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Summary 

In the paper the four methods of testing uniformity of varieties of oil-seed rape are compared 
(combining over-years uniformity – COYU, the Bennett’s method, the F-test and the Miller test). 
Partly real and partly simulated data were used. The different measures of agreement (Pz, Cohen 
kappa and odds ratio OR) showed high similarity of decisions between methods. Nevertheless for 
oil-seed rape data the most lenient (the highest number of varieties declared uniform) was the 
COYU method, the most restrictive was the Miller method.  
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1. Introduction 

In a paper the problem of uniformity testing of oil-seed varieties is 
discussed. There are two different approach possible. In the first, the standard 
deviations of candidate varieties are compared with average of standard 
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deviations of reference set varieties (the set of varieties the candidate variety is 
compared with). This method is implemented in so-called COYU (combined 
over-years uniformity) method. In the second approach, the coefficients of 
variations of candidate varieties are compared with the average of such 
coefficients of reference set varieties. In this paper four method of testing 
uniformity (COYU, Bennett, Miller and F-test method) are compared using 
partly real and partly simulated data. All three methods based on testing of 
equality of coefficients of variations appeared to be slightly more restrictive 
(less candidate accepted as uniform) than COYU method.  

2.  Data 

In DUS (distinctness, uniformity and stability) trials on oil-seed rape 
varieties the randomized complete block design is commonly used, and usually 
30 measurements are taken from randomly chosen plants in each plot. As 
traditionally such trials are performed in two replicates, there is in total 60 
measurements for each observed characteristic of each variety (established or 
candidate). In this paper two kind of data are fused and analyzed. For 
established set of varieties the real data taken from experiments performed by 
The Research Centre for Cultivar Testing, in a period from 2006-2008 are used, 
whereas for candidate varieties the simulated data as described by Zawieja at 
al.[2010] are used. Finally, there were 66 established varieties and 187 
simulated (candidate) varieties in the 2006-2008 period, and there were 57 
established and 272 simulated varieties in the 2007-2008 period, and 72 and 238 
such varieties in the 2006-2008 period, respectively. 

 3.  Methods 

Before testing uniformity some basic statistics were calculated. So, the mean 

values ix  ( vi ,...2,1= ) and the standard deviations 2
is  ( vi ,...2,1= ) for each 

variety were calculated at first, independently for each year. These statistics 

supplemented by numbers of measurements in  for thi  variety (within years) and 

by number of years l  are sufficient for all considered methods. Within countries 
associated with UPOV the COYU (combined over year uniformity) method is 
officially promoted for use. This method is based on comparison of 
(transformed) standard deviations of each candidate variety in turn with the 
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mean value of standard deviations of the reference set varieties. The threshold 
for standard deviation of candidate variety is calculated as 
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where ds  is the average of (possibility adjusted using moving average method) 

standard deviations calculated over all varieties assigned to the reference 

collection (the set of varieties the new variety is compared with), 2s  is the 
sample variance among adjusted standard deviations of reference collection 
varieties after removing the effects of years. Next, l  stands for the number of 
years (usually 2 or 3), w is the size of reference collection, pt  means the one-

side t -Student’s distribution critical value at probability p  and degrees of 

freedom associated with 2s  (see Talbot 2000). Usually the value of  001.0=p  

or 200.0=p  is accepted but other values are also admitted. 
If (possibly adjusted) standard deviation of particular candidate variety is 

smaller than the UC  value (threshold) for all considered characteristics, the 
variety is declared uniform. So, if for just one characteristic, the standard 
deviation is larger than the threshold, the variety is treated as non-uniform and 
as a consequence can not be registered. 

In a Bennett’s (1976) approach, the hypothesis  

 say) ,(...   : 10 ζζζ === vH , (3.2) 

is tested with use the 2Z statistic, where iζ  denotes the coefficient of variation 

of i th variety and v is the total number of compared varieties (one new variety 
and all varieties from the reference collection) and where  
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This statistic is approximately distributed as 2χ  with )1( −v  degrees of 

freedom. In this formula, in  denotes the number of measurements for i-th 

variety, ∑= inn , iy  is calculated as 
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where iz  denotes the empirical coefficient of variation and where iψ  is the 

transformed value of the theoretical coefficient of variation iζ , namely 

( )22 1/ iii ζ+ζ=ψ . 

The Bennett test can be used for two purposes, for testing whether the 
varieties belonging to the reference set are uniform and for testing whether the 
candidate variety is sufficiently uniform (uniformity not worse then average 
uniformity of reference set variety). Johannes Forkman (2009) proposed to 

replace the Bennett’s test for testing uniformity of tht  variety by F  statistic of 
the form  
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where summing is over all the reference set varieties. Statistic F  has an 

approximate Fisher distribution with 1−tn  and ∑ −
i in )1(  degrees of 

freedom. The F  test is the third method considered here. 
Uniformity of every “candidate” variety was tested using the three methods 

already described. Each variety was tested using COYU (combined over year 
uniformity) method, the Bennett’s test and the F  test. The method similar to 
that described by Zawieja at al. (2009) was used to compare decisions 
concerning uniformity. The Bennett’s method can be applied when all 
coefficients of variation are not higher than 0.3 (Forkman 2009; Iglewicz and 
Meyers 1970). In our case this condition was always fulfilled.  

The fourth method is called the Miller method as Miller (1991) proposed 
another test for hypothesis (3.2) that v  coefficients of variations are 
homogeneous. His first test statistic was dependent on the order of tested 
populations, so in the following papers by Feltz and Miller (1996) and by Miller 
and Feltz (1997) the modified statistic D  was proposed of the form 
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Because the theoretical coefficient of variation ζ is not know, one must 
estimate it. Miller and Feltz (1997) proposed the following estimate 
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The D  Statistic is distributed as a central 2χ random variable witch 1−v  
degrees of freedom. This approach was also recommended by Forkman (2006). 
It is worth to mention that both Forkman and Miller approximate tests are 
appropriate for small coefficients of variation only.  

The decisions concerning uniformity of candidate varieties supported by 
each pair of methods are compared using two-way contingency table approach. 
The 2211 nn +  denote the number of unanimous decisions while 2112 nn +  

denotes the number of contradictory decisions. Here the 11n  ( 22n ) denotes the 
number of varieties declared as uniform (not uniform) by pair of methods. And 
respectively 12n  ( 21n ) denotes the number of varieties declared as uniform by 
one method and as not uniform by the other.  

The commonly used measure of agreement zP  between pair of methods is 
calculated according to formula 

 nnnPz /)( 2211= , where 22211211 nnnnn +++=  (3.8) 

If 21 iii nnn +=⋅  and jjj nnn 21 +=⋅ , then the Cohen (1960) coefficient of 

agreement between methods is defines as  
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+=  denotes the probability of unanimous decisions and 
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⋅⋅⋅⋅ +=  means expected probability of unanimous decisions. The 

values of κ  are from the range 1−  to 1. According to Landis and Coch (1977), 
coefficient kappa is interpreted as follows 
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coefficient degree of agreement 
<0.00 lack 

0.00 – 0.20 very weak 
0.21 – 0.40 weak 
0.41 – 0.60 medium 
0.61 – 0.80 strong 
0.81 – 1.00 nearly perfect 

 
In order to check statistical significance of coefficient κ (testing of 

hypothesis 0=κ  against 0≠κ ) the statistic 
)(κ

κ
SE

Z = , can be used. Here 

)1(
)(

e

e

pn

p
SE

−
=κ . This statistic (under 0H ) has a standard normal 

distribution. 
Moreover, because in the ours previous papers, the odds ratio coefficient 

OR (Rudas 1998; Uebersax 2005) and its normal transformation )(ORZ was 
used as a measure of agreement between pairs of methods, in this paper this 
measure of agreement is given too. This statistic tests the lack of association 
between methods. 

In the literature (for example Wieringen and Hauvel 2005; Chmura-
Kraemer et al. 2002) multi raters comparisons are proposed. In our applications 
these methods are of minor importance. So we focused our interest in paired 
comparisons of four methods.  

4. Results  

All considered methods were applied for three sets of generated data (data 
for candidate varieties). All the test were performed at the same α=0.002 level 
of significance (this level is recommended in the UPOV Guidelines). As already 
mentioned, the data for reference varieties were taken from real experiments 
performed at the experimental station in Słupia Wielka. The COYU analysis 
was performed with the use of DUST package of Weatherup (1992). The Excel 
spreadsheet was used for the three remaining methods. The results for two years 
data concerning the period 2006-2007 are given in Table 1, for 2007-2008 in 
Table 2 and for 2006-2008 in Table 3. 

In rows of the tables the numbers of varieties (found in their respective 
categories) are shown and measures of agreement among methods are given.  

 



 COMPARISON OF FOUR METHODS OF TESTING VARIETAL UNIFORMITY… 31 

  

Table 1. Decisions on uniformity of candidate varieties (data from the period 2006-2007), 
α = 0.002 

Uniformity decisions Measures of agreements  Pairs of 
methods 

UU UN NU NN zP  OR Z(OR) κ  Z(κ )

Miller - COYU 159 0 28 0 0.85 - - 0 0 
Miller - Bennett 159 0 28 0 0.85 - - 0 0 
Miller - F 147 12 15 13 0.86 10.62 4.887 0.41 3.155 
F- COYU 162 0 25 0 0.87 - - 0 0 
F - Bennett 162 0 25 0 0.87 - - 0 0 
COYU- Bennett 187 0 0 0 1.00 - - - - 

UU – uniform for both method, 
UN – uniform with use first method, not uniform with use the second method, 
NU – not uniform with use the first method, uniform with use the second method, 
NN – not uniform according to both method. 
 
All new methods are more restrictive than COYU as it is seen in Tables 1-3. 

There are – respectively 28 (in period 2006-2007), 106 (in period 2007-2008) 
and 88 (in period (2006-2008) less varieties declared uniform by the Miller 
method than by COYU method. Similarly there are 25, 60, 73 less varieties 
declared uniform by F-test (in successive periods) than by COYU. The most 
similar results are between Bennett and COYU methods (as only in period 2006-
2008 the Bennett method declared uniform 16 varieties less than COYU). 
Comparing the other methods it can be seen that Miller method is more 
restrictive than Bennett method (the Miller method appeared to be the most 
restrictive). 

Table 2. Decisions on uniformity of candidate varieties (data from the period 2007-2008), 
α = 0.002. 

Uniformity decisions Measures of agreement 
 
Pairs of 
methods 

UU UN NU NN zP  OR Z (OR) κ  Z(κ ) 

Miller - COYU 166 0 106 0 0.61 - - 0 0 
Miller - Bennett 166 0 106 0 0.51 - - 0 0 
Miller - F 158 8 54 52 0.77 19.02 7.163 0.458 6.99 
F- COYU 212 0 60 0 0.78 - - 0 0 
F - Bennett 212 0 60 0 0.78 - - 0 0 
COYU- Bennett 272 0 0 0 1.00 - - - - 

 

For all pairs of methods the coefficients of agreement zP  are quite large. 
Odds ratio (when possible to calculate), indicates high agreement between pairs 
of methods. Also the Cohen coefficient indicates agreement between all pairs of 
methods. 
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 It is interesting to observe so-called kappa paradox (Wieringen W. and 
Heuvel , 2005). Even if the coefficient of agreement zP  is relatively high (as in 

our case), when 12n  or 21n  is equal to zero, the kappa coefficient is also equal to 
zero falsely indicating that there is completely lack of agreement.  

Table 3. Decisions on uniformity of candidate varieties (data from the period 2006-2008), 
α = 0.002. 

Uniformity decisions Measures of agreement 
 
Pairs of methods 

UU UN NU NN zP  OR Z(OR) κ  Z(κ ) 

Miller - COYU 147 0 88 3 0.63 - - 0.04 0.494 
Miller - Bennett 147 0 72 19 0.70 - - 0.25 3.104 
Miller - F 136 11 26 65 0.85 30.91 3.805 0.66 9.353 
F- COYU 162 0 73 3 0.69 - - 0.05 0.566 
F - Bennett 162 0 57 19 0.76 - - 0.31 3.519 
COYU- Bennett 218 17 1 2 0.92 25.65 2.595 0.16 0.766 

5. Conclusions 

Analysis of extent data oil-seed rape (partly real and partly simulated) 
allows to conclude that: 

1) The Bennett’s approach with replacement Z2  statistic by the F  
statistics used for testing uniformity of candidate varieties is more 
restrictive (less varieties accepted as uniform) than COYU; 

2) The Bennett’s and COYU methods were completely equivalent for two 
years data whereas for three years data the Bennett’s method appeared 
to be slightly more restrictive; 

3) Coefficient of agreement among remaining pairs of methods was 
smaller than 0.9; 

4) The Miller method was the most restrictive (the smallest number of 
varieties declared uniform). 

In majority of UPOV member countries the (freely available within the DUST 
package) COYU procedure is used for checking uniformity of candidate 
varieties. In a COYU approach the (possibly transformed) standard deviations of 
candidate variety and those of established varieties (reference set) are compared. 
In other three considered in this paper methods of testing uniformity, the 
equality of respective coefficients of variation is tested. In general all these 
methods were more restrictive (less varieties accepted as uniform) than COYU. 
The most similar were the results (decisions concerning uniformity) for COYU 
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and Bennett’s methods (see the largest coefficient of similarity zP ). So only the 
Bennett’s method can potentially replace the – rather sophisticated - COYU 
method as it is computationally and conceptually much simpler.  
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