
Kanwal et al.,  J. Anim. Plant Sci., 33 (5) 2023 

 1204

EVALUATION AND SELECTION OF SALINITY TOLERANT LINES IN BRASSICA 

NAPUS USING CORRELATION AND PATH COEFFICIENT ANALYSIS 

S. Kanwal1*, R. Qamar2, S. Jamil1 and M. H. N. Tahir3 

1Agricultural Biotechnology Research Institute, AARI, Faisalabad; 2Oilseed Research Institute, AARI, Faisalabad 
3Muhammad Nawaz Sharif University of Agriculture, Multan 
*Corresponding Author: Email: kanwalshamsa32@yahoo.com 

ABSTRACT 

Genetic variation and varied response of genotypes with erraticsalt tolerance enable us to recognize and utilize the 

underlying physiological and biochemical mechanisms in development of salinity tolerant cultivars. In the present 

studies, ten lines viz., B-56, BLBN, G-96, R-3, RBJ-8007, ZMR-1, ZMR-2, ZNR-1, ZMM-5, and 23627, and six testers 

i.e., Faisal, Shiralee, Laclone, Long, Legend, and ZMR-3 were collected and crossed in a line by tester fashion. The 

resultant F1 crosses and their parental genotypes were assessed at maturity phase in a pot experiment under factorial 

structured CRD. Recorded data on morphological traits were analyzed to assess the genetic variability in breeding 

material, association among traits, and their direct and subsidiary effects on seed and oil yield. Analysis of variance 

showed the presence of significant genetic variability within and among the salinity treatments. Parental genotypes were 

found significantly different for Na+/K+ ratio, proline contents, osmotic potential, primary branches, and oil contents 

under all treatments. Entries and parents vs. crosses differed significantly for most of the traits indicating that breeding 

material possesses genetic variability which may be exploited in future breeding program for effective upgradation of 

yield and salinity tolerance. Correlation and path analysis exposed that silique per plant, seeds per silique, oil content, 

thousand seeds weight, and days to 50% maturity might be used as criteria of selection for development of salinity 

tolerant types with higher yield. Morphological traits showed significant association with yield per plant under salt stress 

conditions. These associations can be useful in sorting salt tolerant and sensitive high yielding genotypes. Accumulation 

of proline and Na+/K+ ratio may also be chosen as selection criteria for targeting salinity tolerance in the future breeding 

program. Screening of salt tolerant lines and subsequent development of salinity tolerant cultivars may be helpful in 

inclusion of salt effected area’s under Brassica cultivation thereby increasing the local production of edible oil in 

Pakistan. 
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INTRODUCTION 

 Salinity stress falls under the primary factors 

restraining the development and production of food 

crops. Agricultural production in terrestrial areas of the 

world has largely been affected by elevated level of soil 

salinity (Zhang and Hodson, 2001). Sodium chloride is 

the most prevailing element causing salinity. Salinity 

causes the reduction in growth of plants in two phases. 

Growth reduction occurs within minutes during initial 

phase, where excessive salts limit the uptake of water and 

slower the growth rate due to osmotic effects of salinity.  

 Salts accumulate in leaves during second phase 

of growth reduction which may takes days, weeks and 

even months. It causes salt toxicity which leads to leaves’ 

death ultimately by reducing the total photosynthetic leaf 

area (Munns, 2005). Accumulation of sodium may cause 

disturbance in normal metabolic pathways where low Na+ 

(Sodium ion) and high K+ (Potassium ion) and or Ca+2 

(Calcium ion) are essential for optimum function 

(Marschner, 1995). 

 Genetic variability and correlation among the 

yield related traits decides the fate of crop development 

program (Khan et al., 2006; Tariq et al., 2020). 

Estimation of genetic variability for high yield and 

salinity tolerance may help in development of lines with 

high adaptability and yield under normal and stress 

conditions. Seed yield is polygenic trait which is affected 

by several other yield contributing attributes. It is 

therefore necessary for the plant breeders to find the 

association of various yield attributes. Correlation is 

imperative to determine the degree of association among 

the yield contributing characters (Wright, 1921). 

Therefore, it is essential to study correlation among the 

traits in order to develop a suitable selection criterion 

based on the association of different traits with yield per 

plant. Hence, path coefficient analysis was introduced for 
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the comprehensive determination of impact caused by the 

different variables on resultant one  

 Brassica napus is a very important oilseed crop 

of Pakistan as it possesses major share in the present 

edible oil production of Pakistan. Present conditions with 

elevated imports of edible oil to overcome the gap 

between local production and consumption has diverted 

the attention of government as well as scientists to 

enhance the local production of brassica.Past studies 

indicated that seed yield of brassica may be improved 

indirectly through improving the siliquae per plant, seeds 

per silique, and reducing the days to 50% floweringand 

days to 50% maturity (Rameeh 2011; Zare 2011; Ejaz-ul-

Hassan et al., 2014). The present research work was 

programmed with the objective of generating information 

on genetic mechanisms controlling salinity tolerance, 

finding the association among various yield attributes, 

and traits associated with salinity tolerance and finding 

the direct as well as indirect effects of various traits on 

crop productivity under varying salt stress conditions. 

The information generated through this study may help in 

continuous genetic improvement for development of 

salinity tolerant cultivars.  

MATERIALS AND METHODS 

 The studied experiments were carried out at the 

green house of department of Plant Breeding and 

Genetics, University of Agriculture Faisalabad. Sixteen 

Brassica napus lines were collected from the Department 

of Plant Breeding and Genetics, University of Agriculture 

Faisalabad. Ten lines (G-96, ZM-M-5, 23627, ZMR-10, 

RBJ-8007, ZNR-1, ZMR-2, B-56, BLBN, and R-3) and 

six testers (Long, Laclone, Legend, Faisal, Shiralee, and 

ZMR-5) of Brassica napus L. were used as male and 

female parents, respectively to make crosses in a line by 

tester mating design through controlled pollination. Seeds 

of parental genotypes and their crosses were collected, 

cleaned and kept for sowing in the next crop season for 

evaluation. 

 Sixty crosses, their parents, and two check 

varieties were planted in 234 pots for each treatment in a 

completely randomized design with two factors, in a 

factorial arrangement. Three levels of salinity i.e., T0: 

0mM, T1: 120mM, and T2: 150mM were maintained by 

adding salt solution in pots filled with 12kg of soil using 

the following protocol. 

Salts per kg of soil= TSS × Eq. Wt. of 

NaCl×SP/1000×100 

Total Soluble Salts (TSS) = Required EC×10 

 Saturation percentage of soil (SP) = Loss in wt. 

oven drying /Wt. of saturated soil paste without china 

dish 

Required EC= Desired EC – Original EC 

 Calculated amounts of salt i.e., 14.6 g to develop 

the required salinity level of 120mM and 18.96 g for 

developing the required salinity level of 150mM were 

used to prepare one liter salt solution for each pot 

separately. Amount of soluble salts was measured using 

saturated paste method (Dellavalle, 1992). Soil samples 

were taken from all the treatments using tube sampler. 

Soil samples were saturated by adding double distilled 

water to the beaker containing sieved soil,and spatula was 

used to keep stirring. Mixture was allowed to stand 

overnight; prepared paste was shifted to Buchner funnel 

with filter paper lined in place and saturated paste extract 

was obtained in flask by applying vacuum. Portable EC 

meter (HI 99300) was used for EC measurement in order 

to ensure the required EC in each treatment. 

 Two plants per treatment and per replication 

were tagged and data were documented on various pre- 

and post-harvest characters including Na+/K+ ratio, 

proline contents, osmotic potential,days to 50% flowering 

(DTF 50%), plant height, primary branches, days to 

maturity (DTM 50%), silique per plant, seeds per silique, 

thousand seed weight, seed and oil yield per plant.Na+ 

and K+ ions were measured using the method as 

described by Wolf 1982. Oven dried crushed leaves (0.1 

g) were taken in a digestion flask and 2.5 ml of 

H2SO4was added to the flask and incubated over night at 

room temperature. Then 1 ml of H2O2 (35%) was poured 

down the sides of digestion flask and heated at 350 ˚C on 

hot plate until fumes were produced. The digestion flasks 

were cooled and placed back on the hot plate after adding 

1 ml of H2O2. The procedure was repeated until the 

cooled material became colorless. The volume of extract 

was maintained to 50 ml in the volumetric flasks by 

adding distilled water. The extract was filtered and used 

for the determination of Na+ and K+ ions from single 

channel flame photometer (Spectroniccamspec Ltd, 

Model Jenway, PFP-7 UK).Leaf osmotic potential were 

determined from the leaf sap extracted from the frozen 

leaf samples by vapor pressure osmometer (Vapro-

5520).Leaf free proline contents were determined by 

taking the leaf sample (500mg) and titrated it against 10 

ml of 3% (w/v) sulfosalicyclic acid (MP, Biomedicals, 

Inc) solution. The crushed sample was filtered and 2.0 ml 

of filtrate was taken in a test tube, mixed with 2.0 ml acid 

ninhydrin solution and 2.0 ml glacial acetic acid. Acid 

ninhydrin was prepared by mixing 1.25g ninhydrin with 

30 ml glacial acetic acid and 20 ml phosphoric acid. The 

reaction was performed at 100 ˚C and it was terminated 

in a container filled with ice. After cooling sample 

mixture, toluene was added to it. The aliquots containing 

toluene were vortexed. The optical density of filtrate was 

measured using spectrophotometer (JENWAY 6315) at 

520 nm. Toluene was added as blank and prolinewas 

calculated by the following formula: µmol proline g-1 

fresh weight = (µg proline mL-1 x mL of 

toluene/115.5)/sample wt (g) 
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Biometrical Analysis: Two way analysis of variance was 

performed on recorded data following (Steel et al., 1997). 

Correlation analysis was executed following statistical 

approach defined by Kwon and Torrie 1964).Path 

coefficient analysis was carried out ensuing approach 

defined by Dewey and Lu (1959), keeping per plant seed 

yield as resultant variable (effect) and seedling and yield 

attributes as causal variables (causes). Statistical software 

pakcakge "R-studio” is used to carried out these analysis. 

RESULTS AND DISCUSSION 

 Soil salinization is becoming a major issue that 

is badly effecting crop yield and quality. It becomes 

prerequisite for the plant breeders to develop and 

introduce high yielding cultivars that perform well in 

normal as well as saline environmental conditions. 

Therefore, it is direly needed to have a genetic variability 

in crop plants for targeted development and 

improvement. So, it is important to introduce new 

desirable traits or improve the genetic ability of crop 

varieties to withstand the changes in environmental 

conditions. This study is designed to evaluate and select 

lines having high salinity tolerance which is indirectly 

related to other plant traits. In the present studies, the 

parental genotypes and crosses were developed and 

evaluated for various morphological and physiological 

traits under different levels of salinity. 

 Analysis of variance is the basic tool to assess 

existence of genetic variability in the breeding material. 

Analysis of variance showed differences for studied traits 

within and among the treatments (Table 1). Genotypes 

differed significantly for all traits except silique per plant 

under all the treatments, plant height and DTM under 

treatment 1, and DTM, seeds per silique and thousand 

seed weight under treatment 3. Parental genotypes were 

found significantly different for Na+/K+ ratio, proline 

contents, osmotic potential, primary branches, and oil 

contents under all treatments. Significant differences 

among parents vs. crosses were observed for Na+/K+ 

ratio, proline contents, osmotic potential, plant height and 

DTM 50% under all treatments. Crosses were 

significantly different for plant height, seeds per silique 

and oil content. Among lines, significant differences were 

observed for all traits except DTF 50%, primary 

branches, and yield per plant under control conditions. 

However, under treatments 1 and 2 the lines were 

significantly differed for Na+/K+ ratio, proline contents, 

osmotic potential, thousand seed weight, and oil contents. 

Testers were found significantly different under all 

treatments for Na+/K+ ratio, proline contents, thousand 

seed weight, and oil content. Line by tester interactions 

were significantly differed for plant height, DTF 50%, 

seeds per silique, and thousand seed weight under all the 

treatments.  

 The results of presented research revealed that 

DTF 50% and DTM 50% increased by increasing salinity 

stress whereas, the plant height, primary branches, 

siliquae per plant, seeds per silique, thousand seed 

weight, and seed and oil production per plant were 

decreased. Entries and parents vs. crosses differed 

significantly for most of the traits indicating that breeding 

material possesses genetic variability which may be 

exploited in future breeding program for effective 

upgradation of yield and salinity tolerance. Genetic 

variability for salinity tolerance and yield attributes has 

also been reported in Brassica napus genotypes (Shahzad 

et al., 2015). Significant differences in parents vs. crosses 

in B. napus have also been reported in the past studies 

(Ahsan et al., 2013; Kang et al., 2013; Kang et al., 2014).  

 Correlation analysis helps in driving attention to 

traits with more impact on seed yield for efficient 

improvement of crop (Tuncturk and Ciftci, 2007). 

Estimation of correlation is important for quantification 

of genetic and nongenetic association between plant traits 

(Hallauer and Miranda Filho 1988). Genotypic 

correlation coefficients are more important than 

phenotypic correlations. Estimation of positive and 

negative correlation helps the breeders to define the 

strategy to improve favorable characters simultaneously 

or by tandem selection (Bernardo 2010). Genotypic and 

phenotypic correlations among traits under control and 

salinity stress treatments were computed (Tables 2 and 

3). Seed yield had important and positive genotypic 

association with DTF 50%, DTM 50%, primary branches, 

and oil content per plant under control and saline 

conditions also with silique per plant and number of 

seeds per silique only under salinity stress. Oil contents 

had significant and positive association with seed yield 

per plant, primary branches, thousand seed weight, 

silique per plant, DTM 50% and plant height. Seed yield 

per plant and oil content had significantly negative 

correlation with Na+/K+ ratio under salinity stress 

treatments. Thousand seed weight had significant and 

positive association with plant height, DTF 50%, DTM 

50%, seeds per silique, primary branches, and oil content 

under all the treatments. However, 1000-seed weight had 

negative association with proline content and osmotic 

potential under control condition. Silique per plant had 

significant positive genotypic correlation with proline 

contents, DTF 50%, and oil content under all the salinity 

stress treatments. Phenotypic correlation coefficient 

showed positive association of seed yield with DTF 50%, 

DTM 50%, primary branches, and oil content per plant 

under all the treatments.  

 Results indicated the existence of association 

between studied traits. The trait like DTF 50% and DTM 

50% increased by increasing salinity stress whereas, the 

plant height, primary branches, siliquae per plant, seeds 

per silique, thousand seed weight, yield per plant, and oil 

content decreased. Salinity restricts the uptake of 
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nutrients and also influence the assimilation of CO2 

negatively which causes the reduction in rate of 

photosynthesis ultimately reducing the plant growth and 

yield attributes like silique per plant, seeds per silique, 

seed weight per plant, and oil content (Bybordi, 2010; 

Bahrani, 2013). Salinity upsets the mechanisms of 

osmotic adjustment, nutritional balance, and biochemical 

processes causing decrease in yield attributes (Francois, 

1994; Akhtar et al., 2002; Villataet al., 2008, Wu et al., 

2019). Accumulated proline may provide energy to 

increase salinity tolerance by preserving sinks of 

carbohydrates in chloroplasts (Nazarbeygiet al., 2011; 

Saadia et al., 2012). It improves the osmoregulatory 

function which helps in protection of proteins from 

denaturation. More tolerance of brassicas for salinity may 

be the result of higher accumulation of proline under 

salinity stress (Toorchiet al., 2011). High proportion of 

Na+ ions under salinity had negative influence on seed 

yield per plant. The Na+/K+ ratio had negative whereas, 

proline content showed positive association with seed and 

oil yields. Higher accumulation of proline content at 

higher salinity levels helps the plant to cope with the 

salinity stress and produce the higher seed yield (Munns 

and James, 2003; Ashraf, 2004). Various scientist 

reported significant positive genotypic as well as 

phenotypic correlation of seed yield per plant with 

various morphological characters in B. napus L. under 

normal conditions (Khan et al., 2006; Zhang and Zhu 

2006; Jeromelaet al., 2007; Tuncturk and Cifit, 2007; 

Sabaghniaet al., 2010; Hoveizeet al., 2016).  

 Effects (either direct or indirect) of various 

morphological traits on seed yield under T0, T1 and T2 

are presented in Table 4. Maximum direct effects were 

observed through silique per plant, followed by oil 

content, seeds per silique, DTM 50%, and thousand seed 

weight under control treatment. Thousand seed weight 

followed by dry root weight, siliquae per plant, and oil 

content showed maximum indirect effects through 

various traits under T0. Maximum indirect effects of 

various traits under T0 were observed through DTM 

50%. Maximum direct effects under T1 were observed 

for thousand seed weight, followed by silique per plant 

and seeds per silique. Thousand seed weight and primary 

branches followed by DTM 50% had the maximum 

indirect effects through various traits under T1. Various 

traits showed maximum indirect effects through silique 

per plant and thousand seed weight. Seed yield under T2, 

seeds per silique and silique per plant; were directly 

influenced by oil content. Primary branches, followed by 

DTF 50% and silique per plant had the maximum indirect 

effects through various traits. Maximum indirect effects 

of various traits were observed through oil content, 

followed by seeds per silique. silique per plant, and seeds 

per silique had maximum direct effects under all the 

treatments. 

 Path coefficient analysis coupled with 

correlation analysis has been used in various crops for 

determination of parameters having high and direct 

effects towards yield (Punia and Gill, 1994; Shalini et al., 

2000; Tuncturk and Ciftci 2007; Basalma 2008; Ejaz-ul-

Hassan et al., 2014). Results showed that the seed yield is 

directly influenced by the silique per plant and seeds per 

silique under all the treatments. Past studies showed that 

the days to 50% maturity, sailique per plant, seeds per 

silique and thousand seed weight have direct positive 

effects on seed yield (Shalini et al., 2000; Marijnovic-

Jeromela et al., 2007; Khayat et al., 2012; Hoveizeet al., 

2016).  

 Under saline conditions, the Na+ often competes 

with the K+ uptake via Na+/K+ co-transporters and may 

also hinder root cell K+ specific transporters. Large 

amount of exchangeable Na+ ions in salt affected soils 

becomes available to plants and they uptake the Na+ ions 

preferably thereby increasing the Na+ content which 

generally disturbs the balance of nutrients causing 

toxicity of ions in cytoplasm (Islam et al., 2001; Villataet 

al., 2008). The Na+ ion accumulation through changing 

membrane permeability under salinity stress also causes 

metabolic disruption in pathways where more K+ is 

needed for optimal function (Marschner, 1995; Tester and 

Davenport, 2003). These factors ultimately restrict the 

plant growth resulting in reduced yield and quality 

(Cramer et al., 1987; Grieve and Fujiyama, 1987). 

 The present results further suggested that seed 

yield per plant and oil content under the higher levels of 

salinity may be improved by improving the siliquae per 

plant, seeds per silique, DTF 50%, DTM 50% and 

primary branches. Ion discrimination may be used as 

salinity stress tolerance indicators. These yield attributes 

may be used as selection criteria for improvement in the 

yield of brassica under the higher levels of salinity. The 

traits silique per plant, seeds per silique, DTF 50% and 

DTM 50%, and oil content may be used as selection 

criteria for development of salinity tolerant B. napus 

types with higher seed yield. Aimed at salinity tolerance, 

the accumulation of proline and Na+/K+ ratio may also be 

used as selection criteria in future breeding programs. 
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