly increased with
salinity compared to control. In parallel, Zivdar et
al. (2011) found that increasing salinity decreased
seed germination at Z. elegans. Hannachi and Van
Labeke (2018) reported that seed germination
parameters ~ (germination  percentage, mean
germination time, and mean daily germination)
were adversely affected by increasing saline stress
in Solanum melongena L. Seed germination of
eggplant strongly reduced at 80 mM NaCl.
Furthermore, it was reported that the germination
percentage in Brassica napus importantly
decreased at 150 and 200 mM NaCl (Bybordi,
2010). When Vigna radiata irrigated with 250 mM
NaCl, germination percentage decreased to 55%
(Nahar and Hasanuzzaman, 2009). Carter and
Grieve (2008) showed that snapdragon can be
produced from seed when exposed to salinity up to
14 dS m™! because germination remained at 92%.
Three Portuguese wild beet ecotypes and one sugar
beet were evaluated in terms of salinity tolerance
during  germination and early  seedling
development by Pinheiro et al. (2018). They
showed that the germination of Vaiamonte (VMT)
was the least affected by salinity (98 = 2%
germination in the presence of 200 mM NaCl).
Comporta (CMP) and Oeiras (OEI) populations
had an intermediate sensitivity (53 + 7 and 57 +
7% germination, respectively). CMP was only able
to initiate and maintain radicle emergence, despite
a very small extension (< 3%) in 500 mM NaCl.
Gao et al. (2018) studied five alfalfa cultivars with
salt stress during germination. Salinity caused a

delay of germination on the five cultivars. They
emphasized that the ZhongmuNo.3 cultivar was
tolerant to 200 mM NaCl, but Daxiyang was
sensitive to salinity at the germination stage.
Mohamed et al. (2018) revealed that the maximum
seed germination percentage was observed in
distilled water (100%) followed by 50 mM NaCl
(86%) at  Pancratium  maritimum.  They
demonstrated that the germination percentage was
drastically decreased (50%) in 100 mM NaCl and
was completely inhibited at both 200 mM and 400
mM NaCl. Terrones et al. (2016) analyzed the
effects of salinity on seed germination of three
western Mediterranean autochthonous Tamarix
species (Tamarix africana, T. boveana, and T.
gallica) and the eastern  Mediterranean
allochthonous 7.  parviflora. In  general,
germination was higher at nonsaline conditions,
while germination was delayed under higher
salinities. It was shown that seed germination of 7.
africana dramatically dropped at 1% salinity (from
23.7% to 4.1%), whereas for 7. boveana and T.
parviflora germination decreased at 6% salinity
(from 95% to 42% and from 89% to 14%,
respectively), though 7. boveana still retained a
high germination percentage. Seeds of 7. gallica
showed intermediate behavior and no germination
was recorded for 6% salinity. Similarly, we
observed decreased germination similar to reports
on literature.

Formation and development of cotyledon and
hypocotyl are negatively affected by salinity due to
limiting most of the metabolic pathways. Seedling
parameters (forming hypocotyl, root, cotyledon
and hypocotyl lengths, fresh weight) were
analyzed as well as the emergence and germination
parameters in this study. These seedling
parameters were drastically decreased by salinity.
Similarly, the highest root length was recorded in
the control by Zivdar et al. (2011) and the lowest
was at 12 dS m™ in Z elegans L. Zanetti et al.
(2019) revealed that plumular and radicular length
decreased at switchgrasses [Alamo (lowland) and
Shawnee (upland)] as salinity increased and
Shawnee had a considerably lower germination
rate than Alamo, in particular under critical salinity
level (14 dS m™). Bybordi and Tabatabaei (2009)
evaluated germination and seedling responses of
five rapeseed cultivars to salinity stress levels [0
(control), 5, 10, 15, and 20 dS m']. As salinity
increased, rate and final germination, radicle and
plumule length and fresh weight significantly
decreased. Fresh biomass, total seedling length,
hypocotyl, root, and cotyledon lengths of the beet
populations under control and 200 mM NaCl
treatment were analyzed by Pinheiro et al. (2018).
It was revealed that seedling fresh biomass and
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hypocotyl, root, and cotyledon lengths in all the
beets decreased under salt stress. Esechie et al.
(2002) emphasized that salinity had an adverse
effect on seedling emergence. It was found that the
highest salinity treatment (12.2 dS m™) caused the
lowest seedling emergence percentages. Hypocotyl
injury was implicated as a possible cause of poor
seedling emergence in chickpea under saline water
irrigation and was less severe when pre-germinated
seeds were used. Borsai et al. (2017) revealed that
seed germination and early seedling growth of all
tested Portulaca taxa are inhibited in the presence
of increasing concentrations of both, PEG (osmotic
stress) and NaCl. Germination and all determined
seedling parameters (germination percentages and
velocity, seedling fresh weight, seedling vigor
index, and radicle, hypocotyl, and cotyledon
lengths) decreased under stress conditions. In the
study of Memon et al. (2010), it was found that
some of Pak choi seeds’ (“Ak-17, “Ha-1” and
“S1-17) radicle weight increased in low salt level,
whereas others (“Ba-17, “Qd-1” and “Li-17)
radicles weight decreased. Hypocotyls weight
increased in low salt concentration at “Ba-17,
“Ak-17, “Ha-1” and “SI-1” cultivars. Furthermore,
‘Qd-1” and “Li-1” hypocotyls weight significantly
reduced. Cotyledons weight of all cultivars
increased under salt stress except“Li-1".
According to the results of most studies, salt stress
could cause reduced biomass production. Because
plants respond by reducing leaf area to salinity.
Thus, plant water potential could negatively be
affected by salt stress. Consequently, plants’
biomass could be reduced by the salinity.

4. Conclusions

As a summary, the germination and growth
parameters of Zinnia cultivars were negatively
affected by salinity (100 mM NaCl). Radicle
emergence of D. Ivory, D. Scarlet, and D. Coral
slightly increased with salinity. The most radicle
emergence reduction was seen in Zi. Rose. The
most reduction in terms of germination percentage
was observed at S. Cherry-Ivory, D. Za. R. Ripple,
and D. Za. Yellow. In contrast, the germination
percentage of Dreamland cultivars increased with
salinity comparing to control. The most reduction
percentages of root length were in S. Cherry-Ivory,
D. Za. R. Ripple, Zi. White and D. Za. Salmon.
The lowest reductions of root elongation were in
Zi. Rose, Zi. Yellow and Zi. Scarlet. The lowest
reduction value of forming hypocotyl was in D.
Coral and D. Ivory. It was found that cotyledon
and hypocotyl length reduction was the lowest in
D. Coral and D. Ivory. When all germination and
growth parameters under saline conditions were
evaluated, Dreamland cultivars, especially D.

Ivory and D. Coral, were less affected from the
salinity than other cultivars. Consequently, it could
be pointed out that germination capability and the
following developmental stages of Zinnia cultivars
are sensitive to salt stress.
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