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Summary

1. In this paper, the decisions concerning uniformity of varieties based on COYU and a
new method based on the application of Bennett’s test for coefficients of variation are
compared.  In COYU, the standard deviations of varieties are compared.  To avoid difficulties
caused by different levels of expressions of characteristics under investigation, the varieties
are ranged according to their mean values and comparisons are made within groups of
varieties characterized by similar mean values.  With the Bennett’s test, the whole group of
varieties can be compared because difficulties caused by different levels of expressions are
overcome by comparing coefficient of variability instead of standard deviations.  All
considerations are illustrated with trial data concerning winter rye varieties.

Introduction

2. In uniformity testing, the homogeneity of plants within varieties is tested.  It means that
differences between plants within a variety should not exceed a specified threshold.  The
method used for checking uniformity depends both on the features of propagation of the
variety and on the type of characteristic (i.e. quantitative, qualitative, or pseudo qualitative).
For self-pollinated and vegetatively propagated varieties, it is possible to count the number of
off-type plants and compare with the maximum number of off-types allowed.  In the case of
quantitative characteristics in cross-pollinated varieties, the standard deviation of a new
variety can be compared with the average of standard deviations of already registered
varieties.

3. In this paper, the COYU method, based on comparisons of standard deviations of new
and established varieties, is compared with a method in which the coefficients of variations
form the base for comparisons.  This new method utilizes the Bennett’s (1976) test for testing
homogeneity of coefficients of variations.  In our opinion this new method is better because it
is independent of the level of expression of characteristics involved.

Trial Data

4. The calculations were made using the three-year trial DUS data on winter rye.  These
trials were conducted at the Experimental Station for Cultivar Testing at Słupia Wielka,
Poland, in the period 1999-2001.  All three trials were planned and were conducted in
randomized complete block design with three replicates.  The eight quantitative
characteristics, among all those observed, were tested in these experiments.  The characteristic
codes are:  31 - plant height, 32 - length between upper node and ear, 33 - length of ear,
10 - length of blade of leaf next to flag leaf, 11 - width of blade of leaf next to flag leaf, 51 -
number of spikelets, 52 - length of rachis.  The coding is in accordance with that used in the
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official DUS test.  A total of 73, 83 and 75 varieties were compared in the years 1999, 2000
and 2001 respectively.

The Methods

5. Let us start by recalling the approach used in the COYU method for single trials for
quantitative characteristics.  The single DUS trial is the trial carried out at one place within a
particular year of testing (or a particular growing season).  Usually, many varieties of a given
species are simultaneously tested in one trial.  These experiments are usually conducted in
randomized complete block design with two or three replicates of treatments and 10-20
measurements taken from each plot.

COYU:  Step 1 (Weatherup, 1992)

6. All characteristics are checked one by one.  For every characteristic, the standard
deviation of the new variety is compared with the average of standard deviations of varieties
used for comparing (sometimes called the “reference collection”).

7. The threshold value for standard deviation of the new variety is calculated using the
formula
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is the critical value of t-Student’s distribution at the significance level � = 0.02
for w-1 degrees of freedom.  The average of standard deviations s  is calculated using
the formula
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Method based on Bennett’s test for coefficients of variation

8. To introduce it, let � �ijx  � �injvi ,...,1;,...,1 ��  represent �� inn independent
observations (for one characteristic) from v normal populations (varieties) N(�i,�i

2).  The
coefficient of variation for i-th variety is defined traditionally as

iii ��� /�  where 0�i� .     (3)

The subset of varieties is treated as uniform, if no varieties have distinct coefficients of
variation.  So the hypothesis concerning homogeneity of these coefficients

,(...       : 10 ��� ��� vH  say)     (4)

is tested against the alternative that some coefficients (at least one) are different.
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where: iii xsz /�  is the empirical coefficient of variation for the i-th variety (calculated from
the sample), 2

is  is the sample variance and ix  is the mean value of all ni measurements of i-th
variety.  Iglewicz et al. (1968 and 1970) have shown that McKay’s (1932) transformed
variable iiy �/  have approximate 2

� distribution with (ni-1) d.f. and that variates iy  have
Gamma distribution (Pitman, 1939).  It is necessary to mention that this approximation
assumes that the probability of a negative zi value ( 0�ix ) is negligible.  Therefore in formula
(3) we assume that 0�i� .  Then hypothesis (4) is equivalent to hypothesis that

 ,(...       : 10 ��� ��� vH say)

for the v independent Gamma variates vyy ...,1 .  So the appropriate statistic for 0H is given by
the formula
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which is approximately distributed as 2
�  with � �1�v  degrees of freedom.  This method we

will call the Bennett’s method (Bennett, 1976).

9. In fact, in the COYU method for testing uniformity, the standard deviation of the new
variety is compared with the average of standard deviations calculated from standard
deviations of eight (ten) varieties having similar mean values.  To achieve that, all varieties
are ranged according to their mean values, with the four neighbouring varieties with lower
means and the four neighboring varieties with higher means from the reference collection
identified for each variety.  We used here a new approach to check uniformity in two
versions.  One of these relies on calculating the statistic (6) for ten reference varieties (for
which averages are closest to the average of the new variety) for each new variety in turn.  In
all cases, when the set of neighbours with lower (higher) mean values contains less than five
varieties, the set of neighbours with higher (lower) mean values is increased, so every new
variety is compared with ten varieties from the reference collection for this particular variety.
In the second version, the statistic (6) is calculated using all listed (and – of course – included
in experiment) varieties, testing each new variety in turn.
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The Results

10. The uniformity of the new varieties of winter rye was checked for all seven quantitative
characteristics separately for the three years of testing.  The COYU method was applied first.
The computer program UNIF (Weatherup, 1992) was used.  The two new methods were then
applied to the same data.

11. In Table 1, the numbers of varieties declared as uniform (U) or not uniform (NU), at
significance level 05.0�� , are given.  The results are presented in two-by-two tables for the
COYU method and the Bennett’s method.  The results are given separately for each of two
versions of the Bennett’s method (for ten nearest and for all varieties in the reference
collection) and for each of the characteristics included.  In general, results for these two
approaches are similar.  Nevertheless, in the majority of cases, the Bennett’s method indicated
that slightly more varieties are uniform than by the COYU method.  Next, the summary
decisions (numbers of uniform and non-uniform varieties) were compared using the exact

2
� Fisher test (Kendall M.G., Buckland W.R.,1986).  These results are presented in Table 2.
In Table 2, the empirical �-levels for rejecting the hypothesis of independence for each year
(jointly for all characteristics) are given.  There are no differences between the two versions
of the new method.

12. All empirical �-levels for 1999 and 2000 are greater than 0.01.  So for these two years,
the decisions concerning uniformity of varieties are independent of the method applied.

13. On the other hand, in 2001, according to the new approach, all varieties were declared
uniform with respect to all characteristics while according to the COYU criterion there were
30 cases of lack of uniformity.  These results are significantly different.
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Table 1.  Two-by-two table of frequency of varieties

Charac-
teristic no 31 no 32 no 33 no 41 no 42 no 51 no 52

COYU
method U NU U NU U NU U NU U NU U NU U NU

Year:  1999

U 38 2 37 4 39 0 38 3 39 2 39 0 39 1Bennett (10
closest

varieties) NU 0 1 0 0 2 0 0 0 0 0 2 0 0 1

U 38 3 37 4 39 0 38 3 39 2 39 0 39 2Bennett
(whole set

of
varieties)

NU 0 0 0 0 2 0 0 0 0 0 2 0 0 0

Year:  2000

U 41 5 47 1 50 3 52 1 50 3 52 1 47 1Bennett (10
closest

varieties) NU 3 4 4 1 0 0 0 0 0 0 0 0 5 0

U 41 2 49 2 50 3 51 1 50 3 52 1 42 0Bennett
(whole set

of
varieties)

NU 3 7 2 0 0 0 1 0 0 0 0 0 10 1

Year:  2001
U 43 6 41 8 47 2 45 4 49 0 43 6 45 4Bennett (10

closest
varieties) NU 0 0 0 0 0 0 0 0 0 0 0 0 0 0

U 43 6 41 8 47 2 45 4 49 0 43 6 45 4Bennett
(whole set

of
varieties)

NU 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 2.  The empirical significance levels of exact Fisher 2
�  test for comparing different

methods of testing of uniformity of varieties

year 1999 2000 2001
method U NU � emp. U NU � emp. U NU � emp.
COYU 273 14 351 20 313 30

Bennett 10 281 6 0.055 354 17 0.368 343 0 < 0.001

COYU 273 14 351 20 313 30
Bennett whole

set 283 4 0.014 347 24 0.321 343 0 <0.001

Bennett 10 281 6 354 17 313 30
Bennett whole

set 283 4 0.376 347 24 0.168 313 30 ----
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Comments and Conclusions

14. The analysis of three year data from winter rye trials showed that the Bennett’s test for
coefficients of variation gives similar results to those given by the COYU approach.  Only in
a few cases did the new approach accept some varieties as uniform while according to COYU
criterion these would have been rejected as not uniform.  However, because both the COYU
criterion and the Bennett’s method are based on approximate tests – they ought to be precisely
compared using both generated and real data.
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