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Abstract 

A field study was conducted using 31 sorghum landraces and two improved varieties as yield checks under natural sodic soil 

conditions at Anbil Dharmalingam Agricultural College and Research Institute, Trichy during Kharif,2018. The study was 

aimed to assess the mean performance, genetic variability, heritability and diversity of key traits that would aid the selection 

of genotypes for sodicity tolerance. The experiment was laid out in randomized block design with two replications. Eight 

biometric traits viz., days to 50 percent flowering, plant height, number of tillers, number of leaves, leaf length, leaf width, 

panicle length and yield per plant were observed. The genotype ES1 was identified to be sodicity tolerant as it based on its 

overall per se performance. Based on PCA analysis, the characters panicle length, number of leaves and yield per plant were 

identified to contribute more towards the total divergence. These traits also showed higher PCV and GCV coupled with 

higher heritability and genetic advance as percent of mean. Hence, indirect selection for sodicity tolerance can be carried out 

through these traits for selection of genotypes with sodicity tolerance. Cluster analysis revealed the diverse genotypes 

(Cluster I and VI) that could be used in hybridization programmes for exploiting the maximum heterotic potential.  
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Introduction 

Sorghum (Sorghum bicolour L.) is the fifth prime 

cereal crop of the world, after wheat, rice, maize 

and barley (Cuevas et al., 2014; Sabiel et al., 

2015). It is the staple food in 30 countries in the 

tropics and semi-tropics and in contrast to many 

other cereal grains, sorghum grains are gluten-free. 

The crop can be successfully grown in the majority 

of soil types and performs well in a wide range of 

temperatures (Nguyen et al., 2013). Moreover, it is 

a multipurpose crop exploited for its grain, fodder 

and biofuel potential (Elangovan et al., 2014). 

Globally, sorghum is cultivated over an area of 

40.67 million hectares with average production and 

productivity of 57.60 million tonnes and 1416.2 

Kg/ha respectively. In India, the crop is cultivated 

over an area of 5.86 million hectares with 

production and productivity of 4.57 million tonnes 

and 779.6 kg/ha respectively (FAOSTAT, 2017). It 

is often grown by small farmers with not greater 

than two hectares of land (Kudadjie et al., 2004). 

India contributes about 16 percent of the total 

global sorghum production (Rao and Parwez, 

2003).  

 

Both sodicity and salinity affected soils account for 

around 7-8 percent reduction in crop productivity 

and these soil types cover about 953 mha of land 

across 120 countries (Yadav, 2003; Singh, 2018). 

Sodicity is the dominant factor in salt-affected soils 

(>50%) and Australia has the largest area under 

sodic condition (Singh, 2018). In India, Uttar 

Pradesh has the largest area under sodicity (1.35 

mha) followed by Gujarat (0.54 mha) (Mandal et 

al., 2010). Sodic soils are characterized by low 

electrical conductivity (EC < 4 dS m-1), high pH 

(>8.2), high Sodium Absorption Ratio (SAR >13) 

and high Exchangeable Sodium Percentage (ESP 

>15). In comparison to saline soils, sodic soils have 

excess of CO3
2-

 and HCO3
-
 salts (Sharma et al., 

2016). Due to dissolved organic matter in soil 

solution, sodic soils are often known as “black 

alkali” or “slick spots” (Ogle, 2010). Sodic soils, 

upon drying forms compact crust which acts as a 

physical barrier hindering crop germination and 

root penetration (Upadhyay et al., 2012). Sodic 

condition also results in poor soil structure and 

reduced water movement which in turn degrades 

available nutrients, when coupled with high pH 

(Sharma et al., 2016). Sorghum has been reported 

to thrive well under moderately sodic soils (Bhat, 

2019) and hence assessment of genetic variability 

among the germplasm accessions could pave way 

for crop improvement of sorghum under for sodic 

condition. 

 

The magnitude of genetic variability, heritability, 

and genetic advance are reliable estimates which 

essentially identifies important morphological traits 
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for enhanced genetic gain under selection and are 

dependable during crop improvement programmes 

(Smalley et al., 2004; Jimmy et al., 2017).  Greater 

knowledge about genetic diversity enables a 

breeder to carry out targeted and precise 

hybridization (Jain and Patel, 2016). Considering 

these facts a study was carried out to assess genetic 

components of variability and genetic diversity 

among sorghum landraces under sodic soil 

condition.   

 

Materials and Methods 

The study was carried out at Anbil Dharmalingam 

Agricultural College and Research Institute, Trichy 

during Kharif,2018. A total of 30 sorghum 

genotypes obtained from Indian Institute of Millets 

Research (IIMR), Hyderabad, Telangana state were 

raised along with three improved sorghum varieties 

( CO 30, K 12 and PY 2) as yield checks (Table 1) 

and the experiment was laid out in a randomized 

block design with two replications and two rows 

(ridge) per genotype per replication. Each ridge 

was of 4m length with a spacing of 45 cm between 

ridges and 15 cm between plants in ridge. All 

recommended agronomic practices were followed 

for better crop stand and expression. Observations 

pertaining to eight quantitative traits ( days to 50 

percent flowering, plant height, number of tillers, 

number of leaves, leaf length, leaf width, panicle 

length and yield per plant ) were recorded in five 

random plants per genotype per replication as per 

the descriptors of sorghum (IBPGR, 1984) and the 

mean values were subjected to statistical analysis. 

The EC and pH of the research field were 0.95 

ds/m and 9.07 respectively, while EC, RSC and pH 

for irrigation water was 4.9 ds/m, 12.528 mg/lit and 

7.6 respectively.  

 

The means for all the characters were subjected to 

Analysis of Variance (ANOVA) based on the 

model proposed by Panse and Sukhatme (1969). 

The phenotypic coefficient of variation (PCV) and 

genotypic coefficient of variation (GCV) were 

analyzed by adopting the procedure suggested by 

Searle (1961). Heritability in broad sense h² (b) and 

genetic advance as percent of mean were estimated 

by the formula suggested by Allard (1960). The 

PCV and GCV estimates were classified as high 

(above 20%), medium (10-20%) and low (below 

10%) (Sivasubramanian and Menon, 1973). Broad 

sense heritability estimates were classified as low 

(<30%), medium (31-60%) and high (>60%) 

(Robinson et al., 1949) and the genetic advance 

was categorized as low (<10%), medium (10-20%) 

and high (>20%) (Johnson et al., 1955) 

 

The principal component analysis was carried out 

as suggested by Rao (1952) and was computed 

using the following formula:  

 
Where; PC = Principal component, a1j = Linear 

coefficient – Eigen vectors 

Statistical analysis was carried out using 

TNAUSTAT and STAR 3.0 softwares. 

 

Results and Discussion 

The ANOVA for the eight morphological traits 

showed high significant mean sum of squares for 

all the characters among the genotypes (Table 2). 

Hence, the selection of genotypes from the existing 

variation could be possible under sodicity. Similar 

genotypic variation was revealed by Jimmy et al. 

(2017) in sorghum under normal growing 

conditions. The per se performance revealed that 

the genotype ES1 had highly significant yield per 

plant followed by EA7. These genotypes also 

showed significant mean values for panicle length 

and days to maturity, days to 50 percent flowering 

respectively. Thus the accessions can be deemed as 

sodicity tolerant based on its mean performance, 

whereas the accessions ES13 and ES3 could be 

susceptible towards sodicity as they recorded the 

least yield per plant (Table 3).  

 

The extent of genetic variability present for various 

quantitative traits is essential for effecting precise 

selection and the response towards selection is 

dependent on the magnitude of heritable 

component of the variability (Panse, 1957). Genetic 

advance as percent of mean, when considered in 

conjunction with heritability is deemed to be more 

reliable in judging the heritable efficiency of a trait 

(Johnson et al., 1955).The genetic variability 

estimates for the eight quantitative traits are 

presented in Table 4. High PCV and GCV values 

were observed for days to fifty percent flowering, 

plant height, number of leaves, leaf width and yield 

per plant indicating that selection could be effective 

in improving these traits. Similar results were 

reported for number of leaves (Bello et al., 2007), 

plant height (Can and Yoshida, 1999; Jimmy et al., 

2017) and yield per plant (Shamini and Selvi, 

2018) in sorghum. Moderate PCV and GCV values 

were recorded by the traits, number of tillers and 

leaf length whereas, the trait panicle length 

exhibited low PCV and GCV. Thus, selection for 

these traits would be less effective. Similar results 

were obtained by Jimmy et al., (2017) for number 

of tillers and Shamini and Selvi, (2018) for panicle 

length. PCV values were found to be greater than 

GCV for the traits plant height, number of tillers 

and leaf length which indicated the influence of 

environment in the expression of these traits. 

Similar reports were obtained by  

Sankarapandian et al., (1996) for leaf length and by 
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Kamatar et al., (2011) for plant height in sorghum. 

A closer GCV and PCV values were observed for 

other traits which suggested the low environmental 

impact on these traits. Similar reports were made 

by Yadav et al., (2000) for grain yield of rice and 

reiterated the presence of adequate genetic 

variability among these traits. 

High heritability coupled with high genetic advance 

as percent of mean were observed in six characters 

viz., days to fifty percent flowering, number of 

tillers, number of leaves, leaf length, leaf width and 

yield per plant. This indicated that these traits 

would positively respond to selection as they are 

predominantly governed by additive gene action. 

Similar results were obtained by Arunkumar et al. 

(2004) for number of leaves, and Susmitha and 

Selvi, (2014) for grain yield in sorghum. In 

contrast, Bello et al. (2007), Tomar et al. (2012) 

and Kalpande et al. (2014) reported high 

heritability coupled with moderate genetic advance 

for days to fifty percent flowering. In the present 

study, panicle length recorded high heritability with 

moderate genetic advance as percent of mean 

indicating that the trait is governed by additive 

gene partially (Shamini and Selvi, 2018).   

 

Principal component analysis condensed the eight 

quantitative traits into four major principal 

components which accounted for 77.00 percent of 

the total variation (Table 5 and Fig. 1). The first 

three principal component axis recorded 

eigenvalues greater than one whereas, the fourth 

principal component recorded a value less than one. 

Thus, the fourth one could be discarded to further 

shorten the set of data at disposal. PC1 accounted 

for around 35 percent of total variability and it was 

contributed predominantly by the traits plant 

height, panicle length and number of leaves. PC2 

accounted for about 18 percent of total variability 

and the related traits were number of tillers, yield 

per plant and panicle length. PC3 contributed 

around 14 percent of total variability and it was 

contributed by yield per plant and number of 

leaves. The first two principal component axes 

explained more than half of the total variability 

(53.00%) hence, it indicated a high degree of 

correlation among the traits studied (Jain and Patel, 

2016). The traits panicle length, number of leaves 

and yield per plant tend to remain together as they 

contributed in two principal components (Mohanlal 

et al., 2018). As a whole, PCA analysis was able to 

identify the key traits that were responsible for the 

variability in a population. Similar studies were 

also conducted by Akatwijuka et al. (2016) in 

sorghum landraces and by Jain and Patel, (2016) in 

fodder sorghum. The biplot analysis (PC1 vs PC2) 

revealed that the trait panicle length had the 

maximum positive effect towards total divergence 

followed by number of tillers and yield per plant. 

All the sorghum genotypes were evenly distributed 

along the biplot indicating the diversity present 

among the materials studied (Fig. 2).  

 

Cluster analysis was carried out using the ward’s 

method and Euclidean distance measure was 

adopted for dendrogram construction (Fig. 3). A 

total of six clusters were formed of which cluster 

III was the largest grouping with nine genotypes 

followed by cluster I with eight genotypes. Cluster 

IV was a solitary cluster with EA10 as the lonely 

genotype. All clusters except for cluster IV had two 

sub-clusters each. The highest genetic distance was 

between cluster I and cluster VI hence, the 

genotypes from these clusters can be used as 

parents in hybridization programmes for sodicity. 

A similar estimation of genetic diversity using 

clusters was also done by Jain and Patel, (2016) in 

fodder sorghum. Though the sorghum genotypes 

were collected from different locations (Table 1) 

and the grouping pattern was not concordant with 

the geographical diversity pattern of the accessions. 

An interesting pattern was observed in the 

accessions collected from Kanpur district, as the 

genotypes viz., ES1, ES 4, ES3, ES 6 and ES 8 

were distributed in five different clusters indicating 

the variability and genetic distance existing 

between these genotypes. Similar patterns were 

observed for every other genotype except for ERS 

1 and ERS 2 collected from Tuticorin as they were 

grouped in cluster I. The check varieties CO 30 and 

K12 were grouped under the same sub-cluster of 

cluster III, though the pedigree of these varieties 

revealed that the parents were of different kind. A 

similar study using morphological traits was 

conducted by Mujaju and Chakauya (2008) in 

sorghum landrace accessions.  Hence, further 

evaluation of sorghum genotypes should be carried 

out at the molecular level using markers to 

understand the phylogenetic and genetic 

relationship among the accessions (Mace et al., 

2008).    

 

The genotypes ES1 and EA7 were identified as 

sodicity tolerant based on mean performance. 

Genetic variability studies revealed that days to 

fifty percent flowering, number of leaves, leaf 

width and yield per plant as vital traits for selection 

in various generations. PCA analysis identified 

panicle length and yield per plant as key traits for 

divergence. Considering the above, traits viz., 

number of leaves, panicle length and yield per plant 

could prove to be the major stakeholders of 

selection under sodic conditions. Cluster analysis 

identified two distant clusters (I and VI) from 

where the selection of parents for hybridization 

could yield more feasible dividends. A greater 

extent of variation was present in genotypes that 

were collected from the same location.   
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Table 1. List of Sorghum genotypes and their source 

 

Sl.No. List of Genotypes Source 

1. EG 93 Veppandhattai, Perambalur 

2. EG97 Kunnam, Perambalur 

3. EG 101 Musiri, Karur 

4. EA 2 Dindigul 

5. EA 4 Dindigul 

6. EA 7 Dindigul 

7. EA 10 Dindigul 

8. EA 11 Vadipatti, Dindigul 

9. ES 2 Lucknow, Hardoi 

10. ES 3 Kanpur 

11. ES 13 Kanpur Nagar, Fatehpur 

12. EG 98 Kunnam, Perambalur 

13. ES 1 Kanpur 

14. ES 4 Kanpur 

15. ES 6 Kanpur 

16. ES 8 Kanpur 

17. ES 10 Kanpur Nagar, Fatehpur 

18. ES 11 Kanpur Nagar, Fatehpur 

19. EG 85 Virudhachalam, Cuddalore 

20. EG 92 Veppandhattai, Perambalur 

21. EG 96 Perambalur 

22. EG 99 Duraiyur, Karur 

23. EG 100 Karur 

24. EG 102 Musiri, Karur 

25. EG 103 Karur 

26. ERS 1 Kovilpatti, Tuticorin 

27. ERS 2 Kovilpatti, Tuticorin 

28. EA 1 Dindigul 

29. EA 3 Dindigul 

30. EA 6 Dindigul 

31. CO 30 TNAU, Coimbatore 

32. PY 2 Paiyur 

33. K12 Kovilpatti, Tuticorin 

 

 

Table 2. Analysis of variance for eight quantitative traits 

 

Source df 
Days to 50% 

flowering 
Plant height 

No. of 

tillers 

No. of 

leaves 
Leaf ln. Leaf wd. 

Panicle 

ln. 

Yield per 

plant 

Replication 1 2.97 2.47 0.23 0.92 67.61 1.07 0.53 8.78 

Treatment 32 89.59** 7613.17** 0.82** 7.52** 248.21** 1.75** 118.56** 326.34** 

Error 32 4.5 160.11 0.23 1.72 7.91 0.41 3.48 11.19 



 
 Electronic Journal of Plant Breeding, 10 (4): 1405-1414 (Dec 2019) 

                ISSN  0975-928X 

 

1411 

 

    DOI: 10.5958/0975-928X.2019.00180.7 

 

Table 3. Mean performance of thirty three sorghum genotypes 

 

Sl. No. Genotyes Days to 50% flowering 

(Days) 

Plant height (cm) No. tillers No. of leaves Leaf length. 

(cm) 

Leaf width 

(cm) 

Panicle 

length (cm) 

Yield per plant 

(g) 

1 EG93 70.00 235.17 2.00 12.35 83.20** 4.15 10.35 23.70 

2 EG97 68.00 161.83** 1.50 12.50 58.50** 6.65 7.35 29.50 

3 EG101 66.00* 168.24** 2.50 9.00 43.50 5.55 14.25 17.45 

4 EA2 64.50** 184.50 1.50 10.70 52.50 4.70 11.05 24.96 

5 EA4 84.00 139.33** 1.50 10.50 33.15 3.90 7.35 10.28 

6 EA7 63.50** 169.00** 1.50 10.50 44.50 4.70 8.65 43.68** 

7 EA10 68.00 187.67 4.50** 9.00 50.15 6.65 7.25 10.38 

8 EA11 66.00* 159.50** 1.00 10.00 61.00** 6.30 10.95 19.60 

9 ES2 86.00 236.17 2.00 11.80 63.35** 6.15 24.50** 25.14 

10 ES3 65.00** 147.00** 1.00 12.00 52.50 5.35 5.50 7.05 

11 ES13 67.00 233.17 1.00 12.80 66.50** 5.20 6.70 4.85 

12 EG98 83.00 223.67 1.00 11.65 62.20** 5.25 11.05 35.02** 

13 ES 1 69.50 195.00 1.80 12.50 42.80 5.85 23.55** 57.65** 

14 ES 4 71.50 144.25** 1.90 9.00 33.75 3.95 8.75 37.47** 

15 ES 6 83.00 148.15** 1.70 10.00 43.50 6.80* 19.65 19.45 

16 ES 8 72.50 208.90 1.95 9.50 46.35 5.45 19.80* 9.29 

17 ES 10 78.00 216.50 1.75 12.00 37.55 5.90 19.15 25.05 

18 ES 11 73.00 197.65 1.85 9.50 45.90 5.35 18.65 23.38 

19 EG 85 76.00 332.25 1.70 16.50** 52.75 6.85* 17.10 9.48 

20 EG 92 71.00 293.15 1.50 13.50 39.95 5.85 21.90** 15.74 

21 EG 96 76.00 297.15 1.95 13.50 47.10 6.00 27.45** 42.25** 

22 EG 99 63.00** 159.65** 1.15 8.50 33.25 4.25 12.95 40.69** 

23 EG 100 72.00 328.20 2.05 13.00 47.50 6.05 22.55** 39.59** 

24 EG 102 72.00 206.00 1.80 9.50 46.00 5.10 10.45 17.18 

25 EG 103 76.50 253.15 2.45 11.50 45.55 6.45 32.80** 35.25** 

26 ERS 1 73.50 312.40 1.75 13.00 54.20 5.85 32.70** 31.22* 

27 ERS 2 73.50 340.35 2.00 14.00* 56.00* 6.20 26.70** 42.56** 

28 EA 1 60.00** 146.35** 1.80 10.00 36.40 4.45 9.65 16.60 

29 EA 3 61.00 165.65** 2.15 10.50 34.55 4.80 16.60 23.80 

30 EA 6 65.00** 133.10** 1.20 13.00 51.25 7.60** 23.75** 21.25 

31 CO30 63.50** 181.00* 1.00 9.30 64.50** 4.50 16.35 15.50 

32 PY2 71.00 184.83 2.00 7.85 56.35* 5.05 10.90 10.64 

33 K12 72.50 144.00** 2.00 13.15 50.65 4.45 10.40 18.86 
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Table 4. Genetic variability, heritability and GAM for eight quantitative traits 

 

Character Mean PCV % GCV % Heritability % Genetic advance as 

percentage of mean  % 

Days to 50% flowering 71.06 30.11 29.48 95.88 59.47 

Plant height 207.26 40.87 30.56 55.91 47.08 

Number of tillers 1.77 19.07 15.11 62.77 24.66 

No. of leaves 11.28 22.81 22.10 93.82 44.09 

Leaf length 49.6 18.92 14.89 61.91 24.13 

Leaf width 5.49 48.94 47.52 94.30 95.06 

Panicle length 15.96 9.65 9.18 90.43 17.98 

Yield per plant 24.38 53.29 51.49 93.37 102.49 

 

 

 

 

Table 5. Eigen vectors, percentage variation, eigen values and cumulative variance of eigth quantitative 

traits 

 

Characters   Eigen Vectors   

PC1 PC2 PC3 PC4 

Days to 50% flowering 0.304 0.039 -0.218 0.885 

Plant height 0.498 -0.105 0.056 0.015 

Number of tillers 0.12 0.496 -0.58 -0.177 

Number of leaves 0.436 -0.34 0.151 -0.126 

Leaf length 0.118 -0.658 -0.139 -0.079 

Leaf width 0.4 0.013 -0.373 -0.396 

Panicle length 0.484 0.254 0.14 -0.039 

Yield per plant 0.218 0.36 0.643 -0.069 

Eigen Value 2.81 1.43 1.13 0.83 

% Variance 0.35 0.18 0.14 0.1 

Cumulative % 0.35 0.53 0.67 0.77 
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Fig. 1. Scree plot for eight principal component axes 

 

 

 

Fig. 2. Biplot between PC1 and PC2
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 Fig. 3. Cluster analysis of thirty three genotypes using ward’s method 


