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Abstract: Soil salinity is one of the main limiting factors for the plant growth and productivity. Response of three garden pea cultivars 

(Mira, Zornitsa and Ran 1) to salt stress in in vitro and in vivo conditions was studied. The in vitro stress was induced by adding of 0 (non-

treated control), 50, 100 and 200 mM NaCI in culture medium. After two weeks the germination and seedling emergence rate were not 

significantly affected by 50 mM NaCl. In culture medium containing 200 mM NaCl only 13.3 - 43.3% of the seeds developed to the plants. 

The data indicated that increasing NaCl level the shoot and root lengths, and plant fresh weight were significantly reduced. In in vivo 

condition, such clear differences between the tested NaCl concentrations were not observed. Nevertheless, the applied salt stress more 

strongly affected the shoot fresh weight and root length than stem length. Among the three tested genotypes cultivar Zornitsa was the most 

tolerant one, proved in both in vitro and in vivo experiments.  
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1. Introduction 

One of the most important abiotic factors limiting plant growth 

and development is water stress caused by drought or salinity. 

According to FAO (2008) over 6% of the of the world's land is 

affected by salinity or more than 800 million hectares. Moreover, 

studies have been shown that increasing salinization in agricultural 

fields will reduce the land available for cultivation by 30% within 

the next 25 years (Wang et al., 2003). Therefore, the efforts to 

increase the tolerance of crop plants to salinity stress are extremely 

important for sustainable agriculture.  

Physiological processes that occur in plants, such as seed 

germination and development, growth, flowering and fruit 

formation are negatively affected by high salt levels in soil which 

leads to reduced economic profitability and production quality. 

Salinity influenced photosynthetic activity by destruction of green 

pigments, reduction of leaf area, transpiration rate, activity of 

photosynthetic enzymes etc., which indirectly affected yield 

(Pandolfi et al., 2012; Miljus-Djukic et al., 2013). 

Pea is the most adaptive species among leguminous crops and at 

the same time sensitive to salt stress (Saxena et al., 1993, Francois 

and Maas 1994; Steppuhn et al. 2001). Some of the hypothesis 

explaining this is the effect of salinity on bacterial activity with 

respect to nitrogen fixation (Materne et al., 2007; Toker et al., 2007) 

On the other hand the plant response to the stress depends on the 

intensity and duration of exposure, stage of growth and genotype 

(Hernández et al., 2000; Duzdemir et al., 2009).  

Various indicators as seed germination rate, Na+ and K+ 

concentrations in plant tissues, plant height, root length, leaf 

necrosis, plant productivity have been used to evaluate salinity 

tolerance of different pea genotypes (Toker et al., 2007). But the 

complex nature of salinity tolerance and lack of a single trait for 

assessment make the breeding of tolerant cultivars difficult and 

time-consuming (Flowers et al., 2009). In vitro culture can be 

applied as an alternative approach for studying the effects of 

different abiotic stress factors like drought (Wang et al., 2003), 

heavy metals (Stanisavljevic et al., 2012) and for development of 

stress tolerant lines (Rai et al., 2011). Furthermore, in vitro 

conditions let to eliminate the impact of other potential stress 

factors as pathogens, temperature, humidity (Piwowarczyk et al., 

2016) In vitro screening has been used as an effective method for 

rapid evaluation of a large number of genotypes to salt stress 

(Queiros et al., 2007; Piwowarczyk et al., 2016). El Sayed and El 

Sayd, (2011) reported that resistant to salinity pea lines are obtained 

as result of callusogenesis. Miljuš-Djukić et al., (2013) also 

successfully applied the in vitro culture to assess the salinity 

response of three pea species (Pisum arvense, P. sativum and P. 

fulvum).  

The aim of this experimental work is to study the effect of salt 

stress of growth and development of three garden pea cultivars 

(Mira, Zornitza and Ran 1) in in vitro and in vivo conditions. 

2. Materials and Methods 

2.1. Plant material 

The experiment was carried out with three garden pea cultivars 

Mira, Zornitsa and Ran 1 from the collection of the Maritsa 

Vegetable Crops Research Institute in Plovdiv.  

Ran 1 (old local cultivar). Early in maturity cultivar, vegetation 

period 49-50 days. Grains are round, green and comparatively large. 

Approximately weight per 1000 seeds is 212.8 g. 

Zornitsa (Maritsa VCRI). Early to mid-early in maturity 

cultivar, vegetation period 52-54 days. Grains are round and green. 

Approximately weight per 1000 seeds is 173.3 g. 

Mira (Maritsa VCRI). Late in maturity cultivar, vegetation 

period is 73-74 days. Grains are round and green. Approximately 

weight per 1000 seeds is 150.1 g. 

2.2. In vitro treatment 

Seeds of three pea cultivars were surface sterilized by soaked in 

5% Calcium hypochlorite for one hour, rinsed three times in sterile 

distilled water and germinated on basal medium containing macro- 

and microsalts by Murashige and Skoog (1965), Vitamins B5 by 

Gamborg et al., (1968), 20 gL-1 Sucrose and 7 gL-1 Agar. Salinity 

stress was induced by adding of Sodium chloride (NaCl) in medium 

at concentration: 0 (control), 50, 100 and 200 mM. The culture 

vessels with seeds were incubated in growth chamber at 25ºC ± 1ºC 

temperature, a photosynthetic proton flux density (PPFD) of 200 

μmol m-2 s-1 and 16/8 h photoperiod. The experiment was repeated 

two-times in three replications each, with 5 seeds per replication. 

Germination rate was determined after 7 days of seeds cultivation 

while seedling emergency was recorded after 14 days. The shoot 

and root length (mm) and shoot weight (g) of 14-days old seedling 

were also measured.  

2.3. In vivo treatment 

The experiment was carried out during the spring season of 

2019 under glasshouse conditions. Five seeds per cultivar were 

sown in equal distance at 2 cm depth in pots contained 4 L mixture 

peat moss and perlite in the ratio 1:1 (v/v). Initially, pots were 

irrigated with tap water. After seeds germination, a modified 

Hoagland’s nutrient solution was used for irrigation. It contains 1 

mM Ca(NO3)2; 1 mM KNO3; 0.4 mM KH2PO4; 0.4 mM MgSO4; 

17.9 µM FeEDTA; 4.6 µM H3BO3; 0.9 µM MnCl2; 0.08 µM ZnCl2; 

0.03 µM CuCl2.  Modification was made to induce salinity stress by 

supplementing the nutrient solution with 0 (control), 50, 100 and 

200 mM NaCl. The treatments with the saline solutions started 
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seven days after seeds germination. First treatment was made with 

½ strengths solutions. During the vegetation period a total of five 

treatments with 500 mL saline solutions per pot were made. 

Between these treatments, 200 mL per pot tap water was used to 

maintain optimal substrate moisture. Electrical conductivity (EC) of 

freshly prepared solutions were determined. The experiment was 

conducted in three replications with 5 plants per replication. At 

plant maturity stage the following characteristics were measured: 

stem length (cm), root length (cm) and shoot fresh weight with pods 

and grains (g). 

2.4. Statistical data 

The results were presented as means ± standard deviation (SD). 

Duncan’s multiple range test was used (SPSS software) to compare 

means. The percentage of characteristics decrease compared to non-

treated control (T-C%) was also calculated. 

 

3. Results and Discussion 

3.1. In vitro treatment 

Data presented in Table 1 indicated that seed germination and 

emergency rate was not significantly affected by lower salt 

concentration in culture medium (50 and 100 mM NaCl). The 

highest decrease of seed germination (36.7% in Ran 1 to 60.0% in 

Zornitsa) was observed in culture medium containing 200 mM 

NaCl. Seedling emergency rate was significantly inhibited at the 

highest level of salt in three tested cultivars. In this concentration of 

NaCl (200 mM) in the medium, the percentage of seed that 

developed to plants was 43.3% in Zornitsa, 30.0% in Ran 1 and 

13.3% in Mira, but with visible suppress of plant and root growth 

(Fig. 1). The results were consistent with those obtained by other 

authors (Piwowarczyk et al., 2016). Also it was established that 

grain legumes are more sensitive to salt at seedling development 

than seed germination stage (Kaya et al., 2008; Okcu et al., 2005).  

 
Table 1: Seed germination and seedling development of three garden pea 

cultivars under salinity stress. 

Cultivar 
NaCl 

mM 

Seed germination Seed emergence 

% ±SD % ±SD 

Mira 

0 93.3abc 10.3 83.3ab 19.7 

50 73.3cd 10.3 53.3cd 10.3 

100 50.0ef 30.1 33.3de 24.2 

200 42.9еf 17.9 13.3e 16.3 

Zornitsa 

0 100a 0.0 96.7a 8.2 

50 90.0abc 11.0 76.7ab 23.4 

100 76.7bcd 8.2 53.3cd 16.3 

200 60.0de 25.3 43.3d 23.4 

Ran 1 

0 96.7ab 8.2 93.3ab 10.2 

50 90.0abc 11.0 86.7ab 10.3 

100 83.3abc 19.7 70.0bc 16.7 

200 36.7f 19.7 30.0de 26.7 

a,b,c…- Duncan’s Multiple Range (p≤0.05) 
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Fig. 1 Effect of salinity stress on germination and emergency rate of three 

garden pea cultivars after 7 and 14 days in vitro treatments 

 

The growth of shoots and roots was also negatively affected by 

salinity stress in all studied garden pea cultivars (Table 2, Fig. 1). 

After 14 days of cultivation in culture medium containing 50 mM 

NaCl, the reduction of shoot length ranged from 3.8% in cultivar 

Zornitsa to 34.4% in cultivar Ran 1 compared to non-treated 

control. Increasing the NaCl concentrations in a medium led to 

decrease of seedling growth between 68.8% in cultivar Zornitsa and 

over 80% in cultivars Mira and Ran 1. Regarding the root growth 

the tendency was similar. The root length was reduced with 7.0% in 

Ran 1, 14.6% in Mira and 43.3% in Zornitsa in the lowest 

concentration of NaCl (50 mM). The highest level of NaCl (200 

mM) decreased the root length between 88.3% and 97.8% 

compared to the control treatment (0 mM NaCl). Increasing NaCl 

concentration in the media the weight of the plants significantly 

decreased from 16.5% at 50 mM NaCl to 89.5% in 200 mM NaCl. 

The results indicated that cultivar Zornitsa distinguished with the 

highest tolerance to applied salt stress, followed by cultivars Mira 

and Ran 1.  

 
Table 2: Morphology evaluation of 14 day-old seedling of three garden pea 

cultivars under salinity stress. 

Cultivar Mira Zornitsa Ran 1 

NaCl 

mM 
Organ main±SD T-C% main±SD T-C% main±SD T-C% 

0 

S
h
o
o
t 

le
n
g
th

 

(m
m

) 

55.2±3.3b  57.7±8.9b  81.5±5.7a  

50 45.8±11.4bc 16.8 55.5±3.9b 3.8 53.3±7.5b 34.4 

100 30.0±20.3d 45.7 36.8±9.6cd 36.2 41.0±4.9cd 49.7 

200 7.7±8.6e 86.1 18.0±2.2e 68.8 12.8±10.7e 84.3 

0 
R

o
o

t 

le
n

g
th

 

(m
m

) 

80.3±12.1bc  116.5±7.9a  86.2±11.5b  

50 68.7±24.7c 14.6 66.0±13.8c 43.3 80.2±4.5bc 7.0 

100 38.8±21.7d 51.7 31.7±7.9d 72.8 41.0±5.1d 52.4 

200 6.7±7.4e 97.8 13.7±3.7e 88.2 8.5±7.0e 90.1 

0 

P
la

n
t 

w
ei

g
h

t 

(m
g

) 

636.7±60.3cd  880.1±200.9a  809.2±92.2ab  

50 531.6±164.9de 16.5 699.2±110.4bc 20.6 622.4±62.9cd 23.1 

100 325.2±239.3f 48.9 321.5±103.7f 63.5 391.4±95.3ef 51.6 

200 66.9±89.1g 89.5 111.6±40.5g 87.3 101.6±85.0g 87.4 

T – treated; C – control (non-treated)  

a,b,c…- Duncan’s Multiple Range (p≤0.05) 

 

3.2. In vivo treatment 

The electrical conductivity, i.e. the content of salts in the 

nutrient solutions used in this experiment is presented in Table 3. 

First treatment was made with ½ strength solution and the measured 

EC values are lower compared to the solutions used in the following 

treatments. As expected, increasing the concentration of NaCl 

increase the EC of the solution. 

Table 3: Electrical conductivity (EC) of freshly prepared saline solutions 

used in the in vivo experiment 

Nutrient 
solution, 

NaCl, 

mM 

EC, mS cm-1 

1st 

treatment 

2nd 

treatment 

3rd 

treatment 

4th 

treatment 

5th 

treatment 

0 1.52 2.40 2.40 2.38 2.39 

50 4.10 7.39 7.50 7.43 7.38 

100 6.63 12.28 12.48 12.50 12.26 

200 11.61 21.50 21.80 21.70 21.67 

 

The results from plant morphology evaluation in in vivo 

experiment were presented in Table 4. Salinity caused depression in 

plant growth in all studied cultivars. From the three measured 

growth indexes, shoot fresh weight and root length were affected 

more strongly than stem length. However, no clear differences were 

observed between the tested NaCl concentrations. Salinity 

decreased stem length from 0.0 % to 23.9% compare to the NaCl 

treatment. Decreases in root length ranged from 2.1% to 28.4%. 

Variation in shoot fresh weight was between 11.1% and 61.8%. 

Similar to our findings, other authors also reported that the 

continuous presence of NaCl in the nutrient solution, especially in 

higher concentrations (0.6 and 1.2 mg L-1), shortened vegetation 

periods and reduced pea growth, and root dry weight, but changes 

are not statistically significant (Maksimović at al., (2010). The 

obtained data revealed that Zornitsa was the most tolerant cultivar, 
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followed by Mira. The most sensitive one was Ran 1. These 

findings were consistent with that from the in vitro experiment.  

Table 4: Morphology evaluation of in vivo grown plants of three garden pea 

cultivars under salinity stress 

NaCl 

mM 

Mira Zornitsa Ran 1 

main±SD T-C% main±SD T-C% main±SD T-C% 

 Stem length (cm) 

0 66.9±8.7a  27.6±2.3a  39.1±6.2a  

50 60.6±11.2ab 9.4 27.6±2.2a 0.0 36.8±5.4ab 7.3 

100 56.3±6.7b 15.8 24.3±2.5b 12.0 30.2±6.4b 23.9 

200 55.6±9.0b 16.9 25.6±2.3ab 7.2 36.9±9.1ab 7.1 

 Root length (cm) 

0 29.2±8.5ns  14.8±6.0a  19.3±5.4ns  

50 23.8±5.3ns 18.5 11.2±2.9ab 24.3 17.3±5.2ns 10.4 

100 21.6±6.7ns 26.7 10.6±2.4b 28.4 17.9±5.5ns 7.3 

200 26.9±9.6ns 7.9 13.8±3.8ab 6.8 18.9±4.6ns 2.1 

 Shoot fresh weight (g) 

0 5.4±3.1a  2.7±0.5b  5.5±2.7a  

50 3.6±1.1ab 33.3 4.1±1.1a -51.9 4.6±2.1a 16.4 

100 2.7±1.1b 50.0 1.9±0.7c 29.6 2.1±1.5b 61.8 

200 4.8±1.6a 11.1 2.2±0.4bc 18.5 3.9±2.6ab 29.1 

a,b,c…- Duncan’s Multiple Range (p≤0.05);  

ns – non-significant 

4. Conclusions 

The obtained results clearly demonstrated that salinity stress 

induce significant reduction in germination, emergency rate and 

growth parameters (shoot and root length), in the three pea cultivars 

in both in vitro and in vivo conditions. The data in present study 

showed that cultivar Zornitsa was more tolerant to salinity stress 

than cultivars Mira and Ran 1. The tolerance was associated with 

higher percentage of developed seeds and the lower depression of 

shoot and root growth in the highest tested concentration of NaCl 

(200 mM).  
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