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Introduction 
 

Cassava (Manihot esculenta Crantz) is a 

perennial shrub, commonly known as tapioca, 

mandioca, manioc and yuca in different parts 

of the world. It belongs to the family 

Euphorbiaceae, sub family Crotonoidea and 

tribe Manihotae (Alves, 2002; and Jennings 

and Iglesias, 2002). It is mainly cultivated for 

its starchy tubers and grown as staple food and 

animal feed in tropical and sub tropical Africa, 

Asia and Latin America. It provides more than 

half of the calories consumed by more than 

800 million people in Sub-Saharan Africa 

(SSA), Latin America and Asia (Shore, 2002). 

The success of a breeding programme relies 

mainly on the knowledge of the available 

germplasm, especially genetic diversity 

(Meredith and Bridge, 1984). Multivariate 

methods such as principal component analysis 
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The present investigation entitled was carried out with seventy seven cassava genotypes 

along with three check varieties in order to study the variability for different yield 

attributing characters by Principal components analysis during the period from 2015 to 

2016. Principal components analysis showed that, six components with eigen value more 

than one explained 73.16% of the cumulative variation among traits. Principal component 

one (PC1) with eigen value of 3.60, contributed 22.49% of the total variability, PC2, with 

eigen value of 2.13, revealed 13.31% of total variability, PC3 had eigen value of 1.95 and 

contributed with 12.20 % to the total observed variability, PC4, with eigen value of 1.61, 

contributed 10.06% of the total variability, PC5 had eigen value of 1.27 and contributed 

with 7.93 % to the total observed variability, while PC6, with eigen value of 1.15, 

accounted for 7.17% of total variability observed among the 80 cassava genotypes. The 

cumulative variance of 73.16% by the first six components with eigen values of >1.0 

indicates that the identified traits within these components exhibited great influence on the 

phenotype of the cassava genotypes and could effectively be used for the selection among 

them. 
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(PCA) have proven to be useful for evaluating 

and classifying germplasm when a large 

number of accessions are assessed for several 

characteristics of agronomic importance. 

Therefore, the present study was planned with 

the objective to evaluate eighty genotypes of 

cassava (Manihot esculenta Crantz.) into most 

discriminating yield attributing traits and to 

identify the most divergent genotypes in terms 

of genetic variability for use in efficient 

breeding programs based on sixteen yield 

attributing traits by using principle component 

analysis. 

 

Materials and Methods 

 

The experiment was conducted with seventy 

seven cassava genotypes along with three 

check varieties (Table 1) during 2015  

to 2016 at Horticultural Research Station, 

Venkataramannagudem, Dr.Y.S.R. Horticultural 

University, Andhra Pradesh, India under All 

India Co-ordinated Research Project on Tuber 

crops. The experiment was laid out in 

Augmented Block Design (ABD) consisting 

of seven augmented blocks in which three 

checks and eleven entries were planted. All 

the genotypes were collected from  

AICRP on Tuber crops, Venkataramannagude. 

Observations were recorded on five randomly 

selected plants for following traits i.e. petiole 

length, total leaf area, plant dry matter content, 

tuber dry matter content, number of leaves per 

plant, plant height, stem diameter, number of 

storage roots per plant, number of commercial 

roots per plant, tuber length, tuber diameter, 

harvest index, starch content, HCN content, 

postharvest physiological deterioration and 

tuber yield used for statistical analysis. PCA 

was performed as per the method suggested by 

Jackson (1991). 

 

Results and Discussion 

 

Principal Component Analysis (PCA) for 

yield and its component characters was 

performed by adopting correlation matrix 

method. The principal components, eigen 

values, per cent variability, cumulative per 

cent of variability and component loading of 

different quantitative characters studied are 

furnished in table 2 and Figure 1. The 

principal components with eigen values less 

than one were considered to be non-significant 

as per the procedure. In the present 

investigation, six principal components with 

eigen values more than one contributed to 

73.16 per cent of cumulative variability 

among the 80 genotypes of cassava evaluated 

for 16 quantitative characters.  

 

The first principal component (PC I) 

contributed the highest values towards 

variability (22.49%). The character loading 

values for principal components represented 

the weights defining the contribution of 

different characters for the respective principal 

components (Table 3 and Fig. 2). Characters 

like petiole length (0.07), total leaf area (0.34), 

plant dry matter content (0.15), tuber dry 

matter content (0.18), number of leaves per 

plant (0.30), plant height (0.32), stem diameter 

(0.26), number of storage roots per plant 

(0.29), number of commercial roots per plant 

(0.32), tuber length (0.25), tuber diameter 

(0.27), harvest index (0.16), starch content 

(0.17), HCN content (0.21) and tuber yield 

(0.36) showed positive loadings explained the 

maximum variance in the first principal 

component (PC1). This suggests that this 

component reflects total leaf area, number of 

leaves per plant, plant height, stem diameter, 

number of storage roots per plant, number of 

commercial roots per plant, tuber length, tuber 

diameter and tuber yield of each genotype. 

The second principal component (PC2), which 

described 13.31% of the total variance, 

reflected significant loadings of stem diameter 

(0.32), harvest index (0.31), petiole length 

(0.26), tuber diameter (0.26), plant dry matter 

content (0.26) and tuber yield (0.25), starch 

content (-0.33), total leaf area (-0.30) and 
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postharvest physiological deterioration (-0.29) 

were noted to explain maximum variability. 

This suggests that this component reflects 

stem diameter, harvest index, petiole length, 

tuber diameter, plant dry matter content and 

tuber yield of each genotype. Aina et al., 

(2007), Raghu et al., (2007) Asare et al., 

(2011) and Babu Rao et al., (2016) also 

reported the first two principal components 

accounting maximum for total variation. 

 

The third principal component (PC3) 

contributed 12.20 per cent of total variance 

and characterized by number of storage roots 

per plant (0.31), stem diameter (0.28), number 

of commercial roots per plant (0.26), tuber dry 

matter content (-0.44), plant dry matter 

content (-0.42) and number of leaves per plant 

(-0.35). This suggests that this component 

reflects number of storage roots per plant, 

stem diameter and number of commercial 

roots per plant. The fourth principal 

component (PC4) contributed 10.06 per cent of 

total variance and characterized by 

conspicuously high loadings of tuber dry 

matter content (0.40), number of storage roots 

per plant (0.37), number of commercial roots 

per plant (0.36), plant dry matter content 

(0.33), tuber diameter (-0.34), harvest index (-

0.32), tuber length (-0.29) and it suggests that 

this component reflects tuber dry matter 

content, number of commercial roots per 

plant, plant dry matter content. The fifth 

principal component (PC5) contributed 7.93 

per cent of total variance and characterized by 

conspicuously high loadings of petiole length 

(0.51), total leaf area (0.38), number of leaves 

per plant (0.31), stem diameter (0.29), number 

of storage roots per plant (-0.24), tuber length 

(-0.24), number of commercial roots per plant 

(-0.22) and it suggest that this component 

reflects petiole length, total leaf area, number 

of leaves per plant and stem diameter. 

 

Fig.1 The relative position of cassava genotypes based on PCA scores of quantitative characters 
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Table.1 Particulars of cassava genotypes under present study 

 

S.No Name of the genotype S.No Name of the genotype 

1.  Me Ap-1 41. Me Ap-48 

2.  Me Ap-2 42. Me Ap-49 

3.  Me Ap-3 43. Me Ap-50 

4.  Me Ap-4 44. Me Ap-51 

5.  Me Ap-5 45. Me Ap-52 

6.  Me Ap-6 46. Me Ap-53 

7.  Me Ap-7 47. Me Ap-54 

8.  Me Ap-8 48. Me Ap-55 

9.  Me Ap-9 49. Me Ap-56 

10.  Me Ap-10 50. Me Ap-57 

11.  Me Ap-11 51. Me Ap-58 

12.  Me Ap-12 52. Me Ap-59 

13.  Me Ap-13 53. Me Ap-60 

14.  Me Ap-14 54. Me Ap-61 

15.  Me Ap-15 55. Me Ap-62 

16.  Me Ap-16 56. Me Ap-63 

17.  Me Ap-17 57. Me Ap-64 

18.  Me Ap-18 58. Me Ap-65 

19.  Me Ap-19 59. Me Ap-66 

20.  Me Ap-20 60. Me Ap-67 

21.  Me Ap-21 61. Me Ap-68 

22.  Me Ap-22 62. Me Ap-69 

23.  Me Ap-23 63. Me Ap-70 

24.  Me Ap-24 64. Me Ap-71 

25.  Me Ap-25 65. Me Ap-72 

26.  Me Ap-26 66. Me Ap-73 

27.  Me Ap-34 67. Me Ap-74 

28.  Me Ap-35 68. Me Ap-75 

29.  Me Ap-36 69. Me Ap-76 

30.  Me Ap-37 70. Me Ap-77 

31.  Me Ap-38 71. Me Ap-78 

32.  Me Ap-39 72. Me Ap-79 

33.  Me Ap-40 73. Me Ap-29 

34.  Me Ap-41 74. Me Ap-30 

35.  Me Ap-42 75. Me Ap-31 

36.  Me Ap-43 76. Me Ap-32 

37.  Me Ap-44 77. Me Ap-33 

38.  Me Ap-45 78. H-165 (Check 1) 

39.  Me Ap-46 79. H-226 (Check 2) 

40.  Me Ap-47 80. Sree Vijaya (Check 3) 
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Table.2 Eigen values, per cent variability and cumulative variability for principal components of 

quantitative characters in cassava genotypes 

 

 PC1 PC2 PC3 PC4 PC5 PC6 PC7 

Eigen Value 3.60 2.13 1.95 1.61 1.27 1.15 0.80 

Per cent of variance 

explained 

22.49 13.31 12.20 10.06 7.93 7.17 4.97 

Cumulative variance 

explained 

22.49 35.80 47.99 58.05 65.99 73.16 78.14 

 

Table.3 Characters loading of principal components for quantitative characters in cassava 

genotypes 

 
S.No. Character PC1 PC2 PC3 PC4 PC5 PC6 PC7 

1.  Petiole length (cm) 0.07 0.26 0.19 0.08 0.51 0.21 0.46 

2.  Total leaf area (m²) 0.34 -0.30 -0.20 0.01 0.38 0.13 -0.16 

3.  Plant dry matter content (%) 0.15 0.26 -0.42 0.33 -0.21 -0.15 0.15 

4.  Tuber dry matter content (%) 0.18 0.18 -0.44 0.40 -0.08 -0.03 0.21 

5.  Number of leaves per plant 0.30 -0.26 -0.35 -0.07 0.31 0.24 -0.21 

6.  Plant height (cm) 0.32 -0.06 0.20 -0.17 0.13 -0.23 0.21 

7.  Stem diameter (cm) 0.26 0.32 0.28 0.13 0.29 -0.02 0.09 

8.  Number of storage roots 

per plant 

0.29 -0.16 P0.31 0.37 -0.24 -0.06 0.02 

9.  Number of commercial roots 

per plant 

0.32 -0.19 0.26 0.36 -0.22 0.16 -0.09 

10.  Tuber length (cm) 0.25 0.11 0.22 -0.29 -0.24 0.14 0.08 

11.  Tuber diameter (cm) 0.27 0.26 -0.04 -0.34 -0.22 0.09 -0.25 

12.  Harvest Index (%) 0.16 0.31 -0.27 -0.32 0.02 -0.17 0.12 

13.  Starch content (%) 0.17 -0.33 -0.03 -0.25 -0.21 -0.28 0.55 

14.  HCN content (ppm) 0.21 -0.28 -0.07 -0.07 0.09 -0.49 -0.12 

15.  Postharvest physiological 

Deterioration (%) 

-0.04 -0.29 -0.17 -0.12 -0.19 0.59 0.40 

16.  Tuber yield (t ha
-1

) 0.36 0.25 0.01 -0.12 -0.21 0.24 -0.17 
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Fig.2 Loading of principal component scores (score plot) in cassava genotypes 

 

 
 

The sixth principal component (PC6) 

contributed 7.17 per cent of total variance and 

characterized by conspicuously high loadings 

of post harvest physiological deterioration 

(0.59), tuber yield (0.24), number of leaves 

per plant (0.24), HCN content (-0.49), starch 

content (-0.28) and plant height (-0.23) were 

noted to explain the variability and it suggest 

that this component reflects postharvest 

physiological deterioration, tuber yield per 

hectare and number of leaves per plant of 

each genotype. Laila et al., (2015), Babu Rao 

et al., (2016), Chikoti et al., (2016), Danquah 

et al., (2016), and Rosliam et al., (2016) were 

also reported the importance of principal 

component analysis in genetic divergence 

studies of cassava. 
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