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Abstract: This study was carried out to determine the effects of different salt concentrations on germination and seedling 
growth of sweet sorghum [Sorghum bicolor var. saccharatum (L.) Mohlenbr.] cultivars. The research was carried out under 
laboratory conditions and sweet sorghum cultivars Ulusoy, Sorge, Biomarlı, Erdurmuş, and Gülşeker were used as plant 
material. Five different sweet sorghum cultivars and four different salt (NaCl) concentrations (0-, 100-, 200-, and 300 mM) 
were the subjects of the laboratory experiments which was set up in randomized plots in a factorial design with 4 replications. 
In the study, germination parameters such as germination percentage (GP), mean germination time (MGT), germination index 
(GI), coefficient of uniformity of germination (CUG) and germination speed (GS), and seedling growth parameters such as 
root and shoot fresh weight, root and shoot dry weight, root and shoot length, lateral root number and lateral root length were 
investigated. As a result of the research, it was determined that the germination and seedling growth parameters (excluding 
MGT) decreased as salt concentration increased. This decrease in germination characteristics was significant at 100 mM salt 
dose according to the average values of the cultivars, and it was observed that the cultivars were more sensitive to salt stress 
in the seedling development stage than the germination stage. In the study, it was determined that there were significant 
differences between sweet sorghum genotypes under salt-stressed conditions during germination and seedling stages. In this 
sense, Ulusoy and Erdurmuş sweet sorghum cultivars were prominent in terms of salt tolerance. It is important to use salt-
tolerant cultivars considering the genotypic differences in sweet sorghum cultivation in salt-affected areas. 
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1. Introduction 
Globally, climate change and global warming are 
among the most important problems that are widely 
discussed, and they are considered as triggers of 
important problems such as drought and salinity in 
soils. Agricultural areas are under the influence of 
climate, and especially arid, semi-arid, and coastal 
agricultural areas are very sensitive to the effects of 
climate change in terms of soil salinity (Pankova 
and Konyushkova, 2013; Corwin, 2021). In this 
sense, salinity is the most determinant 
environmental stress limiting the yield of crops 
especially in arid and semi-arid regions (Zörb et al., 
2019), and it is one of the most important abiotic 
stress factors affecting plant growth and 
development negatively (Parida and Das, 2005; 

Hafsi et al., 2010; Rajabi Dehnavi et al., 2020; 
Sabagh et al., 2021). Salinity inhibits plant growth 
and development in relation to some physiological, 
morphological, and biochemical events such as 
osmotic stress, especially in young leaves, and ion 
toxicity in older leaves (Munns and Tester, 2008), 
decreased mineral nutrient uptake (Xu et al., 2016), 
slow and deficient germination (Ekmekçi et al., 
2005). In addition, the toxicity of salinity varies 
greatly according to soil pH, so alkaline stress 
caused by high salt concentrations also has serious 
effects on germination, growth, and photosynthesis 
(Li et al., 2010). 

As a result of the inappropriate and unconscious 
management of important agricultural practices, 
related to plant-water consumption and plant 
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nutrition-fertilization, such as timing, quantity, and 
interval of irrigation and fertilization, salinity 
problem in agricultural areas is continuously and 
rapidly growing today. Therefore, in addition to 
water management improving strategies 
(Krishnamurthy et al., 2007) and adopting 
fertilization programs to low salt accumulation in 
soils, a number of cultural and crop management 
strategies should be considered to protect 
agricultural productivity of salinity-affected areas. 
For this purpose, it is important to reveal the effects 
of salinity and genotypic variation, especially 
during the germination and seedling development 
stages, and to improve the salinity tolerance of some 
economically important crops. High genotypic 
variation for salt stress was reported in many studies 
on different plant species (De Lacerda et al., 2005; 
Katerij et al., 2006; Krishnamurthy et al., 2007; 
Kara et al., 2011; Tigabu et al., 2012; Ali and Idris, 
2015; Shakeri et al., 2017; Çakmakçı and Dallar, 
2019).   

Sweet sorghum [Sorghum bicolor var. 
saccharatum (L.) Mohlenbr.], a C4 crop with high 
photosynthetic efficiency (Almodares and Hadi, 
2009), is used for animal feeding (Inal et al., 2021), 
and ethanol production (Guden et al., 2020), and is 
a drought and high-temperature tolerant species. 
High genetic variation for salt tolerance among 
sorghum genotypes that are generally tolerant to 
abiotic stresses such as drought and salinity was 
reported (Maiti et al., 1994; Rajabi Dehnavi et al., 
2020). It is important to reveal the genetic variations 
to determine the most tolerant genotypes to salinity. 
And in this context, the determination of plants' 
response to salinity, especially during the 
germination and seedling stages, is important to 
obtain optimum yield under salinity-affected areas. 

The aim of this study was to determine the 
germination and seedling development of sweet 
sorghum [S. bicolor var. saccharatum (L.) 
Mohlenbr.] cultivars under different salt 
concentrations and to reveal their salt tolerance 
potential. 
 
2. Materials and Methods 
2.1. Materials  

The research was carried out in Siirt University 
(Turkey) Faculty of Agriculture, Department of 
Field Crops Laboratory. Ulusoy, Sorge, Biomarlı, 
Erdurmuş and Gülşeker sweet sorghum [S. bicolor 
var. saccharatum (L.) Mohlenbr.] cultivars were 
used as plant material. NaCl was the preferred salt 
form as it is the most detrimental form for crops and 
agricultural soils. 
 

2.2. Research subject and germination 
experiment 
Laboratory experiments included five different 

sweet sorghum cultivars (cvs.) and four different 
concentrations (0-, 100-, 200-, and 300 mM) of salt 
(NaCl) were the subject of research which was 
established in randomized plots in factorial design 
with four replications. For each replication were 
used 25 seeds. Seeds were surface sterilized with 
70% ethanol for one minute and then rinsed three 
times with sterile water. Then, to deform the 
microorganisms on the seed surface, a subsequent 
step of surface sterilization was carried out by 
covering the seeds with a 10% sodium hypochlorite 
(NaOCl) + 0.01% tween20 solution for 10 minutes. 
The sterilized seeds were placed between two layers 
of Whatman No.2 filter paper in petri dishes (90 mm 
x 15 mm). Five ml of salt solutions were applied to 
each petri dish. Petri dishes were left to germinate 
in an incubator (BINDER, GmbH, Germany) set at 
25±2 °C temperature. Until the end of the study, 5 
ml of salt dose was added to the petri dishes 
according to the trial subjects every 48 hours 
(according to the humidity levels of the seeds in the 
petri dishes). 

Germination controls were applied every 24 
hours during the experiment and the germination 
test was completed on the 10th day. The observation 
of at least 2 mm radicle was the germination 
criterion of the seeds (Scott et al., 1984; Soleymani 
and Shahrajabian, 2018). Measurements were 
conducted on ten randomly selected seedlings in 
each petri dish, and on all germinated plants in petri 
dishes that did not contain adequate number of 
seedlings due to salt stress. 
 
2.3. Germination and seedling growth 

assessments 
In the study, germination parameters such as 

germination percentage (GP), mean germination 
time (MGT), germination index (GI), coefficient of 
uniformity of germination (CUG), germination 
speed (GS), and seedling growth parameters such as 
root and shoot length, root and shoot fresh weight, 
root and shoot dry weight, number of lateral roots 
and lateral root length were examined.   

Seeds germinating every 24 hours were counted 
and Equation 1 of Scott et al. (1984) was used for 
the determination of the GP parameter. 

GP= (NGS/TS)x100         (1) 

In the equation, NGS is the number of normal 
germinated seeds, TS is the total number of utilized 
seeds. 
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Mean germination time is used to determine the 
germination day of seeds and was calculated by 
Equation 2 (Ellis and Roberts, 1981).  

MGT= ∑(NiTi /Ni)         (2) 

Ni is the number of seeds germinated on the Ti 
day; Ti refers to the number of days from the 
beginning of germination. 

Germination index was calculated with the help 
of Equation 3 (Wang et al., 2004), CUG by 
Equation 4 (Bewely and Black, 1994), and GS by 
Equation 5 (Abazarian et al., 2011).     

GI= ∑(Gi/Tt)          (3) 

Gi is the germination percentage at the ith day, 
and Tt is the days of germination test duration. 

CUG= ∑ n / ∑[(MGT-t)2n]        (4) 

t is the time in days starting from day 0, the day 
of sowing, and n is the number of seeds completing 
germination on day t. 

GS= (N1/T1)+(N2/T2)+……..+(Nn/Tn)           (5) 

N is the number of germinated seeds and T is the 
number of days required for germination. 

Before weighting measurements, excess water 
on seeds was removed with filter paper, and 
immediately afterward, the fresh weights were 
determined with a precision scale. For the 
observations, randomly selected root and shoot 
samples were scanned with a color scanner (Iscan 
Color Mini Portable Scanner) at 300 DPI resolution. 
ImageJ software (Rueden et al., 2017) were used for 
precise and detailed measurements of root and shoot 
lengths, lateral root numbers, and length parameters 
(Açıkbaş and Özyazıcı, 2021). Dry weights were 
measured after the samples dried in an oven at          
70 oC for 48 hours.   

ArcSin transformation was applied to the 
percentage expressed data before analysis of 
variance. The obtained data were subjected to 
analysis of variance according to the randomized 
plots in factorial design. The differences between 
the means were checked with the TUKEY’s HSD 
multiple comparison test (Açıkgöz and Açıkgöz, 
2001). 
 
3. Results 
3.1. Germination assessment 

Data on germination parameters of sweet 
sorghum [S. bicolor var. saccharatum (L.) 
Mohlenbr.] cultivars at different salt concentrations 
are presented in Table 1. As a result of the 
evaluations, the effects of salt applications and 
cultivars on all germination parameters (GP, MGT, 

GI, CUG, and GS) were found to be statistically 
significant (p<0.01) (Table 1). 

As a result of the research, although increasing 
salt concentrations decreased the GP, the difference 
between the control (0 mM) and 100 mM salt dose 
was statistically insignificant, and significant 
decreases were obtained after 100 mM salt dose. 
Accordingly, the highest GP was determined as 
63.5- and 61.6% in control and 100 mM 
applications, respectively, while the lowest value 
(42.9%) was determined at the highest dose (300 
mM). When the average results of sweet sorghum 
cultivars were examined in terms of GP, the highest 
value was determined in cv. Erdurmuş with 76.7% 
as the means salt concentrations, and the difference 
between cvs. Erdurmuş and Ulusoy was not 
significant in terms of GP. The lowest GP was 
determined in Biomarlı with 17.3% (Table 1). 

In the study, it was observed that germination 
was delayed due to increasing salt concentrations. 
In this sense, while the MGT was 2.39 days in 
control, the MGT was 3.95 days at 300 mM salt 
concentration. When the effects of cultivars were 
examined in terms of MGT, it was determined that 
the latest germinated cultivar was Biomarlı with an 
average of 4.55 days, followed by Gülşeker (3.06 
days) and Sorge (2.82 days) (Table 1). 

Salinity significantly reduced the GI and CUG. 
Significant decreases in both germination 
parameters were obtained after 100 mM salt dose, 
the differences between 0- and 100 mM salt 
applications were found to be statistically 
insignificant. The highest values for GI and CUG 
with these two salt concentrations were found as 
7.44 and 6.77 for GI, 29.1 and 26.3 for CUG, 
respectively. When the differences between sweet 
sorghum cultivars were examined, a significant 
difference in terms of GI and CUG was observed 
between Ulusoy and Erdurmuş compared to other 
cultivars, and the highest values were determined in 
terms of both germination parameters in these two 
cultivars. Also, in terms of GI and CUG, the cultivar 
x salt concentration interactions were found to be 
statistically significant at the p<0.01 level. In 
general, the increased salt concentration decreased 
GI and CUG values for all cultivars compared to the 
control. However, while decreases in GI were not 
significant even at high salt doses for some cultivars 
(such as Biomarlı), there was a statistically 
insignificant increase at 100 mM salt dose 
compared to control as in Erdurmuş. Similar 
fluctuations were also observed in the CUG values. 
This was among the most important reasons for the 
significance of interactions (Table 1).  

It was determined that the GS decreased              
in  parallel  with  the   increasing salt             concentration.  
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Table 1. Some germination parameters of sweet sorghum cultivars at different salt concentrations* 

Cultivars Salt concentration (mM, NaCl) 
0  100  200  300     Average 

Germination percentage (%) 
Ulusoy 85.3 (67.6) 80.0 (63.5) 69.3 (56.4) 65.3 (54.1) 75.0 (60.4) AB 
Sorge 77.3 (62.0) 74.7 (59.8) 68.0 (55.7) 53.3 (46.9) 68.3 (56.1) B 
Gülşeker 50.7 (45.4) 44.0 (41.5) 32.0 (34.4) 26.7 (30.9) 38.3 (38.1) C 
Biomarlı 22.7 (28.3) 26.7 (31.1) 16.0 (23.5)   4.0 (11.5) 17.3 (23.6) D 
Erdurmuş 81.3 (64.5) 82.7 (65.3) 77.3 (61.6) 65.3 (54.1) 76.7 (61.5) A 
Average 63.5 (53.4) A 61.6 (52.3) A 52.5 (46.3) B 42.9 (39.5) C 

Mean germination time (day) 
Ulusoy 2.02±0.03 2.08±0.03 2.40±0.01 3.34±0.65 2.46 C 
Sorge 2.19±0.04 2.47±0.15 3.13±0.30 3.50±0.33 2.82 BC 
Gülşeker 2.44±0.56 2.57±0.18 3.03±0.35 4.20±0.26 3.06 B 
Biomarlı 3.19±0.60 4.68±0.61 5.00±1.00 5.33±0.58 4.55 A 
Erdurmuş 2.10±0.05 2.11±0.07 2.38±0.10 3.36±0.65 2.49 C 
Average   2.39 C  2.78 BC   3.19 B   3.95 A 

Germination index 
Ulusoy 10.61±0.3 a 9.78±0.6 abc 7.53±0.3 cde 5.47±1.3 ef 8.35 A 
Sorge   9.11±1.1 abc 7.97±0.6 bcd 5.99±1.0 def 4.22±0.4 fg 6.82 B 
Gülşeker   5.70±1.0 ef 4.62±1.2 fg 2.93±0.5 gh 1.74±0.5 hı 3.75 C 
Biomarlı   1.96±0.7 hı 1.52±0.3 hı 0.86±0.2 hı 0.19±0.0 ı 1.14 D 
Erdurmuş   9.83±0.2 ab 9.97±0.6 ab 8.58±0.4 abc 5.47±1.3 ef 8.46 A 
Average    7.44 A     6.77 A    5.18 B    3.42 C 

Coefficient of uniformity of germination 
Ulusoy 42.3±1.5 a 38.7±2.5 ab 28.8±1.1 cde 20.1±4.8 ef 32.5 A 
Sorge 35.3±4.1 abc 30.4±2.6 bcd 21.9±4.3 def 15.3±1.8 fgh 25.7 B 
Gülşeker 21.6±5.2 def 17.3±5.2 fg 10.8±2.4 ghı   6.4±2.1 hıj 14.0 C 
Biomarlı   7.3±2.6 hıj   5.7±1.0 ıj   3.2±0.7 ıj   0.8±0.1 j   4.2 D 
Erdurmuş 38.8±0.6 ab 39.1±1.8 ab 32.5±1.1 bc 20.1±4.8 ef 32.6 A 
Average    29.1 A    26.3 A    19.5 B    12.5 C 

Germination speed (%) 
Ulusoy 10.6±0.4 a 9.8±0.6 abc 7.5±0.3 cde 5.5±1.3 ef  8.4 A 
Sorge   9.1±1.1 abc 8.0±0.6 bcd 6.0±1.0 def 4.2±0.4 fgh  6.8 B 
Gülşeker   5.7±1.0 ef 4.6±1.2 fg 2.9±0.5 ghı 1.7±0.5 ıj  3.8 C 
Biomarlı   2.0±0.7 hıj 1.5±0.3 ıj 0.9±0.2 ıj 0.2±0.0 j  1.1 D 
Erdurmuş   9.8±0.2 ab 10.0±0.6 ab 8.6±0.4 abc 5.5±1.3 ef  8.5 A 
Average      7.5 A    6.8 A    5.2 B   3.4 C 

Significance level (P) 
 NaCl Cultivar (C) NaCl x C 

GP 0.0001** 0.0001** 0.4174ns 
MGT 0.0001** 0.0001** 0.1151ns 
GI 0.0001** 0.0001** 0.0068** 
CUG 0.0001** 0.0001** 0.0022** 
GS 0.0001** 0.0001** 0.0068** 

( ): ArcSin transformation values, x̄ ± Standard Deviation, *: The difference between the means indicated by the same letter in the same column / in the 
same row / in the same group is not statistically significant, **: Significant at level of p<0.01, ns: Non significant 

According to this, the highest GS were found at 0 
mM (7.5%) and 100 mM (6.8%) salt concentrations 
which were in the same group, while the lowest 
values were found at 300 mM (3.4%) salt 
concentration. In the study, the highest GS were 
observed at cvs. Erdurmuş (8.5%) and Ulusoy 
(8.4%). In terms of GS, cultivar x salt concentration 
interaction was statistically significant at the p<0.01 
level. Although, in general, the GS of the cultivars 
tended to decrease with the increase in salt 
concentrations, this decrease was not significant 
even at 200 mM for cv. Erdurmuş and even an 
insignificant increase at the 100 mM dose played an 

important role in the significance of the interaction 
(Table 1).  

3.2. Seedling growth assessment 
Effects of salt concentrations and cultivars were 

statistically significant (p<0.01) on root and shoot 
fresh weights. Increased salt doses were related to 
decreased root and shoot fresh weights. The highest 
average root and shoot fresh weights were 24.6 and 
52.3 mg, respectively at the control (0 mM), and the 
lowest values were found at the highest salt dose 
(300 mM), as 4.0, and 1.7 mg, respectively. When 
the effects of the cultivars were examined, the 
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highest values in both traits were determined at 
Ulusoy (22.6 and 30.6 mg, respectively) and 
Erdurmuş (24.0 and 34.3 mg, respectively), which 
were the top statistical group, and the lowest value 
was determined at Biomarlı (3.5 and 10.2 mg, 
respectively). Also, in the study, salt concentration 
x cultivar  interaction  was  found  to            be         statistically  

significant at p<0.01 level in terms of root and shoot 
fresh weights. In general, although root and shoot 
fresh weights decreased due to the increase in salt 
concentration for all cultivars, there was a 
statistically significant increase at 100 mM salt dose 
at Biomarlı, which was the reason for significant 
interaction (Table 2).    

 
Table 2. The root and shoot fresh and dry weight values of sweet sorghum cultivars with different salt 
concentrations* 

Cultivars Salt concentration (mM, NaCl) 
       0 100 200 300         Average 

Root fresh weight (mg) 
Ulusoy 37.0±2.0 a 27.3±0.6 bc 19.7±2.5 cde 6.3±2.5 hıj 22.6 A 
Sorge 27.3±2.3 bc 12.7±2.1 e-h   9.7±1.5 f-ı 3.7±0.6 ıj 13.3 B 
Gülşeker 17.0±1.0 def 15.7±1.5 d-g   4.0±1.0 ıj 3.7±1.5 ıj 10.1 C 
Biomarlı   3.7±1.2 ıj   8.3±1.5 ghı   2.0±1.0 ıj 0.0±0.0 j 3.5 D 
Erdurmuş 38.0±3.6 a 28.0±3.0 b 23.7±3.2 bcd 6.3±1.5 hıj 24.0 A 
Average    24.6 A    18.4 B    11.8 C   4.0 D  

Shoot fresh weight (mg) 
Ulusoy 71.3±2.9 a 36.3±1.5 cd 13.0±1.7 ghı 1.7±0.6 ıj 30.6 A 
Sorge 56.7±2.5 b 26.7±3.8 def 11.3±2.0 g-j 1.0±0.0 j 23.9 B 
Gülşeker 47.0±2.0 bc 30.3±2.5 de   8.3±0.6 g-j 1.7±0.6 ıj 21.8 B 
Biomarlı 15.7±3.2 fgh 18.7±1.2 fg   6.3±1.5 hıj 0.0±0.0 j 10.2 C 
Erdurmuş 71.0±1.7 a 42.3±1.2 c 19.3±0.6 efg 4.3±1.2 hıj 34.3 A 
Average   52.3 A   30.87 B    11.7 C    1.7 D  

Root dry weight (mg) 
Ulusoy 2.87±0.3 ab 2.62±0.3 abc 2.03±0.1 cd 1.00±0.1 f 2.13 A 
Sorge 2.80±0.2 ab 2.23±0.3 bcd 1.09±0.2 ef 0.59±0.1 fgh 1.68 B 
Gülşeker 1.74±0.2 de 2.01±0.1 cd 0.80±0.1 fg 0.45±0.1 fgh 1.25 C 
Biomarlı 0.40±0.2 fgh 0.65±0.2 fgh 0.09±0.1 gh 0.00±0.0 h 0.29 D 
Erdurmuş 3.15±0.5 a 2.56±0.3 abc  1.92±0.3 cd 0.98±0.1 f 2.15 A 
Average    2.19 A    2.01 A   1.19 B   0.60 C  

Shoot dry weight (mg) 
Ulusoy 7.21±1.0 a 4.37±0.4 c 1.89±0.4 de 0.34±0.1 fg 3.45 A 
Sorge 5.97±1.0 b 3.67±0.4 c 1.49±0.4 def 0.15±0.0 g 2.82 B 
Gülşeker 4.19±0.3 c 3.56±0.3 c 1.13±0.1 d-g 0.23±0.2 g 2.28 C 
Biomarlı 1.09±0.3 d-g 0.83±0.1 efg 0.23±0.1 g 0.00±0.0 h 0.54 D 
Erdurmuş 6.04±0.3 ab 4.57±0.2 c 2.20±0.2 d 0.27±0.0 fg 3.27 AB 
Average   4.90 A   3.40 B    1.39 C    0.20 D  

                 Significance level (P) 
   NaCl   Cultivar (C)    NaCl x C  
Root fresh weight 0.0001** 0.0001** 0.0001**  
Shoot fresh weight 0.0001** 0.0001** 0.0001**  
Root dry weight 0.0001** 0.0001** 0.0001**  
Shoot dry weight 0.0001** 0.0001** 0.0001**  

*: The difference between the means indicated by the same letter in the same column / in the same row / in the same group is not statistically significant, 
x̄ ± Standard Deviation, **: Significant at the level of p<0.01 

 
It was observed that root and shoot dry weights 

decreased with increased salt concentrations, as in 
fresh weight values, and this decrease was 
statistically significant at the p<0.01 level. In terms 
of both parameters, the highest values were 
determined as the average of the cultivars at control 
(2.19 and 4.90 mg, respectively), and the lowest 
values were found at 300 mM salt doses (0.60 and 
0.20 mg, respectively). In the study, the difference 
between the cultivars in terms of root and shoot dry 
weights was also statistically significant at a p<0.01 
level. This significant difference was between 

Ulusoy and Erdurmuş, and other cultivars. When 
the salt concentration x cultivar interaction was 
examined, it was determined that for all cultivars, 
the root and shoot dry weights decreased as salt 
concentration increased, but for some cultivars, 
there were significant increases at salt doses 
compared to the control. This situation resulted in a 
significant interaction (p<0.01) (Table 2).    

Salinity significantly (p<0.01) decreased the 
root and shoot length of the studied sweet sorghum 
cultivars. As the average of the cultivars, the highest 
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root and shoot length values were determined at the 
control (8.13 and 8.67 cm, respectively), while the 
lowest values (1.76 and 0.40 cm, respectively) were 
determined at the highest dose (300 mM). The 
variation between cultivars for root and shoot length 
was also statistically significant (p<0.01). 
Accordingly, the cv. Ulusoy had the longest (7.75 
cm) root length, while Ulusoy (5.03 cm) and 
Erdurmuş  (4.81 cm)  had the longest                shoot lengths.        

In the study, salt concentration x cultivar interaction 
was found to be significant (p<0.01) in terms of 
both seedling growth parameters. In general, it    
was thought that root and shoot lengths were 
decreased as salt concentrations increased, but     
this decrease was not significant compared                
to salt doses in some  cultivars, which  was    
effective in the significance of the interaction 
(Table 3).  

 
Table 3. Some seedling growth parameters of sweet sorghum cultivars under different salt concentrations* 

Cultivars Salt concentration (mM, NaCl) 
0 100 200 300         Average 

Root length (cm) 
Ulusoy 12.15±0.5 a 9.56±0.9 b 6.62±0.1 cde 2.67±0.2 fgh 7.75 A 
Sorge   9.78±0.7 b 7.75±0.4 bc 3.78±0.6 fgh 1.97±0.3 hı 5.82 B 
Gülşeker   7.15±0.1 c 6.16±0.2 cde 4.83±0.3 def 1.93±0.2 hı 5.02 B 
Biomarlı   3.26±0.5 fgh 3.01±0.6 fgh 1.72±0.5 hı 0.00±0.0 ı 2.00 C 
Erdurmuş   8.30±0.9 bc 7.07±0.1 cd 4.45±0.7 efg 2.24±0.3 ghı 5.52 B 
Average     8.13 A    6.71 B    4.28 C   1.76 D  

Shoot length (cm) 
Ulusoy 11.41±0.9 a 5.73±0.3 de 2.55±0.4 fgh 0.41±0.0 ıj 5.03 A 
Sorge   8.80±0.3 b 4.21±0.5 ef 1.89±0.3 g-j 0.47±0.1 ıj 3.84 B 
Gülşeker   8.30±0.2 bc 4.31±0.3 ef 2.32±0.1 f-ı 0.41±0.1 ıj 3.84 B 
Biomarlı   6.41±0.6 cd 3.28±0.2 fg 0.63±0.1 hıj 0.00±0.0 j 2.58 C 
Erdurmuş   8.43±0.8 bc 6.86±0.9 bcd 3.28±0.2 fg 0.69±0.1 hıj 4.81 A 
Average     8.67 A    4.88 B    2.13 C    0.40 D  

Lateral root number (pieces) 
Ulusoy   9.2±0.1 b  6.9±0.2 c  8.5±0.3 b 0.4±0.2 h 6.27 A 
Sorge 11.7±0.2 a 5.7±0.2 d 2.0±0.2 fg 0.4±0.1 h 4.94 B 
Gülşeker   8.6±0.3 b  5.3±0.2 d 2.2±0.2 fg 0.0±0.0 ı 4.03 C 
Biomarlı   2.6±0.2 ef 1.1±0.1 gh 0.0±0.0 ı 0.0±0.0 ı 0.93 D 
Erdurmuş   9.0±0.2 b  3.5±0.2 e 2.9±0.2 ef 0.4±0.1 h 3.96 C 
Average    8.22 A   4.50 B   3.12 C   0.25 D  

Lateral root length (cm) 
Ulusoy 14.8±1.1 a 4.9±0.3 d 4.0±0.2 de 0.1±0.0 j 5.94 A 
Sorge 11.6±0.9 b 2.5±0.3 fg 0.5±0.2 ıj 0.2±0.0 j 3.69 C 
Gülşeker   9.5±0.5 c 2.6±0.3 fg 1.1±0.1 hıj 0.0±0.0 j 3.28 C 
Biomarlı   3.0±0.2 ef 1.7±0.2 ghı 0.0±0.0 j 0.0±0.0 j 1.16 D 
Erdurmuş 10.5±0.7 bc 4.1±0.2 de 2.1±0.1 fg 0.2±0.0 j 4.18 B 
Average    9.85 A   3.15 B   1.52 C   0.08 D  

                             Significance level (P) 
   NaCl  Cultivar (C)   NaCl x C  
Root length 0.0001** 0.0001** 0.0001**  
Shoot length 0.0001** 0.0001** 0.0001**  
Lateral root number 0.0001** 0.0001** 0.0001**  
Lateral root length 0.0001** 0.0001** 0.0001**  

*: The difference between the means indicated by the same letter in the same column / in the same row / in the same group is not statistically significant, 
x̄ ± Standard Deviation, **: Significant at the level of p<0.01  
 

Salinity resulted in significant (p<0.01) 
decreases in the number of lateral roots and lateral 
root length values. While the number and length of 
lateral roots were 8.22 pieces and 9.85 cm, 
respectively in control, these values decreased as 
salt dose increased, and the lowest values were 
obtained in 300 mM as 0.25 pieces and 0.08 cm, 
respectively. In the study, the cultivars were 
statistically significantly effective on the number of 
lateral roots and lateral root length at p<0.01 level. 

In this context, the highest values were determined 
at the cv. Ulusoy as in all germination and seedling 
growth parameters, followed by Sorge in the 
number of lateral roots and Erdurmuş in lateral root 
length. Salt concentration x cultivar interaction was 
statistically significant at p<0.01 level. In general, 
although the number of lateral roots and lateral root 
length values decreased for all cultivars as salt 
concentration increased, for some cultivars, 
statistically significant increases in groups and/or 
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insignificant decreases in some doses were effective 
on the significance of the interaction (Table 3). 

4. Discussion and Conclusion
Crop establishment is very important to obtain an 
optimum yield in field agriculture. In this sense, 
adequate and early seedling development with 
quality and uniform germination of the seeds 
following sowing is critical for obtaining optimum 
plant population and crop development. 
Germination and quality seedling development do 
depend on the characteristics of the seed material, 
as well as on many existing biotic and abiotic stress 
factors in the growth environment, especially soil 
salinity. Although sweet sorghum species are more 
tolerant to salt stress compared to traditional crops 
(such as wheat and rice) (Ratanavathi et al., 2004), 
poor germination under severe salt stress is one of 
the most important problems limiting sweet 
sorghum production (Zhu et al., 2019). It is well 
known that an increase in salt dose negatively 
affects germination, growth, and development, and 
the most sensitive time to salinity during the 
development of plants is germination. 

In the study, there were significant decreases in 
all germination parameters (except MGT) due to the 
increase in salt concentrations on each cultivar and 
the average results of the cultivars (Table 1). As 
many researchers were stated (Munns, 2005; Dan 
and Brix, 2007; Tavili and Biniaz, 2009; Day and 
Uzun, 2016; Önal Aşçı and Üney, 2016; Chen et al., 
2020), inhibition of water uptake and embryo 
poisoning as a result of the high salt level was the 
reason for the decreased germination percentage. 
The results obtained for germination parameters, 
especially for the GP, were found to be compatible 
with other studies (Almodares et al., 2007; Asfaw 
and Woldemariam, 2008; Akhtar and Hussain, 
2009; Mustafa et al., 2010; Nakaune et al., 2012; 
Aydinşakir et al., 2013; De Souza et al., 2014; 
Ahmed Nimir et al., 2014; Önal Aşçı and Üney, 
2016; Ceritoğlu and Erman, 2020; Rajabi Dehnavi 
et al., 2020) conducted with sorghum species and 
some other plants exposed to salt stress.  

In our study, significant differences were also 
observed between sweet sorghum cultivars for all 
examined germination parameters (Table 1). This 
difference was thought to be due to the genotypic 
differences of the cultivars. As a matter of fact, in 
many studies conducted with sorghum (Almodares 
et al., 2007; Krishnamurthy et al., 2007; Ahmed 
Nimir et al., 2014; Ali and Idris, 2015; Shakeri and 
Emam, 2017; Shakeri et al., 2017; Rajabi Dehnavi 
et al., 2020) and with other plants species (Okçu et 
al., 2005; Kaya et al., 2008; Kara et al., 2011; 
Aydinşakir et al., 2013; Day and Uzun, 2016; 

Çakmakçı and Dallar, 2019; Ceritoğlu et al., 2020), 
high genotypic variation among genotypes for salt 
tolerance and different genotypic responses in 
germination parameters were determined.  

Mean germination time reflects the speed of 
seed germination (Bijanzadeh and Egan, 2018). In 
our study, it was determined that the MGT was 
prolonged due to the increased salt content for all 
sweet sorghum cultivars and showed significant 
changes between the cultivars (Table 1). In some 
other studies conducted with different plant species 
and cultivars; such as studies of Okçu et al. (2005) 
with Pisum sativum L., Atak et al. (2006) and Kara 
et al. (2011) with triticale, Almodares et al. (2007) 
with sweet sorghum, Kaya et al. (2008) with Cicer 
arietinum L., Bijanzadeh and Egan (2018) with 
Triticum durum desf. and Rajabi Dehnavi et al. 
(2020) with S. bicolor (L.) Moench, it was reported 
that salt doses extended the germination time and 
there were differences between the cultivars in 
terms of MGT. 

Shoot and roots were the first organs of plants 
affected by salt stress, and the developmental 
course of these parts of the plant gives an important 
idea in terms of salt tolerance. In the study, it was 
observed that the seedling growth parameters of 
each cultivar and the average data of all cultivars 
decreased as salt concentrations increased (Tables 2 
and 3). These results were similar to other studies 
conducted with sorghum species (Netondo et al., 
2004a, 2004b; Asfaw and Woldemariam, 2008; 
Bashir et al., 2011; Ahmed Nimir et al., 2014; 
Rajabi Dehnavi et al., 2020). 

In many other studies with conducted with 
different plant species exposed to salt stress such as 
Pisum sativum L. (Okçu et al., 2005), Trifolium sp. 
(Vahdati et al., 2012), Hordeum vulgare L. 
(Benlioğlu and Özkan, 2015), Elymus farctus        
(El-Katony et al., 2015), Trigonella foenum- 
graceum L. (Ivani et al., 2018; Özyazıcı and 
Açıkbaş, 2021a) and Vicia narbonensis L. 
(Özyazıcı and Açıkbaş, 2021b), results on seedling 
growth characteristics such as root and shoot length, 
fresh weight and dry weight were compatible with 
our study.  

The slowed growth in root and shoot 
development due to the increase in salt 
concentration may be explained by the decrease in 
water and nutrient uptake as a result of the toxic 
effects of salt. Salinity has negative effects on plant 
tissues and organs (Koyro, 2002; Welfare et al., 
2002; Rasheed, 2009), and also prevents nutrient 
uptake required for plant growth with its osmotic 
and specific ionic toxicity effects (Vishnu et al., 
2017), as a result, a restrictive effect on root 
formation and seedling growth was reported 
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(Krishnamurthy et al., 2007; Abari et al., 2011; 
Bilgili et al., 2011).  

Lateral roots play an important role in water and 
nutrient uptake (Rostamza et al., 2013). It was 
observed that the number and length of lateral roots 
were affected by salt stress during the germination 
and seedling period. High salt concentrations 
significantly reduced the number and lengths of 
lateral roots (Table 3). It was also reported in some 
studies (Açıkbaş and Özyazıcı, 2021; Ceritoglu and 
Erman, 2021; Özyazıcı and Açıkbaş, 2021b) that as 
the salinity intensity increases in the rhizosphere, 
the number, and length of lateral roots get decrease. 

In the study, it was determined that there were 
significant changes in terms of seedling growth 
parameters among cultivars (Tables 2 and 3). In the 
studies of Benlioğlu and Özkan (2015) with             
H. vulgare L., Day and Uzun (2016) with V. sativa 
L., Çakmakçı and Dallar (2019) with Zea mays L., 
Ali and Idris (2015) and Rajabi Dehnavi et al. 
(2020) with S. bicolor (L.) Moench, it was reported 
that genotypes were affected at different rates in 
terms of root and shoot development. 

Sorghum, which is considered more salt-tolerant 
compared to maize, has a high potential to be grown 
in salt-affected areas. However, there is a great 
variation among the sorghum genotypes in terms of 
salt tolerance. With this study, it can be concluded 
that sweet sorghum cultivars show significant 
differences in terms of salt tolerance during 
germination and seedling stages. As a result of the 
research, Ulusoy and Erdurmuş cultivars were 
prominent in terms of salt tolerance among tested 
sweet sorghum cultivars. 

While significant decreases were observed in 
germination parameters after 100 mM salt dose, 
cultivars were found more sensitive to salt stress 
during the seedling development compared to the 
germination stage, and negative effects were started 
at 100 mM dose in the seedling stage. In general, 
increased salt doses adversely affected all the 
properties examined in the study. It is important to 
use salt-tolerant cultivars considering the genotypic 
differences in sweet sorghum cultivation in salt-
affected areas. 
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