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CHAPTER-I 

INTRODUCTION 

 

 Oat (Avena sativa L.) is a cereal crop belonging to family Poaceae. It is a minor 

and cool season crop that has been used as a foodstuff for both humans and livestock. 

Oat is among the valuable functional crops with numerous nutritional, industrial and 

health benefits. It is an excellent source of dietary fiber β into the diet. Oats are getting 

increasingly popular at the breakfast tables of Indian homes. Nutritionally oats are an 

excellent source of soluble fiber β in the range of 2-6 % (Bruce 2008). Oat β–glucan 

have high therapeutic properties like anti activity against diabetes, hyperlipidaemia, 

hypertension and inflammatory state. Oats along with soluble fiber β–glucan are rich in 

lipids, protein, B vitamins, minerals, plants, and specific micronutrients and also it acts 

as a unique source of polyphenols. It is also an excellent source of energy, unsaturated 

fatty acids and lower in carbohydrates than other whole grains.  

 Among different environmental stresses which are drought, flooding, salinity, 

heat, cold, Salinity is major constraint to the farming efficiency (Shukla et al 2012). 

Salt stress is a main abiotic stress which affects the crop production. It affects more 

than 6% of the world`s total land area (Gao et al 2016). In Punjab, about 80% of total 

salt affected area is found in Bathinda and Ferozepur districts. Using groundwater for 

irrigation is one of the reasons that causes accumulation of salts on land and makes it 

unfit for cultivation purposes (Singh 2004). Salinity of soil may be attributed to the 

seepage from Rajasthan feeder canals and appears to be the cause for the development 

of water logging and salinity in these areas. An appreciable portion of Punjab still 

suffers from high salinity level.  

 Salinity affects crop development by affecting many physiological, biochemical 

and metabolic processes (Willenborg et al 2005). Salt stress by overload of salts in soil 

or irrigation water affects the different development processes which includes 

photosynthesis, ion regulation, water relations, etc (Ashraf 2004). Because of high 

concentration of salts it is difficult for roots to take up water (Zhang et al 2018). 

Salinity, with the components of osmotic stress and ion toxicity, also causes oxidative 

stress. Accumulation of salts leads to osmotic stress, cell dehydration, nutrient 

imbalance, unstability of cellular membranes and reduce leaf photosynthetic activity 

(Shahid et al 2012). The damaging effect of salt stress on number of leaves, also 

increases with the increase in concentration of salts (Ha et al 2008). By changes in salt 

ion concentration, kind of salt present, or kind of plant species, the fresh and dry weight 

of the shoot system are affected either negatively or positively (Memon et al 2010). 

Protein amount can also be affected largely because of salinity (Kapoor and Srivastava 
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2010). Salinity leads to the raise of soluble sugars and proline content in the leaves of 

oat (Wang and Song 2006). Salt stress results in decreased leaf area, dry weight of 

shoot and leaf chlorophyll content (Zhao et al 2017).    

 Salinity can effect numerous processes in plants, which include the 

photosynthesis regulation, balance of ions, activity of antioxidant enzymes, osmotic 

agents (which are soluble sugars, proline and organic acids) and hormonal mechanisms 

(Prisco et al 2006). The contact of salt with mineral nutrients can cause nutrient 

inequity and deficiency in plant species. This can cause disorganization of membrane, 

photosynthesis inhibition, disruption in nucleic acid synthesis, accumulation of toxic 

metabolites and reactive oxygen species (Erdal 2012). The reduction in development of 

the plants under salt stress is because of nutrient disturbances, affecting the 

accessibility, transfer and partitioning of nutrients. In response to salinity, the 

productivity of ROS, such as singlet oxygen, superoxide, hydroxyl radical, and 

hydrogen peroxide, is improved (Ahmad and Prasad 2012). Salinity-induced ROS 

formation results in oxidative damages in a range of cellular components such as 

proteins, lipids, and DNA, affects essential cellular functions of plants.   

 Plants form the protective mechanism against oxidative stress. Enzymatic 

antioxidant system, is one of these protective mechanisms having the action of a amount 

of enzymes which are superoxide dismutase (SOD) and peroxidase (POD). Oat is 

sensitive to salinity in the growing seasons, especially during the germination and 

seedling stages (Han et al 2014). In salt stress conditions, protein gets accumulated 

maintaining osmoregulation in plants (Jamil and Rha 2013). Like in the other cereal 

species, the protein content in oat grains is much influenced by the environmental state 

as well as by the variety. Catalase activity, proline and free amino acids increase 

whereas protein content decreases with the raise in the duration of salinity in pearl 

millet. These environmental conditions are the reason for the buildup of various 

reactive oxygen species (ROS) such as superoxide radical (O2), hydroxyl radical (OH), 

perhydroxy radical (HO2), aloxy radical (RO), hydrogen peroxide (H2O2), singlet 

oxygen (O2), thus making a condition of oxidative stress (Sneha et al 2014).                                                                                                                       

 It is found that salt stress slow down germination rate (Kabar and Baltepe 1987), 

decreases root and stem elongation (Dash and Panda 2001) and reduce fresh weight and 

water content (El-Mashad and Kamel 2001).  

 Salt stress has 3 possible effects on plants which are as (i) reduction in water 

potential (ii) toxicity of any Na+ and Cl- absorbed (iii) intrusion with the absorbance of 

necessary nutrients. Maintenance of healthier nutrition with K+ and Ca2+, while limiting 

Na+ uptake, is more significant attribute contributing to high salt stress tolerance in 
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plants.   

 Salt stress affects photosynthesis activity by decreasing carbon dioxide 

availability and decrease in amount of photosynthetic pigments (Ashraf and Harris 

2013). Salinity, in general, has inhibitory effects on germination of seeds (Zhang 2010, 

Kaveh 2011 and El-Sabagh 2016) due to hyper osmotic stress and hyper-ionic toxicity 

(Hasegawa et al 2000). A large reduction in percentage germination, germination rate, 

root-shoot length and fresh weight of root and shoot is caused by salinity stress (El-

Shaieny 2015). Germination proportion slowly decreased in all oat cultivated plants as 

the amount of salinity increased from 25 to 100 mM (Chauhan et al 2016). The 

physiological and  molecular  reaction in oat plant to long term salt stress have been 

studied by Zhang et al (2017). Transcription factor’s are required to have a large role in 

salt tolerance in Oat (Hu et al 2017). Carding et al (1992) reported that (RT-PCR) is a 

very sensitive and exact method which is helpful for the finding of rare transcripts or 

for the samples analysis available in small quantity. Marone et al (2001) described a 

semi quantitative RT-PCR protocol to extract RNA from as small as 10,000 cells and to 

measure the expression levels of various targets of mRNAs from each sample. Plant 

genome contain large number of transcription factors which were regulated by multiple 

signaling pathways in response to salinity stress. These transcription factors induced set 

of stress-responsive genes and impart stress endurance to plants. Stress responsive  

genes  are  essential  tool  to  understand  the  molecular  mechanisms  under salinity 

stress. These are also  used for improving the  salt  tolerance  of  crops  and  producing  

transgenic plants  by  genetic  engineering which are tolerant to different environmental 

stresses. 

 Thus investigation was planned to study the effect of salt stress on some 

physiological, biochemical and molecular parameters in different genotypes of oat 

(Avena sativa L.).  
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CHAPTER-II 

REVIEW OF LITERATURE 

 

 Abiotic stress has become one of the important factors declining crop yield 

worldwide. The physiological, biochemical and molecular all processes are effected by 

abiotic stress in plant life from the early phase germination of seed to maturity and at 

last cause huge loss in the economic yield of plants. It was observed that about 70% 

yield of crops is badly affected by abiotic stress (Mantri et al 2012). Rapid population 

growth and subsequent food shortage especially in Asia and Africa  and  advancing  

salinity  in  arable  land  due  to  climate  change  have  increased  the importance of 

finding salt tolerant genotypes (Blumwald et al 2004).  

Salt stress is one of the main abiotic stress affecting cultivation, with more than 

80 million hectares of irrigated land affected worldwide. Salt tolerance is taken as 

percent survival of plants during germination or emergence stage, whereas at later 

developmental phases, fall in relative development rate is associated with salt tolerance 

of plants (Lauchli and Grattan 2012). Presence of high salinity in soils inhibits crop 

growth and yield and is a frequent constraint to agriculture in arid and semi-arid areas. 

Increased Na+ and Cl- content material in plant tissue can increase oxidative stress 

which causes deterioration in chloroplast ultrastructure as well as loss in chlorophyll 

(Khosravinejad et al 2009). Salinity leads to disturbances in plant metabolism, which 

consequently led to reduction of plant growth and productivity (Shafi et al 2009, Jaleel 

et al 2008). Genotypes growing under saline conditions might be stressed due to 

nutrient imbalance by depression in uptake and shoot transport (Marschner 1995). Salt 

stress tolerance in many crop species is correlated with a low Na+ concentration in the 

shoots, particularly in leaf tissues. Salts are present in upper strata of soil. Increase of 

sodium and chloride ions in soil along with other ions such as calcium, magnesium and 

sulphate ions causes salinity. Na+ dominates amongst cations and Cl- in anions in 

majority of saline soils to the volume that NaCl incorporates of approximately 50-80% 

of the overall soluble salts (Mekawy et al 2015). 

 Plant development is severely affected by salt stress at the seedling and early 

vegetative growth phases as compared to germination period in a numeral plants for 

example melon (Botia et al 2005), tomato (Del Amor et al 2001), red orach and spinach 

(Wilson et al 2000), cowpea (Maas and Poss 1989), sorghum (Maas et al 1986), corn 

(Maas et al 1983), rice (Pearson and Ayers 1966), and cotton (Abul-Naas and Omran 

1974). Oat is sensitive to salt stress in the growing seasons, particularly during the 

germination and seedling stages (Verma et al 2017 and Han et al 2017). Increased salt 
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stress caused a major decrease in germination percentage, germination rate, root-shoot 

length and fresh weight of root and shoot (Jamil et al 2007) 

2.1 Effect of salt stress on physiological parameters 

2.1.1 Seed Germination and Vigour Parameters 

Germination is considered as a first developmental step in the life cycle of a 

plant and is symbol for production of a new generation (Bewley 1997). Salt stress 

affects many morphological, physiological and biochemical processes including 

germination of seed, growth and yield of crop plants. The most sensitive stage to 

salinity is germination and seedling stage and with the increase of age, tolerance to 

salinity is increased (Ghorbani et al 2018). Crop plants in general are tolerant to salt 

stress at germination stage. Tajbakhsh et al (2006) reported that selection of crop plants 

for salt stress at germination period is necessary for determining salt tolerance potential 

of crops, as this period mainly determines crop establishment. Salt stress causes 

interruption in seed germination and consequently extends the mean germination time 

(MGT) (Tilaki et al 2011).  

Germination and seedling establishment are vital stages and these stages 

influences both quality and quantity of crop yields (Subedi and Ma 2005). Some reports 

explain the decrease in germination of seed and subsequent development in different oat 

cultivars due to salt stress (Verma et al 1986). In salt stress studies, germination and 

plantlet development phases are focused and taken into the considerations when the 

salinity tolerance of a plant is determined (Ghoulam and Fares 2001). The germination 

stoppage on salty environments from the fact that water intake into the seed is hindered. 

Salt stress, in general, has inhibitory effects on germination of seeds (El-Sabagh et al 

2018) due to hyperosmotic stress and hyper-ionic toxicity. Higher levels of salt usually 

cause reduction in percentage of germination (Mauromicale and Licandro 2002). It has 

been observed in various studies that germination of seed significantly decreases with 

increase in salt stress in the growth medium (Jamil 2012). The highest germination 

percentage was observed in the control among all of the treatment combinations, as 

reported by Naher and Alam (2010). . In sorghum, seed germination and seedling 

establishment is more sensitive during salt stress (Krishnamurthy et al 2003). Thus, 

germination is a critical stage of the plant life and resistance against salinity.  

             Earlier growth stages are more sensitive to salinity stress as compared to 

subsequent ones. As the plant attains maturity, they develop more resistance to counter 

the problem due to salinity. The resemblance of potassium with sodium was the vital 

factor disrupting normal metabolic functions as observed in salt sensitive cultivar. The 

tolerant one maintained certain potassium levels relative to sodium uptake. Salt stress 

adversely affects seed germination which may be due to internal osmotic or restricted 
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imbibtion rather than from ion toxicity effects (Alkraki 2001). Plants of two heritably 

varied spring wheat cultivars (cv. S-24 and MH-97) exhibited variable reaction to salt 

stress and were more sensitive at early developmental growth phases as compared to 

later growth phases (Ashraf et al 2012). 

Seedling Length 

Seedling is the most susceptible stage in the life cycle of plant life and 

germination determines when and where seedling development begins (Baskin and 

Baskin 2014, Gioria 2016). Inhibitory effects of salt stress are more evident on shoot 

growth as compared to root growth. The first organs to be affected by salt stress are 

plant roots. In oat, salt  stress also cause changes in protein profiles in roots (Zhang et 

al 2016). Germinated seed  radicles are  primarily affected by excess salts due to water 

deficiency and specific ionic toxicity (Rengel 1992). Reducing the root zone by salt 

stress during the growing season is beneficial for ensuring the development and yield of 

crops. Length of root and shoot decreases with the increase in salinity level that may be 

due to slowing down the water absorption by the plants (Demir and Arif 2003).  

During salt stress, less affected roots provide sufficient water and nutrients. 

High fibrous  rooting  in  alfalfa  is  a  trait  with  potential  of usefulness  as  a  salinity  

stress  avoidance mechanism. Root growth has been used as a standard for screening of 

alfalfa salinity tolerance (Vaughan et al 2002). Salt stress decreases plant development 

through osmotic and toxic effects, and high sodium uptake ratio values cause sodicity, 

that increases soil resistance,  decreases growth of root, and decreases water movement 

through the root with decrease in hydraulic conductivity. The reduction in shoot and 

root lengths is due to decreased physiological activities resulting from water and 

nutrients stress occurring under high salinity stress. The increase in root to shoot ratio 

or decline in shoot to root ratio is a general response to salinity stress, related to factors 

associated with water stress (osmotic effect) rather than a salt-specific effect (Hsiao et 

al 2000). During salinity stress, less affected roots provide sufficient water and 

nutrients. Better growth of roots is essential adaptive response in crops (Sheldon et al 

2016). The increased NaCl concentration markedly reduced the leaf thickness and 

diameter of vessels, thus reducing the lamina length as seen in sugar beet genotypes 

(Skorupa et al 2019). 

Seedling Biomass 

A major decrease in leaf area and dry mass was occured in wheat plants when 

exposed to salt stress at the reproductive phase (Zheng et al 2013). Effects of salt stress 

on plant biomass have been suggested to be an important criteria for evaluating salt 

tolerance in crop plants (Bao et al 2009).  A common reduction in fresh weight and dry 

weight has been seen in all plants subjected to salinity stress, but it is particularly 
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visible in the aerial part of plant. Various harmful effects of salinity stress contain the 

decrease in germination rate and development of seedling and the increase in the leaf 

area which ultimately decrease the photosynthetic area and production of biomass 

(Nasibi et al 2018). Further experiments in tomato plants irrigated with high salt 

concentrations explain that early events throughout the osmotic phase of salinity stress 

promote leaf senescence prior to the massive accumulation of toxic ions. Decline in 

seedling fresh weight with increasing salinity has been seen in maize (Majeed et al 

2014, Hoque et al 2015). High salt concentrations decreased the dry weights of the 

affected crops like chickpea (Al-Mutawa 2003). 

Seed Vigour 

Seed vigour is a physiological property which governs the capability of a seed 

to produce a seedling quickly in soil and the extent to which that seed tolerate a variety 

of ecological factors (Perry 1980). Perry (1972) concluded that seeds which have high 

vigour are more tolerant to environmental pressure. The harmful effects of salt stress 

were more established by analyzing vigour index.  

 Germination test determine the germination ability of seed masses. Relation of 

different seedling growth parameters to seed yield and yield component under salty 

environment are significant for growth of salt tolerant varieties for production under 

salty stress environment (Dadar et al 2014). Turgor potential is completely linked with 

plant development, and thus, decline in turgor is the main reason of suppressed plant 

development under salty environment (Yadav et al 2011). 

2.1.2 Effect of salt stress on biochemical parameters 

It is recognized that salt stress induces oxidative stress in plant life at sub 

cellular level (Hernandez et al 2003). Salinity is typically accompanied by oxidative 

stress due to generation of reactive oxygen species (ROS) (Tsugane et al 1999 

and Isayenkov 2012).Various studies have reported that salinity stress induces an 

accumulation of superoxide radicals (O2) and hydrogen peroxide (H2O2) in different cell 

compartments, includes chloroplasts, mitochondria and apoplastic space, that correlates 

with increases in some oxidative stress parameters, like as lipid peroxidation and 

protein oxidation (Flowers  and  Colmer 2015). Understanding the physiological and 

biochemical responses under salinity helps to improve the salt tolerance of the crop 

species under such conditions (Chinnusamy et al 2005). Quick biochemical conversions 

in seeds are a prime feature which protects the seed from damage (Saeedipour and 

Moradi 2011). 

Total soluble sugars 

 Total soluble sugar  play a dual function with towards ROS, whichever 

promoting ROS production or participating ultimately in ROS scavenging mechanisms 
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by NADPH generating pathways, for example the oxidative pentose-phosphate pathway 

(Couee et al 2006). Total soluble sugar play role as signals, helpful in sensing and 

controlling for the plant not only photosynthetic action but also cellular redox balance 

(Sulmon et al 2015). Oat plants conducted osmotic adjustment by accumulating soluble 

sugars and proteins under various salt stresses.  

 The accumulation of soluble sugars helped reduction in the osmotic potential, 

maintain plant capability of absorbing water and maintain cell development. The salt 

tolerant species have a capability to oppose salinity stress during the accumulation and 

biosynthesis of compatible solutes. These substances raise the overall osmotic pressure 

inside the cells and allow the cells to maintain both turgor as well as the driving 

gradient for water uptake. Therefore compatible solutes such as proteins, amino acids, 

carbohydrates and quaternary ammonium compounds serve up significant roles as 

osmotic balancing agents and plant cell stabilizers (Rhodes and Hanson 1993, 

Holmstrom et al 2000). Accumulation of sugars, a characteristic of mature seeds 

appears to be central to the development of desiccation tolerance (Hoekstra et al 2001). 

 Accumulation of sugars in different parts of plants is enhanced in response to a 

variety of environmental stresses (Gorham et al 1981, Prado et al 2000 and Wang et al 

1996). It was observed that increase in total soluble sugars and other osmolytes provide 

optimism to increase plant tolerance to abiotic stresses such as salinity, cold and 

drought (Rathinasabapathi 2000).  

Total soluble proteins 

 Proteins which serve as a reservoir of energy may also help in adjustment of 

osmotic potential in plants subjected to salinity. They may be synthesized de novo in 

response to salt stress or may be present constitutively at low concentration (Ahmad and 

Satyawati 2008). It has been found that soluble protein content of leaves decreases in 

response to salinity (Wang and Nii 2000, Parida et al 2002). Hence, osmotic potential in 

plant cells gets disturbed due to decrease in soluble proteins. Mild salinity stress 

increased total soluble proteins but decreased these clearly under severe salt stress in 

mulberry (Agastian et al 2000). Similarly Doganlar et al (2010) studied salt induced 

decrease in total soluble proteins in three tomato species. When rice plants were 

exposed to salt stress, a major decrease in soluble proteins was seen (Amirjani 2010).  

 In contrast, a numeral reports existing in the literature which depict the increase 

in soluble proteins under salt stress. For example, wheat plants exhibited increase in 

soluble proteins due to varying levels of sodium chloride salinity (Afzal et al 2013). 

Salt-induced increase in soluble proteins occured in cowpea below various 

concentrations of salt in the growth medium (Lobato et al 2009). Similarly, there is a 

higher endogenous levels of total soluble proteins in response to mild salt 
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concentrations in the growth medium in radish plants (Turan et al 2010). Increase in 

total soluble proteins at various growth phases was also studied in wheat plants under 

sodium chloride salt. Sairam et al (2002) noted that in salt tolerant cultivars of barley, 

sunflower finger millet, and rice there were a high content of soluble proteins.  

 Various changes in activities of various antioxidant enzymes under salinity 

stress have been reported (Dolatabadian and Saleh 2009). For example, a salt stress 

increases a catalase (CAT) activity, whereas a superoxide dismutase (SOD) activity is 

not changed in cashew leaves (Ferreira-Silva et al 2012). In plant cell, antioxidant 

enzymes such as superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) 

have been considered as a defensive team, whose combined purpose is to protect cells 

from oxidative damage (Mittler 2002). Increased SOD, POD and CAT activities are 

closely related to salt tolerance of many plants as reported in various researches 

(Rahnama and Ebrahimzadeh 2005, Azevedo Neto et al 2006, Koca et al 2007). Athar 

et al (2008) reported production of a wide range of free-radicals in wheat under salt 

stress, and suggested that higher antioxidant potential contribute in protecting the plant 

from stress. The raise in enzyme activity could effectively decrease the harm to cell 

membrane. The higher the activity, the stronger adapting capability of a plant to 

adversity (Liu 2007). Under salinity, POD could remain have high activity for a large 

time but less than 35 days in order to decrease the damage of salt stress to the plant.  

 Plants acquired inherent mechanisms to counteract stress-induced ROS-

generation, which includes antioxidant enzymes such as catalase (CAT), peroxidase 

(POD) which neutralize stress-induced excess H2O2 converting it into H2O (Mostofa et 

al 2015 and Sofo et al 2015). Reactive oxygen species production under salinity  and  

their  scavenging  by  the activation of  antioxidants have been well documented for 

crops like wheat (Sairam et al 2005 and Wahid et al 2007), rice (Vaidyanathan et al 

2003) and beans (Palma et al  2009). Although removal of ROS by activation of 

antioxidants is genetically controlled yet it can be improved by adopting physiological 

approaches.  

Antioxidant enzymes 

 Antioxidant enzymes including SOD, CAT and POD activity increases in order 

to detoxify ROS and to provide salt tolerance (Sekmen et al 2012 and Balal et al 2012). 

In French bean, the enhanced activities of CAT and POX under salt stress suggest an 

effective scavenging of Hydrogen peroxide and tolerance against salt stress (Agarwal 

and Pandey 2004). SOD is considered as the most essential enzymatic constituent of the 

antioxidant system as it governs the alteration of lethal superoxide to H2O2 and O2. 

Plants grown under salty environment tend to have better activity of superoxide 

dismutase (Ashraf et al 2009). Superoxide dismutase is the family of metalo enzymes 
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which catalyses the disproportion of superoxide O2 to molecular oxygen and hydrogen 

peroxide (Scandalios 1993). Increase in SOD and the ASC-GSH cycle components 

occurs in the chloroplasts, mitochondria and peroxisomes from salt-treated (100 mM 

NaCl) Lycopersicon pennellii plants, while in the cultivated tomato (Solanum 

lycopersicom), which is susceptible to 100 mM sodium chloride, a fall occurred in the 

majority of these antioxidant defences (Mittova and Tal 2003). Peroxidases are present 

in cytosol and most organelles of plant cells, and mainly involved in oxidative induced 

H2O2 dissociation.  

 It has been found that SOD activity to be increased under stresses in different 

tissues of various plants (Gill and Tuteja 2010). Swapna (2003) and Weisany et al 

(2012) reported increased peroxidase activity in response to increasing levels of NaCl 

concentrations. 

 Catalase is tetrameric heme that catalyzes the breakdown of hydrogen peroxide 

to water (H2O) and oxygen. This is an important enzyme which protects the cell from 

oxidative damage by ROS. It has significant role in removal of H2O2 generated in 

peroxisomes by oxidase involved in β-oxidation of fatty acids and photorespiration 

(Kumari et al 2009). Rice genotypes with higher concentrations of antioxidants have 

been reported to have greater tolerance of salt stress ( Moradi and Ismail 2007). 

2.1.3 Salt stress effect on gene expression 

 To cope with the detrimental effects of various abiotic stresses, crops have 

evolved many mechanisms to increase their tolerance including physical adaptions, 

interactive molecular and cellular changes. There has been a considerable effort to 

improve the tolerance to salinity in major food crops. The foundation of this is an 

understanding of the mechanisms of salinity tolerance and the development of 

appropriate selection criteria. Salinity reduces plant growth and yield by two 

mechanisms, osmotic stress and ion cytotoxicity (Tavakkoli et al 2010). RNA is 

isolated followed by the synthesis of first strand of cDNA, which then is subjected to 

PCR. It has been significantly used to determine expression of genes of interest in 

different plants subjected to salt or other abiotic stresses. Antioxidant genes are 

upregulated upon salt accumulation. 

 PCR is the simplest approach to study differential expression of genes under 

varying levels of salt stress, various time intervals and different developmental stages in 

various plant tissues. 

 Stress perception and signalling is the initial step in the plant response to 

salinity stress at molecular level. Recent studies have shown that stress sensing and 

signalling components can play significant roles in regulating the expression of salt 

tolerance genes and transcription factors, and the over expression of these genes in 
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several plants resulted in better stress tolerance (Deinlein et al 2014). A easy method is 

reported here for the semi-quantitative assay of mRNAs in the presence of an 

exogenous mRNA (pBR322 transcript) as a standard. This method uses the co-reverse 

transcription and co-amplification (co RT-PCR) of the target and standard mRNAs. This 

procedure enables transcripts to be compared when the differentiation process affects 

the transcription pattern of the β-actin housekeeping gene, which is usually used 

internal standard. β-actin is one of the most important HKGs used for normalizing gene 

expression levels (Bustin 2000) 

 Transcription factors are regulators for gene expression so they offer better 

target for transgenic exploitation. Na+ exclusion is unlikely is the main mechanism for 

salt resistance in a crop because it has been observed that genetically modified wheat 

did not show higher yields under salinity (Genc et al 2015). Transcriptome analysis had 

a vital role in elucidating the complexity of gene expression regulation. Among 

numerous transcriptome analysis methods, microarray technologies and rna-seq have 

become the default popular methods of choices for genome wide transcriptome studies. 

While RNA-seq has recently become a preferred technique of choice in whole 

transcriptome analysis, microarrays represent a well-established technology and 

extensively used in the last decades and have provided a great deal of candidate genes 

for genetic engineering (Gao et al 2013). 

 Quantitative analysis of RNA is essential to the understanding of the 

mechanisms that regulate gene expression. The-polymerase chain reaction (PCR) after a 

first step of reverse transcription (RT) was adapted to overcome the low sensitivity of 

Northern analysis. Polymerase chain reaction is based on the exponential amplification 

of a target sequence. Therefore, many quantitative and semi-quantitative procedures 

were developed. 

The RT-PCR is basically a qualitative method to differentiate between 

occurrence and nonexistence of a transcript under different conditions. This method is 

usually used to check expression pattern of specific genes in different tissues using 

gene-specific primers. The expression of antioxidant enzyme genes under salinity stress 

has been studied in earlier studies. Tolerant and sensitive genotypes of prairie june 

grass had been exposed to moderate stress by withholding watering for 7 days.  RNA is 

isolated followed by the synthesis of first strand of cDNA, which is subjected to PCR. It 

is extensively used to determine expression of genes of interest in different plant tissues 

under salt or other abiotic stresses (Jamil et al 2005). Ueda et al (2004) compared 

previous consequences on expression profiling under salt stress after which the osmotic 

stress-specific gene expression was identified using the barley custom designed cDNA 

microarray.   
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 There is a relationship between antioxidant enzyme activity and salinity 

tolerance. Superoxide dismutase (SOD) enzymes are metalloenzymes by nature and 

they catalyze the conversion of the superoxide anions to H2O2 and O2. SOD 

transcription factor is the first line of defense against ROS scavenging by removing O2 

from the compartments (Takahashi and Asada 1983). Ahmed et al (2013) studied the 

SOD activity in Tibetan wild Hordeum vulgare genotypes under drought and salinity 

stress and concluded that the expression of SOD was significantly increased under 

salinity and drought stress alone and combined treatments during anthesis period. SODs 

expression in wild-type plants subjected to salt stress was upregulated. 
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CHAPTER-III  

MATERIAL AND METHODS 

 

3.1 LOCATION 

 The present investigation entitled “Effect of salt stress on physiological, 

biochemical and molecular parameters of oats in different genotypes” was conducted in 

PG laboratory, Department of Botany and Molecular Biology Laboratory, School of 

Agricultural Biotechnology, Punjab Agricultural University, Ludhiana. 

3.2 PROCUREMENT OF SEEDS 

         Seed of OL-10, Kent, OL-1862, OL-1895, OL-1966, OL-125, OL-1869, OL-

1876 of oat (Avena sativa L.) were collected from fodder section of department of plant 

breeding and genetics, Punjab Agricultural University, Ludhiana which were used for 

study to ensure germination of seed, growth of seedling and biochemical changes when 

different salt solutions were added to petri dishes in which seeds were placed. This 

experiment was done to study the consequence of salt stress with various concentrations 

on germination of seed, vigour parameters and biochemical parameters in oat seedlings. 

3.3 Treatments and Experimental Design 

Eight salt concentrations were: 

T1 : Control 

T2 : 25mM 

T3 : 50mM 

T4 : 75mM 

T5 : 100mM 

T6 : 125mM 

T7 : 150mM 

T8 :175mM 

T9 : 200mM 

 Oat seeds were surface sterilized by 0.1 % solution of mercuric chloride, 

followed by thorough washing by distilled water to avoid any fungal infection. To 

stimulate salinity stress, the germination paper in petri dishes was moistened with 

solutions of various salt levels (Control, 25mM, 50mM, 75mM, 100mM, 125mM, 

150mM, 175mM and 200mM NaCl). The petri dishes were incubate at 25°C and 60±15 

% relative humidity for 10 days to record the effect of salinity on germination 

parameters. Two salinity levels were selected based on their effect on physiological 

parameters of the seeds. 

3.4 OBSERVATIONS 

  After 10 days on different physiological attributes of germination, data was 
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taken. For biochemical analysis, 10 days old seedlings were used. From seedlings taken 

at random, parameters given below were recorded: 

3.5 PHYSIOLOGICAL PARAMETERS 

3.5.1 Percentage Germination 

 In every petri plate, ten seeds with two replications of each treatment were used 

randomly and placed in petri dishes containing germination paper under the hood. The 

dishes were placed in germinator with 25°C average temperature under 65% relative 

humidity. When the emergent root reached 2 mm length, seeds were considered 

germinated. First count after 4 days and final count  after  6 days of normal seedlings 

was recorded and expressed in germination percentage and result was evaluated. 

                Sum of germinated seeds                                                                                                      
G% = -------------------------------------------- x 100 
              Total number of seeds tested 

3.5.2 Length of seedling (cm)  

 From each treatment five  seedling were taken randomly and length of root, 

shoot were measured. 

3.5.2.1 Root length (cm) 

 Five normal seedling from every treatment were selected for measuring length 

of root on 10th day of germination and average of these was computed in cms.  

3.5.2.2 Shoot length (cm) 

 Shoot length was measured from five seedlings which were used for root length 

measurement and average of these was computed in cms. 

3.5.3 Fresh Weight of Seedling (mg) 

 Seedling fresh weight was taken in milligrams of five randomly selected 

seedlings by balance. Average of weight was computed in milligrams. 

3.5.4 Dry Weight of Seedling (mg) 

 Seedling dry weight of five randomly selected seedling was taken in milligrams 

and dried using oven for 17 hours at 110˚C and by using weighing balance their dry 

weight was taken and average of these was computed in milligrams. 

3.5.5 Seed vigour index  

Vigour index of seeds were calculated as suggested by (Abdul Baki’s Anderson 

1973). 

Vigour Index I = Germination (%) x Seedling length (cm) 

Vigour Index II = Germination (%) x Seedling dry weight (g) 

3.5.6 Statistical Analysis  

 Data was collected and analyzed statistically by using CPCS-1 computer 

package at 5 % CD. 
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3.5.7 Biochemical Attributes 

3.5.7.1 Total soluble sugar content (Dubios et al 1956) 

Reagents 

Solution A: 80 percent ethanol 

Solution B: 5 percent phenol 

Solution C: Concentrated H2SO4 

Extraction  

 Tissue of recognized weight were taken and crushed in Solution A and 

centrifugation at 5000rpm, followed by another extraction in solution A for whole 

extraction and supernatants were collected which were used for the total soluble sugars 

estimation 

Estimation  

 Extract (0.1ml) was taken, addition of 1 ml of 5 percent phenol was done and 

after 10 min there was a addition of 5 ml of concentrated H2SO4 slowly with constant 

stirring. Then at room temperature, tubes were cooled down under running water. Then 

at 490 nm, absorbance was measured against blank. The amount of total soluble sugars 

was calculated using pure glucose (10-100µg) and expressed in mg g¯¹ FW. 

3.5.7.2 Total soluble protein content (Lowry et al 1951) 

Reagents  

A: 2 percent sodium carbonate in 0.1 N NaOH. 

B: 0.5 percent copper sulphate in 1 percent sodium potassium tartarate.  

C: Prepared the mixture of 50 ml of reagent A and 1 ml of reagent B. 

D: Folin-ciocalteau reagent (1N) diluted to 1:1 ratio with water. 

Extraction: The tissue was homogenized in 5 ml of 0.1 N sodium hydroxide then 

centrifuged at 5000 rpm for 10 min. Extraction process was repetitive two times and 

make entire volume 10 ml. The collected protein extract was treated with 1 ml of 1 

percent TCA and kept undisturbed for 24 hours at 4˚C and centrifugation at 5000 rpm 

for 20 minute and precipitated protein were dissolved in 0.1 N sodium  hydroxide. 

Estimation: 5 ml of reagent C was added to 0.2 ml of protein extract and mix was 

continuously shaken and placed at room temp. for about 10 min. After this addition of 

0.5 ml of Folin Ciocalteau phenol reagent was done and set aside for 30 min. Blue 

colour was occurred and measured at 570 nm beside blank.  Standard curve prepared by 

using bovine serum albumin (BSA) and expressed in mg protein g¯¹ fresh weight. 

3.5.7.3 Extraction of catalase 

i) Extraction buffer (0.1M Sodium phosphate buffer (pH 7.5) containing 1 

percent (w/v) insoluble PVP and 1Mm EDTA): 25 ml of 0.2M sodium phosphate 

buffer (61 ml of 0.2 m sodium phosphate monobasic and 39 ml of 0.2M sodium 
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phosphate dibasic were mixed and diluted to 200ml) was diluted to 100 ml. To this 

added I gm of PVP and 37mg of EDTA. 

b) Extraction 

  0.5g fresh tissue was crushed in 5ml cold (4°C) extraction buffer in pre chilled 

pestle and mortar then centrifugation at 20,000 rpm for 10 min and supernatant was 

used as enzyme extract. 

Assay for catalase enzyme (Chance and Maehley 1955) 

Reagents 

• 0.1M Sodium phosphate buffer (pH 7.0) 

• H₂O₂: In 100ml of distilled water, 825µl of Hydrogen peroxide was dissolved 

Assay  

 In 1.9ml chilled 0.1M sodium phosphate buffer (pH 7.0) 0.1ml enzyme extract 

was added. The reaction was initiated by addition of 1ml of Hydrogen peroxide. The 

absorbance decrease at 240 nm was calculated at 10 sec intervals for 1 minute. Catalase 

activity was expressed as µmoles of hydrogen peroxide decomposed /min/g FW of 

tissue. 

3.5.7.4 Estimation of peroxidase (Shannon et al 1966) 

 Extraction 

a) Reagents 

i)  Extraction buffer (0.1M Tris-HCl buffer containing 1mM EDTA, 1 percent 

(w/v) PVP and 10µM β-mercaptoethanol): To 0.1M Tris-Hcl buffer (3.6gm in 

300ml of distilled water) there was a addition of 3.7 mg EDTA, 139.2µl β- 

mercaptoethanol and 1gm PVP. 

b) Extraction 

 0.2g tissue was crushed in 2ml of cold (4°C) extraction buffer in pre chilled 

pestle and mortar then centrifugation at 20,000 rpm for 10 min and supernatant was 

used as enzyme extract. 

 Analyze 

a) Reagents 

i)  Guaiacol: In 200ml 0.1M  sodium phosphate buffer pH 6.5, 111µl guaiacol was 

dissolved (68.5ml of sodium phosphate monobasic and 31.5ml of sodium phosphate 

dibasic were mixed and diluted to 100ml) 

ii)  H2O2: 825µl Hydrogen peroxide was dissolved in 10ml distilled water 

b) Procedure 

 In spectro photometric cuvette add 3ml of chilled guaiacol and 0.1ml enzyme 

extract. The reaction was initiated by addition of 0.1ml of Hydrogen peroxide increase 
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in absorbance was measured at 470 nm at 30 sec intervals for 3 min. 

3.5.7.5 Extraction and assay of SOD (Marklunds and Marklunds 1974) 

a. Reagent  

 Extraction buffer (0.1M Potassium phosphate buffer (pH 7.8) containing 1 percent 

(w/v) insoluble PVP and 1Mm EDTA): 0.1M potassium phosphate buffer of 100 ml 

(16 ml of 0.1 M potassium phosphate monobasic and 84 ml of 0.1M potassium 

phosphate dibasic were mixed )  was diluted to 200 ml. In this there was a addition of  1 

gm of PVP and 37mg of EDTA. 

b. Extraction 

  Extraction was done from samples with 0.1M potassium phosphate buffer (pH 

7.5) containing 1 percent PVP, 1mM EDTA and 10mM β- mercaptoethanol and 

centrifuged for 10 min at 10,000 rpm. 

Analyze for SOD 

 Reagents 

I.     6mM Pyrogallol 

II.   6mm EDTA 

III. 0.1M Tris- HCl buffer 

b. Procedure 

 The reaction mixture contained 1.5ml of Tris-HCl buffer, 0.5 ml of 6 mM 

EDTA, 1ml of 6mM pyrogallol solution and 0.1 ml of enzyme extract. The reaction 

product was measured at 420 nm after at 30 sec interval upto 3 min. 

3.5.8 RNA isolation preparation 

 Isolation of RNA was difficult from isolation of DNA because of contamination 

of RNase  which degrades  RNA. To conquer the contamination of RNase, treatment of 

0.1 % DEPC water was given to all glassware and plastic ware and placed these for the 

night at 37°C. The solution was autoclaved at 20 psi for 24 minutes after mixing. 

DEPC water treatment  

 Dip, micro centrifuge tubes, tips and mortar pestle in 0.1 percent DEPC water 

for the night. Then fill all the tips in tip boxes and micro tubes in jam jars and sited 

these in hot air oven for drying at 80 °C for the night and autoclaved at 121 °C for 24 

min. 

Collection of Sample 

Because of RNase contamination, the most critical  step for collection of sample 

is  RNA  isolation.  Tissue for RNA isolation were used from one comparatively salt-

sensitive and one comparatively salt-tolerant oat seedlings subjected under salt and 

control conditions. Isolation of RNA was done by using Trizol reagent from plants 

under salt stress and treated as control. The quality of isolated RNA was seen on 1.2 
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percent agarose gel and with the help of Thermo Scientific NanodropTM 1000 

Spectrophotometer quantity was recorded. 

Total RNA isolation from tissue 

 Isolation of RNA was done from seedlings of two genotypes (comparatively 

salt-sensitive and comparatively salt-tolerant) at control and 100mM NaCl conditions. 

For extraction of RNA, Trizol was used. 

Protocol 

Required reagents: 

• DEPC-treated water 

• Trizol Reagent  

• Liquid nitrogen 

• 70% ethanol  

• Isopropyl alcohol 

RNA extraction   

• Total RNA extraction were carried from whole plants with Trizol reagent. The 

tissues were compressed in liq. nitrogen by a pre-chilled mortar and pestle.  

• Approximately 50-100 mg powdered form of tissue was transferred to DEPC 

treated 2 ml tubes. 

• Tissue was crushed with 1 ml Trizol reagent immediately. 

• Then for 5 minutes, crushed sample was incubated at room temp.to allow total 

dissociation of  nucleoprotein compound. 

•  In 1 ml of Trizol reagent, 200 µ l chloroform was added. Capped the tube 

strongly. 

•  Samples were dynamically mixed through shaking the tubes by hand for 15 

seconds. 

• Then placed them for incubation for 3 min. at room temp. Centrifugation at 

12000xg for 15 minute at 4°C. 

• By angling the tube at 45°, aqueous phase was removed and pipetting the 

solution out. 

•  In another tube, aqueous phase was transferred. 

• 500 µ l of 100 percent isopropanol was added in aqueous phase per ml of Trizol 

reagent then incubate at room temperature for 10 min. 

•  Centrifuged the samples at 12000x g for 10 min. at 4°C. 

•  Leaving the RNA pellet, removed the supernatant from tube. 

•  Pellet was cleaned with 1 ml of 75 per cent ethanol per ml of Trizol reagent 

which was used in the initial homogenization. 
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• Then vortex briefly, followed by centrifugation at 7500xg for 5 minute at 4°C. 

Remove the supernatant. 

• Air dried the RNA pellet for 5 to 10 minute. Do not dry the pellet by vacuum 

centrifuge 

Quantitative analysis  

 Two different methods of Quantification of  RNA are: 

a) Quantification of RNA using Thermo Scientific Nanodrop
TM 

1000 

Spectrophotometer. It was done using standard protocol and absorbance was 

recorded at 260/280 nm. 

b)  Quantification of RNA using agarose gel 1.2 percent electrophoresis 

• Quantity of RNA was checked on 1.2 percent agarose gel.  

• Agarose powder was dissolved in MOPS buffer and 37 percent formaldehyde 

was added in this. 

• Till   the solution turn into clear  solution heat it and  cooled at 60 °C.  

• Put in 1 µg/ml of EtBr to final concentration.  

• Agarose solution was transferred to gel mould besides combs  and  leave it for 

solidification  for  30-40 min. 

• Then loading was done with autoclaved 50 percent glycerol in 1:1 ratio by 

micropipette. 

• After the loading, the gel was subjected to electrophoresis at constant voltage 

(75 V) for 1 hour and visualized under UV transilluminator. 

 MOPS buffer preparation 

 10X MOPS buffer was prepared by addition of MOPS, sodium acetate and 

Ethylene diamine tetra acetic acid (EDTA) in 0.1% DEPC water and a 7.0 pH was 

adjusted with 1N NaOH solution.  

cDNA synthesis from RNA 

 As RNA  is a  single  stranded  molecule it is very  unstable, thus  by  forming  

its  complementary strand and transformed into cDNA through reverse transcription 

using 1st strand cDNA synthesis kit (SRL)  is essential  to  create  it double-stranded. 

Process was followed as per manufacturer’s protocol. 

Protocol 

 Synthesis of First strand cDNA 

1.  Addition of subsequent reagents in the arranged order: 

• Template RNA =  poly(A) mRNA=3µg 

• Prime =   oligo (dT)15 primer=1µl 

• DEPC-treated water=  7.4µ l 
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• Total amount = 12.4µl 

2. Mix up, centrifuge and placed for incubation at 70°C for 5 minute. Cool on ice and 

spin down, put the vial again for chill. 

3. Arrange subsequent cDNA Synthesis. Mix up and put the given below components in 

the indicated order: 

• 5x first-strand buffer= 4 µl 

• dNTPs(10 mM each)= 1 µl 

• RNasin= 0.6 µl 

• M-MLV= 1 µl 

4. Mix and centrifuge. 

5. Incubate for 60 minute at 42°C for oligo(dT)15. 60 minute incubate at 37°C for 

random hexamer primed synthesis. 

6.  At the end heating at 70°C for 5 minute. 

 cDNA Confirmation 

     Synthesized cDNA from RNA of PCR-positive  plant tissue  was confirmed 

using   26S (forward and reverse) rRNA. PCR reaction mix (12 µl) having cDNA 

template (4 µl), 25 µM MgCl2 (0.3 µl), 5 µM FP and RP (1.0 µl each), Master mix (4.0 

µl) and sterile water (1.7 µl) (Table.1). 

Table 1: PCR  

 Sequence Time (minutes) Temperature (°C) 

•  first denaturation 5 94 

•  Denaturation 1 94 

•  Primer annealing 1 55 

•  Extension 2 72 

•  Repeat steps 35 cycle II-IV 

•  Extension 7 72 

•  Storage Infinite 4 

 
 Amplification was seen on 3%  agarose gel and quantification was seen using 

Thermo Scientific NanodropTM1000 Spectrophotometer. 

 Confirmation of cDNA using actin primer: 

 Actin is a housekeeping gene. These genes are abundantly and constantly 

expressed. cDNA presence was confirmed by using actin primer. The reaction was 

carried out in a thermo cycler with the following content shown in (Table. 2). 
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Table 2: Confirmation of cDNA using actin primer 

                  cDNA  4 µ l 

                 Fast cycling master mix 4 µ l 

                 F primer 1.0 µ l 

                 R primer  1.0 µ l 

                 MgCl2 0.3 µ l 

                Nuclease free water 1.7 µ l 

 
The reaction condition followed by 35 cycles was applied:  

• after 5 min of initial denaturation at 94°C, 

• 1 min at 94°C for Denaturation  

• 1 min at 60°C for Annealing  

• 2 min at 72°C for Extension 

• 7 min at 72°C for Final Extension 

Agarose Gel Electrophoresis 

1. The PCR product was analyzed by running on 3% agarose gel in 0.5X-TAE 

Buffer. 

2. For 3 percent agarose gel, 3g of agarose is added in 100 ml of TAE-buffer. Boil 

the mixture for 2-3 minutes in hot oven. 

3. Now, ethidium bromide was added in molten agar. Pour the agarose mixture in 

plate and adjust the comb. Wait till it solidify. 

4. The sample (5 µl) was mixed and loaded. Along with these Gene Ruler 1kb plus 

DNA ladder was also run in one lane. 

5. The run was performed at constant voltage (80V for 2 hrs). Agarose gels were 

visualized under UV-transilluminator and photographed under Gel 

documentation system. 
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CHAPTER-IV 

RESULTS AND DISCUSSION 

 

Laboratory studies 

 The present study was planned to see the effect of salt stress on physiological, 

biochemical and molecular parameters in different genotypes of oat (Avena sativa L.). 

Seeds of OL-10, Kent, OL-1862, OL-1895, OL-1966, OL-125, OL-1869, OL-1876 

genotypes were subjected to different salt stress levels (25mM, 50mM, 75mM, 100mM, 

125mM, 150mM, 175mM, 200mM) and observations were recorded on various 

physiological parameters such as percent germination, seedling length, seed vigour, 

seedling biomass and biochemical parameters such as total soluble sugars, proteins, 

antioxidant enzymes like catalase (CAT), peroxidase (POX), superoxide dismutase 

(SOD) from 10 days old seedlings. Also, molecular studies were carried on one 

sensitive and one tolerant genotype under selected salt stress levels. 

4.1 EFFECT OF SALT STRESS ON PHYSIOLOGICAL, BIOCHEMICAL AND 

MOLECULAR PARAMETERS 

4.1.1 Percent germination 

 The effect of salt stress on percent germination in different genotypes of oat is 

presented in (table. 3). Present results indicate that percentage germination decreased 

significantly with increase in salt concentration in all the genotypes of oat. The 

germination percentage was declined to almost negligible at 200mM in all the 

genotypes. As the NaCl concentration increased from 25mM to 100mM, germination 

percentage declined from 90 to 49.3% in OL-10, 100 to 80% in Kent, 95 to 61% in OL-

1862, 83 to 74%  in OL-1895, 100 to 60% in OL-1966, 91.6 to 61.6% in OL-125, 96.6 

to 53.3% in OL-1869, 100 to 75% in OL-1876.  In OL-1895 genotype maximum 

percentage germination was seen. In OL-10 genotype minimum percentage germination 

was seen. Differential response was seen at 75mM and 100mM. At 100mM  genotypes 

OL-1895, Kent, OL-1876, OL-125, OL-1862 recorded a less reduction (10.8, 20, 25, 

32.7, 35.7 percent respectively) in percent germination indicating these to be 

comparatively salt tolerant as compared to the genotypes OL-10, OL-1869, OL-1966 

which recorded more reduction (45.2, 44.8, 40 %) indicating their comparative 

sensitivity to salt stress. 

 Similar decline in seed germination by salt stress has been reported in earlier 

works by (Chauhan 2019 and Berk and Ozkan 2016, Oyiga et al 2016, Long et al 2015). 

Salt stress can repress all growth-related factors (seedling  length, seedling biomass) 

which in turn limit biomass and yield by limiting germination and development (Han et 

al 2013).  
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Table 3:  Effect  of salt stress on percent germination in oat (Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 OL-1895 OL-1966 OL-125 OL-1869 OL-1876 

Control 90±5.0 100±0.0 95±0.0 83±7.6 100±0.0 91.6±7.6 96.6±5.8 100±0.0 

NaCl(25mM) 71±6.6. 100±0.0 90±0.0 78.3±7.6 100±0.0 90±5.0 96.6±5.8 98.3±2.9 

NaCl(50mM) 65±5.0 95±5.0 85±5.0 75±5.0 100±0.0 87.3±4.6 88±3.5 90±0.0 

NaCl(75mM) 65±5.0 84.3±4.0 75±5.0 75±0.0 96±5.3 81.6±2.9 81.6±2.9 80±5.0 

NaCl(100mM) 49.3±6.6 80±5.0 61±1.2 74±5.3 60±5.0 61.6±7.6 53.3±5.8 75±5.0 

NaCl(125mM) 48.7±2.3 70±0.0 35±5.0 44±5.3 50±5.0 60±5.0 39.3±1.2 70.6±1.2 

NaCl(150mM) 0±0.0 58.3±5.8 25±5.0 35±5.0 47.3±4.6 51.6±7.6 23.3±5.8 70±0.0 

NaCl(175mM) 0±0.0 45.7±4.0 20.3±4.5 30±0.0 23.3±5.8 36.6±5.8 0±0.0 55±5.0 

NaCl(200mM) 0±0.0 26.7±5.8 20±5.0 17.6±6.8 0±0.0 0±0.0 0±0.0 28.3±2.9 

CD at 5% X=2.22                      Y=2.36                   XY=6.67 

X=Genotype 

Y=Salt Concentration 

 

2
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 Germination of seed, seedling appearance and early survival are mainly 

sensitive to salt stress (Nasri et al 2015). Tejovathi et al (1988) reported that the ability 

of germination of seed and emergence under salt stress indicates its genetic potential for 

salt tolerance. 

 

Fig. 1: Effect of salt stress on percent germination in oat (Avena sativa L.) 

4.1.2 Seedling length (cm)  

 The seedling elongation rates are necessary for plants exploring for water and 

mineral nutrients. The relative root and shoot lengths were analyzed, to further 

investigate the effect of salt stress on Avena sativa. 

4.1.2.1 Shoot and Root length (cm)  

 The effect of salt stress on shoot length and root length in different genotypes 

of oat is presented in (table 5 and 6). Present results indicate that shoot and root length 

decreased significantly with increase in salt concentration in all the genotypes of oat. 

The germination percentage was declined to almost negligible at 200mM in all the 

genotypes. As the NaCl concentration increased from 25mM to 100mM, shoot length in 

general declined from 16.3 to 6.8 cm in OL-10, 17.6 to 10.8 cm in Kent, 16.8 to 8.7 cm 

in OL-1862, 18.9 to 11.2 cm in OL-1895, 21.1 to 5.5 cm in OL-1966, 16.8 to 6.6 cm in 

OL-125, 16.1 to 5.4 cm in OL-1869, 16.0 to 9.8 cm in OL-1876. The maximum shoot 

length was shown by genotype Kent. Minimum shoot length was shown by genotype 

OL-1966. Differential response was seen at 75mM and 100mM . At 100mM genotypes 

Kent, OL-1876, OL-1895, OL-10, OL-1862 recorded a less reduction (38.6, 38.7, 40.7, 

48.2, 58.2 percent respectively) in percent germination indicating these to be 

comparatively salt tolerant as compared to the genotypes OL-1966, OL-1869, OL-125 
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Plate 1: Germination of oat (Avena sativa L.) grown in petri dishes. 

        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 1a: Effect of salt (25, 50, 75, 100, 125, 150, 175 and 200 mM NaCl) stress on  

growth of root and shoot of Avena sativa. Photograph showing effect on 

seedling after 10 days of treatment. 
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Table 4:  Effect of salt stress on seedling length (cm) in oat (Avena sativa L.) 

                    Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 OL-1895 OL-1966 OL-125 OL-1869 OL-1876 

Control 28.6±1.2 29.3±0.7 27.0±0.7 30.3±1.0 34.4±1.6 31.3±0.6 25.2±0.5 27.5±1.8 

NaCl(25mM) 26.3±1.8 27.3±0.4 23.3±1.0 25.7±1.5 26.2±0.7 26.3±0.7 16.1±1.0 25.0±0.1 

NaCl(50mM) 23.5±0.4 23.3±0.9 21.1±0.6 22.4±1.5 21.9±0.2 25.3±0.9 15.6±1.1 24.0±0.8 

NaCl(75mM) 19.7±0.8 23.3±0.9 19.4±0.5 21.2±0.8 16.5±0.4 25±5.2 15.1±1.2 21.9±1.6 

NaCl(100mM) 13.3±1.4 19.6±0.5 15.2±0.7 16.2±0.9 12.4±0.5 13±2.1 12.9±0.9 18.3±1.0 

NaCl(125mM) 6.3±1.6 16.0±0.8 11.9±1.5 13.9±0.3 11.1±0.6 10±1.0 11.5±0.6 16±0.0 

NaCl(150mM) 0±0.0 11.7±0.5 9.2±0.6 10.6±0.6 8.7±0.9 9.1±0.7 8.5±0.7 11.0±1.5 

NaCl(175mM) 0±0.0 9.03±0.6 6.0±0.8 5.8±0.6 5.3±0.9 6.7±0.4 0±0.0 8.2±1.3 

NaCl(200mM) 0±0.0 7.43±0.5 4.4±0.4 3.7±0.6 0±0.0 0±0.0 0±0.0 4.5±0.6 

CD at 5% X=0.58                    Y=0.61                         XY=1.75 

X=Genotype 

Y=Salt Concentration 
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Table 5: Effect of salt stress on shoot length (cm) in oat (Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 OL-1895 OL-1966 OL-125 OL-1869 OL-1876 

Control 16.3±0.3 17.6±0.4 16.8±1.1 18.9±0.1 21.1±0.5 16.8±0.1 16.1±0.6 16.0±1.0 

NaCl(25mM) 15.1±0.9 16.1±0.1 13.9±0.8 16.9±0.6 16.0±0.1 14.7±0.4 8.1±0.4 13.7±0.7 

NaCl(50mM) 14.1±0.4 14.3±0.4 12.1±0.6 14.7±0.7 12.3±0.6 13.7±0.6 7.7±0.1 13.0±0.1 

NaCl(75mM) 11.0±1.0 14.3±0.4 12.3±0.1 14.0±0.2 9.1±0.6 11.8±0.8 7.4±0.4 11.9±0.8 

NaCl(100mM) 6.8±1.0 10.8±0.4 8.7±0.4 11.2±0.2 5.5±0.4 6.6±1.3 5.4±0.1 9.8±0.6 

NaCl(125mM) 2±1.0 8.5±0.5 5.6±1.0 9.5±0.0 5.2±0.5 3.7±0.3 5.0±0.5 7.5±0.5 

NaCl(150mM) 0±0.0 5.7±0.4 4.5±0.3 6.9±0.1 3.6v±0.5 3.1±0.3 2.7±0.4 5.0±0.7 

NaCl(175mM) 0±0.0 4.4±0.5 3.4±0.5 2.7±0.4 2.1±0.3 2.3±0.2 0.0±0.0 2.7±0.5 

NaCl(200mM) 0±0.0 3.4±0.1 2.0±0.1 2.3±0.3 0.0±0.0 0.0±0.0 0.0±0.0 1.5±0.2 

CD at 5% X=0.57                     Y=0.29                 XY=0.82 

X=Genotype 

Y=Salt Concentration 
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Fig. 2: Effect of salt stress on shoot length (cm) in oat (Avena sativa L.) 

which recorded more reduction (74.4, 66.4, 60.7%) indicating their comparative 

sensivity to salinity stress. 

4.1.2.1.1 Lamina length (cm) 

 Decrease in shoot length can be attributed to reduction in sheath length and 

lamina length. The effect of salt stress on lamina length in different genotypes of oat is 

presented in (table 5a). The effect of salt stress was much pronounced on lamina length 

as compared to sheath length. Present results indicate that lamina length decreased 

significantly with increase in salt concentration in all the genotypes of oat. The lamina 

length was declined to almost negligible at 200mM in all the genotypes. As the NaCl 

concentration increased from 25mM to 100mM, lamina length in general declined from 

14.7 to 5.8 cm in OL-10, 17.4 to 12.3cm in Kent, 15.3 to 6.7cm in OL-1862, 10.4 to 

3cm in OL-1895, 17.1 to 3cm in OL-1966, 13.0 to 4.0 cm in OL-125, 12 to 4.6 cm in 

OL-1869, 11.3 to 8 cm in OL-1876. The maximum lamina length was shown by OL-

1876 at 25 to 100mM concentration. Minimum lamina length was shown by OL-1966 at 

25 to 100mM concentration. Differential response was seen at 75mM and 100mM. At 

100mM  genotypes OL-1876, Kent, OL-1862, OL-10, OL-1869 recorded a less 

reduction (29.2, 29.3, 56.2, 60.5, 61.6 percent respectively) in lamina length  indicating 

these to be comparatively salt tolerant as compared to the genotypes OL-1966, OL-

1895, OL-125 which recorded more reduction( 82.4, 71.1, 69.2%) indicating their 

comparative sensitivity to salt stress.  
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Table 5a: Effect of salt stress on lamina growth in oat (Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 OL-1895 OL-1966 OL-125 OL-1869 OL-1876 

Control 14.7±1.1 17.4±1.1 15.3±0.8 10.4±0.4 17.1±1.4 13.0±0.5 12±1.0 11.3±0.9 

NaCl(25mM) 12±1.0 15.5±1.1 11.2±0.5 9.2±0.5 12.2±0.7 11.6±0.8 4.3±0.8 7.7±0.3 

NaCl(50mM) 10.2±0.4 12.8±1.0 12.7±1.1 7.8±0.3 12.8±0.2 8.9±0.1 4.1±0.8 9.6±0.4 

NaCl(75mM) 7.7±0.4 12.6±0.2 10.4±1.1 4±0.7 4.5±0.6 8.6±0.6 1.7±0.3 6.8±0.1 

NaCl(100mM) 5.8±1.1 12.3±0.6 6.7±0.2 3±0.3 3±1.0 4.0±0.7 4.6±0.5 8±1.0 

NaCl(125mM) 4.8±1.7 9±1.0 4.5±0.3 3±0.3 2.7±0.2 1.8±0.2 0.5±0.3 5±1.0 

NaCl(150mM) 0±0.0 3.2±0.6 2.6±0.2 1±0.2 1.3±0.2 1.4±0.4 2.8±0.2 1.6±0.6 

NaCl(175mM) 0±0.0 3.1±0.7 1.6±0.5 1±0.3 0.8±0.3 0.4±0.4 0±0.0 0.9±0.1 

NaCl(200mM) 0±0.0 1.9±0.2 1.6±0.4 0±0.0 0±0.0 0±0.0 0±0.0 0.8±0.1 

CD at 5% X=0.34                                     Y=0.36                      XY=1.02 

X=Genotype 

Y=Salt Concentration 
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Fig 2a: Effect of salt stress on lamina length (cm) in oat (Avena sativa L.) 

4.1.2.1.2 Sheath 

 The effect of salt stress on sheath length in different genotypes of oat is 

presented in (table 5b). Present results indicate that sheath length decreased 

significantly with increase in salt concentration in all the genotypes of oat. The sheath 

length was declined to almost negligible at 200mM in all the genotypes. There was not 

much difference in sheath length at 75mM and 100mM. As the NaCl concentration 

increased from 25mM to 100mM, sheath length in general declined from 5.6 to 3.5 cm 

in OL-10, 6.9 to 5 cm in Kent, 5.9 to 4.3cm in OL-1862, 5 to 4.4cm in OL-1895, 5.6 to 

3.6 cm in OL-1966, 5.3 to 2.2 cm in OL-125, 5.1 to 2.8 cm in OL-1869, 4.8 to 3.5 cm in 

OL-1876. The maximum sheath length was shown by OL-1895 at 25 to 100mM 

concentration. Minimum sheath length was shown by OL-125 at 25 to 100mM 

concentration. At 100mM genotypes OL-1895, Kent, OL-1876, OL-1862, Kent, OL-

1966 recorded a less reduction (12, 27.0, 27.1, 27.5, 35.7 percent respectively) in sheath 

length indicating these to be comparatively salt tolerant as compared to the genotypes 

OL-125, OL-1869, OL-10 which recorded more reduction (82.4, 71.1, 69.2%) 

indicating their comparative sensitivity to salt stress. 

 Similar results were reported in rice by (Abbasi et al 2004). The decrease in 

shoot- root lengths is because of decreased physiological activities resulting from water 

and nutrients stress occurring under high salt stress. These processes results in small 

shoot. Salt stress leads to trouble in metabolism of plant, which consequently lead to 

decrease in plant growth and production (Shafi et al 2009). 

0

2

4

6

8

10

12

14

16

18

20

Control 75mM 100mM

Lamina Length

OL-10

OL-1862

Kent



30 

 Table 5b:  Effect of salt stress on sheath length in oat (Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 OL-1895 OL-1966 OL-125 OL-1869 OL-1876 

Control 5.6±0.2 6.9±0.7 5.9±0.3 5±1.0 5.6±0.4 5.3±0.6 5.1±0.3 4.8±0.1 

NaCl(25mM) 5.4±0.2 5.7±0.3 5.5±0.4 4.9±0.1 5.6±0.6 5.3±0.6 4.1±0.3 4.7±0.2 

NaCl(50mM) 5.3±0.6 5.4±0.2 4.7±0.6 4.6±0.1 5.0±0.1 4.7±0.4 3.7±0.3 4.1±0.3 

NaCl(75mM) 4.5±0.1 5.2±0.2 4.8±0.2 4.4±0.1 4.7±0.2 3.8±0.7 3.6±0.3 3.8±0.6 

NaCl(100mM) 3.5±0.3 5±0.1 4.3±0.2 4.4±0.1 3.6±0.2 2.2±0.1 2.8±0.2 3.5±0.4 

NaCl(125mM) 2.6±0.4 5.0±0.1 4.1±0.2 4.4±0.1 2.5±0.2 2±0.0 1.7±0.2 2.6±1.2 

NaCl(150mM) 0±0.0 3.5±0.3 2.7±0.2 3.7±0.6 2.5±0.2 2±0.1 0.7±0.2 2±0.7 

NaCl(175mM) 0±0.0 2.5±0.3 1.8±0.1 2.7±0.2 1.8±0.3 1.3±0.6 0±0.0 1.3±0.5 

NaCl(200mM) 0±0.0 1.7±0.2 1.5±0.3 2±0.0 0±0.0 0±0.0 0±0.0 0.7±0.2 

CD at 5% X=0.19                         Y=0.21                                    XY=0.59 

X= Genotype 

Y= Salt concentration 
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Fig 2b: Effect of salt stress on sheath length (cm) in oat (Avena sativa L.) 

 Similarly in root length as the NaCl concentration increased from 25mM to 

100mM it declined from 10.2 to 6.5 cm in OL-10, 12.3 to 8.8 cm in Kent, 11.7 to 6.5 

cm in OL-1862, 11.4 to 7.2 cm in OL-1895, 13.3 to 6.9 cm in OL-1966, 14.5 to 6.1 cm 

in OL-125, 9.1 to 6.1 cm in OL-1869, 11.5 to 8.5 cm in OL-1876 from 25mM to 

100mM NaCl respectively. The maximum root length was shown by genotype OL-1869. 

Minimum root length was shown by genotype OL-125. Differential response was seen 

at 75mM and 100mM. At 100mM genotypes OL-1869, OL-1876, Kent, OL-10, OL-

1862 recorded a less reduction (17.5, 26.0, 28.4, 36.2, 44.4 percent respectively) in root 

length indicating these to be comparatively salt tolerant as compared to the genotypes 

OL-125, OL-1865, OL-1966 which recorded more reduction (74.4, 66.4, 60.7%) 

indicating their comparative sensitivity to salt stress. Reduction in root length was less 

than the shoot length. Similar results were seen in barley seedlings by Agami (2014). 

 Shoot length of OL-10, Kent and root length of OL-1869, OL-1876 were non  

significantly affected at 25mM NaCl. However root and shoot length was significantly 

affected at highest levels of salinity (75 and 100 mM). The decrease with increasing salt 

stress may be due to limited supply of metabolites to young growing tissues because 

metabolic production is significantly perturbed at high salinity stress, probably due to 

the toxic effects of salt (Yousofinia et al 2012). The decrease in root length with 

increase in salt stress might be due to more inhibitory effect of salt to root and shoot 

growth (Anbumalarmathi and Mehta 2013) in rice. With increasing salinity levels, root 

and shoot length decreased. These findings are related to those discussed by Gupta and 

Srivastava (1989), who concluded that root were less affected than shoot in wheat. The  
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Table 6: Effect of salt stress on root length (cm)  in oat (Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 OL-1895 OL-1966 OL-125 OL-1869 OL-1876 

Control 10.2±1.5 12.3±0.4 11.7±0.4 11.4±1.0 13.3±1.1 14.5±0.6 9.1±0.2 11.5±0.8 

NaCl(25mM) 9.4±0.9 11.2±0.5 9.4±0.4 8.8±1.0 10.2±0.7 11.6±0.4 8±1.0 11.3±0.7 

NaCl(50mM) 9.4±0.4 9±1.0 9±0.0 7.7±1.1 9.6±0.5 11.6±0.4 7.9±1.0 11±0.8 

NaCl(75mM) 7.4±0.4 9±1.0 8.5±0.5 7.2±0.6 7.4±0.4 13.1±5.1 7.7±0.8 10±1.0 

NaCl(100mM) 6.5±0.4 8.8±0.1 6.5±0.5 5±1.0 6.9±0.1 6.1±0.8 7.5±0.9 8.5±0.5 

NaCl(125mM) 4.3±0.9 7.5±0.3 6.3±0.5 4.4±0.3 5.9±0.1 6.1±0.8 6.5±0.5 8.5±0.5 

NaCl(150mM) 0±0.0 6±0.2 4.7±0.3 3.7±0.5 5.2±0.4 6.0±0.8 5.8±1.0 6±1.0 

NaCl(175mM) 0±0.0 4.6±1.0 2.6±0.5 3.1±0.3 3.2±0.6 4.4±0.4 0±0.0 5.5±1.0 

NaCl(200mM) 0±0.0 4.0±0.5 2.4±0.4 1.4±0.3 0±0.0 0±0.0 0±0.0 3.3±0.6 

CD at 5%                         X=0.47                       Y=0.50               XY=1.42 

X=Genotype 

Y=Salt Concentration 
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Fig. 3: Effect of salt stress on root length (cm) in oat (Avena sativa L.) 

inhibitory effect of salinity on growth rate and development of seedlings was reported 

in castor bean (Rajput et al 2015). Reduction in growth is caused by salt stress which 

reduced the ability of plants to absorb water (Nawaz et al 2010). Similar results are 

reported in maize seedlings where root length and shoot length decrease with salt stress 

(Billah et al 2018). Seedling is the most vulnerable stage in the life cycle of plants and 

germination determines when and where seedling development begins (Lianes et al 

2005).  Reduction in root-shoot length may be due salt toxicity and disproportion in 

nutrient absorption by the seedling as suggested by  Bybordi and Tabatabaei  (2009). 

Seedling biomass 

4.1.3 Fresh and Dry weight of seedling (mg) 

 The effect of salt stress on fresh weight and dry weight in different genotypes of 

oat is presented in table 7 and 8. Present results indicate that fresh and dry weight 

decreased significantly with increase in salt concentration in all the genotypes of oat. 

The germination percentage was declined to almost negligible at 200mM in all the 

genotypes. As the NaCl concentration increased from 25mM to 100mM, fresh weight in 

general declined from 277.5 to 80.3 mg in OL-10, 301.5 to 135.4 mg in Kent, 280.2 to 

107.7 mg in OL-1862, 332.3 to 155.5 mg in OL-1895, 415.3 to 203.2 mg in OL-1966, 

285.3 to 176.4 mg in OL-125, 306.3 to 240.6 mg in OL-1869, 335.3 to 317.5 mg in OL-

1876 from 25mM to 100mM NaCl respectively. The maximum fresh weight was shown 

by genotype OL-1876. Minimum fresh weight was shown by genotype OL-10. 

Differential response was seen at 75mM and 100mM. At 100mM genotypes OL-1876, 
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Table 7: Effect of  salt stress on fresh weight (mg) in oat (Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 OL-1895 OL-1966 OL-125 OL-1869 OL-1876 

Control 277.5±2.7 301.5±3.9 280.2±5.8 332.3±2.1 415.3±3.5 285.3±4.7 306.3±3.0 335.3±1.4 

NaCl(25mM) 207.3±7.8 219.8±4.9 255.2±5.3 324.9±4.4 413.3±3.2 252.0±3.2 302.5±1.8 334.5±0.9 

NaCl(50mM) 190.0±4.8 213.3±6.0 195.3±4.8 318.4±2.4 367.6±1.9 250.4±0.7 302.3±2.5 331.3±1.3 

NaCl(75mM) 82.5±3.8 178.4±7.5 175.9±5.3 175.7±5.1 208.3±7.6 248.6±0.8 252.2±2.3 322.5±2.1 

NaCl(100mM) 80.3±1.3 135.4±5.2 107.7±7.7 155.5±5.2 203.2±5.1 176.4±1.4 240.6±4.8 317.5±2.3 

NaCl(125mM) 70.8±5.1 75.7±4.4 78.9±5.9 144.0±3.5 185.3±5.3 164.5±4.4 68.4±2.4 198.2±2.5 

NaCl(150mM) 0±0.0 71.3±6.3 65.4±5.3 133.2±3.3 155.4±5.4 140.9±1.2 47.4±2.3 127.3±2.1 

NaCl(175mM) 0±0.0 65.3±4.6 61.1±3.2 155.4±5.4 105.5±5.3 137.5±2.2 0±0.0 99.0±4.0 

NaCl(200mM) 0±0.0 55.6±4.7 45.3±5.3 85.5±5.4 0±0.0 0±0.0 0±0.0 66.7±1.0 

CD at 5% X=2.19                           Y=2.32                                     XY=6.57 

X=Genotype 

Y=Salt concentration 
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Table 8: Effect  of  salt stress on dry weight (mg) in oat (Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 OL-1895 OL-1966 OL-125 OL-1869 OL-1876 

Control 21.8±1.8 36±1.0 26±1.0 45.3±1.5 34.6±1.3 25.7±1.2 27.7±0.8 45.4±1.1 

NaCl(25mM) 20±1.0 23.3±0.9 17±1.0 25.8±1.0 32±2.0 21.3±1.1 26±1.0 45±1.0 

NaCl(50mM) 16±2.0 19.5±1.0 15.9±0.5 25±1.0 27.9±2.1 20±1.0 26±1.0 42±2.0 

NaCl(75mM) 7.8±0.7 18.3±0.6 9.6±0.4 21.5±1.1 23.7±0.9 20±1.0 25.7±1.1 32.4±1.0 

NaCl(100mM) 6.4±0.4 15±1.0 7.6±0.3 21±1.0 23±1.0 16.3±1.2 24.7±1.1 26.5±1.2 

NaCl(125mM) 6±1.0 8.9±0.1 7±1.0 4.5±1.0 21±1.0 16.3±1.1 11.6±1.0 24.6±1.0 

NaCl(150mM) 0±0.0 4.7±0.4 2±0.6 4±1.0 5.8±0.4 13±1.0 7.5±0.2 21.6±1.4 

NaCl(175mM) 0±0.0 4.7±0.6 1.5±0.5 3.5±1.1 2±1.0 5.7±0.4 0±0.0 11.5±1.1 

NaCl(200mM) 0±0.0 2±1.0 0±0.0 1.8±0.3 0±0.0 0±0.0 0±0.0 11.3±0.9 

CD at 5% X=0.53                            Y=0.56                       XY=1.60 

X=Genotype 

Y=NaCl concentration 
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Fig. 4:  Effect of salt stress on fresh weight (mg) in oat (Avena sativa L.) 

 

 

 

Fig. 5:  Effect of salt stress on dry weight (mg) in oat (Avena sativa L.) 
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OL-1869, OL-125, OL-1966, OL-1895 recorded a less reduction (5.3, 21.4, 38.1, 51.0, 

53.2 percent respectively) in fresh weight indicating these to be comparatively salt 

tolerant as compared to the genotypes OL-10, OL-1862, Kent which recorded more 

reduction (71.0, 61.5, 55.0%) indicating their comparative sensitivity to salt stress. 

Reduction in fresh biomass at higher concentration might be due to poor absorption of 

water from the growth medium due to physiological drought (Nedjimi et al 2006 and 

Seckin et al 2009). Fresh weights were decreased with an increase in the level of 

sodium chloride as a result of reduced photosynthesis and membrane stability 

(Mozafariyan et al 2013). In oat water deficit and salt treatments also caused reduction 

in  fresh weight of seedling, which is similar to several reports (Ramezani et al 2011). 

 Similarly in dry weight as the NaCl concentration increased from 25mM to 

100mM it declined from 21.8 to 6.4 mg in OL-10, 36 to 15 mg in Kent, 26 to 7.6 mg in 

OL-1862, 45.3 to 21 mg in OL-1895, 34.6 to 23 mg in OL-1966, 25.7 to 16.3 mg in OL-

125, 27.7 to 24.7 mg in OL-1869, 45.4 to 26.5 mg in OL-1876 from 25mM to 100mM 

NaCl respectively. The maximum dry weight was shown by genotype OL-1869. 

Minimum dry weight was shown by genotype OL-1862.  At 100mM genotypes OL-

1869, OL-1966, OL-125, OL-1876, OL-1895 recorded a less reduction (10.8, 33.5, 36.5, 

41.6, 53.6 percent respectively) in dry weight indicating these to be comparatively salt 

tolerant as compared to the genotypes OL-1862, OL-10, Kent which recorded more 

reduction (70.7, 70.6, 58.3%) indicating their comparative sensitivity to salt stress. 

NaCl-imposed stress reduced shoot and root dry weights in wheat genotypes (Zhang et 

al 2011) and (Xu et al 2008). Munns (2002) reported that a significant reduction in total 

dry weight under salinity was due to Na+ and Cl- accumulation and osmotic stress. 

Dadkhah and Grrifiths (2005) attributed such a decrease in dry weight to greater 

reduction in uptake and utilization of mineral nutrients by plants under salinity stress. 

The decrease in dry weight of plants under salty conditions which can be attributed to 

decrease rate of photosynthesis, as suggested by Jafari et al (2009). 

4.1.5 Seed Vigour I 

 Seed vigour I is the product of percent germination and seedling length. The 

effect of salt stress on seed vigour I and seed vigour II in different genotypes of oat is 

presented in (table 9 and 10). Present results indicate that seed vigour I and seed vigour 

II decreased significantly with increase in salt concentration in all the genotypes of oat. 

The seed vigour I and II was declined to almost negligible at 200mM in all the 

genotypes. As the NaCl concentration increased from 25mM to 100mM, seed vigour I 

in general declined from 2433 to 750.2 in OL-10, 2930 to 1567.2 in Kent, 2714 to 811.0 

in OL-1862, 2267.7 to 1193.6 in OL-1895, 3436.7 to 743.5 in OL-1966, 2864.3 to 788.5 

in OL-125, 2437.3 to 685.7 in OL-1869, 2743.3 to 1461.3 in OL-1876 from 25mM to 



38 

Table 9: Effect of salt stress on seed vigour I in oat (Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 OL-1895 OL-1966 OL-125 OL-1869 OL-1876 

Control 2433±63.9 2930±70.0 2714±99.9 2267.7±114.7 3436.7±158.2 2864.3±209.1 2437.3±180.3 2743.3±180.1 

NaCl(25mM) 1873.9±257.6 2726.7±41.6 2097±94.0 1930±110.6 2620±65.6 2365.8±112.9 1552.7±15.5 2461.7±75.2 

NaCl(50mM) 1529.8±124.4 2215.8±187.6 1789.4±127.0 1862.3±78.5 2190±17.3 2208.1±172.0 1374.8±139.4 2163±72.7 

NaCl(75mM) 1283±119.8 1960.0±51.6 1458.2±114.9 1659.5±106.1 1584.9±116.5 2023.8±377.4 1232.8±100.3 1819.2±66.7 

NaCl(100mM) 750.2±47.4 1567.2±86.2 811.0±92.2 1193.6±44.5 743.5±88.8 788.5±173.2 685.7±51.6 1461.3±118.3 

NaCl(125mM) 309.5±87.7 1117.7±56.1 412.8±9.9 610.7±81.8 556.8±83.5 606.2±91.5 452.4±27.6 1181.3±80.1 

NaCl(150mM) 0±0.0 683.8±91.6 229.8±41.4 372.8±72.0 415.6±76.0 472.5±95.5 195.3±34.0 796±53.8 

NaCl(175mM) 0±0.0 414±62.0 124.7±42.9 174±18.7 123.7±35.5 245±45.5 0±0.0 492.2±146.8 

NaCl(200mM) 0±0.0 198.7±48.0 86.8±20.6 59.9±24.1 0±0.0 0±0.0 0±0.0 127±24.2 

CD at 5% X= 56.9                              Y=60.4                      XY=170.9 

X=Genotype,  

Y=NaCl concentration 
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Fig. 6:  Effect of salt stress on seed vigour I  in oat (Avena sativa L.) 

100mM NaCl respectively. The maximum seed vigour I was shown by genotype Kent. 

Minimum seed vigour I was shown by genotype OL-1966. Differential response was 

seen at 75mM and 100mM. At 100mM genotypes Kent, OL-1876, OL-1895, OL-10, 

OL-1862 recorded a less reduction (46.5, 46.7, 47.3, 69.1, 70.1 percent respectively) in 

seed vigour I indicating these to be comparatively salt tolerant as compared to the 

genotypes OL-1966, OL-125, OL-1869 which recorded more reduction (78.3, 72.4, 

71.8%) indicating their comparative sensitivity to salt stress. Similar results of 

decreasing vigour index with salinity have been reported in spinach by (Keshavarzi et al 

2011) and in maize by (Janmohammadi et al 2008). 

4.1.6 Seed Vigour II 

 Seed vigour II is the product of percent germination and dry weight. Similarly 

seed vigour II in general declined from 2 to 0.3 in OL-10, 3.6 to 1.2  in Kent, 2.3 to 0.3 

in OL-1862, 3.3 to 1.4 in OL-1895, 3.4 to 1.4 in OL-1966, 2.3 to 1 in OL-125, 2.6 to 

1.3 in OL-1869, 4.5 to 1.9 in OL-1876 from 25mM to 100mM NaCl respectively. The 

maximum seed vigour II was shown by genotype OL-1869. Minimum seed vigour II  

was shown by genotype OL-1862. Genotypes OL-1869,OL-125, OL-1895, OL-1876, 

OL-1966 recorded a less reduction (50, 56.5, 57.5, 57.7, 58.8 percent respectively) in 

seed vigour II indicating these to be comparatively salt tolerant as compared to the 

genotypes OL-1862, OL-10, Kent which recorded more reduction (86.9, 85, 66.6%) 

indicating their comparative sensitivity to salt stress. 
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Table 10: Effect of salt stress on seed vigour II in oat (Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 OL-1895 OL-1966 OL-125 OL-1869 OL-1876 

Control 2±0.1 3.6±0.1 2.3±0.1 3.3±0.2 3.4±0.1 2.3±0.1 2.6±0.2 4.5±0.1 

NaCl(25mM) 1.4±0.1 2.3±0.1 1.5±0.1 1.9±0.1 3.2±0.2 1.9±0.1 2.5±0.3 4.4±0.3 

NaCl(50mM) 1±0.2 1.8±0.2 1.3±0.1 2.0±0.3 2.7±0.3 1.7±0.2 2.2±0.1 3.7±0.2 

NaCl(75mM) 0.5±0.1 1.4±0.2 0.7±0.1 1.7±0.2 2.3±0.1 1.6±0.1 2.0±0.1 2.5±0.3 

NaCl(100mM) 0.3±0.1 1.2±0.1 0.3±0.0 1.4±0.2 1.4±0.1 1±0.2 1.3±0.2 1.9±0.2 

NaCl(125mM) 0.3±0.1 0.6±0.0 0.2±0.0 0.1±0.1 1±0.1 1.0±0.2 0.4±0.0 1.7±0.1 

NaCl(150mM) 0±0.0 0.2±0.1 0±0.0 0.1±0.1 0.2±0.0 0.4±0.3 0.1±0.1 1.5±0.1 

NaCl(175mM) 0±0.0 0.1±0.1 0±0.0 0.1±0.1 0.0±0.0 0.2±0.1 0±0.0 0.7±0.2 

NaCl(200mM) 0±0.0 0±0.0 0±0.0 0.0±0.0 0±0.0 0±0.0 0±0.0 0.3±0.2 

CD at 5% X=0.69                                           Y=0.73                                   XY=0.20 

X=Genotype 

Y=Salt Concentration 
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Fig. 7:  Effect of salt stress on seed vigour II in oat (Avena sativa L.) 

 

Biochemical Parameters  

 Differential response was observed at 75mM and 100mM NaCl with respect to 

the physiological parameters. So the biochemical parameters of the selected tolerant, 

moderate and sensitive genotypes were evaluated at these concentrations. 

4.1.7 Total Soluble Sugars (mg g
-1

 FW) 

 As shown in table 11 total soluble sugars were recorded to increase in the 

stressed seedlings as compared to the control in all the genotypes. The increase in the 

soluble sugar content was more in the comparatively tolerant genotype (Kent) and 

moderate  genotype  (OL-1862)  as  compared  to  the  sensitive  genotype  (OL-10).  In  

Table 11: Effect of salt stress on total soluble sugar content (mg g
-1

 FW) in oat 

(Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 

Control 34.9±3.6 55.4±2.2 46.4±1.2 

75mM 45.5±3.2 82.5±3.7 71.9±2.3 

100mM 52±2.8 106.7±4.1 105.4±3.1 

CD at 5% X=3.0                          Y=3.0                     XY=5.2 

X=Genotype 

Y= Salt concentration 
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tolerant genotype Kent total soluble sugars increased from 55.4 in control to 82.5 in 

75mM and 106.7 in 100mM NaCl. Similarly the total soluble sugars in moderately 

tolerant genotype OL-1862 increased from 46.4 to 71.9 and 105.4 at control, 75mM, 

100mM and in the sensitive genotype OL-10, the soluble sugars increased from 34.9 in 

control to 45.5 in 75mM and 52 in 100mM NaCl.  

 

Fig. 8: Effect of salt stress on total soluble sugar content (mg g
-1

 FW) in oat (Avena 

sativa L.) 

 Ashraf and Fatima (1995) reported that salt resistant accessions  accumulates 

more soluble sugars than the sensitive accessions in Carthamus tinctorius. Watanabe et 

al (2000) reported that in the genus Populus, most salt resistant species accumulate 

more soluble sugars in leaves than sensitive ones in the presence of salinity stress. 

Similar results were found in sunflower (Ashraf and Tufail 2008). Wahid (2004) 

reported that the most tolerant variety accumulates more soluble sugars in leaves 

indicate that soluble sugars play a key role in salt tolerance in sugarcane. Higher total 

soluble sugars have been reported in salt-tolerant genotypes than salt-sensitive ones 

(Nemati et al 2011, Khan et al 2015). It has been reported in wheat and barley that 

salinity stress caused an increase in the soluble sugar content of the seedlings (Li et al 

2011). Sugars function as signals, helpful for plant in sensing and controlling the 

photosynthetic activity and cellular redox balance (Sulmon et al 2006). Soluble sugar 

acts as an osmotic agent to improve plant resistance to environmental stress (Fu et al 

2010). This increase in the sugar levels of stressed plants help in effective 

osmoregulation under stress conditions (Gill et al 2003) and is involved in the osmotic 

adjustments. Sugar can act as an osmolyte to preserve membrane integrity and act as a 

signaling molecule to induce metabolic rearrangements and regulatory networks under 

stressful environmental stress (Krasensky and Jonak 2012). 
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4.1.8 Total Soluble Proteins (mg g
-1

 FW) 

 As shown in (table 12) total soluble proteins were recorded to increase in the 

stressed seedlings as compared to the control in all the genotypes. The increase in the 

soluble protein content was more in the comparatively tolerant genotype (Kent) and 

moderate genotype (OL-1862) as compared to the sensitive genotype (OL-10). In 

tolerant genotype Kent total soluble proteins increased from 19.7 in control to 22.6 in 

75mM and 27.5 in 100mM NaCl. Similarly the total soluble proteins in moderately 

tolerant genotype OL-1862 increased from 19.4 in control to 22 in 75mM and 26.2 in 

100mM and in the sensitive genotype OL-10, the soluble sugars increased from 19.4 in 

control to 21.5 in 75mM and 25.8 in 100mM NaCl. 

Table 12: Effect of salt  stress on total soluble protein content (mg g
-1

 FW) in oat 

(Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent 1862 

Control 19±1.2 19.7±2.3 19.4±3.9 

75mM 21.5±2.4 22.6±3.5 22±3.0 

100mm 25.8±2.2 27.5±2.1 26.2±2.1 

CD at 5% X=NS                                 Y=2.5                         XY=NS 

X= Genotype 

Y=Salt concentration 

 

Fig. 9: Effect of salt stress on total soluble protein content (mg g
-1

 FW) in oat 

(Avena sativa L.) 
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 Increased accumulation of total soluble proteins in response to saline stress was 

reported by (Liu et al 2016) in Nitraria tangutorum. Protein accumulated in plant may 

be involved in osmotic adjustment as well as in activation of antioxidant enzymes to 

decrease the amount of reactive oxygen species (ROS) produced by salt stress. Proteins 

accumulated in salt-stressed plants may provide storage form of nitrogen for the 

reutilization when stress is over (Singh et al 1987 and Qasim et al 2003). Increase in 

soluble protein content under salt stress may be the result of enhanced synthesis of 

specific stress-related proteins. Studies have revealed that protein synthesis could be 

affected by salt stress (Sousa et al 2003). 

4.1.9 Catalase activity (∆∆∆∆A min
-1

 g
-1

 FW)  

  CAT is important enzymatic component of the antioxidant system. It catalyzes 

the decomposition of hydrogen peroxide to water and oxygen (Cristina et al 2008). As 

shown in (table 13) catalase activity was recorded to increase in the stressed seedlings 

as compared to the control in all the genotypes. The increase in catalase activity was 

more in the comparatively tolerant genotype (Kent) and moderate genotype (OL-1862) 

as compared to the sensitive genotype (OL-10). In tolerant genotype Kent catalase 

activity increased from 22.1 in control to 86.3 in 75mM and 118 in 100mM NaCl. 

Similarly the catalase activity in moderately tolerant genotype OL-1862 increased from 

17.3 to 24.4 and 41.9 at control, 75mM, 100mM and in the sensitive genotype OL-10, 

the catalase activity increased from 12.4 in control to 15.4 in 75mM and 29.9 in 100mM 

NaCl.  

Table 13: Effect of salt stress on catalase activity (∆∆∆∆A min
-1

 g
-1

 FW) in oat (Avena 

sativa L.)  

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 

Control 12.4±1.9 22.1±0.9 17.3±0.9 

75mM 15.4±2.0 86.3±2.2 24.4±2.2 

100mM 29.9±3.0 118±1.9 41.9±2.0 

CD at 5% X=1.9                            Y=1.9                       XY=3.3 

X=Genotype 

Y=Concentration 

  Increasing activities of antioxidant enzymes and improving antioxidant 

metabolism in plants was one of the most important ways to enhance salt tolerance of 

plants (Mao et al 2004). CAT is involved in scavenging of H 2 O 2 during salt stress and 

other abiotic stress conditions ( Willekens et al 1997 ) and is considered as a major 
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enzyme detoxifying H 2 O 2 in tomato fruits ( Murshed et al  2014 ). CAT is often 

related to an enhanced tolerance to salt stress ( Mittova et al 2004 and Gao et al 2008 ). 

In some salt-tolerant plants, increased in catalase activity have been recored after 

increasing NaCl, such as those described in myrtle, suggesting increased photo 

respiratory activity (Acosta-Motos et al 2017). 

 

Fig. 10: Effect of salt stress on catalase activity (∆∆∆∆A min
-1

 g
-1

 FW)  in oat (Avena 

sativa L.) 

4.1.10 Peroxidase activity (∆∆∆∆A min
-1

 g
-1

 FW) 

 As shown in (table 14) peroxidase activity was recorded to increase in the 

stressed seedlings as compared to the control in all the genotypes. The increase in 

peroxidase   activity   was   more  in  the  comparatively  tolerant  genotype  (Kent)  and  

Table 14: Effect of salt stress  on peroxidase activity (∆∆∆∆A min
-1

 g
-1

 FW) in oat 

(Avena sativa L.). 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 

Control 0.02±0 0.04±0 0.03±0 

75mM 0.04±0 0.05±0 0.04±0 

100mM 0.06±0 0.09±0 0.07±0 

CD at 5% X=0.9                             Y=0.9                        XY=NS 

X=Genotype 

Y= Salt concentration 
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moderate genotype (OL-1862) as compared to the sensitive genotype (OL-10). In 

genotype Kent peroxidase activity increased from 0.04 in control to 0.05 in 75mM and 

0.09 in 100mM NaCl. Similarly the peroxidase activity in moderately tolerant genotype 

OL-1862 increased from 0.03 to 0.04 and 0.07 at control, 75mM, 100mM and in the 

sensitive genotype OL-10, the peroxidase activity increased from 0.02 in control to 0.04 

in 75mM and 0.06 in 100mM NaCl. 

 

Fig.11: Effect of salt stress on peroxidase activity (∆∆∆∆A min
-1

 g
-1

 FW) in oat (Avena 

sativa L.) 

 With increase in stress time, Peroxidase activity was higher in the early periods 

and lower in later periods, which showed that under salt stress, Peroxidase could remain 

high activity for a long time in order to lighten the damage of salt stress to the plant and 

soil salt in a  content. The activity of Peroxidase changed at different growth stages. 

The observations of an increase of Peroxidase activity at the seedling stage, after 

treatment with NaCl, are similar to rice and poplar which were treated with NaCl (Zhou 

et al 2010). In potato seedlings, new POD isoenzymes appeared in response to salt 

stress (Rahnama and Ebrahimzadeh 2005). 

4.1.11 Superoxide dismutase activity (∆∆∆∆A min
-1

 g
-1

 FW) 

 Activity of SOD in OL-10 genotype recorded at control, 75mM and 100mM was 

108.9, 110.5, 104.1. In Kent it was 143.6 at control, 155.2 at 75mM and 106.7 at 

100mM whereas in OL-1862 genotype SOD activity recorded was 110.4, 145.6 and 

106.3. When salinity was less than 100mM  activity of superoxide dismutase increased 

steadily with increase in salt stress, and under 75mM salt concentration,  activity of 

superoxide dismutase remained at a level higher than in control, but at 100mM salt 
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concentration, activity of superoxide dismutase decreased and the difference was 

narrowed gradually (Table 15).  This showed that low salt concentration can cause the 

increasing of activity of superoxide dismutase in oat seedlings, it can clear free radical 

and prevent the peroxidation and membrane damage. When the concentration was over 

a certain range, the activity of Superoxide dismutase decreased and this showed that 

exorbitant concentration can slow down the activity of superoxide dismutase. 

Table 15:  Effect of salt stress on superoxide dismutase activity (∆∆∆∆A min
-1

 g
-1

 FW) 

of oat (Avena sativa L.) 

Genotypes 

Salt Conc. 
OL-10 Kent OL-1862 

Control 108.9±2.2 143.6±2.7 110.4±1.1 

75mM 110.5±2.3 155.2±0.5 145.6±3.8 

100mM 104.1±1.1 106.7±2.2 106.3±2.2 

CD at 5% A=2.1                             B=2.1                       AB=3.7 

A=Genotype 

B=Salt concentration 

 

Fig. 12:  Effect of salt stress on superoxide dismutase activity (∆∆∆∆A min
-1

 g
-1

 FW) in 

oat (Avena sativa L.). 

  Activity of superoxide dismutase showed a change trend of high-low- high, 

with the increase in stress time.  It showed that only under low salt stress (less than 

100mM) and higher concentration stress in a short time could increase the activity of 
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superoxide dismutase and protect oat plants. Superoxide dismutase catalyzed the 

disproportion of superoxide O2- to molecular oxygen and hydrogen peroxide (Cristina 

et al 2008). Plants grown under saline conditions tend to have greater activity of SOD 

(Ashraf et al 2009). High SOD levels have been found in salt-resistant plants (Gosset et 

al 1994 and Hernandez et al 1995) and constitutive high levels of this enzyme are 

correlated with salt tolerance (Acar et al 2001).  

Effect of salt stress on molecular parameters 

 Two genotypes one comparatively salt sensitive (OL-10) and one comparatively 

salt tolerant (Kent) were selected for transcript profiling. As, differential response was 

observed in physiological parameters were seen at 75mM and 100mM salt 

concentration, so 100mM concentration was selected for  genes expression studies. 

 To check RNA integrity and its quantification 

• The integrity of RNA was checked on 1.2 percent denaturing agarose gel. 

• Total RNA was resolved into three separate rRNAs i.e 28S rRNA, 18S rRNA and 5s 

rRNA on the basis of their molecular weight (Plate 2). 

• RNA was quantified using Thermo Scientific NanodropTM1000 Spectrophotometer, 

values ranged from 364.5 - 454 ng/µl (Table 16).  

• RNA quality was also checked on the basis of Absorbance ratio (A260/A280)  

• Absorbance greater than 1.8 indicates the presence of RNA in all samples (Plate 

2a). 

Table 16: RNA quantification by using Nanodrop spectrophotometer 

  Kent OL-10 

  Control 75mM Control 75mM 

A260/A280 2.09 2.07 2.09 2.06 

RNA(ng/µ l) 364.5 430.6 433.9 454 

 

cDNA synthesis and Confirmation 

 Cdna was quantified by nanodrop spectrophotometer and ranged from 1957ng/µ l 

to 2070ng/µ l. The Cdna Samples were normalized at working conc. of 30 ng/µl for 

synthesis of   cDNA.  The  cDNA synthesis was confirmed by  PCR amplification using 

26S  rRNA  primers.  Amplicons  were  resolved  on 3%  agarose  gel  and  an  

amplicon  corresponding  to  534  bp  was  amplified  in  all samples  which revealed  

the confirmation of  cDNA synthesis  in  all  samples  (Plate 3). Then, cDNA was used 

as template for standardizing the PCR amplification of genes expressed under salt 

stress. 

 



 

Plate 2: RNA Integrity on denaturing Agarose gel electrophoresis 

 

 

 

Plate 2a:  RNA quantification by using  Nanodrop spectrophotometer 
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Plate 3: cDNA confirmation on 3% Agarose gel using 26S ribosomal RNA.

 

 

Plate 3a: cDNA confirmation on nanodrop spectrophotometer
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Table 17: cDNA confirmation on nanodrop spectrophotometer 

  Kent OL-10 

  Control 75mM Control 75mM 

RNA(ng/µ l) 2070 2154 1931 1957 
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CHAPTER V 

SUMMARY 

 

 Oat is a cereal crop having global significance and is used for food, feed and 

forage. This contains soluble fibres which help in prevention of heart disease and make 

it a popular part of human diet. Salt stress is main abiotic stress that reduces 

productivity of crop. The present study was planned to see the effect of salt stress on 

physiological, biochemical and molecular parameters in different genotypes of oats 

(Avena sativa L.). Seeds of OL-10, OL-1862, OL-1895, OL-1966, OL-125, OL-1869, 

OL-1876, Kent genotypes were subjected to different salt stress concentrations (25mM, 

50mM, 75mM and 100mM, 125mM, 150mM, 175mM and 200mM NaCl) and different 

physiological, biochemical and molecular parameters were recorded. Differential 

response was observed at 75mM and 100mM NaCl with respect to the physiological 

parameters. So the biochemical parameters of the selected tolerant, moderate and 

sensitive genotypes were evaluated at these concentrations. 

A summary of the salient findings is given below: 

• Percentage germination decreased significantly with increase in salt concentration 

in all the genotypes of oat. Genotypes OL-1895, Kent, OL-1876, OL-125, OL-1862 

recorded a less reduction in percent germination indicating these to be 

comparatively salt tolerant as compared to the genotypes OL-10, OL-1869, OL-

1966 which recorded more reduction indicating their comparative sensitivity to salt 

stress. In OL-1895 genotype, maximum percentage germination was seen. In OL-10 

genotype, minimum percentage germination was seen. 

• Shoot length decreased with increase in salt concentration in all the genotypes of 

oat.  The maximum shoot length was shown by genotype Kent. Minimum shoot 

length was shown by genotype OL-1966. Genotypes Kent, OL-1876, OL-1895, OL-

10, OL-1862 recorded a less reduction in percent germination indicating these to be 

comparatively salt tolerant as compared to the genotypes OL-1966, OL-1869, OL-

125 which recorded more reduction  indicating their comparative sensitivity to salt 

stress.  

• Lamina length decreased gradually as concentration of NaCl was increased. 

Genotypes OL-1876, Kent, OL-1862, OL-10, OL-1869 recorded a less reduction  in 

percent germination indicating these to be comparatively salt tolerant as compared 

to the genotypes OL-1966, OL-1895, OL-125 which  recorded more reduction 

indicating their comparative sensitivity to salt stress. The maximum lamina length 

was recorded in OL-1876 genotype. Minimum lamina length was seen in OL-1966 

genotype. Sheath length decreased significantly with increase in salt concentration 
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in all the genotypes of oat. There was not much difference in sheath length at 75mM 

and 100mM. Genotypes OL-1895, Kent, OL-1876, OL-1862, Kent, OL-1966 

recorded a less reduction indicating  comparatively salt tolerance as compared to the 

genotypes OL-125, OL-1869, OL-10 which recorded more reduction indicating their 

comparative sensitivity to salt stress.  

• Similarly in root length, genotypes OL-1869, OL-1876, Kent, OL-10, OL-1862 

recorded a less reduction, were comparatively salt tolerant than the genotypes OL-

125, OL-1865, OL-1966 which showed more reduction indicating comparative 

sensitive. The maximum root length was recorded in genotype OL-1869. Minimum 

root length was seen in genotype OL-125. 

• Fresh and Dry weight decreased significantly with increase in salt concentration in 

all the genotypes of oat. Genotypes OL-1876, OL-1869, OL-125, OL-1966, OL-

1895 recorded a less reduction in fresh weight indicating these to be comparatively 

salt tolerant as compared to the genotypes OL-10, OL-1862, Kent which recorded 

more reduction  indicating their comparative sensitivity to salt stress. The maximum 

fresh weight was shown by genotype OL-1876 whereas the minimum fresh weight 

was shown by genotype OL-10. Similarly in dry weight, genotypes OL-1869, OL-

1966, OL-125, OL-1876, OL-1895 recorded a less reduction  in dry weight, were 

comparatively salt tolerant as compared to the genotypes OL-1862, OL-10, Kent 

which recorded more reduction indicating their comparative sensitivity to salt 

stress. The maximum dry weight was recorded in genotype OL-1869 whereas 

minimum dry weight was seen in  genotype OL-1862. 

• Seed vigour I and Seed vigour II decreased significantly with increase in salt 

concentration in all the genotypes of oat. Genotypes Kent, OL-1876, OL-1895, OL-

10, OL-1862 recorded a less reduction  in seed vigour I indicating these to be 

comparatively salt tolerant as compared to the genotypes OL-1966, OL-125, OL-

1869 which recorded more reduction indicating their comparative sensitivity to salt 

stress. The maximum seed vigour I was shown by genotype Kent. Minimum seed 

vigour I was shown by genotype OL-1966. Similarly Genotypes OL-1869,OL-125, 

OL-1895, OL-1876, OL-1966 recorded a less reduction  in seed vigour II indicating 

these to be comparatively salt tolerant as compared to the genotypes OL-1862, OL-

10, Kent which recorded more reduction indicating their comparative sensitivity to 

salt stress. 

• Total soluble sugars were recorded to increase in the stressed seedlings as compared 

to the control in all the genotypes. The increase in the soluble sugar content was 

more in the comparatively tolerant genotype (Kent) and moderate genotype (OL-



52 

1862) as compared to the sensitive genotype (OL-10). Similarly total soluble 

proteins were recorded to increase in tolerant genotype as compared to sensitive 

genotype. 

• Antioxidant enzymes (peroxidase, superoxide dismutase and catalse) are very 

important for protecting plants from oxidative stress. Catalase activity was recorded 

to increase in the stressed seedlings as compared to the control in all the genotypes. 

Similarly peroxidase activity was more in the comparatively tolerant genotype as 

compared to the sensitive genotype. Superoxide activity was increased by salt 

concentrations at control and 75mM salinity levels and decreased at 100mM salinity 

levels. 

• Molecular studies were conducted on one comparatively salt sensitive and one 

comparatively salt-tolerant genotype under selected salt concentration level 

(75mM). Data compilation of the previous physiological and biochemical entities, 

screening of two genotypes was done to test their molecular potential for salt stress. 

The confirmation of tissues was done at RNA level with Reverse-transcriptase PCR. 
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