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ABSTRACT

Salinity limits the rice germination and seedling growth at early growth stages. This study aimed to determine the
morpho-physiological response of seventeen Turkish rice genotypes to four NaCl salinity stress (0, 40, 80 and 120 mM)
under in vitro conditions during seed germination and early seedling stages. The effects of NaCl stress on water uptake,
germination ratio, root length, shoot length, root fresh weight, root dry weight, shoot fresh weight, shoot dry weight, ion
contens (Na, K, Ca and K/Na) for both root and shoot, and photosynthetic pigments (Chl a, Chl b, Chl a+b and
carotenoid) in 17 rice genotypes were investigated in the experiment. The values of all traits were decreased by
increasing the NaCl levels (p < 0.05), and genotype specific variations were identified under salt stress (p < 0.05). The
investigated traits were decreased by salt stress including germination rate (43.1%), root and shoot lengths (80.3 and
78.4%), root fresh and dry weights (85.9 and 83.1%), shoot fresh and dry weights (70.4 and 64.9%), root and shoot K/Na
(97.8 and 98.6%), and chl a (44.3%). According to genotype, genotype x environment (GGE) biplot analysis, principal
components (PC1 and PC2) represented (38.02 and 18.39%, respectively) 56.41% of the total variation among the
genotypes under salt stress. Gonen cultivar showed greater performance for the investigated traits, and had the highest
salt tolerance among the cultivars. It is concluded that Gonen cultivar could be recommended for the region.
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INTRODUCTION (Akbarimoghaddam et al., 2011; Shereen et al., 2011,

Balkan et al., 2015; Dogan and Carpici, 2016). Many

A major portion of global population consumes studies have reported that high level of salinity in rice

rice (Oryza sativa L.) at least once a day (Chauhan et al., reduces shoot and root length and shoot and root fresh-

2017). Rice was grown on an area of 116.056 ha in dry weight (Haq et al., 2009; Kazemi and Eskandgri,
Turkey and yielded 920.000 tons of paddy during the 2011; Hussain et al., 2013; Balkan et al., 2015; Sola}ngl et
year 2016 (TUIK, 2017). Weeds, rice blast discase al., 2015; Zafar et al., 2015; Dolo et al., 2016). It is also

(Pyricularia oryzae) and salinity are the major factors reported that lower Na, higher K and K/Na ratio provides
that limit the rice growth and yield. It is predicted that salt tolerance in rice (Tatar and Gevrek, 2007; Tatar et
salinity will cause far more losses to rice yield in the al., 2010; Hussain et al., 2013; Zafar et al., 2015). The
future more than the other factors. Salinity, which salt stress limits the plant growth besides other abiotic
restricts crop production, can occur as a result of natural stresses. The closed stomata, limited CO uptake and
factors as well as improper agricultural practices. insufficient photosynthesis are the reasons for the
Furthermore, most of the soils in rice areas are naturally reduction in plant growth as a result of salinity. Singh ez
saline (Hussain ez al., 2018). al. (2009) reported that salt stress shortened the plant
The rice plant is described as moderately salt height of rice, reduced the leaf area, lowered the dry
tolerant (Xiong et al, 2014; Rahman er al, 2016). weight and limited the photosynthesis and chlorophyll
Therefore, it is an appropriate crop for saline soils content.
(Hussain et al., 2018), but the level of salinity tolerance In recent years, GGE (genotype, genotype x
varies in rice genotypes (Khan et al., 1997). The salinity environmet) biplot analyses were used to evaluate many
affects seed germination by creating osmotic stress due to crop plants in different experiments. One of the main
reduced water uptake or through ionic imbalance due to reasons for researchers to use this analysis that it enables
toxic effects of sodium (Na') and chloride (ClY) ions to build graphics indicating more than one traits of the
(Hosseini et al., 2003; Hussain et al, 2018). The  genotypes and provides a comparasion between
increased salt level of the conditions lowered the water genotypes and traits, since the salt tolerance is highly
uptake of the seeds and germination rate related with germination and seedling stage traits (Yan et
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al., 2000; Yan, 2001; Sayar and Han, 2015 and 2016;
Kendal et al., 2016; Erdemci, 2018).

The aims of the study were i- to determine and
compare salt tolerance of the genotypes at germination
and early seedling stages, ii- to determine the varieties
that could be grown in the rice cultivation areas with the
salinity problem and to recommend the varieties with the
highest tolerance to salinity, iii- and to find out rice
genotypes which could be used in future rice breeding
programs to improve salt stress tolerance in 17 Turkish
rice genotypes widely grown in Turkey.

MATERIALS AND METHODS

The 17 Turkish rice cultivars that were provided
by Thrace Agricultural Research Institute of Turkey were
used as plant materials. The genotypes used in the study
were; Osmancik-97, Gonen, Halilbey, Edirne, Gala,
Cakmak, Hamzadere, Efe, Pasali, Kale, Yatkin, Biga
Incisi, Tosya Giinesi, Siirek M711, Balaban, Sarhan and
Ulfet.

The seeds of the rice genotypes used in the
experiment were surface sterilized with 10% sodium
hypochlorite solution for five minutes and then rinsed
with distilled water. The seeds were placed into 11 cm
diameter petri dishes each having 25 seeds on a double-
layer filter paper. Afterwards, 15 ml of relevant salt
solution, including 0, 40, 80 and 120 mM NaCl were
added to petri dishes for each salt concentration and put
into the incubator at 25+1 °C for eight days.

The investigated traits such as water uptake
(WU-%), germination ratio (GR-%), root length (RL-
cm), shoot length (SL-cm), root and shoot fresh weight
(RFW and SFW-mg) and root and shoot dry weights
(RDW and SDW-mg) were measured as described in the
literature (Akbarimoghaddam et al, 2011). The plant
samples were prepared to determine ion contents by
burning at 500 °C for 6 h and the ashes were dissolved
with 2 ml of 10 N Nitric Acid (HNO3). The readings were
performed using Flame photometer (BWB Technologies)
(Miftiioglu et al., 2014). The photosynthetic pigments
were determined in fresh leaf samples before harvest. The
fresh leaf samples (500 mg) were homogenized with
acetone (90% v v'!'), the homogenate was filtered and
made up to a final volume of 10 ml. The absorbance of
homogenate was measured at 663, 645, and 470 nm using
a spectrometer (Shimadzu UV-1201; Tokyo). Finally, the
concentrations of chlorophyll a (Chl a), chlorophyll &
(Chl b), chlorophyll a+b (Chl a+b), and carotenoids
(Car) were calculated according to the formulas showed
below by Lichtenthaler (1987).

Chl a (mg/g FW) = (11.75 x Ae¢e3z) — (2.35 x
Aess) x V/ FW

Chl b (mg/g FW) = (18.61 x Aess) — (3.96 x Aes3)
x V/FW
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Car (mg/g FW) = (1000 x A470) — (2.27 x Chl
a)—(81.4 x Chl b) /227 x V/FW

Where; A: absorbance at wavelength, V: the
final volume of acetone solution, and FW: the fresh
weight of leaf samples in mg.

Statistical analyses: The experiment was arranged in a
completely randomized factorial design with three
replications. The experimental data was analyzed using
ANOVA procedure with the JMP software (JMP, 2007).
Duncan’s Multiple Range Test was used to compare
mean data. GGE biplot analysis was carried out using
GenStat 14 edition as described by Yan (2001).

RESULTS AND DISCUSSION

Germination and Seedling Traits: The water uptake of
seeds was significantly affected by salinity levels and
their interactions (Table 1). At the end of 24 h for mean
values, the highest water uptake rate was 29.60% by
Halilbey genotype, while the lowest water uptake rate
was 25% by Siirek M711 genotype. The average water
uptake rate was 26.93% among the rice genotypes. Salt
concentrations had a negative effect on water uptake rate
at 24 h, and there was a decrease water uptake with an
increase in salt concentrations. According to mean
salinity levels; the highest water uptake rate (28.89%)
was found in control treatment while the lowest water
uptake (25.19%) was found for 120 mM salt
concentration (Table 1).

For germination rate, NaCl concentrations and
genotype x salt concentration interactions varied between
9.3 and 100%. The highest germination rate was obtained
from Cakmak and Gonen varieties with 100%
germination rate at control level. In contrast, the lowest
germination rate (9.3%) was noted for Halilbey variety at
120 mM NaCl dose. Among the varieties, Biga Incisi
(90.6%) was the variety that had lowest effect by salt
stress, and Halilbey (44%) was the most sensitive variety.
The decrease in germination rates of some varieties were
declined gradually with increase in NaCl doses, the
reduction rates in some varieties were more severe and
irregular (Table 1). The rice cultivars were found variable
for root length. The longest root lengths were obtained
from Biga Incisi, Tosya Giinesi, Yatkin, Gonen and Gala
cultivars as 4.84, 4.81, 4.80, 4.75 and 4.69 cm,
respectively while the shortest root length was obtained
from Halilbey cultivar as 3.35 cm. The root length was
gradually decreased by increased salt concentration and
the reduction was recorded as 80.27% at 120 mM salt
concentration compared to control group. Genotype x salt
concentration interaction was identified as significant for
root length. Therefore, Edirne cultivar had the highest
root length at 0 mM salt concentration with 8.83 cm,
while Cakmak cultivar had the lowest root length at 120
mM salt concentration with 0.70 cm (Table 1). According
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to shoot lenght analyses, the highest shoot length was
obtained from Gonen cultivar as 3.91 cm while the
shortest shoot length was obtained from Halilbey cultivar
as 2.16 cm. The shoot length was decreased significantly
as a result of increasing salt concentration doses, and the
shoot length was decreased by 78.42% at 120 mM salt
concentration compared to control dose. Genotype x salt
concentration dose interaction was significant on shoot
length, while Gonen and Hamzadere varieties had the
highest shoot length with 596 cm at 0 mM salt
concentration, Gala and Kale varieties had the lowest
shoot length wvalues of 0.76 cm at 120 mM salt
concentration (Table 1).

The root fresh weight was found significant
among the rice cultivars and the highest value was
obtained from Yatkin cultivar (20.34 mg), while Halilbey
had the lowest value with 7.12 mg. In addition, the root
fresh weight was decreased with the increased salt
concentrations and 120 mM dose had 85.89% decrease
compared to control. The genotype x salt concentration
interaction was found important for root fresh weight and
Gonen cultivar had 36.18 mg root fresh weight at control
dose, while Siirek M711 cultivar had the lowest root fresh
weight with 1.01 mg at 120 mM dose (Table 2). There
were significant differences among the rice cultivars and
genotype x salt concentration interaction for shoot fresh
weight. The highest shoot fresh weight values were
obtained from Gonen and Biga Incisi cultivars as 12.97
and 13.31 mg, respectively and the lowest value was
found as 6.55 mg from Halilbey cultivar. The shoot fresh
weight value of the cultivars decreased by increased salt
concentrations and according to salt concentrations, a
decrease of 70.36% was measured between 120 mM to
control dose. The Biga Incisi cultivar had the highest
shoot fresh weight with 20.43 mg at control dose, while
Halilbey cultivar had the lowest shoor fresht weight with
2.39 mg at 120 mM dose (Table.2).

The rice cultivars and genotype salt
concentration interaction were differed for root dry
weight (RDW) (p <0.01). The highest RDW was
obtained from Yatkin cultivar with 2.3 mg, while
Halilbey cultivar had the lowest RDW with 1.07 mg.
There was an 83.06% decrease between 120 mM and
control doses. The Gonen cultivar had the 3.94 mg RDW
at 0 mM dose, while Siirek M711 had the 0.03 mg at 120
mM dose (Table 2). The significant differences were
identified between rice genotypes and genotype x salt
concentration interactions for shoot dry weight (SDW).
While the Gonen cultivar had the highest SDW with 2.35
mg, and the Halilbey cultivar had the lowest SDW with
1.22 mg. The decrease between 120 mM to 0 mM salt
concentrations was measured as 65%. The Biga Incisi
cultivar had the highest SDW with 3.27 mg at 0 mM
concentration, while Siirek M711 cultivar had the lowest
SDW with 0.34 mg at 120 mM dose (Table 2).
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The Na and Ca rates were increased with high
salt concentration in both root and shoot, while K and
K/Na concentrations decreased which was observed in all
genotypes and lower Na and Ca levels were accumulated
in the shoots rather than roots. This result might be
related with the direct relationship between root and
NaCl. The lowest and highest Na concentrations were
measured in Génen (34.02 mg/g) and Ulfet (91.51 mg/g)
cultivars in the roots, respectively. While the highest Na
was observed in Balaban, Ulfet and Osmancik-97 (53.04,
54.47 and 54.52 mg/g, respectively) cultivars, the lowest
Na was measured at Gonen (31.41 mg/g) in shoots. On
the other hand, the highest K value was observed in Ulfet
cultivar with 12.83 mg/g and the lowest K concentration
was obtained from Gonen with 8.56 mg/g in roots, while
the highest K value was measured in Osmancik-97
cultivar with 18.24 mg/g. In addition, Balaban cultivar
has the lowest K with 12.19 mg/g in shoots. In terms of
Ca concentration in roots, Ulfet cultivar had the highest
value with 6.18 mg/g and Gonen had the lowest value
with 2.38 mg/g. While Balaban had the highest values as
2.93 mg/g, Osmancik-97 had the lowest Ca concentration
as 1.39 mg/g in shoots. In addition, the highest K/Na
value was obtained from Biga Incisi cultivar with 1.04
and the lowest one was obtained from Balaban cultivar
with 0.54 in roots. Biga Incisi cultivar had the highest
K/Na concentration with 4.22, while Ulfet cultivar had
the lowest one with 1.85 in shoots (Table 3 and 4).

According to these results, osmotic pressure was
increased with an increasing in salt concentrations, which
decreased the water uptake of the seeds. Salinity inhibits
water uptake of the seeds and this has been reported by
Akbarimoghaddam et al. (2011) for wheat, Shereen et al.
(2011) and Balkan et al. (2015) for rice and, Dogan and
Carpici (2015; 2016) for wheat and triticale. Ekmekgi et
al. (2005) reported that reduction in germination rates
because of increased salt levels was due to toxicity of Na*
and CI ions. Furthermore, water imbibition required for
the seed germination was blocked due to increased
osmotic potential. Our results were in agreement with the
findings of other researchers who have reported that the
germination rates of genotypes were decreased with
increasing  salt concentrations in major crops
(Dumlupmar et al., 2007; Datta et al., 2009;
Akbarimoghaddam et al., 2011; Hussain et al., 2013;
Mahmoodzadeh ef al., 2013; Balkan et al., 2015; Solangi
et al., 2015 and Zafar et al., 2015).

For the root length, similar results were reported
by Atis (2011) for sorghum, Uyanik et al. (2014) for
canola, Balkan et al. (2015) for rice, Solangi et al. (2015)
for rice and Zafar et al. (2015) for rice, Dolo et al. (2016)
for rice. However, Hussain et al. (2013) indicated that
root length in rice was increased by higher salt
concentration which was inconsistent to our findings. As
the salt concentrations were increased, the length of the
shoots was decreased. This situation was a result of
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negative effects on water uptake caused by the toxic
effects of the salt ions and the osmotic pressure. Similar
results were reported for sorghum (Atis, 2011), canola
(Uyanik et al., 2014), and rice (Hussain et al., 2013;
Balkan et al., 2015; Solangi et al., 2015).

The root fresh weight values were lowered by
higher salt concentrations. Similar findings were reported
by Balkan ef al. (2015) and Solangi et al. (2015) in rice.
We found that shoot fresh weight values were decreased
with increased salt concentrations. Our findings were in
agreement with Haq et al. (2009) for rice, Atis (2011) for
sorghum, Hussain et al. (2013) for rice, Uyanik et al.
(2014) for canola, Balkan et al. (2015) for rice, Solangi et
al. (2015) for rice and Zafar et al. (2015) for rice. The
results indicated that root growth was significantly
decreased under severe salinity stress. Our results were
also in agreement with the findings of Kazemi and
Eskandari (2011), Balkan et al. (2015), Solangi et al.
(2015), Zafar et al. (2015) and Dolo et al. (2016) who
found that RDW was inhibited by high salinity levels in
rice. It is also determined that high salt concentrations
lowered the shoot dry weight which was supported by the
results of the previous works in rice (Haq et al., 2009;
Balkan et al., 2015; Solangi et al., 2015; Zafar et al.,
2015).

In previous works; Tatar and Gevrek (2007)
reported that increased salt concentrations caused an
increase in leaf K/Na rates. Haq et al. (2009) also
indicated that increased salt concentrations raised the Na
1on accumulation in the shoots, while decreased the K ion
accumulation. It is concluded that, one of the key features
of plant salt tolerance is the ability of plant cells to
maintain optimal K/Na ratio in the cytosol, when exposed
to salt stress (Maathuis and Amtmann, 1999; Carden et
al., 2003; Tester and Davenport, 2003; Ashraf, 2004;
Kaya et al., 2012).

Photosynthetic Pigment Contents: Genotype, salt
concentrations and genotype salt concentration
interactions were found significant for photosynthetic
pigments. The Chl a pigment value was increased at 0
and 40 mM doses, while decreased at 80 and 120 mM salt
concentration doses. The highest value obtained from
Halilbey with 0.199 mg/g, while the lowest one obtained
from Pagal1 cultivar with 0.344 mg/g. On the other hand,
the Chl b pigment content was increased at control and 40
mM doses, while decreased at 80 mM doses, but had the
highest content 120 mM dose. The highest Chl b pigment
content at 120 mM was due to closed leaves of the
shoots. Siirek M711 had the highest content with 0.195
mg/g, and the lowest ones were obtained from Cakmak
and Gonen cultivars with 0.080 mg/g. In addition,
caratenoid pigment contents increased at control and 40
mM doses and decreased at 80 and 120 mM salt
concentration doses. The highest carotenoid value was
obtained from Pasali cultivar with 0.205 mg/g, while
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Halilbey cultivar had 0.124 mg/g as the lowest. The Chl
a+b content was higher at control and 40 mM doses, in
contrast, it was decreased by 80 and 120 mM doses. The
Stirek M711 and Haliley cultivars indicated the highest
(0.506 mg/g), and the lowest (0.310 mg/g) wvalues,
respectively (Table 5).

It was determined that Chl ¢ was much more
affected than Chl b under salt stress which was also
indicated by Lutts et al. (1996) and Tatar et al. (2010). It
was also reported that chlorophyll pigment concentration
was significantly changed under different salinity
concentrations (Tatar and Gevrek, 2007; Aliu et al.,
2015).

Evaluation of Genotype and Traits using GGE Biplot
Analysis under Salt Stress: The GGE biplot analysis was
performed to present a visual demonstration of the study.
In recent years, the GGE biplot analysis was preferred by
plant breeders and it provides interpretation of
releationships between genotypes and environments,
investigated traits and environments and correlations of
investigated traits (Kendal et al., 2016; Aktas et al., 2017;
Erdemci, 2018). The biplot can be used reliably and
provided the explaining an adequate amount (=50%) of
total variation (Yan ef al., 2000). Accordingly, the results
of the present study revealed that principal component
analysis explained 56.41% of the total variation where
38.02% was represented by PCI1 and 18.39% by PC2,
respectively (Figure 1, 2 and 3). The biplot analysis
showed the most promising characters as a selection
criteria for the cultivars used in this study. As shown in
Figure 1, the genotypes and investigated traits were
separeted by 5 mega-environments and differed in the
distribution of genotypes. The Gonen variety found on
the corner of the polygon in Figure 1 (which-won-where)
shows the relationship between the genotypes and the
features examined, the genotype has the highest values
for SFW, RFW, SL, SDW, RDW, GR, RL, Chl a, Chl a +
b, Car and shoot K. Halilbey was located on the corner of
the polygon, but has no ideal properties for any
characters. The genotypes at the corner of the polygon
were found to have the most ideal or undesirable
properties in terms of their characters. The ranking model
of GGE biplot showed genotypes based on mean and
stability of traits in Figure 2. The comparison model of
GGE biplot also showed ideal genotypes based on traits
in Figure 3. According to ranking and comparison of
genotypes based on their traits (Figure 2 and 3), Gonen
was an ideal genotype. Furthermore, these genotypes can
also be considered as ideal since its values for almost
investigated traits. Other researchers have reported
similar results for wheat, triticale and chickpea (Kendal et
al., 2016; Aktas et al., 2017; Aslan et al., 2017, Erdemci,
2018).
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Table 1. Water uptake, germination rate, root lenght and shoot lenght of rice cultivars under different salinity levels.

Water uptake (%) Germination rate (%) Root length (cm) Shoot length (cm)
Salinity levels (mM)
Cultivars 0 40 80 120 Mean 0 40 80 120 Mean 0 40 80 120 Mean 0 40 80 120 Mean
Halilbey 31.93®  28.06°" 28.83°7 28709  29.60° 76.0"™ 66.6™ 240° 93" 4407 643% 3509 233" 116" 335 416™ 220 130 1.00 2.16*
9O7sman°‘k' 3030 29.63*T  28.03°"  27.70°°  28.91® 94.6%¢  96.0c 88.0°"  18.6" 7431 6.308™  4.83° 25675  0.90% 3.65¢ 4539 44350 26309 1.03%Y 3.15%¢
Cakmak 29.66%¢  27.10°7  26.20™ 2580  27.19%  100.0° 93.3*° 74.6r™ 253" 733¢ 6507 6.60%  2.00%  0.70*  3.95¢ 4565 4365 2307 0969  3.05"
Gonen 26505 26.03" 2510 24.66°*  25.57°  100.0° 93.3*¢  86.6"1 53.3%5 833 6867 836 2.86%° 093" 475 596" 5400 326™° 1.03%Y  3.91°
Hamzadere  30.20°¢  29.63*T 267325  23.60"™  27.54% 96.0*¢  96.0°¢ 90.6*T 48.0r' 82.6° 6.135" 64351 213" 093" 3.90% 596* 516> 2537  0.86Y  3.63%®
Efe 27.03°° 25967 25.33™Y  25.10°%  25.85% 97.3%¢ 9207  90.6°T 72.0%° 88.0% 506 7.20%¢ 32697 0.90° 4.10> 423* 5032 286 086 3.5
Gala 28.86°" 28361 27.43°P 2643 2777% 9207  81.3°%  86.6%1 41.3% 7539 92% 606 2.56%° 093"  4.69° 546 5330 26007 076"  3.54%
Pasali 30.10°  27.46°°  27.00°°  26.061°  27.65%* 96.0° 94.6%¢ 853%1  58.6Pr 83.6° 4.93°  583rP 33097 093%™ 3757 4438 430" 166 0.80  2.80"
Edirne 28.96°"  28.90<  27.33%4 2636 27.89% 81.3°% 613%™  60.0°°  26.6° 57.3° 883 550 26695 1.03** 4.50® 550 3665 1.937  1.00™ 3.02¢"
Balaban 26.90°°  26.40™ 2490 2420  25.60° 90.6*T 89.3% 76.0M" 74.6r™  82.6° 6.867 64081 2.56%° 206 4.47% 340t 3430 136%  LL13vY 233K
Ulfet 301040 28.20°™ 273640 25.70%Y  27.84% 8264  77.3%1  64.0™9  58.6°r  70.6° 523™ 5707  2.53%% 2165  3.90% 423* 346" 146" 126"  2.600
Sarhan 26.16™  2530™  24.86°Y  24.46%Y  2520°  96.0°¢  92.0°T 82.6%% 8267 883% 7.03%h 673  2.10% 2367 4550 4639 4067 1437 1407 2.88™
Yatkin 28.53¢%  27.60°°  27.13°% 2630 27.39°  98.6% 9207 88.0*h  77.3¢  89.0® 5635 770  2.86%% 3.03%°  4.80° 513> 493> 2335 200¢  3.60%

Biga Incisi 27.36%° 2676 2433 2330™  2544°  97.3*  96.0°°  92.0°" 77.3¢1  90.6° 6.76°7 7.93%¢ 3309T 1.36™ 4.84° 543" 546> 1.967% 1.10%Y  3.49

é?isn};aéi 32.26* 27.70¢° 21.23% 20.93% 25.53¢ 813 76.0bm 733im  573pr 72.0¢ 7.80>¢  7.53%f 290%  1.03"* 4.81* 5.03> 4.56% 2.70°°  1.03%Y¥ 3.33bc
Stirek M711  26.26™  25.33™Y  24.90°" 23.50"W 25.00° 89.3*&  88.0*h  73.3in 40.0 72.64 6.56¢  7.53¢f  2.16%" 1.10%* 434>  476% 480 1.30*Y  0.80% 2.91%
Kale 30.03*9  29.36>%  26.83°° 25.53 27.94% 986  88.0*"  80.0fk 72.0%° 84.6™ 6.73%9 596" 2.10°vV  0.83% 3.90% 45657 4.46% 1.83%" 0.76" 2.90"
Mean 28.89 2 27.57°% 26.09 ¢ 25.194 26.93 9224 86.6° 77.4°¢ 52.54 77.1 6.64°2 6.46% 2.60° 1.31°¢ 4.25 48272 441° 2.08°¢ 1.04¢ 3.08

LSD . . . . SL: CxSL: . SL: CxSL: . SL: CxSL:
(P<0.05) C:1.42 SL: 0.69 CxSL:2.84 C:6.08 295 12.16 C:0.53 026 1.06 C:0.34 016 068

F values c: SL: ™ CxSL:* c:™ SL: ™ CXEL: c:" SL: ™ CXEL: c:™ SL:™* CxSL:™

Table 2. Root and shoot fresh — dry weights of rice cultivars under different salinity levels.

Root (fresh weight) Root (dry weight) Shoot (fresh weight) Shoot (dry weight)
Salinity levels (mM)

Cultivars 0 40 80 120 Mean 0 40 80 120 Mean 0 40 80 120 Mean 0 40 80 120 Mean

Halilbe 16.14™  584™  3.81% 2,72 7.131 247 142 0.26% 0.14* 1.07¢  11.42k1 797" 4434 2.39% 655 1.817  1.67" 0947 (.44% 1.22h
Y

9O7smanc1k— 17.498%  21.44°h g8 149 3.79% 12,7198 2,924 245 1.82°%  0.62** 1.95°¢ 11.03™ 13.22¢' 737" 3.80* 8.85°% 2.10™ 2.08™™ 157" (.48~ 1.568
Cakmak 17.848%  14.66"°  5.69™Y 3.29%Y 103789 226 1.81°% 114" 0.64** 146 13.609 12.59"  8.53v 420 9.73% 217" 1.87%9 1.50%"  0.60* 1.54¢
Gonen 36.18*  24.11°f  9.82°¢ 1.78% 17.97®  3.94*  3.00%  1.65% 0.26%  2.21% 1840 17.70¢ 11.07™ 4.73* 12.97* 3.24*  3.13* 2,02 1.00*¥ 2.35°
Hamzadere 18.688% 17.638% 5.18%Y 223" 10.93% 377 2944 120 0.394  2.10% 16.21°¢  14.07"" 751" 410 1047 291*¢ 2557 1.79"  0.90"  2.04%
Efe 15.27  18.065%  11.90+ 1.61% 1171 2.87% 2.57%0  2,05™ 0.35%  1.96%¢ 12,16 13258  9.49% 4494  985% p24%k 216t 1.907P 0.98%% 1.82%f
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Gala 15.86r™  22.65°%  930P%  1.55%  12.34%h  334bc 30047 1.84°7 0267 2.11%¢  11.92r7  15.65%7  8.64%Y  3.47% 992 233¢y 224k 807 0939 ].83%
Pasali 19.895  22.71°% 1049 351"  14.15% 30094t 268  1.60%  0.66°° 2.01%* 13.185™ 13.728  7.05%Y 4489  961% 21451 2.11M 1397 093w |64k
Edirne 15.07° 8967  2.82%Y  281% 7428 250t 477 046 0397 121%  13.99% 9.86M  5.53%  351% g§228 252be QI 123 (0367  1.55¢
Balaban 11.39™9  11.36™1 588~ 5667 8578  2.84% 211ma 096" 099  1.72% 893 858 5027 479 6831 221% 1977 1.09%Y 0872  1.54¢
Ulfet 17.04M 141050 5547 255% 98I 249 2367 095%% 05974 1.60° 11.837  9.520% 504"  345%  769M 2.04™ 1.97r° 137°%  119%  1.65%
Sarhan 19385 13.9550  2.45%Y 231 95270 3.03%h 223™  020% 080" 159 13.86% 11.16" 476 4327 853 2198 2271 1027 1.01%Y  1.63%
Yatkin 3345 3486° 5897 7.18%Y  2034° 378 29641 089"  1.59%  230° 1528t 17.18"  7.76"%  6.06%* 11.57° 2.39h 2331 1457  1.70™  1.96%
Biga Incisi  31.53®  27.21% 5007  2.17%Y  16.48% 3.69% 286"k 0.74%% 0267  1.889  20.43%  18.26™ 9.58%% 4997 [33]* 327° 20980 1645 0.94% 221
E}?lsnyeas] 26700 21.89%h  6.720%  322% 1463 31657 2.82¢ 127 0497 1.93%  18.00% 14.0371  7.48" 4077  10.89% 2.92% 262 143 0767  1.93
i’/}‘;ﬁ 2620 15077 5027 1.01Y  11.85%1 3.40°0 174" 081%®  0.034  1.49° 13908 10.26°° 4.98%  283F 799%h 205+ ]86ka (076" 0347 125"
Kale 208157 21.84%h 7919V 3348y (3479 254en 2330 [ [5% 037 1.60°  13.43%% 1117 8785 473 953%f o4 I 1457 0872 ]61¢
Mean 21.12°  1861° 656° 298¢ 1231 3.07° 240° 1.13° 0529 178 13.97° 12.83° 729° 4149 955 239° 224° 143° 084° 172
LSD . . _ _ _ CxSL: . _ CxSL: . SL: CxSL:
(P<0.05) C:2.57 SL: 1.24 CxSL:5.15 C:0.27 SL: 0.13 055 C:i1.00 SL: 0.48 S0 G198 olo 039
F values c: ™ SL: ™ CxSL: ™ c:H SL: ** CxSL: SL: ** CxSL: (oo SL:** CxSL:**

Table 3. Shoot Na, K, Ca and K/Na of rice cultivars under different salinity levels.

Na K Ca K/Na
Salinity levels (mM)

Cultivars 0 40 80 120 Mean 0 40 80 120 Mean 0 40 80 120 Mean 0 40 80 120 Mean

Halilbey 1.39Y  46.90™  58.36¢ 78.29¢ 46.24°  19.19  17.27"7  11.39% 6.68% 13.63"  1.43% 239% 3627 083" 2.07¢ 13.77° 037" 0.19"" 0.08"  3.60°

g7smanc1k- 2,697 32.62™*  46.46™P 136.32*  54.52* 23.73%  2555° 16.83°% 6.87% 18.24*  0.31*  2.07™% 2.89% 031" 139" 8.78 0.78" 036"  0.057  2.49M
Cakmak 2.03¥  35.39"™v  50.63™ 69.76°"  39.45¢ 18.22™P 22,591 1428 6.53" 15.40% 023" 1.819 2.13"  4.61® 220° 8951 0.64"  0.28"  0.09¢  2.49%
Gonen 1.48  33.57"*  41.727¢ 4888 31411 15.759%  19.14"  17.12°F 1436 16.59%  0.18" 1.79% 2.11™% 291% 1.75¢ 10.60 057" 041" 0.29" 2.97%f
Hamzadere 1.66Y 33.11"™*  48.70%" 52,1817 33918 19.71r™  23.34%4  16.69° 9.484 17.31%4 0.18"  1.78¥ 255 3128 1.91% 11.89%¢ (.70™ 034" (0.18°T  3.28°
Efe 2.03  30.83™*  40.73%¢ 74.35% 36.997  20.61%  22.71<°  18.06™F 11.507 18.22¢  0.22*  1.94°7  236kP  3.74% 2,079 10.14% 0.73™ 044  0.15¢ 2.87°
Gala 1.82Y  30.54™  44.87™1 84.07° 40.32%  17.45™  2221¢h 1598+ [3.10%7? 17.19%¢  0.03" 1.799 259K 476%® 229 958" 073m (0357 Q.15 270
Pasal1 1.83Y  38.49™ 61.81¢ 72810 4374 19.60r™ 22.34°¢  13.37%®  10.57* 16.47%  0.05% 2.09™ 3.098% 3.83% 227 10.67° 0.58"9  0.22"" 0.14PT  2.90°%
Edirne 2.16Y  47.66"° 63.008 73.66%"  46.62° 24.84® 19.881™ 15414 12.25 18.10®  0.21v 2,52 334¢h  389¢  249° 11.56¢ 0.427  0.24™T  0.16PT 3,10
Balaban 1.84" 38.42™ 87.61° 84.29¢ 53.04*  14.44™™  16.91°° 8.81%* 8.63 12.191  0.03* 2.17%1 437" 5.15*  2.93*  7.820 044" 0.10¢  0.10"  2.11
Ulfet 317 39.85™ 69.08" 105.79°  54.47°  20.74%F  21.56%1  13.59¥*  12.44%*  17.08%¢ 027" 2.48™ 354 518 2.87° 655  0.547  0.19"7  0.12¢  1.85%
Sarhan 1.92  31.70™  62.13¢ 73.06°" 4220 18.52" 21.41%1  16.03+ 15.549  17.88® 0.15* 1.92p¢ 32071  3.62°F 2.22° 9.65¢" 0.68 0.26™ 021" 2.70¢
Yatkin 1.97¥  32.71™* 5905 71.00°7  41.18% 15.96% 18.64%°  13.95%Y  13.30%7? 1547% 0.21' 1.739% 3,158 3.72%% 220° 8.08 057" 0.24™" (.18°T 227/

Biga Incisi  1.09¥  3021*  47.15™°  49.71%n  32.04h 17.08°F 22.10°" 13.15%? 102121 15.64°% 0.12%  1.54% 252 2874  1.76°  15.7°  0.73™m 028" 020" 4.22°

é?iil};Zi 1.60° 3577V 49.62<" 5482 35.45%  16.497°  20.578k  14.94%V 7.69™ 14938 0.14% 1779 259 3.19%  1.92% 10.32¢7 0.58" 030" 0.14Pr  2.83f%
Siirek 1.70° 3327 45.45™ 5582 34.068"  20.627%  22.67°%¢  11.92% 10.074  16.32%F  0.03* 1.819% 261k 3.39% 196% 12.09° 0.68° 0.26™ 0.187  3.30°
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M711
Kale 1.71¥  43.39° 5281/ 60.99¢ 39.73¢  20.23"  22.49¢¢ 11.49% 8.31=m 15.63°% 0.03v 232 262Kk 3557 213 1197¢ 0517 022" 0.13p 321«
Mean 1.89¢ 36.14°¢ 54.66° 73.28 2 4149 19.01% 21.26° 14.29 ¢ 10.45 ¢ 1624 022¢ 200° 290" 345* 214 1048* 0.60°® 027°¢ 0.15¢ 2.87
LSD C: CxSL: SL: CxSL: CxSL:
(P<0.05) 245 SL: 1.19 CxSL:4.90 C:0.98 SL: 0.48 1.08 C:0.23 011 0.46 C:0.25 SL:0.12 0.50
Fvalues — C:* SL:™  CxSL:™ c: SL: ™" CxSL: ™ C:” SL: ™" 3L o SL:™ CxSL:™
Table 4. Root Na, K, Ca and K/Na of rice cultivars under different salinity levels.

Na K Ca K/Na

Salinity levels (mM)

Cultivars 0 40 80 120 Mean 0 40 80 120 Mean 0 40 80 120 Mean 0 40 80 120 Mean
Halilbey 6.40%  53.75%  96.567 132.05¢ 72.19¢  22.13® 977! 7.05v-* 5.05%  11.00% 0.65" 3.78™  7.09M 5.59 4.27¢ 3.48 0.18%-m 0.07-m 0.04™ 0.94%
Osmancik-
97 6.24% 24437 37212  70.68°%  34.64¢" 15.89°-¢ 11.40%" 10.58-9 6.16"  11.01% 0.57V  2.04% 278"  422m 2.400 2.56% 0.46¢ 0.298™ (0.09-m (.85
Cakmak 6.18%  29.85% 52.62%W  64.029°  38.17%  17.45° 11.99%m 12,194 5.78%  11.85% 0.57V 2.439% 340 372m™ 2.530 2.97°  0.40% 0.238™ 0.09-m  (0.92%%°
Gonen 4.45%  2281%  38.12¢ 70.66" 34.02"  8.86-"  7.61'Y 8.944-¢ 8.83"-" 8.56¢5 041V 187" 2581 4,674 2.38 1.99F 0.3383 0.23e™ (.12l Q.67°%
Hamzadere 4.51% 56.175-Y 55.32%  110.51°  56.63¢ 11.658™ 10.549 15361  9.15°-* 11.68>¢ 043" 2519 468"  3.00°4 2.651 2.58% 0.19%-m 0.28sm 0.08-m (.78%
Efe 5.62%  38.70%*  65.17%  107.01°% 54,139  16.22°-f 11.64m 11.73m  6.86%-2 11.62%¢ 0.55V 2.79°-r  3.72m 721y 3.57° 2.89% 0.31&! 0.18-™ 0.06™ (.86
Gala 4814 6147 41.88*  8535™ 4838 15.714h 11375 1219 3.04* 10.57¢  0.45" 2.84°-"  3.83m™ 6.7 3.47" 3.32¢ 0.18%m 0.295™ 0.04™ 0.96®
Pasali 6.08%  42.829% 4543%y  132.04¢ 56.60¢ 16.86°¢ 10.35™-" 10.64-> 991" 11.94* 0.58" 2.65°-° 3.79m™ 8580 3.90° 2.77%¢ 0.248-m  0.248-m 0.08-m  (.83bd
Edirne 7.934  60.39-* 106.50°-" 113.85° 72.17¢  22.77*°  13.90¢ 5.47% 6.38%  12.13%  0.73V  4.17™  7.21¢y  8.49% 5.15¢ 2.87% 0.23&™  0.05™ 0.06™ (.80
Balaban 5.62% 9143 9226 99 .39e 7218 10.61-> 11.06%°  8.24-% 7.74°-* 9.41F  0.36Y 3.88™  7.79°% 914 5.29b 1.887 0.12-m  0.09-m 0.08-m  0.548
Ulfet 8.704  94.15% 103.04-1 160.12°  91.51* 23.29° 14.08" 8.89"-" 5.06* 12.83*  0.78"  4.10™  8.06%" 11.78 6.18° 2.67%€ 0.15%m 0.09-m 0.03™ 0.73%f
Sarhan 7.084  86.71M™  141.96° 97.100 83.21° 17.34%  12.52k 8.415-Y 8.615-Y 11.71%¢ (0.62Y 3.84™ 9.19° 8.44% 5.520 2.45¢ 0.141-™  0.068™ 0.09-m  0.68°F
Yatkin 6.98% 5236 78.42"P  208.66% 86.61° 14.75%1  9.56°-! 10.68-» 9.74"t  11.18%¢ 0.57V 234" 5.71 7.63%" 4.06% 2.11F 0.18%™ 0.141-™ 0.05"™ 0.62%
BigaIncisi  4.13%  22.94* 61.02™  78.90™°  41.75" 14.55% 10.98%-° 6.46"* 3.06” 8.76%  0.42¥ 196  3.87™ 5.57 2.95M 3.52*  0.48  0.10-™ 0.04™  1.04°
Tosya
Glinesi 7.594 5037 67.93% 91.43K 54334 15.65°-" 9.20r-¢ 6.78%* 5.98~ 9.40"  0.60Y 2.10%  3.28™  6.571 3.14¢ 2.07f 0.18-™ 0.10-™ 0.07-" 0.60%
Stirek
M711 6.017  34.47%  66.85¢ 104.67-1  52.99¢ 16.84°*° 11.31%"  9.50°- 5.13% 10.69°  0.53Y  2394%  4.10™ 5.07k 3.02¢h  2.81%¢ (0328k 0.141-m 0.05™ (.83bd
Kale 5.94%  29.90* 55.60"  98.60" 47.51°  20.74°  12.52% 6.56%* 4132 10.98% 051V 2419y 3.69™ 6.671 3.32f% 3.49°  0.42¢"  0.12i-m  0.04™  1.02°
Mean 6.13¢  50.16° 70.93° 107.36 * 58.64 1655* 11.17° 9.39° 6.51¢ 10.90 0.55 2.83°¢ 4.99° 6.65* 3,75 2.73* 0.27% 0.16°¢ 0.06¢ 0.80
LSD CxSL: C: SL: C: SL: CxSL:
(P<0.05) C:4.14 SL:2.01 CxSL:8.29 C:0.83 SL: 0.40 1.66 032 0.16 CxSL:0.66 0.14 0.07 027
F values c:" SL:*  CxSL: ™ c:™ SL: ™ CXEL: c:™ SL: ** CxSL: ™ C™ SL:* CxSL:™
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Table 5. Chl a, Chl b, Chl a+b and Carotenoid of rice cultivars under different salinity levels.

Chla Chlb Chlat+b Caratenoid
Salinity levels (mM)

Cultivars 0 40 80 120 Mean 0 40 80 120 Mean 0 40 80 120 Mean 0 40 80 120 Mean

Halilbey 0.210™ 0.254%  0.1407 0.190" 0.1999 0.069% 0.114™ 0.046¢ 0.214° 0.111° 0.280™ 0.368% 0.186" 0.404* 0.310° 0.137% 0.157Y  0.094% 0.1117F 0.124°
Osmancik-

97 0.24641  0.4142  0.215™ 0.131% 0.251° 0.089* 0.108" 0.079* 0.109° 0.096¢  0.336% 0.522" 0.2944 0.240"  0.348! 0.154* 0.243"  0.130¢  0.240  0.147"
Cakmak 0.342  0.372' 02224 0.102%1 0.260™ 0.097"  0.092%  0.068% 0.063%  0.080' 0.440° 0.464> 0.2907 0.165%° 0.340™ 0.211™  0.226¢ 0.137%  0.065® 0.160*
Gonen 0.265%  0.552*  0.369™ 0.125%f 0.328° 0.067* 0.115™ 0.096" 0.043% 0.080" 0.332% 0.667° 0.465° 0.168%® 0.408°  0.171"*  0.327* 0225 0.085"™ 0.202°
Hamzadere  0.264%  0.504® 0.368™ 0.193?% 0.332° 0.073* 0.142" 0.097° 0.121' 0.108" 0.3374  0.646° 0.465° 0.314% 0.441° 0.170% 0.301° 0.222¢ 0.117* 0.202°
Efe 0.2922  0.481° 0.335" 0.164* 0.318¢ 0.112™ 0.127  0.123Y  0.089* 0.113¢  0.405* 0.608¢ 0.458¢ 0.253* 0.431¢ 0.191° 0.284°  0.207"  0.104% 0.196 ¢
Gala 0.306*  0.3901 0.265* 0.272* 0.308" 0.134m  0.1321  0.092% 0.248°> 0.151° 0.440" 0.522 0.358° 0.5201  0.460° 0.194" 0.233"  0.163* 0.162¢ 0.188¢
Pasali 0.383%  0.448¢  0.362¢ 0.180% 0.344* 0.108°  0.124%  0.121'  0.112™ 0.116° 0.492™ 0.572° 0.484" 0.293%  0.460° 0.236# 0.266¢ 0.213™ 0.108%¢ 0.205°
Edirne 0.342°  0.333*  0.283% 0.202° 0.2901 0.111° 0.083“ 0.064¢ 0207 0.116° 0.453"  0.416* 0.347* 0.410% 0.407° 0.216' 0.204°° 0.182* 0.128% 0.1828
Balaban 0.366™  0.422° 02627 0.145%° 0299" 0.128  0.104¢ 0.091% 0.074* 0.0991 0.4958  0.5265 0354 0.219*  0.398¢ 0.232" 0.253°  0.164*  0.095% 0.186°
Ulfet 0.302¥  0.275% 0.277*% 0.155*% 0.253" 0.097° 0.093* 0.112™ 0.105¢ 0.102" 0.400° 0369 0.390* 0.260™ 0.355* 0.192®  0.171" 0.172¥ 0.0964  0.157'

Sarhan 0.2922  0.393"  0.365° 0.156* 0.301¢ 0.092*% 0.105¢ 0.1358" 0.087' 0.105¢ 0.384% 0.498%  0.5000 0.243?  0.406 0.184" 0.2365  0.223*  0.0974 0.184
Yatkin 0.237% 03887  0.324Y 0.134%¢ 0.271% 0.072¢ 0.136¢ 0.128  0.0494 0.096¢ 0.3091 0.524%" 0.452° 0.183% 0.367 0.151~ 0.2281  0.189" 0.0884 0.163}

Biga Incisi 0.349"  0.417" 0.2461 0.114%¢ 02811  0.152° 0.128 0.068% 0.0374 0.096' 0.501  0.545° 0.314" 0.150% 0.377" 0.217' 0.245"  0.155* 0.078" 0.173"
Tosya

Giinesi 0.36474  0.342%  0.217™™  0.149% 0.268' 0.094° 0.108> 0.141"7  0.076" 0.105¢ 0.458¢  0.450% 0.358* 0.225% 0.3731 0.2281 0.203° 0.145% 0.094%* 0.1671

Siirek M711  0.344°  0.363  0.152? 0.386' 0.311° 0.1358"  0.128  0.055* 0.462* 0.195* 0.479° 0.491™ 0.208* 0.848°  0.506° 0.206™ 0.216' 0.0971 0.227¢  0.186°

Kale 0.312% 02419 0.266 0.106%" 0.232° 0.135¢" 0.112™ 0.078% 0.0507 0.094% 0.448" 0.353% 0.345* 0.156®%¢ 0.325" 0.1984 0.182" 0.164* 0.071™ 0.153™
Mean 0.307° 0.388* 0.275°¢ 0.171¢ 0.285 0.104° 0.115° 0.0949 0.126* 0.110 0.411° 0.502® 0369°¢ 0.297¢ 0.395 0.193° 0.234* 0.169° 0.105¢ 0.175

LSD C: SL: CxSL: C: SL: CxSL: C: SL: CxSL: C: 0.001 SL: CxSL:

(P<0.05) 0.0010 0.0005  0.0021 0.0010 0.0005 0.0021  0.0016 0.0007 0.0031 - 0.0005 0.002

F values c:” sp. Ok c:” SL:™ CxSL:™  C:™ SL: ™ CxSL: c:” SL: ™ CxSL:"™
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Scatter plot (Total - 56.41%)
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Figure 1. GGE biplot of the relationships among genotypes and traits under salt stres

Ranking biplot (Total - 56.41%)
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Figure 2. Ranking of genotypes on means of examined traits
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Conclusion: As a result of the study, the salt stress
affected germination and seedling stages of the rice
genotypes. The increased salt doses gradually decreased
the seed germination and limited the rice germination and
seedling development stages. The rice cultivars responsed
differently to the salinity stress and the Gonen cultivar
showed the best performance in response to salt stress for
the investigated traits; thus, it might be considered to be a
good parent in breeding programs and salt stress
tolerance studies to be conducted under field or in vitro
conditions. It is also concluded that Gonen cultivar could
be recommended for the rice growing saline lands.
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