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Abstract: The Westcott (1986) method of stability analysis based on principal co-ordinate analysis is a simply 

non parametric method.The method depends ultimately on the choice of a suitable measure of similarity 

between genotypes.In the present study, there are 19 bread wheat genotypes for yield per plot under six 

environments are taken and as a result, there are two genotypes namely K7903 and Sonalika came out as stable 

genotypes. Further HUW100 and H1784 are stable for low yielding environments and HD2233, HD2214, 

HD2285 and CPAN1798 are stable for high yielding environments. Most of the stability information appears in 

a sequence of plots, where genotypes are immediately highlighted as consistently more remote points. 
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I. Introduction 
 Most of the measures relating to stability appeared in the literature are based on parametric 

methodology. Among those methods the Ebarhart and Russell (1966) methods,Finley and Wilkinson (1963) 

methods etc. are widely used approaches, which have some limitations. However here is need to look into a 

method which is robust and consistent in the assessing the stability of varieties when either certain locations are 

omitted or when sub-sets of varieties are analyzed. One such method is discussed by Westcott (1986) based on 

principal co-ordinate analysis.as this method is non parametric then no certain assumptions is needed. Hence it 

is easy to handle for the researcher and the breeder. 

 

II. Materials and methods 
 Nineteen diverse genotype of bread wheat were taken for the present study. These genotypes were 

sown in three subsequent years with each at with a high and very low top dressing of boron respectively,  

making 6 six environments in all. Natural sets of environments can also be partitioned into the high and very 

low boron environments in turn. The method of study which is presented here is based on suitable measure of 

similarity between genotypes. In a particular environment, if L and S denotes the largest and smallest genotypes 

yields, then the similarity between genotypes’ yields xi and xj  is defined byS(xi,xj)= (L-(xi+xj)/2)/(L-S) if i and j 

are unequal ,while (xi,xj) = 1.The higher yielding the genotypes, as measured by their means, the more 

dissimilar, they according to this measure. The similarity is standarised by dividing by the yield range for the 

environment. When a set of environments is being considered, the similarity between x and y is just the mean of 

the similarities at advantage of the similarity matrix defined here is that in its principal coordinates analysis 

(Gower, 1966), no negative eigenvalues are obtained.Coordinates of points in a Euclidean space thus result, 

referred to principal axes, such that the distance between two points represents the dissimilarity between the 

corresponding genotypes. Each analysis produces a two-dimensional picture, in which the first two principal 

coordinates are plotted for each genotype. If distances are adequately approximated in this representation for a 

particular set of environments, genotypes which are above average yielding over these environments will be 

more dissimilar to the lesser yielding genotypes than the latter will be to each other and so will be represented 

by points which are more remote. Such plots show their value when the stability assessment is best on the 

sequential accumulation of environments. Thus, for the low-yielding environments, the first cycle (called LI) 

involves the analysis of the lowest-yielding environment, the second cycle (L2) involves analysing the two 

lowest-yielding environments, the third cycle (L3) adds the next lowest yielding environment.The lowest-

yielding environment of those remaining being added at each cycle. Similarly, cycles HI, H2 and H3 

respectively involve the highest-yielding environment, two highest yielding and three highest yielding 

environments based on the sequential accumulation of environments. Similarity matrix was also calculated 

considering all environments (cycle ALL). The environments are first ranked in descending order of mean yield 

and the low- and high-yielding environments are then examined in cycles’ environments.  Analysing these 

cycles produces a succession of pictures, in each of which the first two principal coordinates are plotted for each 
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genotype. The methodology of principal co-ordinate analysis is used to reduce the high-dimensionality of the 

raw data and to obtain geometrical configuration of points in a low-dimensional space, without distorting the 

original relationship between items (Gower,1966). This is done by taking into account the two largest Eigen 

values along with its principal co-ordinates (PCs). The good genotypes are simply the ones furthest from the 

centre and their identification is generally immediate. The stable genotypes are then just the ones which are 

consistently good over cycles. 

 

III. Result and Discussion 
 The analysis was performed using Microsoft Excel 2010 and R-3.4.3 (32/64). The similarity matrix is 

calculated using the above mentioned formula by Microsoft Excel. And the eigen value and eigen vector are 

calculated from the matrix using R and figures are drawn using SPSS version 20. The eigen value (the highest 

two) and their corresponding eigen vectors (from both high and low yielding environments) for all cycles are 

shown in the following tables (Table 1-3) and figures (fig.1.1-3).  

 

Table 1: Results of low yielding environments 
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Fig. 1.2: Comparative positions of genotypes w.r.t. first two PCs for L2 

 

 
Fig. 1.3: Comparative positions of genotypes w.r.t. first two PCs for L3 
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Table 2: Results of high yielding environments 

 
 

 
Fig. 2.1: Comparative positions of genotypes w.r.t. first two PCs for H1 

 

 Considering Table-1 and Fig.1.1-1.3. it is revealed that genotypes mainly 5
th

 (K7903),7
th

 (Sonalika),8
th

 

(HUW-10) and 15
th

 (H1764) are stable in low yielding environments. And similarly for high yielding 

environments (Table-2 and Fig. 2.1-2.3) genotypes mainly 3
rd

 (HD2233), 13
th

 (HD2214) and 14
th

 (HD2285) are 

stable. Further it is seen that when all environments  are taken under consideration the genotypes 7
th

, 5
th

, 13
th
 

and 14
th 

viz. Sonalika, K7903, HD2214 and HD2285 are stable among all genotypes studied.  



A Non-Parametric Method of Assessing the Yield Stability Using Principal Coordinate Analysis 

DOI: 10.9790/2380-1104010106                                      www.iosrjournals.org                                        5 | Page 

 
Fig. 2.2: Comparative positions of genotypes w.r.t. first two PCs for H2 

 

 
Fig. 2.3: Comparative positions of genotypes w.r.t. first two PCs for H3 

 

The method of stability assessment proposed here can highlight features of performance which might 

otherwise be overlooked. It is free from the shortcomings of regression methods, cluster analysis and principal 

components which were detailed by Westcott (1986).  

In conclusion, the method accurately reveals those genotypes which are stable for different sets of 

environments. This is completely assumption free method, which may easily be acceptable by the breeders and 

researchers as well. Hence for any sets of environments one may reveal such important genotypes, may be used 

for future breeding program adopted for boron deficient terai zone. 
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Table 3: Results of all environments 
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