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Summary. The pattern of  diversity in forty genotypes of  
clusterbean (Cyamopsis tetragonoloba (L.) Taub)  was 
analysed using the centroid method of  factor analysis 
based on nine characters. Three factors were found to 
adequately account for most of  the intercorrelations in 
the four environments.  Branches, clusters, pods and 
seed yield/plant  could be grouped as productivity fac- 
tors; days to flowering, maturi ty and plant height as 
growth factors; seeds /pod and gum content as eco- 
nomic factor. Interestingly, the constitution of  the fac- 
tors were the same in all the environments.  The load- 
ings on the economic factors were relatively unstable, 
whereas the loadings on productivity and growth factors 
were stable. It is concluded that productivity and 
growth factors play a pivotal role towards diversity in 
clusterbean. The results o f  factor analysis provides con- 
flrmatory evidence of  diversity in clusterbean, which 
was earlier studied by using generalized distance, and 
thus proves the adequacy of  the centroid method in bio- 
logical investigations. 
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Introduction 

Factor analysis, a branch ofmul t i -var ia te  analysis, helps 
elucidate the number  and nature of  causative in- 
fluences, thus aiding the selection of  better genotypes. 
Cattel (1965) pointed out that the utility of  factor analy- 
sis is not only important  at exploratory stages of  re- 
search but  it is also important  at later stages where the 
simultaneous action of  several factors influencing a 
variable can be critically analysed. According to Max- 
well (1961), and Rao (1964), the main advantage of  fac- 
tor analysis is that it requires smaller numbers  of  hy- 
pothetical variates to explain the covariance matrix 
compared to the principal component  analysis wherein 

the hypothetical variates required are equal in number  
to the original variates. Thus, the factor analysis ap- 
proach is of  great importance in studies on biolocical 
populations where basic knowledge of  causal influences 
is not known. 

With these points in view, a study was undertaken in 
clusterbean, commonly  known as guar, to obtain the 
factors responsible for differentiation among the geno- 
types. This study was considered important  as clus- 
terbean is gaining importance as an industrial crop due 
to a high gum (glacto-manon) content in its seed endo- 
sperm. 

Materials and Methods 

Forty genotypes of clusterbean (Cyamopsis tetragonoloba (L.) 
Taub.) were collected from different clusterbean growing re- 
gions in the states of Gujarat, Haryana and Rajasthan. These 
were then grown under four different environmental con- 
ditions at the Central Research Farms of the Central Arid 
Zone Research Institute, Jodhpur and Bikaner; the Regional 
Research Farm of the University of Udaipur at Durgapura, 
Jaipur; and the Experimental Farm of the Haryana Agricul- 
tural University, Hissar, in the monsoon season of 1978. A ran- 
domized block design with four replicates was used. Ob- 
servations on nine characters related to fitness: (1) days to 
flowering; (2) plant height; (3) branches/plant; (4) clusters/ 
plant; (5) pods/plant; (6) days to maturity; (7) number of 
seeds/pod; (8) seed yield/plant and (9) gum content: were 
taken on 5 random plants from each replication. 

The centroid method explained by Holzinger and Harman 
(1941) was followed in the extraction of the factor loadings. As 
suggested by Cattell (1965) the highest correlation coefficient 
in each array was taken as an estimate of the array commu- 
nality. The first centroid factor showed high loadings in most 
of the items but the second and third factors gave positive 
weights on some items and negative on others. These factors 
were, therefore, rotated in order to obtain new interpretable 
factors leading to the same correlation matrix with the same 
degree of accuracy. The procedure of orthogonal rotation 
(Fruchter 1967) was employed wherein two factors are taken at 
a time and new loadings are calculated after locating the new 
axes based on maximising the zero factor loadings and 
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Table 1. Centroid factor matrix after orthogonal rotation for 9 characters in clusterbean at the first and second environments 

Variables Common factor coefficients Communality (h 2) 

Factor I Factor II Factor III E I E I I  

E I E II E I E II E I E II Calcu- Origi- Calcu- Origi- 
lated nal lated nal 

1. 0.41 0.05 0.71 0.36 0.36 0.65 0.80 0.78 0.55 0.55 
2. 0.15 0.04 0.70 0.54 0.31 0.61 0.61 0.61 0.67 0.67 
3. 0.30 0.57 - 0.28 0.25 - 0.23 0.48 0.22 0.25 0.62 0.63 
4. 0.69 0.87 0.10 0.20 0.10 -0.17 0.50 0.49 0.83 0.82 
5. 0.65 0.75 0.20 0.20 0.25 0.46 0.53 0.54 0.81 0.82 
6. 0.25 - 0.10 0.75 0.25 0.28 0.61 0.70 0.71 0.44 0.44 
7. 0.05 -0.15 0.30 0.70 0.43 0.41 0.28 0.28 0.68 0.68 
8. 0.92 0.60 0.25 0.50 0.18 0.42 0.94 0.93 0.79 0.79 
9. 0.14 0.08 0.33 0.70 0.40 0.53 0.29 0.28 0.78 0.79 

Total 4.87 4.87 6.17 6.19 

Contribution of 2.11 2.05 1.95 1.86 0.81 2.26 
factor 

% of total origi- 43.32 33.12 40.04 30.05 16.63 36.51 100 99.68 
nal communality 

Table 2. Centroid factor matrix after orthogonal rotation for 9 characters in clusterbean at the third and fourth environments 

Variables Common factor coefficients Communality (h 2) 

Factor I Factor II Factor III E III E IV 

E tII E IV E IlI E IV E III E IV Calcu- Origi- Calcu- Origi- 
lated nal lated nal 

1. 0.72 0.50 0.25 0.38 0.44 0.40 0.77 0.78 0.55 0.57 
2. 0.53 0.53 0.30 0.10 0.45 0.51 0.57 0.58 0.55 0.57 
3. 0.33 0.32 0.48 0.56 0.37 0.54 0.48 0.48 0.71 0.70 
4. 0.30 0.02 0.63 0.68 0.45 0.28 0.69 0.69 0.54 0.54 
5. 0.25 0.00 0.62 0.84 0.38 0.21 0.59 0.60 0.75 0.75 
6. 0.77 0.58 0.10 0.35 0.14 0.45 0.62 0.62 0.66 0.67 
7. 0.20 0.26 0.20 0.47 0.69 0.76 0.56 0.56 0.87 0.87 
8. 0.35 - 0.05 0.70 0.84 0.10 0.24 0.62 0.62 0.77 0.77 
9. 0.15 0.20 0.40 0.18 0.47 0.51 0.40 0.43 0.33 0.34 

Total 5.30 5.36 5.73 5.78 

Contribution of 1.84 1.08 1.86 2.72 1.60 1.93 
factor 

% of total original 34.33 18.68 34.70 47.06 29.85 33.39 98.88 99.13 
communality 

minimising negative loadings. The final factor loadings of the 
nine items together with the calculated and original com- 
munalities (h 2) are presented in Tables 1 and 2. 

Results 

Three  factors were  found  to adequa t e ly  to expla in  the 
cor re la t ion  matr ices  in this mater ia l  since the factor  

matr ices  mul t ip l i ed  by their  inverses  were  essential ly 

equa l  to the or ig inal  cor re la t ion  matrices.  The  coef- 

ficients o f  the residual  mat r ix  were  negl igible  in magni -  
tude after the first three  factors had  been  e l imina ted .  It 

was signif icant  that  the same three factors were  obta in-  
ed in all four  env i ronmen t s  (Tables  3 and  4) indica t ing  
the p roper  choice  o f  the characters  and  their  cons tant  
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Table 3. Effect of factors on nine variables in clusterbean at 
the first and second environments 

Environment I Environment II 

Variables Load- Fac- Load- Fac- 
ing tot ing tor 

Branches/plant 3 0.30 I 3 0.57 I 
Clusters/plant 4 0.69 4 0.87 
Pods/plant 5 0.65 5 0.75 
Seed yield/plant 8 0.92 8 0.60 

Days to flowering 1 0.71 II 1 0.65 III 
Plant height 2 0.70 2 0.61 
Days to maturity 6 0.75 6 0.61 

No. of seeds/pod 7 0.43 III 7 0.70 II 
Gum content 9 0.40 9 0.70 

Table 4. Effect of factors on nine variables in clusterbean at 
the third and fourth environments 

Environment III Environment IV 

Variables Load- Fac- Load- Fac- 
ing tor ing tor 

Branches/plant 3 0.48 II 3 0.56 II 
Clusters/plant 4 0,63 4 0.68 
Pods/plant 5 0.62 5 0.64 
Seed yield/plant 8 0.70 8 0.84 

Days to flowering 1 0.72 I 1 0.50 I 
Plant height 2 0.53 2 0.53 
Days to maturity 6 0.77 6 0.58 

No. of seeds/pod 7 0.69 III 7 0.76 III 
Gum content 9 0.47 9 0.51 

importance in different environments. Days to flower- 
ing, plant height and days to maturity constituted one 
factor - this was considered as the growth factor. Bran- 
ches/plant, clusters/plant, pods/plant and seed yield, 
which would determine the productivity, formed an- 
other factor, - the productivity factor. The third factor 
consisted of number of seeds/pod and gum content and 
were, therefore, designated as the economic factor. 

Discussion 

This study was initiated with a preliminary knowledge 
of the characters included. The characters chosen were 
important contributors to yield and fitness. This ma- 
terial had already been subjected to studies on diver- 
gence and the characters chosen had already been 
found to be appropriate and adequate (Rao 1980). 
Hence, the main aim in subjecting the same material to 
factor analysis was to find out whether this method 
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would be able to provide any meaningful factors re- 
sponsible for differentiation among the genotypes of  
clusterbean. 

The study revealed the utility of factor analysis in 
providing fewer stable factors to delineate the divergent 
populations. The rule where (p + k) should be less than 
( p -  k) z (p = number of  characters, k--  number of fac- 
tors) was applicable, as indicated previously by Lawley 
and Maxwell (1963). 

Different schools of thought exist with regard to the 
correct method of estimating array communalities. In 
fact, various methods have been tried by many workers 
in many different disciplines in this connection. In the 
present investigation, the estimated communalities were 
adequate for drawing conclusions as the three factors 
together accounted for 100 per cent of  the total commu- 
nality. 

Even with the smaller number of  variables included 
in this study, factor analysis was potent enough to iso- 
late the different factors responsible for differentiation. 
A comparison of the factor loadings from different en- 
vironments revealed substantial changes in the sizes of  
loading. However, the composition of the variables in 
the factors remained essentially the same. Though the 
economic factor was stable with regard to its consti- 
tution, the loadings in different environments varied 
largely as compared to growth factor and productivity 
factor. Morever, the contribution of the economic factor 
towards original communality was less. 

Therefore, it can be inferred that growth and pro- 
ductivity factors, and not gum content, appear to be 
major causative influences for diversity. 

In this collection, there is a good scope for selecting 
genotypes for better adaptation due to the growth factor 
because flower is an important factor for growth and 
therefore, for adaptation (Murty and Arunachalam 
1970). 

Seed yield potential, rather than the gum content, 
can be improved, as the productivity factor includes in 
it the yield components branches, clusters and pods 
with high loadings rather than such economic factors as 
gum content. Hence, selection based on plant types 
having a higher number of pods, clusters and branches 
would enable breeders to realize desired gains in 
clusterbean. 
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