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Abstract 

A greenhouse and field research was conducted to evaluate twenty accessions for identification of salt tolerant genotypes of 

sunflower (Helianthus annuus L.) as well as their characteristics. The experiment was conducted in completely randomized 

design with three repeats. Salinity was developed with NaCl to achieve the final levels of 3 dSm-1, 6 dSm-1 and 9 dSm-1 

salinity, whereas control contained tap water. After 60 days of planting ten seedling of each accession from each treatment and 

replication were uprooted and data was recorded. Sunflower genotypes G-36, G-61, A-23, A-6 and A-185 performed better in 

both controlled and saline conditions. These genotypes showed better shoot and root growth and biomass by least 

concentration of Na+ and higher concentration of K+ and Cl- in leaf sap resulting in better K+:Na+ 

Keywords: Helianthus annuus, Salt tolerant, Dsm-1, ions, K+, Cl-, Na+ 

Introduction 

Salinity is one of the major obstacles to increasing 

production in crop growing areas throughout the world. In 

spite of this extensive literature there is still a controversy 

with regard to the mechanisms of salt tolerance in plants. 

Salinity in soil or water is one of the major stresses and 

especially in arid and semi arid regions, can severely limit 

crop production. High levels of soil salinity negatively 

affect productivity of most field crops (Munns, 1993) [44]. 

Saline soils remarkably reduce oil production potential and 

oil yield of sunflower (Szabolcs, 1994) [65]. Salinity can 

affect germination and seedling growth either by creating an 

osmotic pressure that prevents water uptake or by toxic 

effects of sodium and chloride ions (Hopper et al., 1979) 
[22]. About 7% of arable lands of the world are under salinity 

pressure (Jumsoon et al., 1996) [28]. Soil salinity reduces 

water availability of plant roots via negative (low) osmosis 

potential, as well as decrease of germination dynamics of 

plant seeds by ionic toxicity of Na+ and Cl- (Munns et al., 

1988) [43]. Salinity is also considered as a major abiotic 

stress and significant factor affecting crop production all 

over the world and especially in arid and semi-arid region 

(Davidson and Chevalier, 1987 [15]; Khajeh-Hosseini et al., 

2003). To increase production from salt affected soils as 

well as from normal soils there is a need to identify salt 

tolerant genotypes of potential oil seed crops. Sunflower is 

documented as moderately salt tolerant crop (Francois, 

 1996; Qureshi and Barrett-Lennard, 1998; Katerji et al, 

2000 [30]; Ramzan et al., 2015a,b) [57]. The situation 

necessitates a regular selection/ screening of new genotypes. 

Low quality irrigation water is one of the factors leading to 

decline sunflower productivity in Pakistan. Estimates show 

that about 70–80% of pumped water (67,842 million m3) 

contains soluble salts and/or sodium ions (Na+) levels above 

the permissible limits for irrigation water (Latif and Beg, 

2004) [35]. Each unit in ECe above 4.8 dS m−1 resulted in 

yield reduction by 4.5% in sunflower (Flagella et al., 2004) 
[16]. Salt water was used by many investigators to study 

tolerance or sensitivity of many crops to salinity. Compared 

with other crops, sunflower is considered as a slightly 

tolerant crop (Katerji et al. 2000) [30]. Sunflower genotypes 

exhibit considerable genetic diversity for salinity tolerance, 

which can be exploited for the selection of salt tolerant 

material using optimum selection tools (Ashraf and Tufail, 

1995). 

The present study is a scientific attempt to understand the 

genetic behavior and response of different accessions of 

sunflower to tolerate salt stress at seedling stage. The 

information so obtained will be useful in formulating 

criteria for salt stress tolerance and high yield. The objective 

is also the development of selection criteria through 

correlation and path analysis studies. Higher harvest of 

edible oil thus achieved certainly will have great economic 

impact on farmers and country.  

Materials and Methods 

The present study was carried out using 20 accessions of 

sunflower (G-16, G-30, G-32, G-36, G-44, G-45, G-61, G-

64, G-66, G-68, G-86, A-2, A-14, A-23, A-56, A-60, A-61, 

A-79, A-133 and A-185) developed by the Oilseed Research 

Programme of the Department. Experiment was conducted 

in a glass house and no control of humidity, temperature and 
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light. The experiment was laid out following factorial 

complete randomized design in three replications. The 

sunflower seed planted in iron trays. Each tray was filled 

with soil and sand the ratio of 1:1. The seeds sown at the 

depth of 1.5 cm by maintaining distance of 2.5 cm each for 

row to row and plant to plant. Normal soil of free from any 

salinity and sodicity hazards was collected from the research 

area of Department of Plant Breeding and Genetics, 

University of Agriculture Faisalabad. The mixture of sand 

and soil was air dried ground and passed through 2 mm 

sieve and analyzed for chemical characters. The EC of soil 

is calculated having the value of 1.23 dS m-1 and saturation 

percentage was 25.7 and total soluble salt was 17.7 me L-1. 

Tap water was applied for irrigation for 15 days according 

to requirement. After germination, four salt (NaCl) levels of 

irrigation water were maintained i.e., Normal water (Tap 

water), 3 dsm-1, 6 dsm-1, 9 dsm-1. the tap comprise of EC 

1.036 me L-1, Na+ 3.83, Ca+ + Mg++ 6.53 me L-1 and Total 

soluble salts 10.36 me L-1. The ten randomly selected plants 

per replication and per treatment for each genotype were 

uprooted after through irrigation to facilitate the process of 

uprooting. Two lower leaves (form the basal node) and two 

upper leaves (from the top node) were collected. The 

collected samples were washed with tap water to remove the 

soil residues and then dipped instantly in distilled water for 

a short period of time. The samples were blotted dry with 

the help of a sheet of blotting paper, placed in polyethylene 

bags, marked with the spirit marker and stored in the deep 

freezer for tissue sap extraction. Frozen leaf samples were 

taken out from freezer, sample were thawed, after washing 

with distilled water the tissue sap was extracted by using 

metal rod. The tissue sap oozing out from the samples was 

collected in epindroph tubes and immediately stored back in 

the deep freezer. The epindroph tubes were taken out from 

the freezer and placed at the room temperature for a while to 

thaw. Then the thawed tissue sap was centrifuged at the 

6500 rpm for five minutes. The supernatant tissue sap 

samples from epindroph tubes were analyzed for chloride, 

sodium and potassium ions. Chloride ions in the tissue sap 

were determined using Sherwood chloride analyzer 926. 

The tissue sap was diluted as required with distilled water. 

Sodium ions were determined using Sherwood flame 

photometer 410). The tissue sap in the tubes was diluted as 

required with distilled water. Potassium ions were 

determined using Sherwood flame photometer 410. After 60 

days of planting ten seedlings of each accession from each 

treatment and replication were uprooted with intensive care. 

Data were recorded from the experiment on following 

parameters. Data from experiment was subjected to 

statistical analysis by using complete randomized design 

with factorial classification (Steel and Torrie, 1980) [64] 

using MSTATC software. Treatment means were comprised 

by LSD test. 

 

Results and Discussion  

Shoot Length (cm)  

Interaction of genotypes and treatments was found 

significant. Results showed that accession G-36 closely 

followed by G-66 and A-23 had maximum shoot length and 

accession A-60 followed by A-2 and G-30 had minimum 

shoot length under normal condition (Table 1). Accession 

A-23 closely followed by G-36 and G-64 had maximum 

shoot length and accession A-2 followed by A-60 and G-66 

had minimum shoot length under salt stress level 1 (3dsm-1). 

Accessions G-36 closely followed by G-45 and G-44 had 

maximum shoot length and accession A-60 followed by G-

133 and A-2 had minimum shoot length under salt stress 

level 2 (6dsm-1). Accession G-86 closely followed by G-30 

and A-14 had maximum shoot length and accession A-60 

followed by A-2 and A-133 had minimum shoot length 

under salt stress level 3 (9dsm-1). Jiang et al. (2005) [27] in 

cotton, Oreghi et al. (1991) and Ghumman (2000) [20] in 

sunflower also found that shoot length and relative shoot 

length decreased with increase in salinity. Further, the 

secondary cells appear sooner and cell wall becomes rigid 

(Aslam, 1993 [9], Mustafa et al., 2018 [45]; Saqib et al. 2002) 
[60]. Causes of growth suppression under saline conditions 

may include shrinkage of cell contents, reduced 

developments and differentiation of tissues, unbalanced 

nutrition and damage to membrane integrity (Kent and 

Lauchli, 1985) [14]. Osmolytes synthesis to withstand salinity 

stress utilizes much of carbon and reduces metabolites 

synthesis and thus ultimately biomass production is 

decreased (Cheesman, 1988) [13]. Many scientists found that 

high concentration of salt in rooting medium cause unusual 

growth retardation (Garg and Gupta, 1997 [18]; Ali et al., 

2017). Mickelbart and Marter (1998) also demonstrated that 

salinity in nutrient solution reduced the growth of black spot 

(Diospyros digvna Jacq). Overall growth retardation of 

many plants seedlings at higher salinity/ sodicity levels has 

been reported by numerous researchers (Ramoliya and 

Panday, 2003 [55]; Mer et al., 2000).  

 

Root Length (cm)  
Table 2 showed that accession A-133 closely followed by 

A-60 and A-185 had maximum root length and accession A-

56 followed by A-2 and G-16 had minimum root length 

under normal condition (Table 2). Accession G-66 closely 

followed by A-2 and A-79 had maximum root length and 

accession G-32 followed by A-14 and A-44 had minimum 

root length under salt stress level 1 (3dsm-1). Accessions G-

36 closely followed by A-2 and A-23 had maximum root 

length and accession G-45 followed by G-64 and G-30 had 

minimum root length under salt stress level 2 (6 dsm-1). 

Accession G-44 closely followed by G-36 and A-185 had 

maximum root length and accession A-133 followed by A-

60 and G-31 had minimum root length under salt stress level 

3 (9dsm-1). Qureshi et al. (1998) [54] reported reduction in 

root length in response to salinity may be due to Na+ and Cl- 

which affect root permeability and integrity due to the 

displacement of Ca+ from the plasma lemma, which inhibits 

root growth and root length (Azaizeh and Stendele, 1991). 

The saturation level and concentration of salts in the soil 

solution cause the dispersion of clay particles which leads to 

clogging of soil pores and consequently results in reduction 

of soil permeability, porosity and hydraulic conductivity 

(Shainberg and Levy, 1992 [63]; Amezketa, 1999) [7], which, 

in turn, reduce the root development and cause growth 

retardation.  

 

Fresh Shoot Weight (g/plant)  

Table 3 showed that accession G-36 closely followed by G-

66 and G-68 had maximum fresh shoot weight and 

accession A-2 followed by A-60 and G-30 had minimum 

fresh shoot weight under normal condition. Accession A-79 

closely followed by G-61 and G-64 had maximum fresh 

shoot weight and accession A-60 followed by A-2 and A-

185 had minimum fresh shoot weight under salt stress level 
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1 (3dsm-1). Accessions G-61 closely followed by G-36 and 

G-56 had maximum fresh shoot weight and accession A-2 

followed by A-185 and A-60 had minimum fresh shoot 

weight under salt stress level 2 (6 dsm-1). Accession G-44 

closely followed by G-32 and G-36 had maximum fresh 

shoot weight and accession G-45 followed by G-64 and A-2 

had minimum fresh shoot weight under salt stress level 3 

(9dsm-1). Andria et al. (1997) found that shoot fresh of 

sunflower reduced up to 21% due to increase in salinity 

(Parveen and Qureshi, 1992 [51]; Qasrani et al 2014 [53]; 

Shafqat et al., 1998). High Na+ and Cl- concentration in the 

rooting medium could have suppressed K+, Ca+ and NO3 

etc. and ultimately the growth (Gorham and Wyn Jones, 

1993 [19]; Grieve et al., 1994). Under salinity, plant cell 

turgor pressure decreases and stomatal closure takes place 

resulting in decreased photosynthesis (Gale and Zeroni, 

1984). But when salts accumulate to toxic level in leaves 

again the growth inhibition takes place, so ion toxicity of 

Na+ and Cl- could be the second reason for decreased SFW 

with increased salinity (Ibrahim, 2003) [24].  

 

Fresh Root Weight (g/plant)  

Results showed that accession G-16 closely followed by G-

36 and G-86 had maximum fresh root weight and accession 

A-2 followed by A-68 and G-66 had minimum fresh root 

weight under normal condition (Table 4). Accession A-68 

closely followed by G-86 and G-185 had maximum fresh 

root weight and accession G-32 followed by A-61 and A-60 

had minimum fresh root weight under salt stress level 1 

(3dsm-1). Accessions G-30 closely followed by G-23 and G-

36 had maximum fresh root weight and accession G-45 

followed by G-16 and G-32 had minimum fresh root weight 

under salt stress level 2 (6 dsm -1). Accession A-23 closely 

followed by G-61 and A-185 had maximum fresh root 

weight and accession A-2 followed by A-14 and G-32 had 

minimum fresh root weight under salt stress level 3 (9dsm-

1). The reduction in root fresh weight may be due to the 

osmotic potential of salts in the soil solution which reduced 

cell water required from the soil solution (Mohamedin et al. 

2006) [42].  

 

Dry Shoot Weight (g/plant)  

Results showed that accession A-23 closely followed by G-

64 and G-36 had maximum dry shoot weight and accession 

G-44 followed by A-60 and A-79 had minimum dry shoot 

weight under normal condition (Table 5). Accession G-36 

closely followed by G-61 and G-16 had maximum dry shoot 

weight and accession A-60 followed by G-32 and G-30 had 

minimum dry shoot weight under salt stress level 1 (3dsm-

1). Accessions G-61 closely followed by G-36 and A-185 

had maximum dry shoot weight and accession G-31 

followed by G-16 and G-45 had minimum dry shoot weight 

under salt stress level 2 (6 dsm -1). Accession G-61 closely 

followed by A-23 and G-36 had maximum dry shoot weight 

and accession A-133 followed by G-44 and G-30 had 

minimum dry shoot weight under salt stress level 3 (9dsm-

1). Asma (1998) [10] and Khatoon et al. (2000) [34] in 

sunflower also reported that shoot dry weight and relative 

shoot dry weight decreased significantly with increase in 

salinity. The decrease in DSW under saline condition was 

due to reduced growth as a result of decreased water uptake, 

toxicity of Na+ and CF in shoot cells as well as reduced 

photosynthesis (Brugnoly and Lauter, 1991). The decrease 

in dry weight of shoot with increasing salinity may be 

because of unbalanced nutrients, solute suction in toxic 

quantities and use of metabolites (Azhar and McNeilly, 

2001).  

 

Dry Root Weight (g/ plant)  

Differences among different genotypes at various salinity 

levels were also significant (Table 6). Results showed that 

accession A-79 closely followed by A-185 and G-86 had 

maximum dry root weight and accession G-64 followed by 

A-68 and A-61 had minimum dry root weight under normal 

condition. Accession G-36 closely followed by A-14 and G-

61 had maximum dry root weight and accession G-16 

followed by G-64 and A-61 had minimum dry root weight 

under salt stress level 1 (3dsm-1). Accessions A-185 closely 

followed by G-36 and G-86 had maximum dry root weight 

and accession G-68 followed by A-61 and A-14 had 

minimum dry root weight under salt stress level 2 (6 dsm-1). 

Accession G-86 closely followed by G-61 and G-36 had 

maximum dry root weight and accession G-66 followed by 

A-60 and A-79 had minimum dry root weight under salt 

stress level 3 (9dsm-1). Afzal (2002), Oureghi (1991) and 

Khalil (1991) [33] noted that root dry weight decreased with 

increase in salinity. The reduction in DRW under saline 

conditions was due to reduced growth as a result of decline 

in water uptake, toxicity of Na+ and Cl- in root cells 

(Brugnoly and Lautery, 1991). Reduction in DRW was 

correlated with reduction in FRW. High Na+ and Cl- 

concentration in rooting medium could suppress the uptake 

of K+, Ca+ and NO-
3 and ultimately the growth (Gorham and 

Wyn Jones, 1993) [19]. 

 

Chlorophyll Content  

Results showed that accession A-79 closely followed by G-

68 and G-32 had maximum chlorophyll and accession G-36 

followed by G-45 and G-64 had minimum chlorophyll 

under normal condition (Table 7). Accession G-86 closely 

followed by G-68 and A-23 had maximum chlorophyll and 

accession G-30 followed by G-32 and A-16 had minimum 

chlorophyll under salt stress level 1 (3dsm-1). Accessions A-

61 closely followed by A-185 and A-60 had maximum 

chlorophyll and accession A-133 followed by G-30 and G-

32 had minimum chlorophyll under salt stress level 2 (6 

dsm-1). Accession G-68 closely followed by A-185 and G-

66 had maximum chlorophyll and accession G-16 followed 

by A-61 and G-36 had minimum chlorophyll under salt 

stress level 3 (9dsm-1). 

 

Sodium Concentration (mol m-3) in Extracted Leaf Sap  

It is clear from the data that Na+ concentration significantly 

increased with increasing salinity (Table 8). Result showed 

that accession A-23 closely followed by A-14 and A-61 had 

maximum Na+ content and accession G-45 followed by G-

61 and G-30 had minimum Na+ content under normal 

condition. Accession A-56 closely followed by A-133 and 

A-61 had maximum Na+ content and accession G-16 

followed by G-61 and G-36 had minimum Na+ content 

under salt stress level 1 (3dsm-1). Accessions A-133 closely 

followed by A-56 and A-60 had maximum Na+ content and 

accession G-44 followed by A-79 and G-32 had minimum 

Na+ content under salt stress level 2 (6 dsm -1). Accession A-

133 closely followed by A-56 and A-60 had maximum Na+ 

content and accession G-44 followed by G-32 and A-79 had 

minimum Na+ content under salt stress level 3 (9 dsm-1 ). 

Parakash et al. (1996) [50] and Nawaz et al. (2002) [48] in 
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sunflower also reported that sodium concentration increased 

significantly with increase in salinity. Sodium being a 

monovalent is very effective for osmotic adjustment 

(Gorham et al. 1984; Akhtar et al., 2005). Efficient Na+ 

exclusion is a good selection criterion for salt tolerance in 

sunflower and other glycophytes.  

 

Potassium Concentration (mol m-3) in Extracted Leaf 

Sap  

Table 9 showed that accession A-60 closely followed by G-

68 and G-32 had maximum K+ content and accession G-30 

followed by G-36 and G-64 had minimum K+ content under 

normal condition. Accession G-32 closely followed by G-44 

and G-45 had maximum K+ content and accession A -2 

followed by A -60 and A -14 had minimum K+ content 

under salt stress level 1 (3dsm-1 ). Accessions A-56 closely 

followed by G-61 and G-44 had maximum K+ content and 

accession A-23 followed by A-2 and G-64 had minimum K+ 

content under salt stress level 2 (6 dsm-1). Accession G-68 

closely followed by G-66 and A-56 had maximum K+ 

content and accession A-79 followed by A-61 and G-86 had 

minimum K+ content under salt stress level 3 (9 dsm-1). 

Decrease in K+ concentration with increasing salinity was 

also reported by, Akhtar et al. (2002) [48], and Khalil (1991) 
[33]. These results were also similar to the results of 

Thimmaiah (2002) who reported a significant reduction of 

potassium in sorghum with increasing salinity. There is a 

debate that K+ influx could be used as an index to salinity 

tolerance (Silberbush, 2001).  

 

Chloride Concentration (mol m-3) in Extracted Leaf Sap  

Results showed that accession G-30 closely followed by G-

185 and G-68 had maximum Cl- content and accession A-79 

followed by G-86 and A-133 had minimum Cl- content 

under normal condition (Table 10). Accession G-68 closely 

followed by A-2 and A-56 had maximum Cl- content and 

accession G-32 followed by A-14 and A-60 had minimum 

Cl- content under salt stress level 1 (3 d Sm-1). Accessions 

G-32 closely followed by G-36 and A-61 had maximum Cl- 

content and accession G-44 followed by A-14 and A-133 

had minimum Cl- content under salt stress level 2 (6 dSm-1). 

Accession A-185 closely followed by G-36 and G-61 had 

maximum Cl- content and accession G-44 followed by G-45 

and A-133 had minimum Cl- content under salt stress level 3 

(9 dsm-1). 

 

Mortality (%)  

Results showed that accession G-32 closely followed by G-

30 and G-45 had maximum mortality % and accession A-

185 followed by A-66 and A-79 had minimum mortality % 

under normal condition (Table 11). Accession G-32 closely 

followed by G-66 and G-68 had maximum mortality % and 

accession G -14 followed by G-61 and G-45 had minimum 

mortality % under salt stress level 1 (3dsm-1). Accessions A-

185 closely followed by A-2 and G-66 had maximum 

mortality % and accession G-44 followed by A-79 and G-16 

had minimum mortality % under salt stress level 2 (6 dsm-1). 

Accession G-32 closely followed by A-133 and G-86 had 

maximum mortality % and accession G-30 followed by A-

79 and G-68 had minimum mortality % under salt stress 

level 3 (9 dsm-1).  

 

 

 

Root/Shoot Ratio 

Results showed that accession A-79 closely followed by G-

86 and A-185 had maximum root/ shoot ratio and accession 

G-64 followed by A-61 and G-68 had minimum root/ shoot 

ratio under normal condition (Table 12). Accession A-60 

closely followed by G-96 and A-14 had maximum root/ 

shoot ratio and accession G -16 followed by G -64 and A -

61 had minimum root/ shoot ratio under salt stress level 1 

(3dsm-1 ). Accessions G-32 closely followed by G-86 and A-

60 had maximum root/ shoot ratio and accession G-68 

followed by A-14 and A-61 had minimum root/ shoot ratio 

under salt stress level 2 (6 d Sm-1). Accession A-133 closely 

followed by G-86 and A-185 had maximum root/ shoot ratio 

and accession G-64 followed by G-66 and A-14 had 

minimum root/ shoot ratio under salt stress level 3 (9 d Sm-

1). 

 

K+: Na+ Ratio in Extracted Leaf  

Results showed that accession G-68 closely followed by G-

45 and A-60 had maximum K+/Na+ Ratio and accession G-

30 followed by A-23 and G-64 had minimum K+/Na+ Ratio 

under normal condition (Table 13). Accession G-61 closely 

followed by G-44 and G-32 had maximum K+/Na+ Ratio 

and accession A -61 followed by A -2 and A -133 had 

minimum K+/Na+ ratio under salt stress level 1 (3dsm-1). 

Accessions G-44 closely followed by G-68 and G-32had 

maximum K+/Na+ Ratio. Accession A-133 followed by A-

60 and A-23 had minimum K+/Na+ Ratio under salt stress 

level 2 (6 dsm-1). Accession G-44 closely followed by G-68 

and G-32 had maximum K+/Na+ Ratio and accession G-86 

followed by A-133 and A-2 had minimum K+/Na+ Ratio 

under salt stress level 3 (9 dsm-1). his K+ leakage from the 

cell lowers the K+ Na+ ratio in the tissue (Kent and Lauchli, 

1985 [14]; Cramer et al. 1985). K+ Na+ ratio decreased with 

increasing levels of salinity (Akhtar et al., 2005). K+: Na+ 

selectivity is an important criterion of salt tolerance (Lauchli 

and Stelter, 1982) [36], because tolerant varieties maintain 

high K+: Na+ ratio (Iram et al. 1998) [26]. Potassium uptake 

by plant roots is often suppressed by sodium (Na+) in the 

growth medium. High salinity conditions are mainly 

characterized by low nutrient on ion activities and extreme 

ratios of K+/ Na+ cause nutritional imbalances and restrict 

the plant growth (Ali et al., 2010; Mahmood and Malik, 

1987; Grattan and Grieve, 1992) [21]. Davenport et al., 

(2005) have also reported that plants with ability of 

accumulating higher K+:Na+ ratio and maintaining lesser 

Na+ and Cl- contents in leaves possess more salt tolerance 

and show good growth under salt-affected conditions. Ionic 

imbalance of K+/ Na+ can also cause multiple metabolic 

problems and physiological malfunctioning within plant 

body (Serrano and Rodrigvez-Navarro, 2001 [61]; Maathuis 

and Amtmann, 1999; White ad Boradly, 2001).  

 

Biomass of Sunflower Genotypes  

Results showed that accession A-79 closely followed by A-

23 and A-185 had maximum biomass and accession G-44 

followed by A-60 and A-2 had minimum biomass under 

normal condition (Table 14). Accession G-36 closely 

followed by G-61 and A-23 had maximum biomass and 

accession A -60 followed by G -32 and A -30 had minimum  
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biomass under salt stress level 1 (3 d Sm-1). Accessions G-

36 closely followed by G-45 and G-44 had maximum 

biomass and accession A-60 followed by A-133 and A-2 

had minimum biomass under salt stress level 2 (6dSm-1). 

Accession G-61 closely followed by A-23 and G-36 had 

maximum biomass and accession A-A33 followed by G-30 

and G-44 had minimum biomass under salt stress level 3 

(9dsm-1). Rogers et al., (2003) [59] indicated a reduction in an 

overall growth and biomass production of Lucerne at high 

salinity level. Primavesi (1984) [52] has also documented 

poor biomass production under saline conditions. Hussain et 

al., (1994) noticed a significant decrease in total biomass 

yield of Prosopis juliflora, Casuarina equiselifolia and 

Eucalyptus camaldulesis with an increase in soil salinity. 

 
Table 1: Statistical Comparison of Varietal Means for Shoot Length for various salt stress levels 

 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 43.44 de 39.19 a-f 30.97 d-g 24.52 ef 

G-30 40.78 gh 40.70 a-e 34.57 b-e 29.81 ab 

G-32 43.54 de 37.68 b-f 30.23 d-g 27.60 b-d 

G-36 51.14 a 42.76 ab 42.21 a 26.77 c-e 

G-44 43.16 d-f 41.46 a-c 37.85 a-c 26.97 c-e 

G-45 45.86 c 41.65 a-c 38.66 ab 24.22 ef 

G-61 44.30 cd 41.34 a-c 32.24 c-g 27.40 b-d 

G-64 46.22 c 42.11 a-c 35.89 b-d 24.89 d-f 

G-66 48.87 b 33.95 fg 31.85 c-g 24.54 ef 

G-68 44.32 cd 35.52 d-g 28.93 e-g 23.15 fg 

G-86 44.40 cd 41.82 a-c 36.46 b-d 30.34 a 

A-2 40.29 gh 30.82 g 28.37 e-g 21.00 gh 

A-14 43.22 d-f 39.29 a-f 34.37 b-e 27.87 a-c 

A-23 46.41 c 43.45 a 33.28 b-f 23.02 fg 

A-56 43.44 de 40.89 a-d 30.94 d-g 26.48 c-e 

A-60 39.57 h 31.76 g 26.18 g 20.14 h 

A-61 41.81 e-g 36.98 c-f 30.32 d-g 26.81 c-e 

A-79 43.64 de 35.90 d-g 29.11 e-g 26.27 c-e 

A-133 40.84 gh 35.53 e-g 27.54 fg 22.75 fg 

A-185 41.23 f-h 37.74 b-f 31.54 d-g 24.47 ef 

LSD 1.898 4.589 5.283 2.400 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 
Table 2: Statistical Comparison of Varietal Means for Root Length for various salt stress levels 

 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 6.730 j 6.540 c-e 6.349 c-f 5.93 b-d 

G-30 6.730 j 6.650 c-e 6.117 ef 5.47 f-h 

G-32 7.097 g-i 5.533 f 6.553 b-e 5.20 h 

G-36 7.357 de 7.117 a-c 7.717 a 6.25 ab 

G-44 7.130 gh 6.233 de 6.473 b-f 6.54 a 

G-45 7.407 d 7.147 a-c 6.067 f 5.92 b-d 

G-61 7.283 d-f 6.850 b-d 6.207 d-f 5.90 b-d 

G-64 7.117 g-i 6.623 c-e 6.097 ef 5.66 d-g 

G-66 7.080 g-i 7.690 a 6.260 d-f 5.45 f-h 

G-68 6.973 i 7.160 a-c 6.273 d-f 5.44 f-h 

G-86 7.187 f-h 6.790 c-e 6.343 c-f 5.89 b-e 

A-2 6.593 jk 7.630 a 7.513 a 5.51 e-h 

A-14 7.217 e-g 6.210 e 6.570 b-e 5.50 f-h 

A-23 7.620 c 7.417 ab 6.870 b 5.78 c-f 

A-56 6.497 k 6.250 de 6.443 b-f 5.57 d-h 

A-60 7.797 ab 6.597 c-e 6.773 bc 5.29 gh 

A-61 7.227 e-g 6.917 bc 6.327 c-f 5.45 f-h 

A-79 7.053 hi 7.537 a 6.580 b-e 5.42 f-h 

A-133 7.883 a 6.530 c-e 6.627 b-d 5.33 gh 

A-185 7.703 bc 7.080 a-c 6.797 bc 6.07 bc 

LSD 0.138 0.537 0.408 0.338 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 
Table 3: Statistical Comparison of Varietal Means for Fresh Shoot Weight for salt stress levels 

 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 2.111 a-d 2.111 b-d 1.407 d-f 1.175 b-f 

G-30 1.687 c-e 1.687 de 1.646 b-f 1.428 a-c 

G-32 1.853 c-e 1.853 c-e 1.831 a-f 1.652 ab 

G-36 2.413 a 2.413 ab 2.505 a 1.539 a-c 

G-44 2.344 a-e 2.344 a-c 1.776 a-f 1.723 a 

G-45 2.455 b-e 2.455 ab 2.253 a-c 0.619 g 
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G-61 2.660 a-c 2.660 a 2.574 a 1.174 b-f 

G-64 2.567 a-d 2.567 ab 2.311 a-c 0.684 fg 

G-66 2.336 ab 2.336 a-c 2.145 a-d 0.793 e-g 

G-68 2.475 a-c 2.475 ab 1.908 a-f 0.816 e-g 

G-86 2.384 a-d 2.384 ab 1.645 b-f 1.378 a-d 

A-2 1.463 e 1.463 e 1.212 f 0.725 fg 

A-14 2.549 a-e 2.549 ab 2.322 ab 0.736 fg 

A-23 2.436 b-e 2.436 ab 2.203 a-d 1.139 c-f 

A-56 2.537 b-e 2.537 ab 2.494 a 1.490 a-c 

A-60 1.437 de 1.437 e 1.298 ef 0.796 e-g 

A-61 2.402 b-e 2.402 ab 2.064 a-e 1.140 c-f 

A-79 2.776 a-c 2.776 a 1.798 a-f 1.250 a-e 

A-133 1.805 a-d 1.805 de 1.484 c-f 0.899 d-g 

A-185 1.612 c-e 1.612 de 1.243 ef 1.088 c-g 

LSD 0.856 0.458 0.702 0.433 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 
Table 4: Statistical Comparison of Varietal Means for Fresh root weight for various salt stress levels 

 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 0.467 a 0.298 a 0.185 gh 0.170 f 

G-30 0.348 c-e 0.258 a 0.520 a 0.213 c-f 

G-32 0.318 c-f 0.216 a 0.192 f-h 0.166 f 

G-36 0.457 ab 0.341 a 0.347 bc 0.300 a-c 

G-44 0.393 a-c 0.268 a 0.273 de 0.279 a-e 

G-45 0.375 b-d 0.260 a 0.143 h 0.285 a-d 

G-61 0.388 a-d 0.382 a 0.267 de 0.375 a 

G-64 0.315 c-f 0.343 a 0.253 de 0.196 c-f 

G-66 0.331 c-f 0.271 a 0.263 de 0.217 c-f 

G-68 0.257 fg 0.553 a 0.263 de 0.286 a-d 

G-86 0.453 ab 0.441 a 0.305 cd 0.199 c-f 

A-2 0.223 g 0.263 a 0.267 de 0.134 f 

A-14 0.302 d-g 0.273 a 0.275 de 0.150 f 

A-23 0.449 ab 0.378 a 0.378 b 0.379 a 

A-56 0.276 e-g 0.255 a 0.275 de 0.176 ef 

A-60 0.331 c-f 0.249 a 0.267 de 0.188 d-f 

A-61 0.344 c-e 0.245 a 0.243 d-f 0.236 b-f 

A-79 0.383 a-d 0.272 a 0.248 d-f 0.193 d-f 

A-133 0.324 c-f 0.253 a 0.215 e-g 0.167 f 

A-185 0.435 ab 0.404 a 0.268 de 0.332 ab 

LSD 0.074 0.411 0.052 0.090 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 
Table 5: Statistical Comparison of Varietal Means for Dry shoot weight for various salt stress levels 

 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 0.419 a-c 0.393 ab 0.258 j 0.192 e-h 

G-30 0.406 a-d 0.282 g-i 0.263 j 0.156 ij 

G-32 0.361 c-g 0.260 hi 0.252 j 0.182 f-i 

G-36 0.423 ab 0.418 a 0.382 b 0.249 bc 

G-44 0.308 g 0.282 g-i 0.277 i 0.154 ij 

G-45 0.352 d-g 0.323 d-g 0.259 j 0.174 f-i 

G-61 0.413 a-c 0.414 a 0.397 a 0.294 a 

G-64 0.433 ab 0.390 a-c 0.320 e 0.247 bc 

G-66 0.344 e-g 0.315 d-h 0.260 j 0.206 d-f 

G-68 0.360 c-g 0.318 d-h 0.335 d 0.190 e-h 

G-86 0.346 d-g 0.311 e-h 0.292 gh 0.217 c-e 

A-2 0.359 c-g 0.289 f-i 0.280 i 0.170 g-j 

A-14 0.388 b-e 0.349 b-f 0.322 e 0.243 bc 

A-23 0.451 a 0.389 a-c 0.304 fg 0.265 ab 

A-56 0.373 b-f 0.374 a-d 0.313 ef 0.167 h-j 

A-60 0.317 fg 0.247 i 0.289 hi 0.198 e-h 

A-61 0.414 a-c 0.348 b-f 0.305 f 0.234 b-d 

A-79 0.338 e-g 0.326 d-g 0.307 f 0.169 g-j 

A-133 0.362 c-g 0.331 c-g 0.310 ef 0.139 j 

A-185 0.421 a-c 0.362 a-e 0.350 c 0.202 d-g 

LSD 0.052 0.053 0.012 0.030 

Means sharing common letters do not differ significantly at 5% probability level using LSD 
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Table 6: Statistical Comparison of Varietal Means Dry Root weight for various salt stress levels 
 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 0.023 b 0.018 e 0.018 g-i 0.013 def 

G-30 0.033 b 0.022 b-e 0.019 fg 0.015 de 

G-32 0.031 b 0.019 c-e 0.026 bc 0.013 def 

G-36 0.035 b 0.036 a 0.029 a 0.022 a-c 

G-44 0.025 b 0.019 c-e 0.018 g-i 0.015 de 

G-45 0.026 b 0.022 a-e 0.018 g-i 0.014 d-f 

G-61 0.036 b 0.033 a-c 0.028 ab 0.024 ab 

G-64 0.017 b 0.018 de 0.021 ef 0.012 ef 

G-66 0.030 b 0.026 a-e 0.023 de 0.011 f 

G-68 0.020 b 0.023 a-e 0.016 i 0.014 d-f 

G-86 0.037 b 0.030 a-e 0.028 ab 0.025 a 

A-2 0.025 b 0.029 a-e 0.019 f-h 0.014 d-f 

A-14 0.033 b 0.033 ab 0.017 hi 0.014 d-f 

A-23 0.032 b 0.030 a-e 0.019 g-i 0.022 bc 

A-56 0.031 b 0.026 a-e 0.024 cd 0.016 d 

A-60 0.028 b 0.032 a-d 0.028 ab 0.012 ef 

A-61 0.020 b 0.018 de 0.016 i 0.014 d-f 

A-79 0.125 a 0.020 b-e 0.020 fg 0.012 ef 

A-133 0.032 b 0.026 a-e 0.019 f-h 0.016 d 

A-185 0.040 b 0.029 a-e 0.029 a 0.021 c 

LSD 0.052 0.012 0.002 0.003 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 
Table 7: Statistical Comparison of Varietal Means for Chlorophyll for various salt stress levels 

 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 31.73 e-g 31.39 e-g 35.79 de 30.81 l 

G-30 35.44 a-c 28.24 g 33.06 ef 36.07 hi 

G-32 36.14 ab 30.24 fg 34.65 de 35.18 ij 

G-36 24.96 i 34.19 c-f 40.38 ab 34.63 j 

G-44 31.22 f-h 33.38 def 35.35 de 36.42 gh 

G-45 29.02 h 32.84 ef 41.28 ab 37.48 fg 

G-61 34.77 a-d 35.03 b-e 40.69 ab 37.52 fg 

G-64 29.66 gh 37.57 a-d 35.85 de 36.18 hi 

G-66 32.76 d-f 35.32 b-e 41.91 ab 39.59 c 

G-68 37.02 a 39.11 ab 39.57 bc 46.46 a 

G-86 31.10 f-h 40.58 a 36.41 d 39.44 cd 

A-2 31.74 e-g 37.29 a-d 35.36 de 38.26 d-f 

A-14 34.13 b-e 37.11 a-d 36.93 cd 36.42 gh 

A-23 35.56 a-c 37.86 a-c 35.72 de 37.91 ef 

A-56 32.02 e-g 33.96 c-f 37.47 cd 38.76 c-e 

A-60 33.37 c-f 34.28 c-f 42.21 ab 38.98 c-e 

A-61 31.45 f-h 34.57 c-e 42.95 a 32.86 k 

A-79 37.15 a 37.81 a-c 37.02 cd 38.84 c-e 

A-133 32.62 d-f 33.88 c-f 31.75 f 34.81 j 

A-185 35.14 a-d 34.71 c-e 42.90 a 44.50 b 

LSD 2.297 3.535 2.440 1.087 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 
Table 8: Statistical Comparison of Varietal Means for Na+ concentration (mol m-3) for various salt stress levels 

 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 17.67 e-g 23.00 j 55.00 e 72.00 g 

G-30 16.00 g 31.00 fg 50.00 gh 62.67 j 

G-32 19.00 c-f 40.00 c 44.67 i 49.67 k 

G-36 17.33 e-g 24.33 ij 51.67 fg 71.33 g 

G-44 17.00 fg 29.00 h 38.67 k 43.33 l 

G-45 12.67 h 36.00 de 69.00 b 68.33 h 

G-61 16.00 g 23.00 j 50.00 gh 73.33 fg 

G-64 20.00 b-d 25.33 i 52.00 f 65.00 i 

G-66 19.00 c-f 38.67 c 59.67 c 73.33 fg 

G-68 17.00 fg 29.67 gh 45.33 i 90.00 c 

G-86 16.00 g 26.00 i 60.67 c 91.00 c 

A-2 17.00 fg 36.67 d 59.00 c 83.00 d 

A-14 21.33 b 34.33 e 51.00 fg 77.00 e 

A-23 30.33 a 35.00 de 49.00 h 75.00 ef 
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A-56 19.00 c-f 46.33 a 70.00 b 100.00 a 

A-60 18.00 d-g 31.67 f 69.67 b 95.00 b 

A-61 20.67 bc 41.67 b 59.00 c 65.33 i 

A-79 17.00 fg 31.00 fg 41.00 j 51.67 k 

A-133 19.33 b-e 43.00 b 72.33 a 101.30 a 

A-185 19.00 c-f 31.00 fg 57.00 d 73.00 fg 

LSD 1.894 1.608 1.594 2.032 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 
Table 9: Statistical Comparison of Varietal Means for K+ concentration (mol m-3) for various salt stress levels 

 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 57.33 ij 27.00 h 28.33 ef 21.00 hi 

G-30 31.33 l 25.67 i 29.00 ef 21.33 hi 

G-32 82.67 bc 61.67 a 36.33 bc 22.00 g-i 

G-36 50.33 k 35.33 e 35.67 bc 27.00 de 

G-44 76.67 d 60.00 b 38.33 ab 27.00 de 

G-45 62.00 h 51.67 c 36.00 bc 27.00 de 

G-61 67.67 fg 51.00 c 40.33 a 23.00 f-h 

G-64 55.00 j 29.67 g 27.33 f 23.67 fg 

G-66 60.33 hi 31.33 f 31.33 de 31.33 b 

G-68 84.33 ab 25.33 i 38.00 ab 43.00 a 

G-86 59.00 hi 35.33 e 34.00 cd 20.33 i 

A-2 70.00 f 20.67 l 27.00 f 20.67 i 

A-14 80.00 c 22.33 k 31.67 de 24.00 fg 

A-23 65.67 g 32.33 f 22.33 g 20.67 hi 

A-56 59.67 hi 51.33 c 41.33 a 30.33 b 

A-60 86.00 a 21.00 l 31.00 de 27.33 cd 

A-61 74.33 de 23.33 jk 29.67 ef 20.00 i 

A-79 73.00 e 24.00 j 32.00 de 14.33 j 

A-133 67.00 fg 27.33 h 29.00 ef 25.00 ef 

A-185 74.00 de 37.67 d 31.67 de 29.33 bc 

LSD 2.990 1.167 3.174 2.098 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 
Table 10: Statistical Comparison of Varietal Means for Cl- concentration (mol m-3) for various salt stress levels 

 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 46.00 j 80.67 k 152.30 f 128.00 hi 

G-30 98.00 a 71.00 m 136.30 h 126.70 i 

G-32 61.00 g 41.00 q 169.70 a 173.70 c 

G-36 78.67 e 71.33 m 166.00 b 181.70 b 

G-44 66.00 f 67.67 no 76.67 o 82.67 l 

G-45 82.67 d 74.00 l 150.00 f 83.00 l 

G-61 78.33 e 117.00 f 126.30 k 175.00 c 

G-64 47.00 j 87.33 j 141.70 g 152.30 e 

G-66 39.00 l 119.00 e 150.30 f 155.70 e 

G-68 86.00 c 145.70 a 135.00 h 165.00 d 

G-86 33.00 m 123.70 d 128.70 j 147.30 f 

A-2 38.00 l 137.70 b 152.00 f 131.00 h 

A-14 42.00 k 56.67 p 100.30 n 144.70 fg 

A-23 57.00 h 73.33 l 132.00 i 147.00 f 

A-56 39.67 l 134.00 c 158.00 d 93.67 k 

A-60 54.67 i 66.00 o 152.30 f 124.70 i 

A-61 55.00 hi 68.33 n 160.30 c 141.00 g 

A-79 32.33 m 101.00 g 114.70 l 111.30 j 

A-133 34.00 m 91.00 i 103.00 m 91.67 k 

A-185 88.67 b 93.67 h 154.70 e 196.00 a 

LSD 2.162 1.795 2.131 3.974 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 
Table 11: Statistical Comparison of Varietal Means for Mortality (%) for various salt stress levels 

 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 0.00 c 7.41 bc 14.81 d 36.70 de 

G-30 3.33 b 6.33 bc 20.00 c 16.67 i 

G-32 6.67 a 13.33 a 23.33 a-c 50.00 a 

G-36 0.00 c 10.37 ab 21.48 bc 36.30 de 

G-44 0.00 c 6.67 bc 10.00 e 40.00 cd 
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G-45 3.33 b 3.33 c 23.33 a-c 36.67 de 

G-61 0.00 c 3.33 c 23.33 a-c 30.00 fg 

G-64 0.00 c 6.67 bc 23.33 a-c 33.33 ef 

G-66 0.00 c 13.33 a 26.67 a 33.33 ef 

G-68 3.33 b 13.33 a 23.33 a-c 26.67 gh 

G-86 0.00 c 6.70 bc 24.81 ab 42.59 bc 

A-2 0.00 c 3.33 c 26.67 a 26.67 gh 

A-14 0.00 c 3.33 c 20.00 c 40.00 cd 

A-23 0.00 c 7.04 bc 21.48 bc 28.89 fg 

A-56 0.00 c 10.00 ab 20.00 c 33.33 ef 

A-60 0.00 c 10.00 ab 20.00 c 26.67 gh 

A-61 0.00 c 10.00 ab 20.00 c 36.67 de 

A-79 0.00 c 6.67 bc 13.33 de 23.33 h 

A-133 3.33 b 10.00 ab 20.00 c 46.67 ab 

A-185 0.00 c 10.00 ab 26.67 a 33.33 ef 

LSD 0.878 3.656 3955 5.007 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 

Table 12: Statistical Comparison of Varietal Means for Root / shoot ratio for various salt stress levels 
 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 0.057 b 0.046 e 0.068 e-i 0.069 f-i 

G-30 0.084 b 0.076 b-e 0.073 e-g 0.096 b-e 

G-32 0.086 b 0.073 b-e 0.103 a 0.072 e-i 

G-36 0.083 b 0.085 b-d 0.075 ef 0.089 c-f 

G-44 0.081 b 0.065 b-e 0.065 f-i 0.100 a-d 

G-45 0.073 b 0.071 b-e 0.068 e-i 0.078 d-h 

G-61 0.090 b 0.083 b-e 0.071 e-h 0.081 d-g 

G-64 0.039 b 0.047 de 0.067 f-i 0.051 i 

G-66 0.085 b 0.082 b-e 0.088 bc 0.053 hi 

G-68 0.053 b 0.070 b-e 0.049 k 0.075 d-i 

G-86 0.108 b 0.102 ab 0.095 ab 0.119 ab 

A-2 0.072 b 0.092 bc 0.069 e-i 0.086 d-f 

A-14 0.083 b 0.092 bc 0.051 k 0.059 g-i 

A-23 0.073 b 0.076 b-e 0.061 ij 0.086 d-f 

A-56 0.081 b 0.069 b-e 0.076 de 0.090 c-f 

A-60 0.089 b 0.132 a 0.095 ab 0.066 f-i 

A-61 0.049 b 0.053 c-e 0.053 jk 0.060 g-i 

A-79 0.368 a 0.062 c-e 0.065 g-i 0.071 e-i 

A-133 0.086 b 0.079 b-e 0.062 hi 0.120 A 

A-185 0.095 b 0.079 b-e 0.083 cd 0.112 a-c 

LSD 0.117 0.030 0.008 0.022 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 
Table 13: Statistical Comparison of Varietal Means for K+/Na+ ratio for various salt stress levels 

 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 3.25 h-j 1.18 fg 0.516 e-g 0.292 i-k 

G-30 1.97 l 0.83 i 0.580 d-f 0.340 gh 

G-32 4.36 cd 1.54 c 0.814 b 0.443 c 

G-36 2.92 jk 1.45 d 0.691 c 0.379 ef 

G-44 4.52 b-d 2.07 b 0.992 a 0.624 a 

G-45 4.90 ab 1.44 d 0.522 e-g 0.395 d-f 

G-61 4.24 de 2.22 a 0.807 b 0.314 hi 

G-64 2.76 k 1.17 fg 0.526 e-g 0.364 fg 

G-66 3.18 h-k 0.81 i 0.525 e-g 0.427 cd 

G-68 4.97 a 0.85 hi 0.839 b 0.478 b 

G-86 3.70 fg 1.36 e 0.561 d-f 0.223 m 

A-2 4.13 d-f 0.56 k 0.458 gh 0.249 lm 

A-14 3.76 fg 0.65 j 0.621 cd 0.312 h-j 

A-23 2.17 l 0.92 h 0.456 gh 0.276 kl 

A-56 3.15 i-k 1.11 g 0.591 de 0.303 i-k 

A-60 4.79 a-c 0.66 j 0.445 gh 0.288 i-k 

A-61 3.61 gh 0.56 k 0.503 fg 0.307 i-k 

A-79 4.31 de 0.78 i 0.783 b 0.278 j-l 

A-133 3.48 g-i 0.64 jk 0.401 h 0.247 lm 

A-185 3.90 e-g 1.22 f 0.556 d-f 0.402 de 

LSD 0.408 0.074 0.074 0.031 

Means sharing common letters do not differ significantly at 5% probability level using LSD 
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Table 14: Statistical Comparison of Varietal Means for Biomass for various salt stress levels 
 

Genotypes Normal (0 dsm-1 ) Salt stress Level 1 (3 dsm-1 ) Salt stress Level 2 (6 dsm-1 ) Salt stress Level 3 (9 dsm-1 ) 

G-16 0.433 a-e 0.404 ab 0.276 f 0.208 c-g 

G-30 0.428 a-e 0.307 e-g 0.281 ef 0.168 fg 

G-32 0.405 a-f 0.280 fg 0.277 f 0.201 c-g 

G-36 0.463 a-c 0.452 a 0.411 a 0.274 ab 

G-44 0.331 f 0.310 e-g 0.298 e 0.169 fg 

G-45 0.389 a-f 0.340 c-e 0.276 f 0.193 d-g 

G-61 0.444 a-d 0.430 a 0.426 a 0.319 a 

G-64 0.452 a-d 0.407 ab 0.339 cd 0.258 bc 

G-66 0.387 b-f 0.343 c-e 0.283 ef 0.220 b-f 

G-68 0.386 b-f 0.358 b-e 0.344 c 0.208 c-g 

G-86 0.382 c-f 0.334 d-f 0.325 cd 0.239 b-e 

A-2 0.374 d-f 0.336 d-f 0.292 ef 0.179 e-g 

A-14 0.437 a-d 0.393 a-d 0.340 cd 0.252 b-d 

A-23 0.472 ab 0.425 a 0.322 d 0.278 ab 

A-56 0.409 a-f 0.398 a-c 0.336 cd 0.198 c-g 

A-60 0.346 ef 0.275 g 0.319 d 0.196 d-g 

A-61 0.433 a-e 0.360 b-e 0.322 d 0.251 b-d 

A-79 0.476 a 0.342 c-e 0.322 d 0.187 e-g 

A-133 0.402 a-f 0.350 b-e 0.324 cd 0.151 g 

A-185 0.465 a-c 0.394 a-d 0.379 b 0.210 c-g 

LSD 0.074 0.052 0.018 0.052 

Means sharing common letters do not differ significantly at 5% probability level using LSD 

 

Trait association studies 

The strongest correlation of seed yield was observed with 

1000-Ggrain weight at genotypic (r = 0.762) level (Table 

15). 1000 Grain weight and Oil contents were positively and 

significantly correlated, at phenotypic (r = 0.511 and 0.369 

respectively) and genotypic (r = 0.762 and 0.447 

respectively) levels with Total achene weight, which is in 

earlier finding of Kaya et al., (2008). 1000-Grain weight 

revealed significant and positive correlation with Oil 

contents and Total achene weight per plant under discussion 

at both genotypic and phenotypic levels. Total achene 

weight per plant exhibited a high correlation with 1000 

Grain weight (r = 0.0.511) at phenotypic level. The highest 

and positive correlation of Total achene weight per plant 

was observed with 1000 Grain weight followed by Oil 

Contents, Fresh head diameter, Plant height and Days to 50 

% flowering. Plant height was positively but non-

significantly correlated with total ache weight per plant and 

Chlorophyll except dry head diameter and Oil contents at 

both levels. Chlorophyll was positively but non-significantly 

correlated with Dry head diameter, 1000-grain weight, and 

oil content except fresh head diameter and Total achene 

weight per plant at both levels. Days to 50 % flowering 

showed negative genotypic association with plant height and 

fresh head diameter at both genotypic and phenotypic levels. 

Ali et al., 2013, 2014, 2106; Ali et al., (2015) and Habib et 

al. (2007) also reported similar results in their respective 

studies. The results suggest that 1000-seed weight and oil 

contents are important yield components and could be used 

as selection criteria to improve seed yield. Path coefficients 

(Table 16) revealed that Oil contents exerted positive direct 

effect on total achene weight along with its positive indirect 

effects through days to 50% flowering. Oil contents had 

negative indirect effect through plant height, chlorophyll, 

fresh head diameter, dry head diameter, 1000 grain weight. 

Habib et al. (2007) also reported similar results in their 

respective studies. Highest positive indirect effect after its 

direct effect was through days to 50% flowering. Highest 

negative indirect effect of oil contents was exerted through 

fresh head diameter. Days to 50% flowering exerted positive 

direct effect on total achene weight along with its positive 

indirect effects through oil content. Days to 50% flowering 

has negative indirect effect through plant height, 

chlorophyll, fresh head diameter, dry head meter, 1000 grain 

weight. Highest positive indirect effect of days to 50% 

flowering was exerted through oil content. Highest negative 

indirect effect of days to 50% flowering was exerted 

through fresh head diameter. Plant height exerted positive 

direct effect on total achene weight along with its positive 

indirect effects through dry head diameter. The positive 

direct effects of Plant height and Head diameter established 

in this study supports the statements of Ali et al., (2010); 

Kaya and Atakisi (2003), Kaya et al. (2003), Vidhyavathi, et 

al. (2005), Göksoy and Turan (2007) that breeding for 

increased Seed yield seems to the most effective method to 

get higher sunflower yields. Plant height has negative 

indirect effect through days to 50% flowering, chlorophyll, 

fresh head diameter, 1000 grain weight, oil content. Highest 

positive indirect effect plant height was exerted through dry 

head diameter. Highest negative indirect effect of plant 

height was exerted through oil content. Chlorophyll exerted 

positive direct effect on total achene weight along with its 

positive indirect effects through days to 50% flowering, 

plant height, oil contents. Chlorophyll has negative indirect 

effect through fresh head diameter, dry head diameter, 1000 

grain weight. Highest positive indirect effect of chlorophyll 

was through oil content followed by plant height. Highest 

negative indirect effect of chlorophyll was exerted through 

fresh head diameter. Fresh head diameter has negative 

indirect effect through days to 50% flowering, plant height, 

1000 grain weight and oil contents. Highest positive indirect 

effect after its direct effect was through chlorophyll 

followed by dry head diameter. Highest negative indirect 

effect of fresh head diameter was exerted through oil 

contents. Dry head diameter exerted negative direct effect 

on total achene weight along with its positive indirect 

effects through days to 50% flowering, 1000 grain weight 

and oil contents. Highest negative indirect effect of dry head 

diameter was exerted through plant height. 1000 grain 

weight exerted negative direct effect on total achene weight. 
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Direct negative effects were reported (Alba & Greco, 1979, 

Lakshmanrao et al., 1985; Kanwal et al., 2019) [29]. 

However, direct positive effects of the weight of 1000 seeds 

on seed yield were also discussed by Alba et al. (1979); 

Imran et al., (2015) [25]; Naseem et al., (2015a,b) [46,47]; 

Giriraj et al. (1979) and Varshney et al., (1977). In addition 

to the 1000-grain weight had its positive indirect effects 

through days to 50% flowering, plant height, fresh head 

diameter, dry head diameter and oil contents. 1000 grain 

weight has negative indirect effect through chlorophyll. 

Highest positive indirect effect of 1000 grain weight was 

exerted through oil contents followed by fresh head 

diameter. Highest negative indirect effect of 1000 grain 

weight was exerted through 

 

chlorophyll. Direct selection for Oil contents, Fresh head 

diameter, Plant height and Days to 50% flowering will give 

the best results for Total achene weight per plant. 

 
Table 15: Genotypic (rg) and phenotypic (rp) correlation coefficient among eight yield characters of sunflower 

 

Traits  
Plant 

height 

Chlorophy 

ll 

Fresh 

Head Diameter 
Dry Head Diameter 

1000-grain 

weight 

Oil 

Content 

Total 

weight 

         

Days to 50% flowering r(g) -0.12442 0.165906 -0.42936 0.085064 0.010228 0.246103 0.082045 

 r(p) 0.045828 0.205996 -0.22609 0.057014 -0.05967 0.217259 0.100227 

Plant Height r(g)  0.205536 -0.17849 -0.27084 0.018488 -0.27358 0.219557 

 r(p)  0.130963 0.051382 -0.14829 -0.05049 -0.15186 0.142587 

Chlorophyll r(g)   -0.16324 0.232316 0.321855 0.254884 -0.10247 

 r(p)   -0.04302 0.114786 0.142471 0.175251 -0.10106 

Fresh Head Diameter r(g)    -0.10434 0.154038 -0.4079 0.310418 

 r(p)    0.007261 0.125599 -0.23155 0.197946 

Dry Head Diameter r(g)     -0.17646 0.159699 -0.272 

 r(p)     -0.11011 0.107439 -0.24756 

1000 Grain Weight r(g)      0.659684* 0.762426* 

 r(p)      0.408677* 0.511395** 

Oil Content r(g)       0.447272* 

 r(p)       0.369817* 

* = Significant (P≤ 0.05) 

**= Highly significant (P≤0.01) 

 
Table 16: Direct (Diagonal Bold) and Indirect Path Effects of Yield Character in Sunflower 

 

Traits 
Days to 50% 

Flowering 

Plant 

height 

Chlorophy 

ll 

Fresh Head 

Diameter 

Dry Head 

Diameter 

1000-grain 

weight 

Oil 

Contents 

Total Achene 

weight 
rg 

Days to 50% Flowering 0.434161 -0.10661 -0.07347 -0.45333 -0.00513 -0.00059 0.28702 0.082045 0.082045 

Plant Height -0.05402 0.856863 -0.09102 -0.18845 0.016327 -0.00107 -0.31907 0.219557 0.219557 

Chlorophyll 0.07203 0.176117 -0.44286 -0.17235 -0.01401 -0.01865 0.29726 -0.10247 -0.10247 

Fresh Head Diameter -0.18641 -0.15294 0.072293 1.055828 0.00629 -0.00893 -0.47572 0.310418 0.310418 

Dry Head Diameter 0.036931 -0.23207 -0.10288 -0.11017 -0.06028 0.010227 0.186249 -0.272 -0.272 

1000-grain weight 0.00444 0.015842 -0.14254 0.162638 0.010638 -0.05795 0.769361 0.762426 0.762426 

Oil Content 0.106849 -0.23442 -0.11288 -0.43067 -0.00963 -0.03823 1.166256 0.447272 0.447272 

 

References 

1. Afza S. Salt of different sunflower (Helianthus annuus 

L.) genotypes: A solution culture study M.Sc. Thesis. 

Instt. Uni. Agri., Faisalabad, Pakistan, 2002, 30-35. 

2. Ali F, Ahsan M, Ali Q, Kanwal N. Phenotypic stability 

of Zea mays grain yield and its attributing traits under 

drought stress. Frontiers in plant science. 2017; 8:1397.  

3. Ali Q, Ahsan M, Ali F, Aslam M, Khan NH, Munzoor 

M, et al. Heritability, heterosis and heterobeltiosis 

studies for morphological traits of maize (Zea mays L.) 

seedlings. Advancements in Life sciences. 2013; 

1(1):52-63. 

4. Ali Q, Ali A, Ahsan M, Nasir IA, Abbas HG, Ashraf 

MA, et al. Line× Tester analysis for morpho-

physiological traits of Zea mays L seedlings. 

Advancements in Life sciences. 2014; 1(4):242-53. 

 

5. Ali Q, Abbas HG, Farooq J, Tahir MHN, Arshad S. 

Genetic analysis of some morphological traits of 

Brassica napus (Canola). Electronic Journal of Plant 

Breeding. 2010; 1(5):309-1319.  

6. Ali Q, Ahsan M, Kanwal N, Ali F, Ali A, Ahmed W, et 

al. Screening for drought tolerance: comparison of 

maize hybrids under water deficit condition. 

Advancements in Life Sciences. 2016; 3(2):51-58. 

7. Amezketa E. Soil aggregates stability: A review. J. 

Sustain. Agric. 1999; 14:83-151. 

8. Ashraf M, Tufail M. Variation in salinity tolerance in 

sunflower (Helianthus annuus L.). J. Agron. Crop Sci. 

1995; 174:351-362. 

9. Aslam M, Qureshi R H, Ahmad N. A rapid screening 

technique for salt tolerance in rice. Plant and Soil. 

1993; 150:99-107. 

10. Asma A. Growth analysis studies in sunflower 

(Helianthus annuus L.) under saline conditions. M.Sc 

Thesis. Dept. Bot., Univ. Agric., Faisalabad, 1998. 

11. Azaizeh H, Stendde E. Effect of salinity on water 

transport of excised maize root. Plant Physiol. 1991; 

97:1136-1146. 

12. Azhar FM, McNeilly T. Compartmentation of Na+ and 

Cl- ions in different parts of Sorghum bicolor L. 

moench during plant development. Pak. J. Bot. 2001; 

33(1):101-107. 

13. Cheesman JM. Mechanisms of salinity tolerance in 

plants (Reviews). Plant Physiol. 1998; 87:547-550. 

http://www.botanyjournals.com/


International Journal of Botany Studies  http://www.botanyjournals.com 

73 

14. Cramer GR, Auchli A, Polito VS. Displacement of Ca2+ 

by Na+ from plasmalemma of root cells. Plant Physiol. 

1985; 79:207-211. 

15. Davidson DJ, Chevalier PM. Influence of polyethylene 

glycol induced water deficits on tiller production in 

spring wheat. Crop Sci. 1987; 27:1185-1187. 

16. Flagella Z, Giuliani MM, Rotunno T, Di Caterina R, De 

Caro A. Effect of saline water on oil yield and quality 

of a high oleic sunflower (Helianthus annuus L.) 

hybrid. Europ. J. Agron. 2004; 21:267-272. 

17. Francois IF. Salinity effect on four sunflower hybrids. 

Agron. J. 1996; 88:215-219. 

18. Garg BK, Gupta IC. Saline wastelands Environment 

and Plant Growth, Scientific Publishers, Jodhpur, India, 

1997. 

19. Ghoram J, Wyn Jones RG. Utilization of Triticeae for 

improving salt tolerance in wheat. In: Leith, H. and 

A.A. Massoum (Eds), 1993, 27-33. 

20. Ghumman MI. Evaluation of Sunflower (Helianthus 

annuus L.) genotypes for salinity tolerance. M.Sc. 

Thesis. Dept. PBG, Uni. Agri., Faisalabad, 2000.  

21. Grattan SR, Grieve CM. Mineral element acquisition 

and growth response of plants grown in saline 

environments. Agric. Ecosyst. Environ. 1992; 30:275-

300. 

22. Hopper NW, Overholt JR, Martin JR. Effect of cultivar, 

temperature and seed size on the germination and 

emergence of soybeans (Glycine max (L.) Merr.). Ann. 

Bot. 1979; 44:301-308. 

23. Hussain MK, Rehman OU. Breeding sunflower for salt 

tolerance. Association of seedling growth and mature 

plant traits for salt tolerance in cultivated sunflower 

(Helianthus annuus L.). Helia. 1995; 18:69-76. 

24. Ibrahim MJ. Akhtar Haq A. Comparative performance 

of sunflower (Helianthus annuus L.) genotypes against 

NaCl salinity. Bioline International Official Site. 2004; 

16:7-18. 

25. Imran M, Saif-ul-Malook SAQ, Nawaz MA, Shabaz 

MK, Asif M, et al. Combining ability analysis for yield 

related traits in sunflower (Helianthus annuus L.). 

American-Eurasian J. Agric. & Environ. Sci. 2015; 

15(3):424-436.  

26. Iram S, Ashraf M, Masood S. Screening of rice (Oryza 

sativa L.) germplasm for NaCl salinity tolerance. Pak. 

J. Soil Sci. 1998; 15:78-83. 

27. Jiang L, Duari I, Tianix, Wang. NaCl salinity stress 

decreased Bacillus thurugiensis protein content of 

transgenic BT cotton (Gossopium hirsutum L.) 

seedlings. In. Environmental and Experimental. Botany 

(In. Press), 2005. 

28. Jumsoon KC, Jeuonlai J Ywonok. Effect of seed 

priming on the germinability of tomato (Lycopercicon 

esculentum Mill.) seeds under water and saline stress. J. 

Korean Soc. Hortic. Sci. 1996; 37:516-521. 

29. Kanwal N, Ali F, Ali Q, Sadaqat HA. Phenotypic 

tendency of achene yield and oil contents in sunflower 

hybrids. Acta Agriculturae Scandinavica, Section B-

Soil & Plant Science. 2019; 69(8):690-705. 

30. Katerji N, Hoorn VJ, Hamdy A, Mastrorilli M. Salt 

tolerance classification of crops mording to soil salinity 

and water stress day index. Aqu Water Manap. 2000; 

13:99-109. 

31. Kent LA, Lauchli A. Germination and seedling growth 

of cotton: salinity-calcium interactions. Plant Cell 

Environ. 1985; 8:115-159. 

32. Khajeh-Hosseini M, Powell AA, Bimgham IJ. The 

interaction between salinity stress and seed vigor during 

germination of soybean seeds. Seed Sci. Technol. 2003; 

31:715-725. 

33. Khalil NA. Salinity tolerance of some sunflower 

genotypes. In: Bulletin of Faculty of Agriculture. Univ. 

of Cairo. 1991; 42:299-310. 

34. Khatoon A, Hussain MK, Sadiq M. Effect of salinity on 

growth parameters of cultivated sunflower under saline 

conditions. Int. J. Agri. Biol. 2000; 2:210-213. 

35. Latif M, Beg A. Hydrosalinity issues, challenges and 

options in OIC member states. In: Latif, M., S. 

Mahmood, and M. M. Saeed. Proceedings of the 

International Training Workshop on Hydrosalinity 

Abatement and Advance Techniques for Sustainable 

Irrigated Agriculture, 20–25 September, Lahore, 

Pakistan, 2004, 1-14. 

36. Lauchli A, W Stelter. Salt tolernace of cotton genotypes 

in rlation to K: Na selectivity. In: Int. Workshop on 

Biosaline Research (2nd, La Paz, Mexico). A San Peitro. 

(Eds.) Plenum Pres, New York. 1982; 511-514 

37. Mahmood K, Malik KA. Salt tolerance studies on 

Atriplex rhagodiodies F. Mell. Environ. Exp. Bot. 1987; 

27:119-125. 

38. Masood I. Effect of NaCl salinity on germination, 

growth and yield of sunflower. M.Sc. Thesis. Dept. 

Bot., Univ. Agri., Faisalabad, 1998. 

39. Mehdi SS, Javed K, Zafar SS. Relationship of 

sunflower (Helianthus annuus L.) cultivar for seedling 

traits across NaCl treatments. Sci. Int. 2000; 12:99-102. 

40. Mer RK, Prajith PK, Pandya DH, Pandey AN. Effect of 

salts on germination of seeds and growth of young 

plants of Hordeum vulgare, Triticum aestivum. Cick 

arietinum and Brassica Juncea. J. Agron. Crop Sci. 

2000; 185:209-217. 

41. Mickelbart MV, Marler TE. Growth. Gas exchange, 

and mineral relations of black sapote (Diospyros digyna 

Jacq.) as influenced by salinity. Sci. Hortic. 1998; 

72:103-110.  

42. Mohamedin AAM, El-Kader AA, Badram NM. 

Response of Sunflower (Helianthus annuus L.) to plant 

slat stress under Different water table depth. Journal of 

Applied Sciences Research. 2006; 2(12):1175-1184. 

43. Munns RA, Gardrer ML, Rawson HM, Growth and 

development in NaCl treated plants. II. Do Na+ or Cl- 

concentrations in dividing or expanding tissue 

determine growth in barley. Aust. J. Plant. Physiol. 

1988; 15:529-540. 

44. Munns R. Physiological processes limiting plant growth 

in saline soil: Some dogmas and hypotheses. Plant Cell 

Environ. 1993; 16:1-24. 

45. Mustafa HSB, Mahmood T, Hameed A, Ali Q. 

Enhancing food security in arid areas of Pakistan 

through newly developed drought tolerant and short 

duration mustard (Brassica juncea L.) Canola. 

Genetika. 2018; 50(1):21-31.  

46. Naseem Z, Masood SA, Ali Q, Ali A, Kanwal N, Study 

of genetic variability in Helianthus annuus for seedling 

traits: An Overview. Life Sci J. 2015; 12(3s):109-114. 

http://www.botanyjournals.com/


International Journal of Botany Studies  http://www.botanyjournals.com 

74 

47. Naseem Z, Masood SA, Irshad S, Annum N, Bashir 

MK, Anum R, et al. Critical study of gene action and 

combining ability for varietal development in wheat: 

An Overview. Life Sci J. 2015; 12(3s):104-108.  

48. Nawaz SM, Akhtar M, Aslam RH, Qureshi Z, Ahmad 

Akhtar J, et al. Anatomical, morphological and 

physiological changes in sunflower genotypes because 

of NaCl salinity. In. Abst5ract of the paper presented in 

the 9th international conference of Soil Science. March 

18-20, NIAB, Faisalabad, Pakistan, 2002, 46. 

49. Oureghi Z, Zid E, Ayadi A. Sensitivity of Nacl and 

exclusion of Na+ in sunflower,. Agric. Mediterranean, 

121: 110-114. (Field Crop Abasts. 1991; 45:5725. 

50. Parakash AH, Vajranbhaiah SN, Reddy PC, 

Purushotama MG. Difference in growth, water relation 

and solute accumulation in the selected calluses of 

sunflower (Helianthus annus L.) under sodium chloride 

stress. Helia. 1996; 19:149-156. 

51. Parveen S, Quirehis RH Toxicity levels of Na+ and Cl- 

in wheat leaves cell sap. Pak. J. Agri. Sci. 1992; 

29(3):148-152. 

52. Primavesi A. Manejo ecologico des suelo. La 

agricultura en regions tropicales, 5ta Edicion. El 

Ateneo. Rio de Janeiro, Brazil, 1984, 499. 

53. Qasrani S, Muhammad Sarfaraz, Saif-ul-Malook, Wasi-

Ud-Din, Muhammad Sajjad Arfan. Role of nitrogen and 

sowing date on sunflower (Helianthus annuus L.) to 

improve yield and oil content – An overview. 

International Journal of Advanced Life Sciences 

(IJALS). 2014; 7(4):691-698. 

54. Qureshi RH, Barret-Lannard EG. Saline agriculture for 

irrigated land in Pakistan. A. Hand Book. ACIAR, 

Australia, 1998, 42. 

55. Ramoliya PJ, Panday AN. Effect of salinization of soil 

an emergence, growth and survival of seedlings of 

cordial rothii. For Ecol. Manage. 2003; 176:185-194.  

56. Ramzan I, Sadaqat HA, Shah M, Ali Q. Correlation and 

path coefficient analyses of yield components in S3 

progenies of Helianthus annuus. Life Sci J. 2015; 

12(4s):109-112.  

57. Ramzan I, Sadaqat HA, Shah AM, Ali Q. Study of trait 

association for the improvement of achene yield in 

sunflower: A review. Academ Arena. 2015; 7(9):82-89 

58. Rehman OU, Hussain MK. Effect of salinity on growth 

and development of cultivated sunflower (Helianthus 

annuus L.). Pak. J. Sci. 1998; 50:45-53. 

59. Rogers ME, Grieve CM, Shannon MC. Plant growth 

and ion relations in Lucerne (Medicago saliva L.) in 

response to the combined effects of NaCl and P-Plant 

Soil. 2003; 253:187-194.  

60. Saqib M, Akhtar J, Pervaiz S, Qureshi RH, Aslam M. 

Comparative growth performance of five cotton 

genotypes (G. hirsutum) against different levels of 

salinity. Pak. J. Soil Sci. 2002; 39(2):69-75. 

61. Serrano R, Rodrigvez-Navarro A. Ion homeostasis 

during salt stress in plants. Cell biology, New York. 

2001; 13:399-404. 

62. Shafqat MN, Mustafa G, Main SM, Qureshi RH. 

Evaluation of physiological aspects of stress tolerance 

in wheat. J. Soil Sci. 1998; 14:85-89. 

63. Shainberg I, Levy GJ. Physicocemical effects of salts 

upon infiltration and water movement in soils. and 

water movement in soils. In: R. J. Wagenet, P. Baveye, 

and B. A. stewart (eds.). Interacting Processes in soil 

sci. Advances in Soil Sciences Series, Lewis Publishers, 

Chelsea, Mich, 1992, 37-93. 

64. Steel RGD, Torrie JH, Dickey DA. Principles and 

Procedures of Statistics: A biometrical approach (3rd 

ed.). McGraw Hill Inc. New York, USA, 1997. 

65. Szabolcs I Soils and salination. In Pessarakli M (ed.) 

Handbook of Plant and Crop Stress. Marcel Dekker, 

New York, 1994, 311. 

66. White PJ, Broadley MR. Chloride in soils and its 

uptake and movement within the plant: a review. Anal. 

Bot. 2001; 88:967-98. 

http://www.botanyjournals.com/

