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<Selection for high seed productivity>

<Selection for later flowering time than “Sapporo”>

<Isolated seed production>

1992 <Yield trial at HNAES>
10 maternal lines

L <Yield trial at Konsen>
10 maternal lines

l
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<{Selection for low competitive ability at second crop>

{Selection for Sclerotinia trifoliorum resistance by inoculation in the field >

Individual characteristics test

1996
Breeder's seeds
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| ]
1998 Seed productivity tests
Regional tests Cold and snow tolerance tests
2000

<— selection &= crossing

Chemical composition analysis

Fig. 1. Breeding scheme of 'Natsuyu'.
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Table 1. Methods for regional test.

Name of fest Station Seeding Plot size No. of No. of harvests
Date Type Rate (g"a) (m)  reps 1998 1999 2000
HNAES  Mayl2 row RC100 6.0 4 2 3 3
Pure stand o

Kitami May27 row RC30 6.0 4 2 3 3

Mixed sown sward HNAES Mayl2 sward RC30 TY150 6.0 4 2 3 3
Kitami May27 sward RC30 TY120 6.0 4 2 3 3

TimothyNosappu Tenpoku Mayl3 sward RC30  TY150 6.0 4 1 3 3
Konsen Junl0  sward RC30  TY150 6.0 4 1 2 2

HARC May26  sward RC30 TY150 6.0 4 2 3 3

Mixed sown sward ~ HNAES  Mayl2 sward RC30 TY150 6.0 4 2 3 3
Timothy:Kiritappu Kitami May27 sward RC30 TY120 6.0 4 2 2 2

" HNAES:Hokkaido Natinal Agricultural Experimennt Station

Kitami:Hokkaido Prefectural Kitami Agricultural Experiment Station
Konsen:Hokkaido Prefectural Konsen Agricultural Experiment Station
Tenpoku Hokkaido Prefectural Tenpoku Agricultural Experiment Station

HARC:Hokkaido Animal Research Center
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Table 2. Annual dry matter yields of pure stands."

Cultivar HNAES Kitami
1998 1999 2000 Total 1998 1999 2000 Total

Natsuyu 99 101 109 102 86 102 151 114
Hokuseki (82.8) (85.8) (54.7) (222.7) (36.7) (100.8) (56.5) (194.0)
Kurano 92 77 51 76 84 110 87 99
1sd(5%) ¥ ns 11.9 12.5 6.2 ns ns 43.9 ns

" Numbers in parentheses are the annual dry matter yields (kg a) of ‘Hokuseki, and numbers for other
cultivars are the ratios (%) to yields of Hokuseki'.

2 1sd (5%)° shows the least significant difference at the 5% level in the t-test, and ‘ns’ stands for ‘not
significant'.

Table 3. Total dry matter yields of timothy and red clover in the mixed sown swards for three years.”
Kiritappu®

Nosappu®’
Cultivar ~ HNAES Kitami  Tenpoku Konsen HARC Average HNAES Kitami  Average
Natsuyu 98.4 94.8 101.6 96.4 101.2 98.4 100.3 98.2 99.2
Hokuseki  (264.6) (276.5) (206.8) (203.0) (262.8) (242.7) (293.0) (292.6) (292.8)
Kurano 87.9 92.3 90.5 93.3 105.6 94.0 99.5 94.7 97.1
Isd(5%)?  8.65 ns 4.83 4.69 ns ns ns
for three

"> Numbers in parentheses are dry matter yields (kg " a) of timothy and red clover with ‘Hokuseki’
years, and numbers for other cultivars are the ratios (% ) to vyields of timothy and red clover

with ‘Hokuseki’

*’ Timothy variety

shows the least significant difference at the 5% stands for ‘not

level in the t-test, and ‘ns’

P lsd (5% )7
significant'.
Table 4. Annual dry matter yields of timothy in the mixed sown swards."’
Nosappu
Cultivar HNAES Kitami Tenpoku
1998 1999 2000  Total 1998 1999 2000  Total 1998 1999 2000  Total
Natsuyu 85 98 111 100 87 107 172 124 91 74 100 91
Hokuseki (25.2) (44.7) (47.1) (117.0) (33.3) (3790 (38.8) (110.0) 9.5 (274 (3.7  (90.6)
Kurano 76 114 107 103 91 121 90 101 101 109 96 100
1sd(5%)*  ns ns ns ns ns ns ns ns ns 22.2 ns ns
Nosappu
Konsen HARC Average of the five locations
1998 1999 2000  Total 1998 1999 2000  Total 1998 1999 2000  Total
Natsuyu 94 105 126 114 108 110 106 108 95 101 121 107.8
Hokuseki (18.5) (29.5) (50.9) (98.9) (47.8) (639 (50.1) (161.8) (26.8) (40.7) (48.1) (115.7)
Kurano 92 119 130 120 111 121 151 127 96 118 116 112
1sd(5%)*  ns ns ns ns 8.7 19.7 41.2 19.0
Kiritappu
HNAES Kitami Average of the two locations
1998 1999 2000  Total 1998 1999 2000  Total 1998 1999 2000  Total
Natsuyu 108 107 101 104 96 134 130 121.0 100 119 114 112
Hokuseki (20.4) (47.1) (66.7) (134.2) (36.5) (359 (51.5) (123.9 (285 (4150 (59.1) (129.1)
Kurano 95 149 105 100 102 139 125 122 99 145 114 121
1sd(5%) ns 43.3 ns ns ns ns ns ns

"> Numbers in parentheses are the annual dry matter yields (kg . a) of timothy in the mixed sown swards
with ‘Hokuseki’ and numbers for other cultivars are the ratios (% ) to yields of timothy with ‘Hokuseki’
*1sd (5% )  shows the least significant difference at the 5% level in the t-test, and ‘ns’ stands for ‘not

significant'.
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Table 5. Red clover ratio (%) on the dry matter basis of 2nd crop in 1999.

Cultivar HNAES, - K1tam1. 5 Tenpoku Konsen HARC Average
Nosappu Kiritappu Nosappu  Kiritappu
Natsuyu 60 54 65 64 88 84 32 54
Hokuseki 67 66 77 73 83 85 45 63
Kurano 47 44 55 52 74 74 13 40
1sd(5%) " 14.9 14.5 12.1 7.8 7.3 ns 12.4
Y flsd (5%)° shows the least significant difference at the 5% level in the t-test, and ‘ns’ stands for ‘not

significant'.
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Table 6. Ratio (%) of red clover dry matter yield of the third
year to that of the second year in the pure stand.

Cultivar ~ HNAES
Natsuyu 69
Hokuseki 64

Kurano 42

Kitami Average
33 76
56 60
45 44

Table 7. Coverage degrees (%) and mortality rates (%) of
red clover in the pure stand in the third year.

Coverage degree(%)"

Mortality (%) *’

8-Aug 18-Oct 12-May 5-Jun 1-Nov
Natsuyu 94.5 96.3 34.5 11.0 20.5
Hokuseki 94.5 95.5 49.3 13.5 26.0
Kurano 87.5 89.3 53.3 14.8 18.3
Isd(5%) * 2.51 4.00 18.80 ns ns

!’ Results for HNAES.

*) Results for Hokkaido Prefectural Kitami Agrivultural Experiment Station.

P 1sd (%)
‘b

shows the least significant difference at the 5%
stands for ‘not significant'.

level in the t-test, and
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Table 8. Flowering date of the first crop'’ and growth type in the pure stand.

Cultivar HNAES Kitami Average Growth type”
Natsuyu +0.4 —0.6 +0.1 4.3
Hokuseki 17-Jun 23-Jun 20-Jun 5.5
Kurano® — — — 14

"> Average of 2nd and 3nd year. Numbers for ° Hokuseki
are comparative dates to those of ‘ Hokuseki. ° +

those of 'Hokuseki, respectively.

and * —

are flowering dates and numbers for other cultivars
mean earlier and later flowering dates than

*? Kurano had not reached blooming stage during growing period of the first crop.
°) Rated on a scale of 1 (rosette type) to 9 (full flowering type) and evaluated on Sep. 11, 1998 at HNAES.

Table 9. Flowering degree."”

Pure stand Mixd sown sward
Cultivar ~ Average of HNAES and Kitami Average of five stations ~ HNAES® Kitami® Tenpoku Konsen HARC
1st® 2nd 3rd 1st 2nd 3rd 2nd 2nd 2nd 2nd 2nd
Natsuyu 3.7 6.3 2.4 4.1 4.7 1.3 5.5 5.5 5.8 4.8 2.9
Hokuseki 3.7 6.9 3.1 4.4 5.8 2.0 6.5 6.8 6.1 6.5 4.1
Kurano 1.2 2.1 1.3 1.0 1.7 1.0 2.2 1.8 2.1 1 1.0
Isd(5%) " 0.48 0.38 0.38 0.76 0.94

Y Rated on a scale of 1(no stem with flowers) to 9(many stems with flowers). Average of 1999 and 2000.
' 1st, 2nd and 3rd mean the first, second and third crop, respectively.

*" Average of Nosappu' and 'Kiritappu'

Ylsd (5%)"' shows the least significant difference at the 5% level in the t-test, and 'ns' stands for 'mot

significant'.
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Table 10. Characteristics related to overwintering.'’

Coverage degree

. Winter hardiness®’ Sprout®’ Regrowth in spring®’ ) ]

Cultivar in early spring (%)
Pure® Mixed " Pure Mixed Pure Mixed Pure Mixed

Natsuyu 8.5 5.5 5.1 4.6 5.8 93.8 55.4

Hokuseki 7.3 5.5 4.0 3.8 5.6 83.8 45.6

Kurano 6.5 5.5 3.5 3.3 5.0 85.0 48.4
Locations HNAES  Konsen,Tenpoku HNAES  HNAES Kitami Konsen Kitami  Konsen,Tenpoku =~ HNAES HNAES
HARC Kitami  Tenpoku,HARC HARC Tenpoku

" Average of each locations.

*’ Rated on a scale of 1(poor) to 9(good).
¥ Pure stand.

* Mixed sown sward.
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Table 11. Susceptibility to disease."’

Powdery Sclerotinia crown Virus Black leaf Rust Stemphylium
mildew and stem rot disease bright leaf spot
Natsuyu 1.8% 2.6 1.0 1.9 2.6 3.4
Hokuseki 2.3 3.3 1.0 1.0 24 3.5
Kurano 3.0 4.0 3.0 1.3 2.7 3.5
No.of investigations 20 3 21
No.of locations 3 1 1 7 2
" Rated on a scale of 1(slight) to 9(severe).
) Average of each investigations.
Table 12. Cold hardiness."
i Flant cover?%)in Sprout Vigor .in . Raw yield ratio (%) Cold
Cultivar early spring early spring . o
Snow®>  Rem?” Snow Rem Snow Rem Rem,”Snow hardiness
Natsuyu 89 68 5.5 2.9 6.4 6.0 63 LH
Hokuseki 83 53 5.6 2.0 6.4 5.8 62 M
Kurano 86 52 6.3 2.4 6.4 5.9 66 LH~M

"7 Average of 1999 and 2000 at Konsen Station.

*) 'Snow' means snow-covered plots. 'Rem' means snow-removed plots. Both plots were Sclerotinia trifoliorum

controlled by pesticide.
*) The ratios (% )

of raw yields of 'Rem' to those of 'Snow'

*) Seven levels:VH, H, LH, M, LS, S, VS (H:hardy, M:intermidiate, S:susceptible, V:very, L:a little.) .
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Table 13. Snow endurance and lodging.

Snow endurance at Niigata Inst.

Cultivar Ijeaf rot area.l(‘)/cl))) Mortality <,% )11)n Snow endurance®’ Lodging®
in early spring early spring
1999 2000 1999 2000 1999 2000
Natsuyu 85 63 45 63 M M 4.0
Hokuseki 82 73 58 77 M M 3.9
Kurano 87 43 53 53 M M 2.7
Y Result of standard sowing
? Five levels:VH, H, M, S, VS (H:hardy, M:intermidiate, S:susceptible, V:very.).
* Rated on a scale of 1 (slight) to 9 (severe). Average of Kitami, Tenpoku, Konsen and HARC.
Table 14. Morphological traits.
Plant length” (cm) Leaf Leaf Stem
Cultivar Pure stand Mixed sown sward length width diameter
st 2nd  3rd Ist  2nd  3rd (mm) (inm) (inm)
Natsuyu 76.5 62.0 305 79.1 674  34.3 60.0 31.0 4.8
Hokuseki 753 705 325 784 703 351 56.9 30.7 5.0
Kurano 62.0 50.0  26.3 75.1 59.1 314 60.9 36.0 5.5
No. of investigations 4 4 4 14 14 10 3 3
No. of locations 2 2 2 5 5 4 2 2
Y Average of 2nd and 3rd year.
*’ Average of each investigations.
Table 15. Seed productivity. "’
No. of No. of No. of No. of Pure seed
Cultivar stems flower heads florets seeds Fertility yield
/' m /stem /head /lorets (%) kg ”a
Natsuyu 90.1 4.8 110.3 64.6 58.5 24.6
Hokuseki 95.8 5.3 105.5 64.4 61.8 26.2
Sapporo 87.4 4.5 105.2 66.9 63.5 17.9
Isd(5%) » ns ns 8.87 ns 6.64 3.75

Y Average of 1999 and 2000.

1sd (5% )" shows the least significant difference at the 5% level in the t-test, and 'ns'

significant'.

stands for 'mot
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Table 16. Chemical composition. "’

) Crude protein ADF? NDF?®
Cultivar
1st 2nd 3rd Ist 2nd 3rd Ist 2nd 3rd
Natsuyu 16.0 22.5 20.7 26.0 24.9 31.6 38.2 37.0 44.2
Hokuseki 15.7 19.7 19.8 28.4 27.5 34.8 40.8 39.8 47.8
Kurano 18.8 22.4 22.5 26.3 23.8 33.1 38.5 35.8 45.8
1sd(5%) * ns ns 1.80 ns ns ns ns ns ns

" Dry mater basis (%). Sampled at HNAES in 2000.
? Acid detergent fiber.
* Neutral detergent fiber.

Y sd (5%)' shows the least significant difference at the 5% level in the t-test, and 'ns' stands for 'mot

significant'.
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A new variety Natsuyu’ ‘Hokuseki’

Photo 1. Plant posture of a new variety Natsuyu in the first growing season of second year at HNAES.
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A new variety Natsuyu’

‘Hokuseki’

Photo 2. Field condition of mixed sown sward with timothy var.
‘Kiritappu' in the second growing season of second
year at HNAES.
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