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Summary

Uniformity decisions concerning new varieties itk are based both on quantitative cha-
racteristics and on qualitative characteristicsciSlen rules for qualitative characteristics (ugpal
“qualitative” is equivalent with “visually assesggare rather simple. Namely for every new
variety the number of non-typical plants in a fixample size is counted and if it is larger than th
threshold value (established by crop-experts)y#niety is treated as non-uniform. More complicated
procedure is applied for quantitative charactesstDecisions are based on comparisons of standard
deviation of candidate variety with average valtistandard deviations of so called reference varie-
ties. A special procedure called COYU (combined ¢ars uniformity) was elaborated by member
states of UPOV (International Union for ProtectiohNew Varieties of Plants) for this purpose,
Talbot (2000). The COYU method is — to some degres officially promoted method. But some
other methods are still under consideration. Orsuofi methods uses the Bennett test for coeff&ient
of variation. The details of this new approach giken in paper by Zawieja and Pilarczyk (2005,
2006, 2007) and by Zawieja, Pilarczyk and Kowald@®09). Some comparisons of uniformity
decisions concerning winter wheat and oilseed vapieties based on COYU and Bennett's test are
also included in mentioned papers. During the ansession of Technical Working Party on Auto-
mation and Computer Programs (held in Alexandriegikia in June 2009) it was suggested to
compare decisions on uniformity of varieties usilgulated data based on real measurements. So in
the present paper this problem is reconsideredyusil data for oilseed varieties (reference set) a
simulated data (candidate varieties).
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1. Introduction

Fulfilling conditions of distinctness, uniformitynd stability (DUS) are
necessary requirements for every new variety toegéstered and placed in
national (recommended) list of varieties. Distiregta means that new variety
must be distinguishable from every known varietgr{gty of so-called com-
mon knowledge) for at least one characteristic.iflens are usually taken
after two or three years of trialling. In such Isiall varieties that are poten-
tially indistinguishable from candidate varietiese dested together. As al-
ready mentioned, distinctness from any other vaffiet just one characteris-
tic is sufficient to fulfil requirement of distingéss. On the other hand, degree
of uniformity of new variety must be not worse thaiformity of all varieties
used for comparison for all considered (observdtjracteristics. An offi-
cially adopted method - in countries associatedROV (International Union
for the protection of New Varieties of Plantsfor checking uniformity
(COYU) suffers from some disadvantages, Kristeregeh Roberts (2009). In
papers by Zawieja and Pilarczyk (2005, 2006, 2G4¥ plternative approach
to testing uniformity has been proposed. Namelyeiad of testing equality of
— adjusted by moving average method — standardatiems (COYU ap-
proach), the new method that uses Bennett’'s tesedoality of coefficients
of variations was applied. The Bennett's test icmaimpler and can poten-
tially be used instead of COYU method. In geneall¢ast for winter wheat
data and oilseed rape data) the decisions conaguniiformity of candidate
varieties were statistically equivalent. For tegtéguivalence of decisions the
McNemar (1947) test was applied. Because numbearndidate varieties was
(and usually is) small, the McNemar test was basectklatively small sample
size. During discussion on these methods at thealmmeeting of Technical
Working Party (TWC) of UPOV held in Alexandria i®@9, it was suggested
to use the larger set of candidate varieties usimulated data. The official
policy within UPQV is that new method can be apguyand officially pro-
moted)when old and new methods support concordaaisidbns on unifor-
mity of varieties. So, the aim of this paper is twanparison of COYU sup-
ported decisions concerning uniformity of varietiggh the same decisions
supported by Bennett's test. Thethod of simulation and results of compari-
sons of considered method are presented in neagpgwhs.
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2. Data

The data from DUS trials on oilseed rape perforiteeixperimental station
Stupia Wielka in the period 2006-2008 form the basi investigations. Only
data for varieties already registered are usedalse the aim of this research
was comparison of decisions concerning uniformiymorted by COYU and by
Bennett's test, there was no necessity of use lotharacteristics observed.
Then, one characteristic — the plant height — wesen. For every of analysed
periods, namely 2006-2007, 2007-2008 and 2006-20@8data for candidate
varieties were generated using method as follows:

1) using 60 measurements for every variety (twaspi@0 plants observed),
the minimum Xm», and maximum value,,, Oof real variety mean and minimum
and maximum values of standard deviations wereulzstd ,Snin, Snax

2) starting from (roundedy,,, the values for “candidate” varieties were
formed using formula

X = Xmin + (-1)d, i=1,2,3,....

where values; were generated as farxgsywas reached;
3) every valuex, was associated with all values of standard devriatige-
nerated as follows

§=Smnt (-1)s, j=1,23,....

where thes were generated so far sg,was reached.

The values ofl ands were chosen in a way that guarantee the reasonable
number of “candidate” varieties.

For the period 2006-2007, there were 66 establishegties (forming so-
called reference set) and 187 candidate (simulatadgties. Similarly for the
period 2007-2008, there were 57 established andsBWfllated varieties and
finally, for the period 2006-2008, 72 and 238 suakieties. Uniformity of eve-
ry “candidate” variety was tested using the methgidsn bellow.

3. Method

Each candidate variety was tested using COYU (coesbiover year uni-
formity) method and Bennett's test. The method lsimio that described by
Zawieja, Pilarczyk and Kowalczyk (2009) was useccdémnpare decisions con-
cerning uniformity. The COYU method uses averadeesof within-plot stan-
dard deviations as a measure of uniformity. Thedeeg are next In (natural loga-
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rithm) transformed, and “adjusted” using moving rage approach. Adjusted
values are compared with similar values receivedte reference set varieties.
All details of COYU approach can be found in a pdpeTalbot (2000).

In a Bennett's approach the coefficients of vaniagi are used as a measure
of uniformity. Equality of coefficient of variatiof candidate variety and a
subset of coefficients of variation of reference\swieties is a criterion of ac-
ceptance of candidate variety as uniform. It caapyglied when all coefficients
of variation are not higher than 0.3 (Forkman, 20§@wicz and Meyers,
1970). In our case this condition was always figfil The subset of reference
set varieties was formed in similar way as in COafiybroach, namely varieties
with closest mean values were taken. More detailBennett’s test are given in
a paper by Zawieja and Pilarczyk (2006).

The decisions concerning uniformity of candidateietéees supported by
the two considered methods are compared using tayo-eontingency table
(Table 1).

The COYU and Bennett's methods were applied atsimae significance
level. Theni+ny, denote the number of unanimous decisions wihyn,; de-
notes the number of contradictory decisions.

Table 1 Two-way contingency table for decisions on unifily of candidate varieties
using two methods

Method Bennett's test
decision uniform not uniform
COovyu uniform Niy N1
approach not uniform N2 Ng2

The two methods are fully concordant if they supgsactly the same de-
cisions concerning uniformity of tested varietifsmeans that in that case
N>+ Np; =N, wheren denotes the total number of decisions

There are several methods for testing degree ofardance of decisions
with use such data. In a paper by Zawieja and ¢¥dr(2006) the Fisher exact
test was used to find out if there is an associabietween decisions, why in a
paper by Zawieja and Pilarczyk (2007) the McNereat was used to test if the
hypothesis that probabilities of contradictory demisp,; andp;,are equal can
be accepted or not.

Here the “odds ratiocOR (Rudas, 1998, Uebersax 2006) is applied as a
measure of association between decisions. Oddsisatalculated as

OR= n11“122 .
nlz mZI
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Large value ofOR indicates association between methods. The s$tafistig-
nificance of lack of association can be testedgistatisticsZ, of the form

_In(OR)
0~ ’
Jin(OR)
1 1 1 - .
where gjnor =,|— +— +— +— . TheZ, statistics has asymptotic normal
M1 M2 N1 N2

distribution. CoefficienOR can be easily transformed to the Yule coefficiant
associatiorQ (Yule and Kendall, 1966), using formula

_ OR-1

Q_OFE+1'

This coefficient is interpreted similarly to theetficient of correlationQ =0
means lack of association between methods, vatge ¢b 1 means high agree-
ment. To have additional characterisation of asdimei, the probabilityp of
agreement was also calculated according to theularm

- Mt N2
n 1

wheren denotes the total number of candidate varieties.

4. Results

The COYU method and the corrected Bennett's tesafg® and Sulivan,
1986) were applied for three sets of data generatedrding to above de-
scribed method (data for candidate varieties). & for reference varieties
were taken from real experiments performed at #pe@mental station Stupia
Wielka. The COYU analysis was performed with us®UIST package of We-
atherup (1992). For Bennett's test the EXCEL spsbadt was utilized. The
results for two years data concerning period 200®/2are given in Table 2
(testing at significance levet = 0.002) and in Table 3 (significance level 0.02).



58

BOGNA ZAWIEJA, WIESEAW PILARCZYK, BOGNA KOWALCZYK

Table 2. Decisions on uniformity of candidate varieties diata from the period 2006-2007,

a=0.002
Method Bennett’s test
decision uniform not uniform
COYU uniform 187 0
approach not uniform 0 0

Table 3.Decisions on uniformity of candidate varieties data from the period 2006-2007,

a=0.02
Method Bennett’s test
decision uniform not uniform
COYU uniform 178 0
approach not uniform 9 0

When testing was performed at the leget 0.002, the two methods accepted
all varieties as uniform (full agreement betweerihads,p = 100%). But when
testing at 0.02 level (Table 3), 9 of candidatdetas were rejected as not uni-
form by Bennett's test but were accepted as unifoyr@OYU. The probability
of agreement between methods equals to 95.2%.d&arid Tables 2 and 3, the
odds ratiocOR can not be calculated as eitimeror n,; (or both) are zero.

The results for the 2007-2008 are presented ineTaliy = 0.002) and in Ta-
ble 5 (@ = 0.02). The probability of agreement is equal @% (when testing at
0.002 level) and 94,5% (when testing at 0.02 lew&fain other measures of
agreement@R and Q) can not be calculated for results in Table 4. fesults
given in Table 5, these measures of agreement emectivelyOR= 48,32,
Q =0.959 (the value &, = 6.438 is higher than critical valdg,,= 2.576).

Table 4. Decisions on uniformity of candidate varieties data from the period 2007-2008,

a=0.002
Method Bennett’s test
decision uniform not uniform
COYU uniform 272 0
approach not uniform 0 0

Table 5. Decisions on uniformity of candidate varieties data from the period 2007-2008,

a=0.02
Method Bennett’s test
decision uniform not uniform
COYU uniform 246 7
approach not uniform 8 11
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The results for three years period (2006-2008paesented in Table 6 (for
a =0.002) and in Table 7a(=0.02). When testing was performed at
a = 0.002 level, there was 219 (=217+2) concordaaisions concerning uni-
formity and respectively 19 (=18+1) contradictorgcisions. It means that
probability of agreement jg= 92.0%.

Table 6.Decisions on uniformity of candidate varieties data from the period 2006-2008,

a=0.002
Method Bennett’s test
decision uniform not uniform
COYU uniform 217 18
approach not uniform 1 2

The other measures of agreement are equal resgigc®R=24.111,
Q=0,920 andz, = 2,548. For results given in Table 7, the follogvivalues can
be easily obtainedp =82.8%,0R=19.667,Q = 0.903,Z,= 5.596 (againZy
much higher than critical values at 0.05 and O0ed&lk).

Table 7. Decisions on uniformity of candidate varieties data from the period 2006-2008,

a=0.02
Method Bennett's test
decision uniform not uniform
COYU uniform 177 36
approach not uniform 5 20

5. Discussion and conclusions

In a papers by Zawieja and Pilarczyk (2005, 2006)s been shown that
the COYU method and the Bennett's test appliec&d data concerning winter
rye varieties did not differ statistically. It wasbserved that the Bennett's
method was slightly more tolerant than COYU methatl that statistically (at
a = 0.01 level) these two methods gave the sameidesi In paper by Zawieja
and others (2009), using real oilseed rape dataastbeen shown that again
these two method did not differ statistically bat bilseed rape the method the
COYU was slightly more tolerant. In all previousv@stigation there were very
limited numbers of candidate varieties.
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The results obtained here (with use mixture of @ad simulated data)
showed that in some cases these two methods ofgestrietal uniformity did
not differ (results for years 2006-2007). In sortigeo cases (results for periods
2007-2008 and 2006-2008) there existed meaningffierences in decisions, as
the Bennett's test rejected more candidate vasebetailed inspection of ana-
lysed data indicated that in all cases the Bersédist rejected varieties with
small mean values and high standard deviationsh(Veitge coefficients of
variation). COYU method was - for part of such e#igs - more tolerant.
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POROWNANIE DECYZJI O WYROWNANIU ODMIAN
PODJETYCH PO ZASTOSOWANIU METODY COYU
| TESTU BENNETTA — DANE SYMULOWANE

Streszczenie

Decyzje dotycgce wyréwnania nowych odmian (odmian ,kandydatowzeu ich zareje-
strowaniem dotycg zaréwno cech iliciowych jak i jakdciowych. W przypadku cech jakaio-
wych reguly decyzyjneasbardzo proste. Mianowicie w prébie o ustalonejlkaéci obserwuje si
liczbe roslin nietypowych i jdli frakcja takich rdlin przekracza pewnwarta¢ progova, odmiarg
uznaje s} za niespetniaga warunku wyréwnania. Bardziej ztona procedug stosuje s w przy-
padku cech iléciowych. Najogdlniej, przy analizie cech dtowych, poréwnuje si odchylenia
standardowe (obliczone na podstawie préby &limoodmiany-kandydata zé&rednim odchyle-
niem standardowym z pewnej liczby — specjalnie aglpch — odmian zarejestrowanych. Oficjal-
nie zalecam procedusg w krajach stowarzyszonych w organizacji UPOV j&st. procedura
COYU. Jedn z innych metod mdiwych do zastosowania jest wykorzystanie testu Bétan w
ktérym bada si jednorodné¢ wspotczynnikow zmienniei. Szczeg6towy opis metody Bennetta
zostat podany w opracowaniach Zawieji i PilarczyRA05, 2006 i 2007). W tym opracowaniu
poréwnane s decyzje dotycace wyréwnania odmian poglg po zastosowaniu metody COYU
(combined over years uniformity) i testu Bennettéa Bdmian wzorcowych wykorzystano dane
rzeczywiste z lat 2006-2008 dotyce rzepaku ozimego z éleiadczér przeprowadzonych w
stacji ddéwiadczalnej oceny odmian w Stupi Wielkiej. Z powodunatej liczby odmian-
kandydatéw dane dla nich zostaty wygenerowane. B)eg@odejmowane na podstawie obu metod
nie r&nia sie istotnie od siebie. Jednak w kilku przypadkach metoda Bennetta okazataigico
bardziej restrykcyjna.

Stowa kluczowe: badania OWT, metoda Bennetta, metoda COYU, rzepakypzymulacja,
wyréwnanie odmian
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