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Abstract 

 
In order to investigate the screening attributes that can be used to determine early growth stage sensitivity of pea plants to salt stress, 
30 pea genotypes (Pisum sativum) were grown in trays containing fine sand as growth medium and subjected to five different 
salinity levels, i.e. 0, 2.5, 5.0, 7.5 and 10 dS m-1 NaCl.  The Hoagland’s solution was applied as the base nutrient solution. The 
germination (%) and emergence (%) was investigated in Petri dishes and plastic trays, respectively. Salt stress significantly reduced 
the germination (%), emergence (%), root and shoot fresh weight, root and shoot dry weight, root and shoot length and leaf 
inorganic osmolytes (K+ and Ca2+). While the leaf Na+ content increased in all the genotypes, tolerant genotypes exhibited the 
lowest leaf Na+ content under saline conditions. High leaf Na+ accumulation indicated genotypes which are particularly sensitive to 
salt damage while high leaf K+/Na+ and Ca2+/Na+ ratio indicated genotypes with lower leaf injury. Compared with control, all added 
salinity levels induced an injurious effect on the above mentioned attributes but high salt stress (7.5 and 10 dS m-1) resulted in 
considerable variation in tested genotype. A significant correlation was found between the root/shoot dry weight and leaf K+/Na+ 
and Ca2+/Na+ ratios. Based on the percent increase or decrease over control for the measured attributes, the tested pea genotypes 
were categorized into less salt tolerant, intermediate and high salt tolerant groups at seedling stage. 
 

Keywords: pea, salt stress, genotypes, Na+, K+, K+/Na+, Ca2+/Na+. 
Abbreviations: SC-standard curve; HSD-Honestly significant difference. 
 
Introduction 

 
Salinity refers to the buildup of soluble salts, which forms 
saline soils (Levy and Syvertsen, 2004; Ibraheem et al., 
2011).  It is well documented that besides other stresses, 
exposure to saline conditions limits plant growth and 
productivity (Abbas et al., 2010; Bhantana and Lazarovitch, 
2010; Siringam et al., 2012). The increase in land area 
affected by salinity in arid and semi-arid lands is an issue of 
great concern in agriculture, because it resulted in gradual 
decline in crop productivity. In arid and semiarid regions, soil 
salinization occurs when there is insufficient irrigation, 
regular use of saline water or with improper cultural practices 
such as excessive fertilization. It is estimated that worldwide 
831 x 106 hectares of land is affected by salinity (Beltran and 
Manzur, 2005). It is important to sustain the soil fertility and 
quality of water resources to fulfill the food, feed and fiber 
demand of an ever-growing world population. Salinity limits 
the production of nearly over 6% of the world’s land (FAO, 
2008) and 20% of the irrigated land (15% of total cultivated 
areas) (Munns, 2005) and negatively impacts agricultural 
yield throughout the world.  Salinity is regarded as a grave 
situation globally because it has been estimated that it will 
affect 30% of cultivated world land area within the next 25 
years and about 50% of land area by the end of this century 

(Wang et al., 2003). Salinization of the underground water 
resources is another related major problem affecting the 
agricultural productivity (Hasaneen et al., 2009). In Pakistan, 
a loss of about 20 billion rupees (351 million US$) annually 
has been estimated from salt-affected irrigated areas of the 
Indus Basin on account of decrease in crop yield. Salinization 
of good arable land in Pakistan is creating  problem with 
immense socio-economic losses. The loss of  an excellent 
natural resource is another problem, because population 
depends for its livelihood on these lands, which are gradually 
dwindling through the spread of salinity (IAEA, 1995). Soil 
salinity can be attributed to many ions present in the soil 
solution but adverse effects of salinity have been particularly 
attributed to chloride and sodium ions (Zekri, 2004) in 
different plant parts hence these ions produce conditions that 
impair plant survival by disturbing several physiological and 
biochemical mechanisms (Raveh, 2005; Grieve et al., 2007).  
  Excessive salts in the root zone or in soil solution may enter 
within the plant, resulting in plant death by ionic imbalance 
and osmotic stress (Mahajan and Tuteja, 2005). This ionic 
and osmotic imbalance leads to many morpho-physiological 
and biochemical abnormalities within the plant tissues 
(Pessarakli and Tucker, 1988). Salinity influences the physio-
biochemical processes such as photosynthesic rate (Hayat et 
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al., 2010), transpiration rate (Cambrolle et al., 2011), 
stomatal conductance (Perez-Perez et al., 2009), water use 
efficiency (Grewal, 2010), sugars (Noreen and Ashraf, 2009), 
osmolytes proteins and water relations. Mainly there are three 
ways by which plants are affected under saline environments 
(Gama et al., 2007). These include reduced water absorption 
potential due to increased water potential, toxicity due to 
accumulation of specific ions such as Na+ and Cl- (Ashraf 
and Foolad, 2007) and reduction in nutrient transport 
resulting in nutritional imbalance (Tester and Davenport, 
2003; Apse and Blumwald, 2007). Crops vary significantly in 
their threshold limits above which salt stress causes reduction 
in growth and productivity (Khan et al., 2006). Various 
approaches have been applied to alleviate the drastic effects 
of salinity. Among these strategies, the exploitation of 
genetic differences of available germplasm has greatest 
significance because it helps to identify the genotypes that 
can be readily adopted to perform well under saline 
conditions (Ashraf et al., 2006). Screening of crops for 
tolerance can strengthen the breeding programs by 
identifying genotypes with high salt tolerance and yield 
potential. This strategy involves the investigation of various 
morphological, physiological, biochemical, enzymatic and 
ionic responses at different developmental stages under salt 
stress as reported in various crops (Azhar and Ahmad, 2000; 
Ali et al., 2002; Khan et al., 2003a; Khan et al., 2003b; 
Kamal et al., 2003). There are many pitfalls to such approach 
i.e., climatic variation, varied physio-chemical properties of 
soil and amount of precipitation, which reduces the 
effectiveness of screening of crops for salt tolerance under 
field conditions. So, there is a dire need to screen the 
available germplasm of all horticultural crops especially the 
vegetable for salinity tolerance under controlled conditions. 
In this way we can easily investigate the salt tolerance 
potential of a genotype, by minimizing the above said factors 
that limits the effectiveness of screening procedure. Pea 
(Pisum sativum) is a vital cool season vegetable crop. It is 
cultivated across the globe, including China, India, USA, 
France, and Egypt. It is utilized for various purposes such as 
fresh peas, edible pods, and as dry pulses. Peas are an 
excellent source of protein, carbohydrates (Hussein et al., 
2006), water-soluble fibers, vitamins (vitamin B1), and 
antioxidants (Mukerji, 2004). Salinity and its allied factors 
limit the production and growth of various legumes, 
including pea globally (Najafi et al., 2007) as well as in 
Pakistan. Therefore, there is a dire need to screen available 
pea genotypes for salinity tolerance. Keeping in view the 
importance of pea and the drastic effects of salinity, current 
investigation was organized with the purpose to screen 30 
available and commonly cultivated pea genotypes at seedling 
stage for salinity tolerance under five different salinity levels. 
As many researchers did that kind of investigation on various 
crops but present investigation was first time applied in pea, 
using fine sand as neutral growth medium in place of soil. 
The use of this neutral medium (no nutrients) was very 
helpful in eliminating the errors/variation in tested attributes 
that can be produced by the use of soil as rooting medium.  In 
this way, we purely evaluated the toxic effects of salinity on 
various growth and nutritional aspects, which be not so pure 
in case of soil as growth medium. So, the investigation at 
seedling stage coupled with use of fine sand as growth 
medium differentiated the present study from previous 
studies and can be considered as novelty of this investigation. 
Several responses were measured i.e. the deleterious effects 
of salt stress on the seed germination, emergence, plant 
fresh/dry biomass, shoot/root length and leaf ionic contents 

of pea genotypes. Tolerant pea genotypes, screened in present 
investigation can be recommended for cultivation in marginal 
salt affected areas.  
 

Results 

 

Effect of salt stress on germination percentage   

 
Pea genotypes significantly responded to increasing salinity 
levels. Although, salt stress decreased the germination 
percentage in all tested genotypes (Supplementary data 1) but 
maximum reduction in germination was recorded in seeds 
submitted to high salinity levels, i.e., 7.5 and 10 dS m-1 NaCl. 
The genotypes, samarina zard, 2001-35, climax, 9800-10 and 
9800-5 performed well by maintaining the highest 
germination percentage under saline conditions while 9200-1, 
ambassidar, azad-P1, 2001-40, PF-400 gave the poorest 
response in this regard. The least mean % reduction in 
germination was recorded for samarina zard (4 %), 2001-35 
(4 %), climax (8 %), 9800-10 (8 %), 2001-55 (11 %), K2P-
6121 (11 %) and 9800-5 (11 %) while it was maximum for 
PF-400 (48 %), 2001-40 (48 %), azad P1 (43 %), ambassidar 
(43 %) and 9200-1 (39 %) with respect to control (0 dS m-1 
NaCl) (Supplementary data 1). Interaction between salinity 
levels and pea genotypes was found to be significant. 
 

Effect of salt stress on emergence percentage   
 
Emergence percentage was also significantly reduced with 
increasing salt stress. The genotypes maintaining the highest 
emergence percentage under stressed conditions were placed 
under the tolerant category, while those having the lowest 
emergence percentage were categorized as salt sensitive ones. 
Emergence percentage indicated in (Supplementary data 2) 
revealed that samarina zard, climax, 2001-35 and 9800-5 had 
the lowest % reduction in emergence over the control, but it 
was maximum for ambassidar, PF-400, 9200-1 and 2001-40. 
The seeds grown under high salinity level of 10 dS m-1 NaCl, 
showed maximum reduction in emergence percentage 
(Supplementary data 2).  
 

Effect of salt stress on plant biomass   
 
Salt stress significantly reduced the plant fresh and dry 
biomass in all tested genotypes (Supplementary data 3). But 
the genotypes, samarina zard, climax and 9800-5 showed 
maximum salt tolerance potential in terms of having the least 
% reduction in plant fresh weight at all imposed salinity 
levels (2.5, 5.0, 7.5 and 10 dS m-1 NaCl). However, the 
genotypes PF-400, 9200-1, and 2001-40 proved to be highly 
salt sensitive due to the highest % decrease in plant fresh 
weight at 2.5, 5.0, 7.5 and 10 dS m-1 NaCl with respect to 
control (Supplementary data 3). Similarly, the plants 
subjected to salinity stress exhibited the significant decrease 
in plant dry weights (Supplementary data 4) but maximum 
reduction was caused by 7.5 and 10 dS m-1 NaCl stress. The 
genotypes, samarina zard (10 %), climax (15 %), 2001-35 (17 
%), 9800-5 (20 %), 9800-10 (27 %) and 2001-55 (28 %) had 
the least mean % decrease in plant dry weight over the 
control, whereas PF-400 (55 %), ambassidar (52 %), 9200-1 
(50 %), 2002-40 (48 %) and K2P-6185 (45 %) found to be 
the most severely affected genotypes in this regard. The 
genotypes with the least % reduction in plant fresh and dry 
weights were categorized as salt tolerant genotypes while 
those showing the greatest % decrease were categorized as 
salt sensitive (Table 2). The shoot and root length of  
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            Table 1. Grouping of pea genotypes on the basis of cluster analysis.  

Less salt tolerant Intermediate salt tolerant Highly salt tolerant 

No. Genotypes No. Genotypes No. Genotypes 

1 Samarina zard 9 K2P-6121 19 Tere-2 
2 Climax 10 FS-2187 20 PF-450 
3 2001-35 11 Juras-555 21 Green arrow 
4 2001-55 12 K2P-6173 22 K2P-5196 
5 9800-5 13 Olympia 23 F-16 
6 9800-10 14 2001-20 24 GRW-45 
7 Sprinter 15 Sitra Gold 25 K2P-6185 
8 Meteor 16 Premume 26 Azad P1 
  17 Neptune 27 2001-40 
  18 K2P-5180 28 9200-1 
    29 Ambassidar 
    30 PF-400 

           (data used are the salt treatment 10 dS m-1 relative to control treatment and expressed as %) 

 
Fig 1. Clustring of tested 30 pea genotypes based on scores of the first principal components (PC1) (data used are the salt treatment 
10 dS m-1 relative to control treatment and expressed as %. 
 
 
investigated pea genotypes was significantly decreased under 
salt stress (Supplementary data 5 & 6). The interaction 
between salinity and genotypes was significant. Based on the 
percentage reduction values of shoot and root lengths, 
climax, 2001-35, samarina zard, 9800-5 and 2001-55 were 
classified as salt tolerant genotypes while  ambassidar, PF-
400, 9200-1, 2001-40 and azad-P1 were severely affected in 
terms of root and shoot length so classified as salt sensitive 
genotypes. 
 

Effect of salt stress on inorganic osmolytes 
 
Salt stress caused a significant increase in leaf Na+ contents 
of all the genotypes grown under saline conditions 
(Supplementary data 7). The highest % increase was 
observed at 10.0 (67 %) followed by 7.5 (52 %), 5.0 (33 %) 
and 2.5 dS m-1 (15 %). Climax, samarina zard, meteor, 2001-
35, 2001-55 and 9800-10 were the genotypes that 
accumulated the lowest concentration of Na+ in their leaves. 
The genotypes, 9200-1, ambassidar, green arrow, PF-400, F-
16, azad-P1 and PF-450 accumulated the highest amount of 
Na+ in their leaves so categorized as salt sensitive. Salinized 
plants had significant decline in leaf K+ in response to 
increasing salt stress (Supplementary data 8). The genotypes 
2001-55, 9800-10, samarina zard, 2001-35 and climax 
exhibited the least % reduction in leaf K+ and were thus 
categorized as salt tolerant. The genotypes, F-16, 9200-1, PF-
400, and ambassidar were classified as salt sensitive ones, 
due to their high % reduction in leaf K+ as compared to the 
control. All the tested genotypes exhibited a significant 

reduction in leaf Ca2+ concentration under saline conditions 
(Supplementary data 9). The genotypes showing the greatest 
% decrease in leaf Ca2+ were placed under salt sensitive 
category while those having minimum % reduction were 
categorized as salt tolerant genotypes. Based on % reduction 
in leaf Ca2+, samarina zard, climax and 2001-35 proved to be 
highly salt tolerant while ambassidar, 9200-1 and PF-400 as 
salt sensitive.Since salt stress enhanced the leaf Na+ contents 
which resulted in decrease of K+/Na+ and Ca2+/Na+ ratio in 
all tested pea genotypes (Supplementary data 10 & 11). The 
genotypes 2001-55, 9800-10, samarina zard, 2001-35 and 
climax performed well by maintaining higher K+/Na+ and 
Ca2+/Na+ ratios, while the genotypes PF-400, ambassidar, 
9200-1, azad P1, and PF-450 exhibited the lowest leaf 
K+/Na+ and Ca2+/Na+ ratios, therefore classified as salt 
sensitive. The principal component analysis of correlation 
matrix of investigated attributes, permitted two principal 
components to be identified, which exhibited 97% of the total 
variance of the original attributes (Table 2). The first 
component showed the relative growth/plant biomass of the 
tested plants while the second principal component exhibits a 
contrast between relative growth/plant biomass against the 
accumulation of inorganic osmolytes (Table 2). Therefore, if 
the investigated pea genotypes show higher scores relative to 
another, it is due to t high relative values of inorganic 
osmolytes accumulation. On the basis of the values of two 
principal components, the investigated pea genotypes can be 
grouped as less salt tolerant, intermediate and high salt 
tolerant (Fig. 1; Table 1).      
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Table 2. Eigenvectors in two principal components (PC1 and PC2) of values relative to the control, for emergence, shoot fresh 
weight, shoot dry weight, shoot length, root length, root fresh weight, root dry weight, germination, K/Na and Ca/Na of pea 
genotypes. 

Eigenvectors 

Characteristics PC1 PC2 

Emergence percentage 0.32 -0.34 
Shoot fresh weight 0.31 0.51 
Shoot dry weight 0.32 0.08 
Shoot lenght 0.32 -0.008 
Root lenght 0.32 -0.008 
Root fresh weight 0.31 0.33 
Root dry weight 0.32 0.27 
Germination percentage 0.31 0.05 
K/NA 0.31 0.56 
Ca/Na 0.32 0.32 
λ 4.34 1.86 
CVA (%) 59 97.34 

                   λ = Eigenvalue of the correlation matrix.  CVA = Cumulative variance.  
 

 

 
Fig 1. Correlation between growth attributes and inorganic osmolytes (K+/Na+); seedling shoot length/ K+/Na+  (A), seedling root 
length/ K+/Na+  (B), seedling fresh weight/ K+/Na+  (C), seedling dry weight/ K+/Na+  (D). 
 

 

Discussion 

 
Salt stress significantly affected the germination and early 
seedling growth so these are regarded as indicators of salt 
stress. On the basis of these important indicators of salt 
stress, genotypes can be categorized as tolerant and sensitive 
ones. High seed germination and vigorous seedling growth 
contribute to the plant’s potential to resist the salt stress, 
therefore indirectly playing a vital role for better growth and 
productivity (Carpici et al., 2009). Various reports indicate 
that salt tolerance characteristics are specific to 
developmental stage; one may be drastically affected while 
another may exhibit tolerance to salts (Lauchli and Epstein, 
1990; Johnson et al., 1992). Therefore, in various plant 
genotypes, the screening for salt tolerance should be carried 
out at initial growth stages as well as at the germination stage 
(Alian et al., 2000; Al-Karaki, 2000). Screening for salinity  
 

 
tolerance at germination and seedling stage has many 
advantages such as being less laborious, quick, and 
inexpensive as compared to investigations at mature growth 
stages (Dasgan et al., 2002). From the work of Tlig et al. 
(2008) and Guan et al. (2009) it can be concluded that 
germination test is a useful tool for screening under stressed 
environments. However, there are various factors such as age 
of seed, climatic conditions at the time of harvest, and seed 
storage conditions that may be involved in seed germination 
so it is reported that germination cannot be considered an 
authentic marker for screening under saline conditions 
(Ashraf and Oleary, 1996; Rubio-Casal et al., 2003). In the 
present investigation we attempted to eliminate the above 
mentioned factors by taking seeds of uniform size, age 
andfrom similar storage conditions so the findings observed 
in this study were real rather than apparent. In the current 
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Fig 1. Correlation between growth attributes and inorganic osmolytes (Ca2+/Na+); seedling shoot length/ Ca2+/Na+ (A) seedling 
root length/ Ca2+/Na+ (B), seedling fresh weight/ Ca2+/Na+ (C), seedling dry weight/ Ca2+/Na+ (D). 
 
investigation salt stress markedly reduced the germination   
percentage in all the tested pea genotypes (Supplementary 
data 3). These variations in germination percentage could be 
due to excessive deposition of Na+ and Cl- ions in seed 
tissues that compromises germination metabolism by 
affecting mobilization of mineral and organic reserves along 
with the recommencement of respiration. On the other hand, 
salt stress can decrease in water potential of growing medium 
thereby limiting water uptake by germinating seeds 
ultimately leading to a decline in germination. It was also 
observed that high salt stress makes the seeds to shrink 
within a few days and later seeds became non-viable. Salt 
stress negatively influences the protein hydration (Kramer, 
1983) and disturbs many enzymatic activities (Dubey and 
Rani, 1990; Garg et al., 1993) within the tissues of 
germinating seeds; thus, seeds may fail to germinate under 
saline conditions. A strong correlation was observed between 
germination percentage and salinity levels. There are various 
reports, which indicate that salt stress has an inhibitory effect 
on germination percentage, seedling emergence percentage 
and seedling growth (Song et al., 2008; Tlig et al., 2008; 
Guan et al., 2009; Ahmad and Khan, 2010; Li et al., 2010). 
The effects of salt stress not only vary within genotypes but 
also within species. The pea genotypes which experienced 
the least decrease in emergence were grouped as tolerant 
(samarina zard, climax, 2001-35, 9800-10 and 9800-5) while 
those that exhibited the highest decrease were categorized as 
sensitive ones (PF-400, 2001-40, azad P1, ambassidar and 
9200-1).Since the decreasing trend of pea genotypes in this 
study under saline conditions was very clear so it should also 
be claimed as an indicator of salt tolerance. A strong negative 
correlation existed between emergence percentage and 
concentration of sodium chloride. The inhibition of seedling 
emergence may be due to the decrease in osmotic potential of 
the root zone under the effect of excessive salts, which 
reduces the ability of the seed to absorb moisture for the 
expansion of the embryo (Al-Niemi et al., 1992) so it 
ultimately leads to the delayed seedling emergence.  On the  
 

 
other hand, toxic ions (Na and Cl) also retarded the growth of 
radical so seedling failed to emerge properly (Malcolm et al.,  
2003; Qu et al., 2008). The results regarding the seedling 
emergence are in accordance with the findings of Patel and 
Pandey (2007), Patel et al. (2009), Patel et al. (2010) and 
Goodman et al. (2011).  Growth attributes such as seedling 
fresh and dry weight, root fresh and dry weight, seedling 
shoot length, seedling root length showed a strong negative 
correlation with increasing salt stress. The high salt stress 
decreases the water potential of the growth medium which 
leads to the reduction in cell turgor. This low cell turgor 
inhibits the cell elongation and cell division so that plant 
growth slows. As significant differences were observed 
between non saline and saline regimes for above mentioned 
growth attributes in all thirty pea genotypes, they can be used 
as a successful tool for screening under stressed conditions. 
Likewise, the presence of positive correlation between shoot 
and root biomass and root and shoot lengths witnessed that 
these growths attributes can be authentic and effective 
markers for evaluating salt tolerance in pea genotypes. A 
relatively moderate reduction in shoot length, root length, 
shoot fresh weight and root fresh weight of tolerant 
genotypes (samarina zard, climax, 2001-35, 9800-5 and 
9800-10) could have been due to their successful 
maintenance of cell turgor under saline conditions while non 
tolerant genotypes (ambassidar, PF-400, 2001-40 and azad 
P1) may not maintain the proper cell turgor. These results 
confirmed the findings of Ashraf et al., (2008). Toxic ions 
like Na+ and Cl- also limits cell elongation and cell 
differentiation which may lead to the reduction in plant 
biomass, root and shoot lengths in salinized plants of tested 
pea genotypes. A strong correlation was observed between 
the leaf Na+ and root/shoot length, and leaf Na+ and 
root/shoot dry weight (Fig.). Similarly, leaf Ca2+ also showed 
the correlation with plant biomass and root/shoot length (Fig. 
1). Since, tolerant genotypes maintained higher K+/Na+ and 
Ca2+/Na+ ratios this may also be a reliable indicator of salt 
response.   
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A strong correlation was established between plant root/shoot 
biomass and K+/Na+ and Ca2+/Na+ (Fig. 1). Salinity also has a 
significant impact on the nutritional status of the plant. 
Therefore, nutrient regulation is a vital process which is very 
closely linked with the salt tolerance potential. It is well 
documented that salt stress elevates the Na+ concentration in 
plant parts while suppresses the concentration of cations K+ 
and Ca2+ (Dasgan et al., 2002; Akram et al., 2010). Both K+ 
and Ca2+ are key ions necessary for various physiological 
mechanisms but under saline conditions Na+ ions replace 
these ions ultimately causing reduced plant performance. In 
the present investigation, all the tested pea genotypes 
exhibited an increase in the leaf Na+ and reduction in leaf K+ 
under increasingly saline conditions. However, the 
genotypes, climax, samarina zard, 9800-5, 9800-10, 2001-55 
and 2001-35 showed minimum ratios of Na+ and maximum 
K+ in their leaves. While, on the other hand, genotypes such 
as ambassidar, PF-400, 2001-40, 9200-1, azad-P1 and F-16 
had the highest leaf Na+ and the lowest leaf K+ concentration 
So it is concluded that there is a negative correlation between 
leaf Na+ and K+ and salt tolerance is highly associated with 
ratios of these ions. This difference in Na+ and K+ of pea 
genotypes may be due to their genetic variability and root 
permeability for these ions. The salt tolerant plants transport 
fewer amounts of toxic ions like Na+ to the upper parts (leaf 
and shoot) because they store maximum ratios of these ions 
in their roots, it is an adaptation to withstand saline 
conditions while salt sensitive plants do not have such an 
adaptation. So, it may also be the reason of reduced leaf Na+ 
in climax, samarina zard, 9800-5, 9800-10, 2001-55 and 
2001-35. Similar kind of observations was noted by Balal 
(2010) in salinized citrus rootstocks. As salt tolerance 
potential is highly associated with the concentration of 
inorganic osmolytes (Na+, K+, Ca2+) so these can be 
efficiently used as screening tools for salinity in pea 
genotypes. Various reports indicated that Na+ and K+ can be 
used as screening tools under saline regimes (Dasgan et al., 
2002; Akram et al., 2010; Khayat et al., 2010).  
 

Materials and methods 
 

Plant material and growth conditions 
 
Seeds of 30 different pea genotypes with varied salt tolerance 
potential were collected from Ayyub Agriculture Research 
Institute, Faisalabad, Punjab (Pakistan). The selected 
genotypes had same growth habit and growth season. Seeds 
were sown in plastic trays placed in the lath house of the 
Institute of Horticultural Sciences, University of Agriculture, 
Faisalabad. Twenty seeds per tray were sown and each 
treatment was comprised of five trays having Astatula fine 
sand (hyperthermic, uncoated typic quartzipsamments) 
individually as a growth medium. The sand had pH of 6.0-
6.5, with field capacity 7.2% and incipient wilting at 1.2 % 
(Volume basis), respectively. Half strength Hoagland’s 
solution was used as the nutrient solution. The seeds were 
watered with 250 ml per tray.  
 

Salinity applications 
 
Sodium chloride (NaCl) at different concentrations (0, 2.5, 
5.0, 7.5 and 10.0 dS m-1) was applied 20 days after sowing. 
To avoid osmotic shock, the seedlings were adjusted to their 
final NaCl level by imposing the salinity treatment in two 
days intervals while the control was without salt stress and 
irrigated only with half strength Hoagland’s solution. 
 

Measurement of germination, emergence and growth 

attributes 
 
For the determination of seed germination in response to salt 
stress seeds of the 30 pea genotypes were sown in plastic 
dishes. Each dish was comprised of 20 seeds and there were 
five dishes per treatment.  After disinfecting the seeds with 
10% sodium hypochlorite, they were placed in Petri dishes 
on Whatman filter paper wetted with desired saline solutions 
(0, 2.5, 5.0, 7.5 and 10 dS m-1). The dishes were placed in a 
growth chamber at 20 to 22 ºC. Germination was calculated 
after five days. The germination percentage was calculated 
by the methods of Shahid et al., (2011). For the emergence 
and growth attribute experiment half strength Hoagland’s 
solution was used as a nutrient medium. Desired salinity 
levels (0, 2.5, 5.0, 7.5 and 10 dS m-1) were created before the 
sowing of seeds. Seeds were sown in trays with sand. Shoot 
and root samples were collected for the estimation of various 
indicators of salt stress ten days after salinity application. 
Measurements included shoot length, root length, shoot fresh 
& dry weight and root fresh & dry weights. After forty days 
of growth, the seedlings were uprooted and washed with 
distilled water to remove sand particles. Shoot and root 
lengths of five randomly selected seedlings from each 
replicate were measured in centimeters (cm) from the base of 
hypocotyls to the tip of the shoot. The average of each 
replication was calculated. After the measurement of root and 
shoot lengths, the shoots were separated from the roots and 
wrapped with filter paper to remove any drop of water 
present on their leaves and shoots. Then these were placed on 
the digital balance for the calculation of fresh weights. The 
same procedure was used for the calculation of root fresh 
weights. After measuring the fresh weights shoots and roots 
were placed in paper bags and dried in an oven at 70 οC.  
 

Determination of ionic attributes 

 
Before the estimation of ionic attributes (Na+ and K) 0.5 g of 
leaf material was digested with concentrated sulfuric acid (5 
mL) in digestion tubes as described by Wolf (1990).  The 
digested leaf samples of pea genotypes were analyzed for 
Na+ and K+ by Flame photometer (Jenway PFP-7, UK). A 
standard curve (SC) was drawn based on a graded series of 
standards (ranging from 10 to 100 mg L-1) of Na+ and K+.  

 

Experimental design and statistical analysis 
 
The experiment was laid out in two factor factorial 
arrangement under Completely Randomize Design (CRD). 
All the values indicated in this investigation are the mean of 
five replicates. The data was analyzed with the help of 
statistical software, Statistix 8.1, USA. A two way analysis of 
variance (ANOVA) was carried out and Tukey’s honestly 
significant difference (HSD) was used to compare means. 
 

Conclusion 

 
On the basis of the above findings, it is concluded that 
germination, emergence, plant fresh/dry biomass and leaf 
inorganic osmolytes are significant screening criteria for salt 
tolerance in pea genotypes. On the other hand, we also 
determined that salt tolerance potential in pea genotypes is 
highly linked with accumulation of inorganic osmolytes (Na+, 
K+, Ca2+, K+/Na+, Ca2+/Na+) in their leaves. Since, samarina 
zard, climax, 9800-5, 9800-10 and 2001-55 well maintained 
the above mentioned attributes as compared to the remaining 
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genotypes submitted to salt stress, therefore classified as the 
most highly salt tolerant genotypes. 
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