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Introduction

	The TC, at its fifty-third session, held form April 3 to 5, 2017, considered the presentations made by experts at the TWP sessions in 2016, simulating the impact of using different numbers of growing cycles on DUS decisions using actual data, as set out in the Annexes to document TC/53/21 (see document TC/53/31, paragraph 184).  

	The TC noted the offers by members of the Union to make presentations to the TWPs, at their sessions in 2017, on the impact of using different numbers of growing cycles on DUS decisions using actual data and agreed to invite the TWPs to report to the TC, at its session in 2018 (see document TC/53/31, paragraph 185).

	The TC noted the expression of interest by Authorities to reduce the costs associated with DUS examination and agreed that the number of growing cycles for DUS examination should be the minimum necessary for a robust DUS decision and the establishment of a reliable variety description (see document TC/53/31, paragraph 186).

	The TC agreed that it was not appropriate to generalize that ornamental varieties should be examined in a single growing trial while other types of crops should be examined in two growing cycles and agreed that the typical number of growing cycles should be established on a crop-by-crop basis (see document TC/53/31, paragraph 187).

	The TWA, at its forty-sixth session held in Hanover, Germany, from June 19 to 23, 2017, agreed that discussions on the number of growing cycles in DUS examination for agricultural crops should continue and welcomed the offers by Australia, Denmark, France, Germany, the United Kingdom and ISF to make presentations at its forty-seventy session (see document TWA/46/10, paragraph 41).

	This document provides examples for wheat, barley and potato based on actual data from DUS examinations in Germany as considered by the TWA at its sessions in 2017 and 2018. The related documents TWA/46/8 Annex I and TWA/47/5 are provided as Annexes I and II to this document, respectively.


Developments at the Technical Working Party for Agricultural Crops 

	The developments at the TWA at its forty-sixth session, held in Hanover, Germany, in 2017, were summarized in document TWA/46/10, paragraph 36 to 41, as follows:

“36.	The TWA considered documents TWP/1/21, TWA/46/8 and TWA/46/8 Add.

“37.	The TWA noted the presentations made to the TWPs at their sessions in 2016, simulating the impact of using different numbers of growing cycles on DUS decisions using actual data, as set out in the Annexes to document TWP/1/21. 

“38.	The TWA noted that the TC had agreed that the number of growing cycles for DUS examination should be the minimum necessary for a robust DUS decision and the establishment of a reliable variety description.

“39.	The TWA noted that the TC had agreed that it was not appropriate to generalize that ornamental varieties should be examined in a single growing trial while other types of crops should be examined in two growing cycles.  It noted further that the TC had agreed that the typical number of growing cycles should be established on a crop-by-crop basis.  

“40.	The TWA received the following presentations, as reproduced in documents TWA/46/8 and TWA/46/8 Add.:

	(a)	“Impact of number of growing cycles on variety descriptions and discrimination power in wheat and barley”, prepared by an expert from Germany

	(b)	“Number of Growing Cycles in Potato”, prepared by an expert from the Netherlands

	(c)	“Number of growing cycles in potato varieties - DUS examination of lightsprouts”, prepared by an expert from Poland

	(d)	“Number of growing cycles:  the impact on cereal variety descriptions”, prepared by an expert from the United Kingdom



“41.	The TWA agreed that discussions on the number of growing cycles in DUS examination for agricultural crops should continue and welcomed the offers by Australia, Denmark, France, Germany, the United Kingdom and ISF to make presentations at its forty-seventy session.”

	The TWA at its forty-seventh session held in Naivasha, Kenya, in 2018 (document TWA/47/7, paragraphs 35 to 38) concluded as follows:

“35.	The TWA considered document TWA/47/5 “Impact of the number of growing cycles on descriptions and discrimination power in potato” and received a presentation by an expert from Germany, a copy of which would be provided as document TWA/47/5 Add.

“36.	The TWA agreed that variety descriptions generated over two growing cycles were more robust than those generated over a single growing cycle. The TWA agreed that two growing cycles allowed a more robust assessment of individual characteristics.

“37.	The TWA agreed that a robust decision on distinctness could be reached after a single growing cycle on the basis of sufficiently large differences in characteristics.

“38.	The TWA noted that DNA-marker information could provide supporting information in the DUS examination, as set out in document TGP/15 “Guidance on the Use of Biochemical and Molecular Markers in the Examination for Distinctness, Uniformity and Stability (DUS)”. The TWA noted the experience reported by the Netherlands that DNA-marker information was also used for enforcing plant breeders’ rights in combination with side-by-side verification of conformity of plant material to a protected variety.”
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IMPACT OF NUMBER OF GROWING CYCLES ON VARIETY DESCRIPTIONS AND DISCRIMINATION POWER IN WHEAT AND BARLEY


The impact of the number of growing cycles was analyzed for quantitative characteristics in wheat and barley on the basis of data from DUS trials.


Material and methods

Discrimination power of individual characteristics was calculated in three steps: 

(a) ‘1 cycle’: Comparison of all varieties in the growing trial (year 0)
(b) ‘2 cycles’: For all varieties which were also grown in the year before, distinctness was assessed in both years (year 0 / -1). Two varieties are considered to be distinct if a clear difference in the same direction was observed in both years.
(c) ‘2 out of 3 cycles’: For all varieties which were also grown the two previous years, distinctness was assessed in all 3 years (year 0 / -1 / -2). Two varieties are considered to be distinct if a clear difference in the same direction was observed in at least 2 out of 3 years.

The German DUS growing trials comprise about 600 varieties in winter wheat and 300 varieties in winter barley. Three year data are available for about 50% of the varieties and two year data for about 70% of the varieties. Every year, the distinctness test includes about 40,000 pairwise 1-cycle-comparisons in wheat and 30,000 in barley (under consideration of some grouping characteristics). About 25,000 2-cycle-comparisons and 15,000 2 out of 3 comparisons were considered in wheat, 15,000 and 6,000 in barley, respectively.

The same analysis was performed for 2014, 2015 and 2016. The discrimination power was calculated in percent pairwise comparisons in which a clear difference was observed. The mean discrimination power over the three years was calculated 

A different data set was used to calculate the impact of the number of growing cycles on variety descriptions. DUS observations for 77 winter wheat varieties and 47 winter barley varieties in 6 successive growing cycles were used to establish annual descriptions (year 0). In addition, descriptions over 2 cycles (year 0 / -1) and 3 cycles (year 0 / -1 / -2) were established. The variation of descriptions over one, two and three cycles was calculated. 


Results

Discrimination power

The mean discrimination power over the three years is presented in figure 1 and 2. The decision on distinctness was significantly influenced by the number of growing cycles. A clear difference observed in the first cycle was not always confirmed in the second cycle. Consequently, the discrimination power was lower after 2 cycles in most of the characteristics. A clear difference observed in only one of the years may be confirmed in a third year, resulting in a higher discrimination power in 2 out of 3 cycles.

A few characteristics in wheat did not follow this principle, see figure 2: grain coloration with phenol, lower glume beak shape, awns or scurs length and straw pith in cross section. A low 1-cycle-discrimination power was observed for these characteristics. This result may be attributed to the fact that the expression of these characteristics is not evenly distributed in the collection. The low mean discrimination power in 1-cycle comparisons could be caused by a different distribution in the varieties in the first year (about 30% of all varieties). Environmental effects can also have an impact on the discrimination power in some years.

Variety descriptions

The variation of descriptions over one, two and three cycles is illustrated in figures 3 and 4.  Annual variety descriptions show a higher variation than descriptions over two and three years for all characteristics in both species. The stability of descriptions is much higher after two cycles and can be further improved by a third cycle.
Conclusion

The study has shown that the number of growing cycles has a significant impact on distinctness decisions and variety descriptions. It confirms the current recommendation in the Test Guidelines for barley and wheat which reads as follows: “The minimum duration of test should normally be two independent growing cycles”.

The recommended minimum duration of test should be followed to establish the official variety description. Reliability and stability of the description is a precondition for enforcement.

Descriptions also play an important role for the management of references collections, in particular when databases with descriptions for varieties of common knowledge are used for the selection of similar varieties for the growing trial. The possible error of descriptions has to be taken into account for any comparison. The exclusion of varieties from the growing trial is a crucial step in the distinctness test. Normally, the error for descriptions of candidate varieties is quite high at the beginning of test. The most important is to limit the error of descriptions of reference varieties by feeding the database with sufficiently stable descriptions. All descriptions in a database should be based at least on the recommended minimum number of growing cycles. Any additional cycle can improve the quality of the description.

Figure 1: Winter barley - Impact of the number of growing cycles on discrimination power



Figure 2: Winter wheat - Impact of the number of growing cycles on discrimination power


Figure 3: Winter barley – variance of variety descriptions over testing periods



Figure 4: Winter wheat – variance of variety descriptions over testing periods
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IMPACT OF THE NUMBER OF GROWING CYCLES ON VARIETY DESCRIPTIONS AND DISCRIMINATION POWER IN POTATO


1.	The TWA, at its its forty-sixth session, held in Hanover, Germany, from June 19 to 23, 2017, considered several examples on the impact of using different numbers of growing cycles on DUS decisions and the establishment of variety descriptions (see document TWA/46/8, TWA/46/8 Add.). Members of the Union were invited to provide further examples to be considered in 2018. The present document provides a potato example.

2.	In the Test Guidelines for Potato (document TG/23/6), it is recommended that the minimum duration of tests should normally be two independent growing cycles. This study was performed to validate whether two growing cycles are necessary or the duration of test could be reduced. The impact of the number of growing cycles was analyzed for quantitative characteristics in potato on the basis of data from actual DUS trials.


Material and methods

3.	The German DUS growing trials comprise about 360 potato varieties every year. 50 to 70 varieties are candidate varieties, half in the first and half in the second year. Discrimination power of individual characteristics was calculated based on candidate varieties after the second growing cycle. Each 2nd‑year‑candidate variety was compared to all other varieties in the same growing trial. Two distinctness tests were performed:

(d) ‘1-cycle’: second year only. Two varieties are considered to be distinct if a clear difference was observed.
(e) ‘2-cycles’: second year and first year. Two varieties are considered to be distinct if a clear difference in the same direction was observed in both years.

4.	Discrimination power of each characteristic was calculated as percentage of clear differences in relation to all pairwise comparisons.
The same analysis was performed for 2013 to 2017. In total, about 130 candidate varieties were compared to 350 reference varieties resulting in about 45,000 pairwise comparisons for ‘1-cycle’ and ‘2-cycles’ each.

5.	A different data set was used to calculate the impact of the number of growing cycles on variety descriptions. Orthogonal DUS observations for 211 varieties in 6 successive growing cycles (2012-2017) were used to establish annual variety descriptions and descriptions over 2 cycles. Six annual descriptions and six descriptions over two cycles were produced for each variety and variation between these descriptions was calculated.

6.	DUS tests were conducted according to document TG/23/6. The numbering of characteristics follows these Test Guidelines.

Results and discussion

Discrimination power:

7.	The mean discrimination power based on a single cycle and over two cycles is presented in figure 1. Characteristics were sorted according to the discrimination power in a single cycle with a range between 58 % and 2 % discrimination power. The decision on distinctness was significantly influenced by the number of growing cycles. A clear difference observed in one cycle was not always confirmed in the second cycle. Consequently, the discrimination power was lower after 2 cycles. If varieties were compared in a single year, for some characteristics distinctness was up to 10 % higher than after 2 cycles. Characteristics with the highest ‘overestimation’ in discrimination power were marked in figure 1.

8.	A clear difference observed in only one of the cycles might be confirmed in a third cycle. But in general, a third cycle is not necessary to establish distinctness in potato due to clear differences in at least one of the other characteristics. Therefore, the ‘2 out of 3 cycles’ option was not analyzed in this study.

9.	If distinctness shall be based on a single cycle, larger minimum differences have to be applied for several characteristics in order to allow reliable decisions. This would lead to lower discrimination power.



Figure 1: Impact of the number of growing cycles on discrimination power




Variety descriptions:

10.	The maximum difference between six 1-cycle variety descriptions and between six 2-cycle variety descriptions is presented in figures 2 and 3. Characteristics have the same order in both figures, sorted according to the frequency of identical 1-cycle descriptions (0 note difference). Some characteristics were very stable with conformity between the six 1-cycle descriptions for more than 90 % of the varieties, see characteristics 40. Tuber: color of base of eye, 34. Flower corolla: proportion of blue in anthocyanin coloration on inner side and 4. Lightsprout: proportion of blue in anthocyanin coloration of base. On the other side, the percentage of zero notes difference was less than 20 % for characteristics 9. Lightsprout: pubescence of tip, 13. Plant: growth habit and 15. Leaf: outline size. 

11.	The stability of descriptions was clearly improved with a second cycles (figure 3).

12.	The frequency of zero notes difference is significantly higher between 2-cycle descriptions compared to 1-cycle descriptions. The following frequencies of differences were observed across all characteristics:

Differences	1-cycle	2-cycles
0 notes	47 %	62 %
1 note	47 %	36 %
>1 note	6 %	2 %

13.	Variation in variety descriptions of 1 note from year to year can be considered as quite stable. Nevertheless, a clear difference between two varieties e. g. of two notes in a testing period might decrease to 1 or 0 notes in another testing period. Two growing cycles produce more robust variety descriptions.

14.	Databases with descriptions for varieties of common knowledge can play an important role in the process of assessing distinctness. Descriptions are often used for the identification of similar varieties to be grown together with new candidate varieties. The efficiency of excluding varieties from the growing trial is strongly influenced by the consistency of variety descriptions over years. The potential environmental influence has to be taken into account for defining thresholds and to decide whether a difference between two varieties can be considered as clear and consistent. Less consistency of descriptions leads to more similar varieties in the growing trial.

Figure 2:	Difference between 1-cycle variety descriptions 
(Maximum difference between 6 descriptions per variety, 211 varieties)




Figure 3:	Difference between 2 cycle- variety descriptions 
(Maximum difference between 6 descriptions per variety, 211 varieties)



Conclusion

· The number of growing cycles has a significant impact on distinctness decisions and variety descriptions. An impact was observed on distinctness decisions for varieties compared in the same growing trials as well as on the management of the reference collection on the basis of descriptions stored in a database.
· Two growing cycles produce more robust variety descriptions and DUS decisions.
· The recommended minimum number of two growing cycles should be followed.
· Variety descriptions based on two cycles provide a better basis for enforcement.
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1 cycle	Plan length	Ear length	Ear density	Rachis segment length	Awn length (compared to ear)	Awn tip anthocyanin	Anthocyanin of auricles	Time of ear emergence	Ear attitude	Spiculation lemma nerves	Ear glaucosity	Flag leaf glaucosity of sheath	Anthocyanin of lemma nerves	Sterile spikelet attitude	Plant growth habit	Colour of aleurone layer	Rachis curvature	Flag leaf attitude	66.066666666666677	64.333333333333329	57.233333333333327	55.833333333333336	53.433333333333337	47.4	46.9	43.433333333333337	2 cycles	Plan length	Ear length	Ear density	Rachis segment length	Awn length (compared to ear)	Awn tip anthocyanin	Anthocyanin of auricles	Time of ear emergence	Ear attitude	Spiculation lemma nerves	Ear glaucosity	Flag leaf glaucosity of sheath	Anthocyanin of lemma nerves	Sterile spikelet attitude	Plant growth habit	Colour of aleurone layer	Rachis curvature	Flag leaf attitude	58.133333333333333	55.366666666666667	45.433333333333337	41.066666666666663	38.766666666666673	44.633333333333333	43.233333333333327	37.666666666666664	2 out of 3	Plan length	Ear length	Ear density	Rachis segment length	Awn length (compared to ear)	Awn tip anthocyanin	Anthocyanin of auricles	Time of ear emergence	Ear attitude	Spiculation lemma nerves	Ear glaucosity	Flag leaf glaucosity of sheath	Anthocyanin of lemma nerves	Sterile spikelet attitude	Plant growth habit	Colour of aleurone layer	Rachis curvature	Flag leaf attitude	60.933333333333337	62	48.666666666666664	47.066666666666663	47.833333333333336	47.1	45.433333333333337	44.1	1 cycle	Plan length	Ear length	Ear density	Rachis segment length	Awn length (compared to ear)	Awn tip anthocyanin	Anthocyanin of auricles	Time of ear emergence	Ear attitude	Spiculation lemma nerves	Ear glaucosity	Flag leaf glaucosity of sheath	Anthocyanin of lemma nerves	Sterile spikelet attitude	Plant growth habit	Colour of aleurone layer	Rachis curvature	Flag leaf attitude	34.93333333333333	33.633333333333333	31.633333333333336	27.533333333333331	27.366666666666664	25	20.3	12.166666666666666	11.266666666666666	10.799999999999999	2 cycles	Plan length	Ear length	Ear density	Rachis segment length	Awn length (compared to ear)	Awn tip anthocyanin	Anthocyanin of auricles	Time of ear emergence	Ear attitude	Spiculation lemma nerves	Ear glaucosity	Flag leaf glaucosity of sheath	Anthocyanin of lemma nerves	Sterile spikelet attitude	Plant growth habit	Colour of aleurone layer	Rachis curvature	Flag leaf attitude	25.566666666666663	29.166666666666668	27.633333333333336	20.166666666666668	25.333333333333332	22.099999999999998	12.733333333333334	9.8333333333333339	8.8333333333333339	8.8333333333333339	2 out of 3	Plan length	Ear length	Ear density	Rachis segment length	Awn length (compared to ear)	Awn tip anthocyanin	Anthocyanin of auricles	Time of ear emergence	Ear attitude	Spiculation lemma nerves	Ear glaucosity	Flag leaf glaucosity of sheath	Anthocyanin of lemma nerves	Sterile spikelet attitude	Plant growth habit	Colour of aleurone layer	Rachis curvature	Flag leaf attitude	28.433333333333334	29.366666666666664	30.5	23.7	26.400000000000002	23.766666666666666	10.933333333333332	15.4	10.733333333333334	8.7999999999999989	
Discrimination power (%)

Discrimination power (%)


1 cycle	Coleoptile anthocyanin	Time of ear emergence	Ear: length	Ear: density	Flag leaf glaucosity of blade	Ear glaucosity	Plant length	Culm glaucosity of neck	Flag leaf glaucosity of sheath	Colouration with phenol	Rachis hairiness	Glume shoulder width	Plant growth habit	Glume internal hairs	Glume beak shape	Awns or scurs: length	Glume beak length	Recurved flag leaves	Glume shoulder shape	Straw:pith in cross section	68.966666666666669	63.533333333333331	63	55.199999999999996	52.199999999999996	51.433333333333337	51.433333333333337	40.266666666666673	36.4	35.166666666666664	2 cycles	Coleoptile anthocyanin	Time of ear emergence	Ear: length	Ear: density	Flag leaf glaucosity of blade	Ear glaucosity	Plant length	Culm glaucosity of neck	Flag leaf glaucosity of sheath	Colouration with phenol	Rachis hairiness	Glume shoulder width	Plant growth habit	Glume internal hairs	Glume beak shape	Awns or scurs: length	Glume beak length	Recurved flag leaves	Glume shoulder shape	Straw:pith in cross section	49.333333333333336	46.266666666666673	45.133333333333333	41.233333333333327	44.966666666666661	37.599999999999994	34.966666666666669	32.166666666666664	25	39.766666666666673	2 out of 3	Coleoptile anthocyanin	Time of ear emergence	Ear: length	Ear: density	Flag leaf glaucosity of blade	Ear glaucosity	Plant length	Culm glaucosity of neck	Flag leaf glaucosity of sheath	Colouration with phenol	Rachis hairiness	Glume shoulder width	Plant growth habit	Glume internal hairs	Glume beak shape	Awns or scurs: length	Glume beak length	Recurved flag leaves	Glume shoulder shape	Straw:pith in cross section	54.966666666666661	51.066666666666663	50.233333333333327	44.066666666666663	48.066666666666663	41.866666666666667	40.300000000000004	33.800000000000004	29.033333333333335	42.4	1 cycle	Coleoptile anthocyanin	Time of ear emergence	Ear: length	Ear: density	Flag leaf glaucosity of blade	Ear glaucosity	Plant length	Culm glaucosity of neck	Flag leaf glaucosity of sheath	Colouration with phenol	Rachis hairiness	Glume shoulder width	Plant growth habit	Glume internal hairs	Glume beak shape	Awns or scurs: length	Glume beak length	Recurved flag leaves	Glume shoulder shape	Straw:pith in cross section	41	40.799999999999997	22.133333333333336	27.75	27.1	17.8	21.5	12.933333333333332	9.65	2.9333333333333336	2 cycles	Coleoptile anthocyanin	Time of ear emergence	Ear: length	Ear: density	Flag leaf glaucosity of blade	Ear glaucosity	Plant length	Culm glaucosity of neck	Flag leaf glaucosity of sheath	Colouration with phenol	Rachis hairiness	Glume shoulder width	Plant growth habit	Glume internal hairs	Glume beak shape	Awns or scurs: length	Glume beak length	Recurved flag leaves	Glume shoulder shape	Straw:pith in cross section	31.75	16.700000000000003	15.066666666666668	23.6	38.049999999999997	19.733333333333334	17.600000000000001	4.8666666666666671	2.35	6.0666666666666673	2 out of 3	Coleoptile anthocyanin	Time of ear emergence	Ear: length	Ear: density	Flag leaf glaucosity of blade	Ear glaucosity	Plant length	Culm glaucosity of neck	Flag leaf glaucosity of sheath	Colouration with phenol	Rachis hairiness	Glume shoulder width	Plant growth habit	Glume internal hairs	Glume beak shape	Awns or scurs: length	Glume beak length	Recurved flag leaves	Glume shoulder shape	Straw:pith in cross section	30.25	19.149999999999999	16.3	25.95	38.849999999999994	22.099999999999998	18.850000000000001	10.533333333333333	3.3	7.5666666666666673	
Discrimination power (%)

Discrimination power (%)


Annual	Plant growth habit	Anthocyanin of auricles	Flag leaf attitude	Flag leaf glaucosity of sheath	Time of ear emergence	Awn tip anthocyanin	Ear glaucosity	Ear attitude	Plan length	Ear density	Ear length	Awn length (compared to ear)	Rachis segment length	Rachis curvature	Sterile spikelet attitude	Anthocyanin of lemma nerves	Spiculation lemma nerves	Colour of aleurone layer	Ear shape	0.26477541371158386	0.15780141843971629	0.51477541371158397	0.24586288416075641	0.27955082742316784	0.14834515366430262	0.4072104018912529	0.50650118203309669	0.32742316784869968	0.27245862884160749	0.25591016548463358	0.19444444444444453	0.61170212765957444	0.38652482269503546	6.0846560846560843E-2	0.35224586288416077	0.18617021276595749	4.8463356973995272E-2	0.1471631205673759	Mean - 2 years	Plant growth habit	Anthocyanin of auricles	Flag leaf attitude	Flag leaf glaucosity of sheath	Time of ear emergence	Awn tip anthocyanin	Ear glaucosity	Ear attitude	Plan length	Ear density	Ear length	Awn length (compared to ear)	Rachis segment length	Rachis curvature	Sterile spikelet attitude	Anthocyanin of lemma nerves	Spiculation lemma nerves	Colour of aleurone layer	Ear shape	0.10595744680851062	5.3191489361702149E-2	0.20723404255319144	0.10893617021276598	0.12851063829787235	5.4893617021276618E-2	0.20425531914893619	0.18255319148936167	9.5319148936170203E-2	0.10553191489361698	0.10510638297872335	7.1063829787234065E-2	0.32553191489361705	0.15744680851063822	2.2857142857142861E-2	0.16468085106382979	0.16340425531914901	1.9148936170212769E-2	9.1914893617021307E-2	Mean - 3 years	Plant growth habit	Anthocyanin of auricles	Flag leaf attitude	Flag leaf glaucosity of sheath	Time of ear emergence	Awn tip anthocyanin	Ear glaucosity	Ear attitude	Plan length	Ear density	Ear length	Awn length (compared to ear)	Rachis segment length	Rachis curvature	Sterile spikelet attitude	Anthocyanin of lemma nerves	Spiculation lemma nerves	Colour of aleurone layer	Ear shape	5.238770685579363E-2	2.8747044917257485E-2	0.10666666666666715	5.4468085106384914E-2	5.957446808510785E-2	2.156028368794426E-2	9.1914893617022556E-2	8.2647754137117252E-2	4.8983451536643519E-2	4.5011820330969579E-2	5.030732860520145E-2	3.101654846335699E-2	0.16945626477541434	6.5248226950354968E-2	1.1428571428571375E-2	8.1891252955082136E-2	0.14297872340425538	1.0591016548463544E-2	6.4680851063829786E-2	% D (2 out of 3)	Plant growth habit	Anthocyanin of auricles	Flag leaf attitude	Flag leaf glaucosity of sheath	Time of ear emergence	Awn tip anthocyanin	Ear glaucosity	Ear attitude	Plan length	Ear density	Ear length	Awn length (compared to ear)	Rachis segment length	Rachis curvature	Sterile spikelet attitude	Anthocyanin of lemma nerves	Spiculation lemma nerves	Colour of aleurone layer	Ear shape	10.933333333333332	45.433333333333337	8.7999999999999989	23.7	44.1	47.1	30.5	28.433333333333334	60.933333333333337	48.666666666666664	62	47.833333333333336	47.066666666666663	10.733333333333334	23.766666666666666	26.400000000000002	29.366666666666664	15.4	1.5666666666666667	
Variance

Discrimination power (%)


Annual	Coleoptile anthocyanin	Plant growth habit	Recurved flag leaves	Time of ear emergence	Flag leaf glaucosity of sheath	Flag leaf glaucosity of blade	Ear glaucosity	Culm glaucosity of neck	Plant length	Straw: pith in cross section	Ear: density	Ear: length	Awns or scurs: length	Rachis hairiness	Glume shoulder width	Glume shoulder shape	Glume beak length	Glume beak shape	Glume internal hairs	Colouration with phenol	Ear: shape in profile	0.20670995670995665	0.13780663780663779	1.7745310245310248	0.25829725829725819	0.20526695526695524	0.29040404040404033	0.34126984126984122	0.41450216450216448	0.1764069264069264	0.83621933621933531	0.33874458874458863	0.2723665223665222	0.22682539682539699	0.25072150072150062	0.25180375180375181	0.395021645021645	0.24386724386724384	0.51082251082251073	0.2056277056277056	0.1251803751803752	6.2770562770562796E-2	Mean - 2 years	Coleoptile anthocyanin	Plant growth habit	Recurved flag leaves	Time of ear emergence	Flag leaf glaucosity of sheath	Flag leaf glaucosity of blade	Ear glaucosity	Culm glaucosity of neck	Plant length	Straw: pith in cross section	Ear: density	Ear: length	Awns or scurs: length	Rachis hairiness	Glume shoulder width	Glume shoulder shape	Glume beak length	Glume beak shape	Glume internal hairs	Colouration with phenol	Ear: shape in profile	0.10051948051948049	5.6883116883116903E-2	0.70467532467532479	9.7402597402597296E-2	9.8701298701298679E-2	0.14415584415584415	0.13714285714285707	0.22493506493506504	6.1818181818181807E-2	0.51090909090909109	0.15402597402597398	8.7532467532467503E-2	7.974025974025975E-2	0.2264935064935065	0.22753246753246759	0.37194805194805181	0.16207792207792218	0.2981818181818181	0.16623376623376634	6.0259740259740256E-2	3.1428571428571431E-2	Mean - 3 years	Coleoptile anthocyanin	Plant growth habit	Recurved flag leaves	Time of ear emergence	Flag leaf glaucosity of sheath	Flag leaf glaucosity of blade	Ear glaucosity	Culm glaucosity of neck	Plant length	Straw: pith in cross section	Ear: density	Ear: length	Awns or scurs: length	Rachis hairiness	Glume shoulder width	Glume shoulder shape	Glume beak length	Glume beak shape	Glume internal hairs	Colouration with phenol	Ear: shape in profile	4.9062049062050195E-2	2.4126984126984757E-2	0.37033189033189057	3.8210678210678778E-2	4.9292929292930901E-2	6.9264069264070097E-2	7.2380952380953573E-2	0.12155844155844181	2.8629148629149458E-2	0.22822510822510819	7.2034632034631951E-2	5.0331890331892136E-2	3.9480519480519366E-2	0.17662337662337671	0.15688311688311696	0.31272727272727263	0.10701298701298709	0.26077922077922072	0.11428571428571432	2.7012987012986923E-2	1.5815295815295859E-2	% D (2 out of 3)	Coleoptile anthocyanin	Plant growth habit	Recurved flag leaves	Time of ear emergence	Flag leaf glaucosity of sheath	Flag leaf glaucosity of blade	Ear glaucosity	Culm glaucosity of neck	Plant length	Straw: pith in cross section	Ear: density	Ear: length	Awns or scurs: length	Rachis hairiness	Glume shoulder width	Glume shoulder shape	Glume beak length	Glume beak shape	Glume internal hairs	Colouration with phenol	Ear: shape in profile	54.966666666666661	16.3	10.533333333333333	51.066666666666663	29.033333333333335	48.066666666666663	41.866666666666667	33.800000000000004	40.300000000000004	7.5666666666666673	44.066666666666663	50.233333333333327	22.099999999999998	30.25	19.149999999999999	3.3	18.850000000000001	38.849999999999994	25.95	42.4	1.1666666666666667	
Variance

Discrimination power (%)


8. LS: anthocyanin of tip	29.Frequency inflorescences	33. Corolla: intensity anthocyanin inner side	35. Corolla: extent anthocyanin inner side	31. Anthocyanin peduncle	27. Flower bud: anthocyanin	14. Stem: anthocyanin	30. Inflorescence: size	3. LS: anthocyanin of base	5. LS: pubescence of base	9. LS: pubescence of tip	19. Leaf: anthocyanin midrib	7. LS: habit of tip 	32. Flower corolla: size	41 Colour of flesh	6. LS: size of tip	18. Leaf: green colour	38. Tuber: depth of eyes	37. Tuber: shape	13. Plant: growth habit	11. LS: length of lateral shoots	15. Leaf: outline size	2. LS: shape of base	4. LS: blue in anthocyaninof base	16. Leaf: openness	21. Leaflets: width	40. Tuber: colour of eye  	17. Leaf: secondary leaflets	10. LS: number root tips	1. LS: size	34. Flower corolla: blue in anthocyanin inner side	12. Plant: foliage structure	58.339999999999996	57.5	54.339999999999996	53.779999999999994	53.180000000000007	52.1	51.120000000000005	49.8	49.260000000000005	48.620000000000005	46.040000000000006	42.099999999999994	41.1	35.5	34.6	34.14	31.46	31.159999999999997	30.959999999999997	8. LS: anthocyanin of tip	29.Frequency inflorescences	33. Corolla: intensity anthocyanin inner side	35. Corolla: extent anthocyanin inner side	31. Anthocyanin peduncle	27. Flower bud: anthocyanin	14. Stem: anthocyanin	30. Inflorescence: size	3. LS: anthocyanin of base	5. LS: pubescence of base	9. LS: pubescence of tip	19. Leaf: anthocyanin midrib	7. LS: habit of tip 	32. Flower corolla: size	41 Colour of flesh	6. LS: size of tip	18. Leaf: green colour	38. Tuber: depth of eyes	37. Tuber: shape	13. Plant: growth habit	11. LS: length of lateral shoots	15. Leaf: outline size	2. LS: shape of base	4. LS: blue in anthocyaninof base	16. Leaf: openness	21. Leaflets: width	40. Tuber: colour of eye  	17. Leaf: secondary leaflets	10. LS: number root tips	1. LS: size	34. Flower corolla: blue in anthocyanin inner side	12. Plant: foliage structure	52.840000000000011	51.339999999999996	52.86	52.9	47.86	46.019999999999996	46.2	45.279999999999994	43.839999999999996	43.1	39.120000000000005	36.700000000000003	33.160000000000004	29.32	29.880000000000003	27.82	24.54	25.8	26.559999999999995	1 cycle	8. LS: anthocyanin of tip	29.Frequency inflorescences	33. Corolla: intensity anthocyanin inner side	35. Corolla: extent anthocyanin inner side	31. Anthocyanin peduncle	27. Flower bud: anthocyanin	14. Stem: anthocyanin	30. Inflorescence: size	3. LS: anthocyanin of base	5. LS: pubescence of base	9. LS: pubescence of tip	19. Leaf: anthocyanin midrib	7. LS: habit of tip 	32. Flower corolla: size	41 Colour of flesh	6. LS: size of tip	18. Leaf: green colour	38. Tuber: depth of eyes	37. Tuber: shape	13. Plant: growth habit	11. LS: length of lateral shoots	15. Leaf: outline size	2. LS: shape of base	4. LS: blue in anthocyaninof base	16. Leaf: openness	21. Leaflets: width	40. Tuber: colour of eye  	17. Leaf: secondary leaflets	10. LS: number root tips	1. LS: size	34. Flower corolla: blue in anthocyanin inner side	12. Plant: foliage structure	27.2	23.3	22.759999999999998	22.660000000000004	19.68	17.62	16.240000000000002	15.6	12.860000000000003	9.9599999999999991	7.1599999999999993	6.75	2.2399999999999998	2 cycles	8. LS: anthocyanin of tip	29.Frequency inflorescences	33. Corolla: intensity anthocyanin inner side	35. Corolla: extent anthocyanin inner side	31. Anthocyanin peduncle	27. Flower bud: anthocyanin	14. Stem: anthocyanin	30. Inflorescence: size	3. LS: anthocyanin of base	5. LS: pubescence of base	9. LS: pubescence of tip	19. Leaf: anthocyanin midrib	7. LS: habit of tip 	32. Flower corolla: size	41 Colour of flesh	6. LS: size of tip	18. Leaf: green colour	38. Tuber: depth of eyes	37. Tuber: shape	13. Plant: growth habit	11. LS: length of lateral shoots	15. Leaf: outline size	2. LS: shape of base	4. LS: blue in anthocyaninof base	16. Leaf: openness	21. Leaflets: width	40. Tuber: colour of eye  	17. Leaf: secondary leaflets	10. LS: number root tips	1. LS: size	34. Flower corolla: blue in anthocyanin inner side	12. Plant: foliage structure	19.38	20.459999999999997	13.680000000000001	19.940000000000001	19.34	13.280000000000001	13.6	15.6	9.620000000000001	7.1599999999999993	5.36	6.4	0.6	
Discrimination power (%)
Discrimination power (%)

0 note	40.	34.	4.	35.	33.	2.	12.	19.	21.	31.	37.	41.	14.	3.	27.	7.	38.	30.	5.	11.	29.	18.	8.	6.	32.	16.	17.	10.	1.	9.	13.	15.	208	205	195	175	173	154	147	127	125	114	113	112	101	100	99	87	86	86	81	77	70	67	65	60	60	58	56	53	52	41	36	17	1 note	40.	34.	4.	35.	33.	2.	12.	19.	21.	31.	37.	41.	14.	3.	27.	7.	38.	30.	5.	11.	29.	18.	8.	6.	32.	16.	17.	10.	1.	9.	13.	15.	2	6	16	34	35	52	64	74	84	92	97	98	97	107	105	107	121	109	115	111	110	124	134	137	131	137	145	138	145	151	149	141	2 notes	40.	34.	4.	35.	33.	2.	12.	19.	21.	31.	37.	41.	14.	3.	27.	7.	38.	30.	5.	11.	29.	18.	8.	6.	32.	16.	17.	10.	1.	9.	13.	15.	1	0	0	1	3	5	0	9	2	4	1	1	13	4	7	17	4	15	14	19	31	20	12	14	20	16	10	19	14	19	26	50	3 notes	40.	34.	4.	35.	33.	2.	12.	19.	21.	31.	37.	41.	14.	3.	27.	7.	38.	30.	5.	11.	29.	18.	8.	6.	32.	16.	17.	10.	1.	9.	13.	15.	0	0	0	1	0	0	0	1	0	1	0	0	0	0	0	0	0	1	1	4	0	0	0	0	0	0	0	1	0	0	0	3	Characteristic number according to UPOV-TG/23/6



0 note	40.	34.	4.	35.	33.	2.	12.	19.	21.	31.	37.	41.	14.	3.	27.	7.	38.	30.	5.	11.	29.	18.	8.	6.	32.	16.	17.	10.	1.	9.	13.	15.	209	205	198	186	184	173	169	141	154	149	143	156	123	128	122	108	124	120	121	111	121	105	114	99	87	112	108	104	102	85	85	77	1 note	40.	34.	4.	35.	33.	2.	12.	19.	21.	31.	37.	41.	14.	3.	27.	7.	38.	30.	5.	11.	29.	18.	8.	6.	32.	16.	17.	10.	1.	9.	13.	15.	2	6	13	25	26	38	42	64	57	59	68	55	83	83	88	93	87	85	87	92	85	104	94	107	117	94	103	99	105	119	119	122	2 notes	40.	34.	4.	35.	33.	2.	12.	19.	21.	31.	37.	41.	14.	3.	27.	7.	38.	30.	5.	11.	29.	18.	8.	6.	32.	16.	17.	10.	1.	9.	13.	15.	0	0	0	0	1	0	0	6	0	2	0	0	5	0	1	10	0	6	3	7	5	2	3	5	7	5	0	8	4	7	7	11	3 notes	40.	34.	4.	35.	33.	2.	12.	19.	21.	31.	37.	41.	14.	3.	27.	7.	38.	30.	5.	11.	29.	18.	8.	6.	32.	16.	17.	10.	1.	9.	13.	15.	0	0	0	0	0	0	0	0	0	1	0	0	0	0	0	0	0	0	0	1	0	0	0	0	0	0	0	0	0	0	0	1	Characteristic number according to UPOV-TG/023/6
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