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Table 1. The origin of five parental clones of 'Makibasakae' .

Clone no.  Origin
387 Bundy (Dutch cultivar)
452 Salten (Norwegian cultivar)
455 Salten (Norwegian cultivar)
468 selected from freezing test of Boris (Swedish cultivar)

473

selected from freezing test of Boris (Swedish cultivar)

Table 2. Characteristics of parental clones of 'Makibasakae' under infrequent cutting in Sapporo.

1995 1996
Clone no. Date of Winter Plant type” Plant vigor" Winter  Susceptibility Plant vigor"

head emergence  hardiness” Summer Autumn hardiness”  to net blotch? Spring Summer Autumn
387 4 June 6.5 35 6.5 7.0 6.0 1.5 7.5 6.5 6.5
452 6 June 6.0 2.5 7.5 6.0 5.5 2.5 6.0 6.5 5.5
455 5 June 6.0 5.5 6.0 7.0 6.0 2.5 5.5 6.5 4.0
468 7 June 6.0 5.5 5.5 6.0 6.5 2.0 6.5 6.0 5.0
473 5 June 6.0 5.0 5.5 6.5 7.0 1.0 7.0 6.0 6.5
Date 28 Apr. 23 June 17 Aug. 10 Oct. 12 Aug. 21 May 20 Aug. 12 Oct.

1) Rating scale of 1 (poor) to 9 (good).
2) Rating scale of 1 (erect) to 9 (prostrate).
3) Rating scale of 1 (slight) to 9 (severe).
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Year
1994 Evaluation of 144 superior clones under infrequent
199_5 cutting at two different experiment stations
1996 NARCH" HKAES?
in a snowy area in a frozen soil area

14 and 24 elite clones were selected at NARCH and HKAES, respectively

1997
" Polycrosses among clones selected from each experiment station

Progenies with low seed production were excluded

1998

Progeny tests

1999 NARCH HKAES
33 progeny lines 20 progeny lines

flow of clones e
2000 Under frequent cutting in a meadow fescue-white flow of seeds  seeseeens
— clover mixed sowing condition
& flow of information
Decision of 5 parental clones isolation @
2001

:" Polycross of 5 clones and syn-1 seed
|| production (Hokuiku 4)

— H i
2002 i Syn-2 seed production rerssrsrsassesanaas
\ 4 L 4
2003 Syn-2 seed production || Preliminary performance test
2004 J HKAES (‘02-'04)
2005 H H i H
— Regional Specific Regional Specific
2006 performance characteristics adaptability characteristics
— tests at five tests at two tests at two tests at
2007 experiment experiment livestock NARCH i
— stations stations breeding v
stations
2008 Foundation
] seed production
at livestock
breeding station
Figure 1. Breeding scheme of ‘Makibasakae’
1) NARCH : National Agricultural Research Center for Hokkaido Region
(now NARO Hokkaido Agricultural Research Center)
2) HKAES : Hokkaido Prefectural Konsen Agricultural Experiment Station
(now Hokkaido Research Organization Konsen Agricultural Experiment Station)
2) B RHEO ST & IR REJIRE T iR & FE 0 L 7z (Table 3, 4) o

20024FICRAE L 72 TILH 4 7] a2 i+ % PRREEZ 3B IX & 1 X295 K 4 m X £2[10.3m X
M, JERAFTIE20034E 4> 5 20044F % C, SRR 4 5(48m) D 4 A E LT, JLENFA320034 5 H
TIX20024E 20 520044 £ T [V o] & 14H, MANEHA20024E 8 H26 H \ZHRE L 720 hHE
e LT, oHFHR4RMEAFL~3%, 55)L BUED DX 6 ~ 8 MDA Y Fil 4 %2 F ki L 72,
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Table 3. Preliminary performance test under frequent cutting in Sapporo”.

Cultivar/Strain Winter Plant vigor ~ Susceptibility Dry matter yield (kg/a)” Percentage against Harusakae®
hardiness” in early spring” to net blotch® Spring  Summer Autumn  Total Spring  Summer Autumn  Total
Hokuiku 4? 73 6.5 19 225 21.6 73 514 103 98 97 100
Harusakae 6.0 6.0 13 219 220 75 514 100 100 100 100
Hokuiku 1 7.0 7.0 19 21.8 185 6.2 46.5 100 84 83 90
Hokuiku 2 6.3 6.5 1.8 21.8 17.1 6.3 452 100 78 84 88
Hokuiku 3 6.8 6.8 1.8 20.6 14.6 54 40.6 94 66 72 79
Hokuiku 5 6.8 7.0 1.8 21.8 16.6 49 433 100 75 65 84

1) The data were evaluated in 2004.

2) Hokuiku 4 was renamed Hokkai 15 and later registered as 'Makibasakae'.

3) Rating scale of 1 (poor) to 9 (good).
4) Rating scale of 1 (slight) to 9 (severe).

5) The data were classified according to season into the three seasons : Spring (May - June), Summer (July - Aug.)

and Autumn (Sep. - Oct.).

The same grouping classification is used in the following tables.

Table 4. Preliminary performance test under frequent cutting in Konsen.

Cultivar/Strain Winter Degree of Plant vigor  Leaf disease” Dry matter yield (kg/a)” Percentage against Harusakae
hardiness”  sprouting” in early spring® Spring  Summer Autumn  Total Spring  Summer Autumn Total

Hokuiku 47 57 47 53 18 023 417 372 1213 108 104 115 109
Harusakae 43 43 38 18 393 400 324 1116 100 100 100 100
Hokuiku 1 53 37 40 20 387 373 279 1039 98 93 86 93
Hokuiku 2 57 53 50 15 44.1 425 343 1209 12 106 106 108
Hokuiku 3 37 27 3.0 13 380 380 279 1039 97 95 86 93
Hokuiku 5 60 53 50 15 430 402 314 1147 109 101 97 103

1) Hokuiku 4 was renamed Hokkai 15 and later registered as 'Makibasakae'.

2) Rating scale of 1 (poor) to 9 (good), data of 2003.

3) Rating scale of 1 (poor) to 9 (good), average for two years (2003 and 2004).

4) Rating scale of 1 (resistant) to 9 (susceptible), data of 2003.

5) Total yield for two years (2003 and 2004).
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Table 5. Locations of the regional performance test in Hokkaido.

Location Experiment Station/ Livestock Breeding Center
Sapporo  National Agricultural Research Center for Hokkaido Region
(now NARO Hokkaido Agricultural Research Center)
Tenpoku  Hokkaido Prefectural Kamikawa Agricultural Experiment Station, Tenpoku Branch
(now Hokkaido Research Organization Kamikawa Agricultural Experiment Station Tenpoku Sub Station)
Shintoku  Hokkaido Animal Research Center
(now Hokkaido Research Organization Animal Research Center)
Kitami Hokkaido Prefectural Kitami Agricultural Experiment Station
(now Hokkaido Research Organization Kitami Agricultural Experiment Station)
Konsen  Hokkaido Prefectural Konsen Agricultural Experiment Station
(now Hokkaido Research Organization Konsen Agricultural Experiment Station)
Tokachi ~ National Livestock Breeding Center Tokachi Station
Niikappu  National Livestock Breeding Center Niikappu Station
Table 6. Experimental design in the regional performance test.
Location Date of Type of Row space  Seeding rate Plot size Fertilizer"
seeding in 2005 seeding (cm) (g/a) (m?) (N-P,0;-K,0; kg/a/year)
Sapporo 17 May row 30 200 4.8 2.50-2.16-2.50
Tenpoku 24 May row 30 200 6.0 1.67-0.67-1.67
Shintoku 1 June row 30 200 6.0 1.83-0.96-1.47
Kitami 27 May row 30 200 5.0 1.54-1.77-1.54
Konsen 23 May row 30 200 6.0 1.71-0.81-1.71
Tokachi 30 May row 30 200 6.0 4.65-4.65-4.96
Niikappu 9 June row 30 200 6.0 1.58-1.19-1.58

1) Average for three years (2006 to 2008).
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Table 7. Number of cuttings in each season in the regional performance test.

Location 2006 2007 2008
Spring  Summer Autumn Total Spring  Summer Autumn Total Spring  Summer Autumn Total

Sapporo 3 2 3 8 3 3 2 8 3 1 2 6
Tenpoku 3 3 2 8 2 3 1 6 3 1 6
Shintoku 3 4 2 9 2 3 2 7 2 2 2 6
Kitami 5 4 2 11 3 2 2 7 2 2 1 5
Konsen 3 4 2 9 2 3 0 5 2 2 2 6
Tokachi 4 4 3 11 4 4 1 9 3 4 2 9
Niikappu 3 2 2 7 3 3 1 7 3 4 2 9
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Table 8. Winter hardiness” of 'Makibasakae' in the regional performance test.

Year Cultivar Location Mean-1?  Mean-2*
Sapporo  Tenpoku Shintoku  Kitami  Konsen  Tokachi Niikappu
Makibasakae 4.0 6.4 4.1 5.5 7.5 7.5 6.0 6.2 59
2006 Harusakae 43 4.8 4.1 43 23 4.5 53 3.8 4.2
Pradel 3.1 3.5 3.3 5.5 2.0 3.6 3.5
1.s.d.(0.05)> ns 0.7 ns 0.9 1.0 0.8 ns
Makibasakae 4.5 7.0 5.5 5.5 5.5 6.3 - 5.7 5.7
2007 Harusakae 33 6.0 53 5.0 4.8 5.8 - 52 5.0
Pradel 2.0 4.8 4.5 3.8 5.0 4.4 4.0
1.s.d.(0.05)” 0.5 0.9 ns 0.5 ns ns -
Makibasakae 5.0 5.5 5.0 7.0 6.0 6.3 5.0 6.1 5.7
2008 Harusakae 5.5 4.0 4.5 43 5.8 5.5 5.0 5.0 4.9
Pradel 3.9 4.0 4.0 3.0 6.3 44 4.2
1.s.d.(0.05)> 0.7 0.9 0.5 0.5 ns ns ns
Makibasakae 4.5 6.3 4.9 6.0 6.3 6.7 5.5 6.0 5.7
Mean Harusakae 43 4.9 4.6 4.5 43 53 5.1 4.7 4.7
Pradel 3.0 4.1 3.9 4.1 4.4 4.1 3.9
1.s.d.(0.05)? 0.5 0.7 0.5 0.4 0.5 0.4 ns

1) Rating scale of 1 (poor) to 9 (good).

2) Least significant difference at the 5% level; ns, not significant.
3) Average of four locations (Shintoku, Kitami, Konsen and Tokachi) located in the frozen soil area.

4) Average of all locations.
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‘Harusakae’

A new cultivar ‘Makibasakae’

Photo 1. Regrowth of ‘Makibasakae’ and

‘Harusakae’ after overwintering
(May 19, 2006, Hokkaido Prefectural Konsen
Agricultural Experiment Station)
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Table 9. Plant vigor " in early spring of 'Makibasakae' in the regional performance test.

Location

Year Cultivar Mean-1?  Mean-2*
Sapporo  Tenpoku Shintoku Kitami  Konsen Tokachi Niikappu
Makibasakae 5.5 7.3 6.0 6.8 7.8 7.5 - 7.0 6.8
2006 Harusakae 4.8 6.0 53 5.8 2.8 4.5 - 4.6 4.9
Pradel 53 4.5 3.5 6.3 2.0 3.9 4.3
1.s.d.(0.05)? 0.5 0.5 0.8 ns 1.8 0.8 -
Makibasakae 6.0 - 7.0 6.5 5.5 6.3 53 6.3 6.1
2007 Harusakae 4.3 - 6.3 5.5 5.5 5.8 4.8 5.8 54
Pradel 2.3 - 4.5 4.0 5.8 4.8 4.2
1.s.d.(0.05)” 0.8 - 0.7 0.7 ns ns 0.6
Makibasakae 53 6.0 5.3 7.3 6.0 5.0 5.0 5.9 5.7
2008 Harusakae 5.0 4.8 4.5 55 6.0 53 6.0 53 53
Pradel 3.5 4.0 3.0 3.3 6.8 4.4 4.1
1.s.d.(0.05)* 0.8 1.0 0.8 0.8 1.9 ns 0.6
Makibasakae 5.6 6.6 6.1 6.8 6.4 6.3 5.1 6.4 6.1
Mean Harusakae 4.7 5.4 5.3 5.6 4.8 5.2 5.4 5.2 5.2
Pradel 3.7 4.3 3.7 4.5 4.8 4.3 4.2
1.s.d.(0.05)” 0.4 0.6 0.5 0.5 0.8 0.5 ns

1) Rating scale of 1 (poor) to 9 (good).

2) Least significant difference at the 5% level; ns, not significant.
3) Average of four locations (Shintoku, Kitami, Konsen and Tokachi) located in the frozen soil area.

4) Average of all locations.
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Table10. Freezing tolerance and snow mold resistance of 'Makibasakae' in the cold tolerance test (Konsen, 2006-2007).

2006
Cultivar Degree of sprouting” Plant vigor in early spring” Dry matter yield (kg/a) at 1st cutting”
Control”  Freezing” Snow mold” Control”  Freezing? Snow mold”  Control”  Freezing” Snow mold”
Makibasakae 7.7 6.2 6.2 7.8 42 5.5 19.8 15.4(78)  15.9(80)
Harusakae 7.8 6.3 25 7.0 3.8 33 17.0 13.982)  9.7(57)
Pradel 6.8 6.2 2.2 6.5 4.0 2.2 18.6 159(85)  9.6(52)
1.s.d.(0.05)” ns ns 1.1 ns ns 1.0 ns ns 1.7
Date 8 May 12 May 24 May
2007
Cultivar Degree of sprouting” Plant vigor in early spring" Dry matter yield (kg/a) at 1st cutting”
Control”  Freezing” Snow mold” Control”  Freezing? Snow mold”  Control”  Freezing” Snow mold”
Makibasakae 4.8 1.2 4.7 5.8 1.0 5.8 10.4 2.0(19) 11.3(108)
Harusakae 4.8 1.2 42 5.0 1.0 4.7 8.1 1.2 (15) 9.3 (115)
Pradel 4.0 1.0 3.8 5.0 1.0 4.7 9.7 0.7(7) 9.3 (96)
1.5.d.(0.05)" 0.4 ns ns 0.6 ns 0.7 1.1 0.5 1.3
Date 9 May 15 May 1 June

1) Rating scale of 1 (poor) to 9 (good).

2) Values in parentheses represent the percentage against the control.

3) Fungicide treated and snow covered.
4) Fungicide treated and snow removed.
5) No fungicide treatment and snow covered.

6) Least significant difference at the 5% level; ns, not significant.

Table 11. Snow mold resistance of 'Makibasakae' in the artificial inoculation test in Sapporo.

Percentage of surviving plants after inoculation”

Cultivar - :
Typhula ishikariensis Imai ~ Monographella nivalis (Schaffnit) Miiller
Makibasakae 78.9 (68.1) 92.1(73.8)
Harusakae 58.5(50.3) 60.6 (51.2)
Pradel 39.8 (38.8) 82.4 (71.8)
Regro 52.5(41.7) 83.1 (66.7)
1.5.d.(0.05)* (15.5) ns

1) The data were evaluated in 2005. Numbers in parentheses represent arcsine transformed values.
2) Least significant difference at the 5% level; ns, not significant.
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Table 12. Freezing tolerance” of 'Makibasakae' in the
artificial freezing test in Sapporo.

Cultivar LT, (C)
2005 2006 Mean
Makibasakae -21.9 -22.3 -22.1
Harusakae -22.4 -23.1 -22.7
Pradel -21.6 -21.8 -21.7
Regro -18.8 -20.0 -19.4
1.s.d.(0.05)* 1.3 1.1

1) Freezing tolerance was expressed as LT;, (the
median lethal dose temperature that kills of 50%
of plants).

2) Least significant difference at the 5% level.
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Table 13. Annual dry matter yield (kg/a) of 'Makibasakae' in the regional performance test under frequent cutting.

Year Cultivar - D1"y mfitter yield (kg/a)" - — Mean-1? Mean-2”
Sapporo Tenpoku Shintoku Kitami Konsen Tokachi Niikappu
Makibasakae  33.8 (99) 39.7(107)  50.1 (99) 7.9 (104) 44.4 (104)  47.7 (96) 48.6 (98) 37.5(99) 38.9 (100)
2005 Harusakae 34.0 37.0 50.8 7.6 42.7 49.9 49.4 37.8 38.8
Pradel 32.7 (96) 39.4(106) 51.0(100) 11.0(145) 44.8 (105) 35.6 (94) 35.8(92)
1.s.d.(0.05)> ns ns ns 1.5 ns ns ns
Makibasakae  42.5(102)  66.3 (106)  66.8(101)  89.5(104) 76.3(112)  69.5(113) 95.1(104) 75.5(107) 72.3 (106)
2006 Harusakae 41.7 62.5 65.9 86.2 68.0 61.6 91.2 70.4 68.2
Pradel 45.8 (110)  60.0 (96) 61.2 (93) 87.1(101)  68.2 (100) 72.2 (102) 64.5 (95)
1.5.d.(0.05)? 3.3 4.1 3.7 ns 5.1 5.5 ns
Makibasakae ~ 35.9 (126) 552 (110)  72.7(106)  56.6(107)  41.9(105)  71.5(101)  60.9 (109)  60.7 (104) 56.4 (108)
2007 Harusakae 28.5 50.0 68.6 53.0 40.0 70.8 56.1 58.1 52.4
Pradel 27.3 (96) 53.6 (107)  65.5(95) 49.3 (93) 44.1 (110) 53.0 (91) 48.0 (91)
1.5.d.(0.05)” 54 3.2 ns 3.7 2.2 ns 2.6
Makibasakae ~ 22.4 (130)  50.4(110) 63.0(111) 423 (119) 623 (111)  80.8(103)  63.9(104)  62.1 (110) 55.0 (110)
2008 Harusakae 17.3 46.0 56.5 355 56.1 78.4 61.7 56.6 50.2
Pradel 15.1 (88) 47.0 (102)  55.8 (99) 32.4(91) 60.6 (108) 49.6 (88) 42.2 (84)
1.s.d.(0.05)” 5.1 ns 4.2 5.0 ns ns ns
Makibasakae ~ 100.8 (115) 172.0 (108) 202.5(106) 188.4(108) 180.5(110) 221.9(105) 219.9 (105) 198.3(107) 183.7 (108)
Total? Harusakae 87.4 158.5 190.9 174.6 164.1 210.9 209.0 185.1 170.8
Pradel 88.2 (101) 160.6 (101) 182.5(96)  168.7(97)  173.0(105) 174.7 (94) 154.6 (91)
1.s.d.(0.05)” ns ns 12.9 9.9 11.7 ns ns

1) Values in parentheses represent the percentage against 'Harusakae'.
2) Least significant difference at the 5% level; ns, not significant.

3) Except for seeding year.
4) Average of four locations (Shintoku, Kitami, Konsen and Tokachi) located in the frozen soil area.
5) Average of all locations.

Table 14. Seasonal productivity of 'Makibasakae' in the regional performance test under frequent cutting.

- S
Season Cultivar - D,ry mfitter yield (kg/a) - — Mean-1” Mean-2"
Sapporo Tenpoku Shintoku Kitami Konsen Tokachi Niikappu
Spring Makibasakae ~ 64.3 (109)  74.1 (108)  82.4(108) 89.0(I111) 67.4(123) 107.8(115) 106.8(109) 86.7(114) 84.5(111)
(May - June) Harusakae 59.1 68.8 76.6 80.2 54.6 93.5 98.3 76.2 75.9
Pradel 55.3(94) 63.0 (92) 66.8 (87) 69.6 (87) 59.2 (108) 65.2 (86) 62.8 (83)
1.5.d.(0.05)”  ns 3.9 6.3 7.1 5.7 9.7 ns
Summer Makibasakae ~ 21.7 (114)  62.8(104)  79.4 (103)  64.3(104) 83.2(102) 78.7(94) 69.2 (101)  76.4(100)  65.6 (101)
(July - Aug.) Harusakae 19.0 60.5 77.3 62.0 81.9 84.0 68.2 76.3 64.7
Pradel 20.5(108)  62.3(103)  76.3 (99) 62.1(100)  83.1 (101) 73.8 (97) 60.9 (94)
1.s.d.(0.05)” ns ns ns ns ns ns ns
Autumn Makibasakae ~ 14.8 (157)  35.0(119)  40.8(110) 352(109) 30.0(109) 353 (106) 35.7(103) 353(108) 32.4(111)
(Sep. - Oct.)  Harusakae 9.4 29.3 37.1 324 27.6 33.4 34.7 32.6 29.1
Pradel 124 (132)  354(121) 394 (106) 37.0(114)  30.7(111) 35.7(109)  31.0 (106)
1.s.d.(0.05)? 2.8 2.8 ns 2.1 2.0 ns ns

1) Total yield for three years (2006 to 2008) except for seeding year. Values in parentheses represent the
percentage against 'Harusakae'.

2) Least significant difference at the 5% level; ns, not significant.

3) Average of four locations (Shintoku, Kitami, Konsen and Tokachi) located in the frozen soil area.

4) Average of all locations.
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Table 15. The ratio of 4th year dry matter yield against 2nd year dry matter yield in the
regional performance test under frequent cutting.

4th year yield / 2nd year yield (%)

Cultivar Sapporo  Tenpoku Shintoku  Kitami  Konsen  Tokachi Niikappu Mean-1"  Mean-2?
Makibasakae 53 76 94 47 82 116 67 82 76
Harusakae 41 74 86 41 83 127 68 80 74
Pradel 33 78 91 37 89 69 65

1) Average of four locations (Shintoku, Kitami, Konsen and Tokachi) located in the frozen soil area.

2) Average of all locations.
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Table16. Annual dry matter yield of 'Makibasakae'
in dual-purpose management with a
combination of cutting for 1st harvesting
and aftermath grazing in Sapporo.

Dry matter yield (kg/a)"

Year Cultivar st cutting at After Ist cutting® Total
heading stage
Makibasakae ~ 39.1 (118) 21.7 (110) 60.8 (115)
2006 Harusakae 33.1 19.8 52.8
Pradel 51.0 (154) 24.0 (122) 75.1 (142)
1.5.d.(0.05) 5.1 2.2 6.2
Makibasakae ~ 54.0 (124) 16.3 (108) 70.4 (120)
2007 Harusakae 43.6 15.1 58.7
Pradel 36.2 (83) 14.6 97) 50.8 (86)
1.5.d.(0.05)Y 53 1.7 6.2
Makibasakae ~ 26.5 (102) 12.5(132) 39.0 (110)
2008 Harusakae 26.0 9.5 355
Pradel 26.1 (100) 9.2(97) 35.3(99)
1.5.d.(0.05)”  ns 2.1 ns
Makibasakae ~ 39.9 (116) 16.8 (114) 56.7 (116)
Mean Harusakae 342 14.8 49.0
Pradel 37.8 (110) 16.0 (108) 53.7(110)
1.5.d.(0.05) 2.4 1.3 3.0

1) Values in parentheses represent the percentage
against 'Harusakae'.

2) Total yield of frequent cutting after 1st cutting.

3) Least significant difference at the 5% level; ns, not
significant.
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Table17. Grazing adaptability of 'Makibasakae' in Shintoku.

Degree of basal coverage in late autumn (%)

Herbage dry matter mass (kg/a) before grazing”

Herbage intake (kg/a)”

Cultivar

2006 2007 2008 Mean 2006 2007 2008 Total 2006 2007 2008 Total
Makibasakae 88.0 86.0 81.0 85.0 65.3 (110)Y 45.4(100) 452 (103) 155.9(105) 34.5(114) 258(96) 24.1(95) 84.4(102)
Harusakae 89.0 83.0 74.0 82.0 59.1 45.6 44.0 148.7 30.2 26.8 25.5 82.5
1.s.d.(0.05) ns ns ns ns 42 ns ns ns ns ns ns ns

1) Annual dry matter yield.

2) The data were measured by clipping samples prior to and after grazing.
3) Values in parentheses represent the percentage against Harusakae'.
4) Least significant difference at the 5% level; ns, not significant.

Table 18. Dry matter yield and proportion of white clover under frequent cutting in meadow
fescue-white clover mixed sown sward in Sapporo.

Total dry matter yield (kg/a)"

Proportion of white clover (%)

Cultivar

2006 2007 2008 Total 2006 2007 2008 Mean
Makibasakae ~ 72.2 (107)  63.7(104)  63.1 (111) 199.0 (107) 13.4 6.5 3.8 7.9
Harusakae  67.6 61.5 56.9 186.0 16.0 9.2 5.0 10.1
Pradel 79.9 (118)  60.4 (98) 62.0 (109)  202.2 (109) 13.7 8.0 52 9.0
1.5.d.(0.05)” ns ns ns ns ns ns ns ns

1) Values in parentheses represent the percentage against Harusakae'.
2) Least significant difference at the 5% level; ns, not significant.

Table19. Seasonal productivity and proportion of white clover under frequent
cutting in meadow fescue-white clover mixed sown sward in Sapporo.

Total dry matter yield (kg/a)"

Proportion of white clover (%)

Cultivar Spring Summer Autumn Spring Summer  Autumn
Makibasakae  108.6 (104)  47.0 (101) 43.5 (123) 5.8 9.8 8.5
Harusakae 104.3 46.3 7.1 12.3 11.0
Pradel 104.0 (99) 51.2 (111) 47.0 (133) 6.6 11.9 9.2
1.s.d.(0.05)” ns ns 2.8 ns ns ns

1) Total yield for three years (2006 to 2008) except for seeding year. Values in
parentheses represent the percentage against Harusakae'.
2) Least significant difference at the 5% level; ns, not significant.
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Table20. Susceptibility” to net blotch caused by Drechslera dictyoides (Drechsler)
Shoemaker and halo blight caused by Pseudomonas syringae pv.atropurpurea
(Reddy and Godkin) Young, Dye and Wilkie under natural infection in the fields.

Disease Location No. O.f Makibasakae  Harusakae Pradel
observations

Net blotch Sapporo 4 24 2.5 2.5
Tenpoku 1 1.3 1.0 1.3

Shintoku 2 23 24 1.9

Konsen 1 1.5 1.8 2.0

Mean 2.2 2.3 2.2

Halo blight Sapporo 8 24 2.0 2.2
Kitami 12 1.9 1.7 2.1

Mean 2.1 1.9 2.1

1) Rating scale of 1 (slight) to 9 (severe). Average of each observation.
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Table 21. Forage quality” of 'Makibasakae'.

Composition Cultivar Spring? Summer?” Autumn? Mean

Crude protein (CP, %DM) Makibasakae 19.8 18.5 23.5 20.9
Harusakae 18.4 18.8 23.6 20.4

Pradel 19.1 17.9 21.9 19.9

Acid detergent fiber (ADF, %DM) Makibasakae 25.0 28.5 242 25.6
Harusakae 26.2 29.1 253 26.6

Pradel 26.6 29.9 25.7 27.1

Neutral detergent fiber (NDF, %DM) Makibasakae 44.8 50.0 43.6 45.7
Harusakae 46.6 50.8 453 47.2

Pradel 47.2 52.0 45.8 47.9

Organic cellular content (OCC, %DM) Makibasakae 44.7 37.9 45.7 43.4
Harusakae 41.6 36.5 43.5 41.0

Pradel 42.1 35.6 43.5 41.0

Organic cell wall (OCW, %DM) Makibasakae 44.4 49.9 432 453
Harusakae 46.4 50.8 45.0 47.0

Pradel 47.0 52.2 45.5 47.7

Organic a fraction (Oa, %DM) Makibasakae 17.3 134 13.1 14.8
(high digestible fiber) Harusakae 16.9 17.4 13.8 15.9
Pradel 18.4 15.8 12.6 15.6

Organic b fraction (Ob, %DM) Makibasakae 27.1 36.6 30.1 30.6
(low digestible fiber) Harusakae 29.4 335 31.2 31.1
Pradel 28.6 36.3 329 32.2

Water soluble carbohydrate Makibasakae 13.2 7.2 12.6 11.5
(WSC, %DM) Harusakae 13.5 8.1 14.0 12.3
Pradel 12.7 7.5 13.2 11.6

Estimated total digestible nutrients Makibasakae 70.8 67.7 734 71.0
(TDN, %DM) Harusakae 68.6 68.6 72.2 69.9
Pradel 70.2 67.8 71.1 70.0

1) Forage was sampled at Sapporo in 2006.

2) Average of 1st to 3rd cutting in May to June.
3) Average of 4th and 5th cutting in July to Aug.
4) Average of 6th to 8th cutting in Sep. to Oct.
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Table 22. Percentage of endophyte (Neotyphodium uncinatum) infection in 'Makibasakae'.

Percentage of endophyte infection

Culti
uvar Parental clone" Seed” Seedling”
Makibasakae 100 (5) 92 (95) 83 (83)
Harusakae 87.5 (8) 81 (128) 79 (72)

1) Numbers in parentheses represent the number of parental clones examined.
2) Numbers in parentheses represent the number of samples examined.

Table 23. Concentration of four major alkaloids produced by endophyte (Neotyphodium

uncinatum) in 'Makibasakae'.

. Alkaloid"
Sample Cultivar . - . —
Lolitrem B Ergovaline Peramine N-formyl loline”
Seed Makibasakae ND ND ND 514
(Syn2 generation) Harusakae ND ND ND 431
Ist cutting Makibasakae ND ND ND 93
Harusakae ND ND ND 67
Sth cutting Makibasakae ND ND ND 194
Harusakae ND ND ND 138
8th cutting Makibasakae ND ND ND 91
Harusakae ND ND ND 89

1) ND, not detected. The detection limits of lolitrem B, ergovaline and peramine

were 0.87, 0.27 and 67 ppb, respectively.

2) N-formyl loline concentration is expressed as ppm.

Table 24. Date of ear emergence of 'Makibasakae' in three experiment tests in Sapporo.

Dual-purpose test by

Cultivar Morphplgglcal b Seed yield test” combined cutting Mean
characteristics test . A
with grazing
Makibasakae 5 June 8 June 4 June 5 June
Harusakae 6 June 9 June 5 June 6 June

1) Average for two years (2006 and 2007).
2) Average for three years (2006 to 2008).
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Table 25. Morphological characteristics” of 'Makibasakae' in a spaced planting in Sapporo.

Cultivar Plant type”?  Plant height ~Culm length No. of  Panicle length Culm thickness Leaflength  Leaf width
(cm) (cm) panicles” (cm) (mm) (cm) (mm)
Makibasakae 4.8+ 1.0 112.1+£7.7 95.1+7.2 50+14 17.1+4.6 1.6 +0.3 18.0+£3.2 82+1.4
Harusakae 51+1.3 1104+7.6  923+84 51+1.4 17.9+42 1.5+£0.2 182+3.8 83+1.1
1.s.d.(0.05)" ns ns ns ns ns ns ns

1) The data were evaluated in 2006. Values are means * standard deviation of 60 plants.

2) Rating scale of 1 (erect) to 9 (prostrate).
3) Rating scale of 1 (few) to 9 (many).

4) Least significant difference at the 5% level; ns, not significant.

A new cultivar ‘Makibasakae’

‘Harusakae’

Photo 2. Plants at heading stage
(June 13, 2006, National Agricultural Research
Center for Hokkaido Region)
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Table 26. Seed yield and its related characteristics of 'Makibasakae' in Sapporo.

Cultivar Seed yield (kg/a) No. of panicles( / m?) Seed weight ~ Thousand seed
2006 2007 2008 Mean 2006 2007 2008 Mean per panicle” (g) weight (g)
Makibasakae 3.7 11.3 3.8 6.3 162 496 186 281 0.24 2.14
Harusakae 33 8.0 3.7 5.0 126 497 234 285 0.22 2.11
1.s.d.(0.05)* ns 1.6 ns 1.0 ns ns ns ns ns ns

1) Average of 10 panicles for three years(2006 to 2008).
2) Least significant difference at the 5% level; ns, not significant.



16 et FESERTE & > 7 — Wi e i 5519875 (2013)

A L35 & & ISR b M shas L
WS T 5 (EH - HE, 2008), [ vV
A, dbiEES X OARMN LA o e 2w
THRAMEOYRE ELBEMHEEIC, 198240 6F
M2 L, 1999 FE AR CHER SN TH
5 (EHED, 2001). EIIEFELEF OFHE RS 5 L)
W COMAMEER 21TV, REROF ML, #RKE
BRM DL ZREBAME D OB L 72 8 RAERIT K
DR INT VD, 8HRIRD ) HAD 4 AR
ST HPEOIH BIKCEERS TR 2 =T VEK
A [Boris] ICHRTA2METHY, ozt h
S AT O BRI T RAEGAT S N TV 2ME T
bHDLZENLFRHFEIMEICOEN 2 DL 5
TWho 44, FIHSE & L CIERERA P E 8
N, AER 3 EONEL Y THRIERFFM AT D727,
AR 7 2 A7 NOBBFHNOWIFEAE E > TE
22 ENHEEAY TOBRMRBED —EBIThbh 7z,
L2L, ZOFEEAEL XVOFHICE & F D
P, FHEEEZ TR L7220 TId %2
720 Z T, AR TIEMR HAT ) & DAL
M OE R 21T 5 7260, TIEGHE A (2 AE S 5
IR & LA TE 2 i L, B4k Mgk &
BRI % A L 72 J - 2 [l D) C AR pE I HeE
) ANTHER Lz [FX21E372] TH
%o

[FEXE22] OKRELFHBIIBLEICENS
TLTHY, BRI TFXFs22 ] EFEHIKPUE
B hr] FDHRECHBEENTVS, 1
AR DA N O JERIZIE & A DT & sk
WX 2ETH ) (R - FE, 1978 : BT, 1986),
ERILIwHEVE IR, LF0R/msMK <, WE
BIGDSIE < FEE BV 7 W 72 D IR AL L s As
FEL, FEWEOPTH D EKRISED L5
KBLHAZIE DFEN S\ L L, Bl T
MEFED, MEENPEL bR E, AF[LEEMD
ZAGIZ & 0 FBIEIEOFAERA S ZIL L T b (AR,
2010)o [F X&) OB HERHRIH T 5
MmEE (v h o] X o@ER, FRIER
JERER, TR B B Lo BIg R
JRWEC DT OFMBE I & 0 TG Bt/
B, ALEFEHRICH L TOENRLZ LD, AfE
ZEEIHE D TG O FEEADZALIZ D RIE W HE 7 D
DEEZOND. —MITH A DFRERHRI 0 5K
PUPERN A A L 72 RS FAET 5 2 & 0%

< (JAMALAINEN, 1974), [ X1 X&2 x| o&
bIDOZELEENTFLLDTH D o BAMEICES§
%% 9 —DDENTHHMHEMEIZOVTIL, HIIER
RO FEVERE R AL B O iR SR E s T, [
VH AT EEBRETHY, OSBRI T4
THo7z o BEHRIEPES [ vy h ] X0 b
N5b00, WHEFFRBETH>72HHTE LT,
IR DRIEAIT D72 19944E H 519964 B X U
FOBE DT 7219984 % B 20004F DA TS5 R 51
1, 19944F % B & TIEMREATCFAE L D ik, MK
MR REP 722 00, FEWHIIHT 5K
BRED - 725 O OISR U Tldmk L i# ks
TN eho7lIlLbbDLHfEEINE, L
L0 [FEXEHh 2] ORI R E R
B 2 BAMEL, TSGR AT IS 3 % 8 F R,
SRR, BRIER, TR B T, BRI
DETOFERT [NV h ] X 0END PR
Tholl b, BREMICHATREEL [NV
L] EDHELTWS LRSS . BHLEKO
HRMEE, BT za—N [FY2y ] OFKT
LREINTBY (BEEES, 2002), TSR AL W
IR TORMKICE DY [Fyay ] FdbiEEER
i O H Tl B R BE DT TEYE %2 b D il & 72 o T
bo F72, 4 —F % — N7 T AT ILEMFE B HHE-
Rtz B & ) BRA SO LVwa YT (3T
7 A7) TR L 72 RHETH S o B S S
TWwWab(EHS, 2006),

[FXESh 2] 0bH) =208, MK
FIH] % A L7200 - Z A ) TOIEEICEND
L THbo KBS TERE RO Z R < 3
PEGEHNE ORI FgE [ v s ] T
108, FBHEHTLI07E &L, MAAME LT
HELFHBIONE S EFE (v r x| LR
BETHo72h, FFE, BKFIEILZNTH ) LROFSE
BRED o7 AERMETHL [FEFEHh2] D
RERRFE R, LB Th SRINEToRE
RERE ZOBOBE - Z A ) T TORMAMR
FEICE D RESN TS, SRS A ERED
MEIZX D, BBHOECERTRI AR, MwaEtkic
B RATE Y A% X ) EBYICRIHT 20T
Hbo INEFTTFEY—RF—FT¥Y—F I I7ARLE
DOEBOMHEE, MEACREIOMEICE ORI & 57
NEE 72 B 2 & R BN E O [ ES TRie
EEMENDLGEDN L o720 L, ARinREE:



AN 7 A7 Fm [ 3X3hR] OFRE ZORE 17

X, ATV AZTELROAHLEIH)ETEHD
ThHh, HETRDOMEIIARARATTRKTH L, &
CITERERTEA b L Aif 7 EERRORNIZY
DFERICIBRAMETEETHY, [FEFEh 2]
FZOMREE LT (v a ] L) HIENE, &
ZNECENDFERIMGEONT-D DL EZ B, Mk
A AFHREIZ BT RE 2 filA A7z %
BOEL, BRERTOEREEELZXL G E
T, 2L O AFHETZEOLRFEIBD L
TWwbZ &% 5 (BURTON, 1992 ; VOGEL and
PEDERSEN, 1993), 4%, WEMEON L2 oh
o e HBENREROYUR S FO%Mie 2 flAa Al
ToAEBREIIEZ ) ANTHWL T EPBETH S,
FARY 7 2 A7 MO BRNERIIRL =7 )V
FTATTGARF —F % — 77 RHRE E/HhEV
b DD (KOLLIKER et al, 1999), I —u v XD f{x
BIROHIIZ I 2 BB T TOMBTEICBVWTKRE
LERNDH H T & R (CASLER and VAN SANTEN,
2000), F72/ v 2 —DOIERERPNIZK X 2 FH
oL kP D H & T3 Y (FJELLEEIM ef al.,
2007), MEAEBIZEHRZHERE ST L HELR D
DEEZ D,

[FXIEE0R] OFRICKY, LFTREEND
ik L H3E U AT © b 2o L 72 BB IS T e ©
BBV, EOHHRDLMBHMEOL R L LTER
VT NIA 7T AWITHAINEN, FEIEENE
HPHEAL L, A S TR A E 2 Hig 5 &
TN Lo BHNERE L - Tibtt, HAEICE
N5DZERFHAEEIFELL TWDEZ LITRD
KRNI ETHAHH, The &b IZENRILE
W RO X R AR 0 B8 & 22 08 IV LR
WSR2 50 TH Y, FHAHITEFTEERHED
7o DO—FE & U CHEBEOF SR CIEHEE 2 Fih
EWMHETH D, A KT 72 A7 OERHFRMT
TOFMAEEIX, XL=TVFA4 752503
AT, FEREE, EHHEeREPERTIL2Z 80
LEME L CZOMMENRRE D, T 7o I
WT VAT 2R RBETIE, 2
SEHICEARBEEIMRT L, 2RI WIPUEEIME T §
I EDVHLNIHY, FIHGEE L TERFIH
BEREENTVE (B S, 2008), 2D L)%
& BUE IEHGRE AT TlE X K 7 = 2 7 13
HHEL, FHAHICIZFEY —DFH»ED SN
TWb, [FX2 322 FILENToIHF K

BT (v h ] XK IEEIEWZ Ens, [
VYA L) ZoOw@EEEEWEEZ LA, IR
KT CORBUIFEM L TB ST 5B 5 4%
WhbHEEZ D,
ERTOBRBHERE LT [(RL=T V47T
ARMH L] EWHBENTEIRE V. XD
R R L =TV T 4 75 AOFEE % B L 72
HEHFRT A0, AFT T2 AZEXLDT
WIATTALDBEMMETHAL T A Y T A
DEFEZMD L LENDH Y, BT OMIEL AL
TWh, 7z AP AEZ 72 AZEDLOEN
7 SEME R M R 2 EOBEEA b L AES X Uk
Wk, 74 77 ZEO b O>ENIHALE, FAET,
W% &2 P FEo X 9 ITH B S N7z s BHERE ©
& 5 (ZWIERZYKOWSKI, 2004), 7 = A7 ¥ & L C
AR T2 AR MN—=IVT 2 RT, 5475 A
ELTCRAFTIVT VIATTARNRL =T VIA T
FAVEILHHEING, MEIZ 7= A7 5475
A DRI HIR S 2 AR L, 72 A7 $72
X594 75 AOHNE T HBIZTOALZEAT LT
W, R LML ) B SNBARM MY D 5o
MEFRIEF 23, K= Fhla—ay iz
IS, FRAIVT Y IATTAERARTI T R
DOHMAERICELVITDNRTEY, 2012484 OECD
2133 FEAVE SR X T 5 (OECD, 2012), EW
T D FEG M o PP DUT iz R SR T O FR
FHIC#ET S [HRIL 1 5] CRILS, 2011), [4 A4
T2 BERENTWAED, Wihd Eil Tolik
FIRICHE L2l Cld e v, TEFR SNz T 2 A
ey aAmfEE vy, Eco#EEEYSE - Ik
T3 O AL RAT & B - TR A ORI
BRT2IEFML2ECA, BE7 A )y
DO HIZ A K7 2 27 L RIRREICHAED 5
WIETH S ICEN L RSO b2 L (H
S, 2008), AFRLEMDOHLVERTDFH
MR 7z A M) 7 AGEOFRITREEZ S
N5,

V. #@tEIURE - FIALOBES
WSS AL E IR T, & CICES DR L VB
e &0 TIERA AT Th 5o B A A HE X
6,000ha TH %, 4tk M ORIV [/ vy
AT ICESHA D, BUE, KEUR LY -+
B CHIGE S MR 2 H Wilgs MR T b T v



18 et FESERTE & > 7 — Wi e i 5519875 (2013)

%o WA TORBCEMFIM 2 F4AE L, £
ICHHTE %,

VI. B ¥
5 ek 3 AL B SR ek o 4 — e ik o
y—OFTHEER, RETFSERZIE 00 LT 5ERK
DEBRBMBOWH O & CER SNz, JHHEIG
VMR RER,  FEMEROE BRI I R E SRR
DUF O35t GRERFE M S D 4 FR), $H 4% GRBRE
Wi e ) 12 X D ERS Nz, F2T7VhaAl K
STV B SRR A P S R I R 12 1
NEByoe L L THECEBE L D4 IIEL B
AL LTS,
S R S SRR
AL ST 1 R KA S ¢ B R,
HaLE, s —, HiE R
AL T AR ¢ SRR, VR, P
e, M@=, EERs, HHESE B
e
Al i 7 b R S R (W 3T« R AR
TR, FEEA—, HPEE B
AeHEE AR SRR ¢ bk Ih, B, K
O T Y
VR E SRR T
Al ST ARSI S SR BR g (T SEE M E 3B © bk
W, B, B R RS
Al 7 7 P IR (RO v e 3B © B &
W, PR, AT, MR, FEE
2, HHESE, BHER
M3 SR E SRR
FKEURE Y & — T e, PEATEL,
R LA EHL, RTEEAT
REUR L v & —Frdhicy « 4 KRB, BFFA
B, WHHBLE, PAILIGEE, KNS
REEOVERIZ U7 - Tld, bl L 3Emge & ~
& — W BT R AR R v 1 0 SR &2 1 o 7
CTIRLTHERET b

VI #& =
AN 7 A7 ¥l [ 21X &, ML
ATBUE N BEESE - S e SEHAR A A T Je PR AL i
FWgE Y v & — EH I RHEY B RN IR T — A (3,
It EENTTE & O & — B EROTZEREE A A RO
FEYE) & At ARSI S BRI Ve A (B, b5

SEAT B N A AR A T TR R AR S S SR )

BB 7 0V — FEIE) THER SNz [ X2IXEHh

2 1 1320094F 2 JZ Ao B an i IZ e S

20104E3 HICIZA Ry 72 A7 kG 35 [ X213

Szl ELTREMRBEESIN [FEIX39 2]

X5 RAIER LY A EHMTE T, HERCRIERDHIK

%, F5 oMM [Bundy] 2056 1 53#%, /L

v —®OmHE [ Salten |75 2K BERBLI P AT = —

7O nFE [Boris] 2 S s TR L 72 2 %4

RTH5bo

[FXESHZ] OFEEIDTOMEY TH 5,

1. BAEB IUREOESL, (W] [7
F7F—=] X RELTER, & I
WA OEHRIZB W TIETM M E OAEDIKE W,

2. FRRA R LML, ) T [
VAl [Fo97—-V] XVENE, /-5
8 B NIRRT v ], [7
SFE—=IV] EVENDL, BTEEE PR
T IV Ahx] ERBET, 777V
IhENS,

3. BRI & g L7 - Z A1) To 3
PAEAFHEW IR [ v h =] 108, 8
FOEHTHI07E LW TH 5. WTNDOERIC
BWTH [ dA ] % kR %E L7 E
WZERT, T [797—)V] LHELTLH
SCHEND FEHAEERE (VA ] X
DEFLHFIEN, EFENBEETH L,

4. BEERBRIC L B A K7 = A7 [ v
Hrl @, BHEETEREER BN, A
Y, RERERFERETH O, BHGEE [
VAL XY RRENL,

5. FHAHCoOEYIERR, 1FEBIO2EHFR
DBEOZMAI Y AEFE DI [ sz [F
FT—=NV] IENS,

6. Yurzu—NREFETOT AR, [~
VAl [7F77—0] IDRRENZ Enb
HmAETIRRE V.

7. WRORBRAEER VA [ 757 —]
EFAREET, 2> SHIRREMALEE L [V
LD RREV,

8. WM [ vy A ] K01 HRW “RAT
WKE$ 5%,

9. BRNZ [N Hhx] LFEBROPHETSH S,

10. fREE [ v h ], [F55—] &



AN 7 A7 Fm [ 3X3hR] OFRE ZORE 19

FETH S,

1. =Y F7 74 MEGRIZ2% TH 505, K&
PR I VINY Y, vy FLABIE [
WA | AR R TH %,

12. EEEZ [V A] XD ReEND,

5| 3Bk

1) BT (1986) © FEHAY A AR O Btk &
B HRARPTIE B3 % ol ] 22 5. bl Rk
Wik, 146, 89-143.

2 )BURTON, G.W.(1992) : Restricted recurrent
phenotypic selection. Plant Breeding Reviews,
9, 101-113.

3)CASLER, M.D. and E. VAN SANTEN(2000) :
Patterns of variation in a collection of meadow
fescue accessions. Crop Sci,, 40, 248-255.

4 ) FEHNEIE, AHJE TR (2008) © A b 7Y 4R B 4%
r D FE B EHMG & HITA~ O LA R ORI FEH
HBLUBG B2 BT 2 SRR BBl Oz, ALl
BREEZTO Y =7 MFRBCRY Y — X, 4, 158-
166.

5)FJELLHEIM, S., A.B. BLOMLIE], P. MARUM and
O.A. RoGNLI(2007) : Phenotypic variation in
local populations and cultivars of meadow
fescue - potential for improving cultivars by
utilizing wild germplasm. Plant Breeding, 126,
279-286.

6)BEIEAET, A WE DDA, PIbEZE, =
ARI5B), RMIEE, WIHR—, @ R, &
JeHE, MTHDFE, hEME(2002) 0 7 A 21—
NEAE [y a3y ] OFREZORE dLikE
AR, 177, 1-14.

7 )JAMALAINEN, E.A.(1974): Resistance in winter
cereals and grasses to low temperature
parasitic fungi. Ann. Rev. Phytopathol., 12,
281-302.

8 )KOLLIKER, R., F.J. SRADELMANN, B. REIDY and J.
NOSBERGER (1999): Genetic variability of forage
grass cultivars: A comparison of Festuca
pratensis Huds., Lolium perenne L., and Dactylis
glomerata L. Euphytica, 106, 261-270.

9) AR (2010) - FHEMH(5). JLEE, 77, 135-
141.

10) Ak, ZHRREE W], MEH G (2008) © tIEsR

FEHATICBIT S A KT 7 2 27 Bl [NV
71 L] FARFH OHERFE B - R B 0 Bl %
FEM P BURE TG B2 B 1 B A OB B D fife ST,
lERT T Y = 7 MR Y ) — X, 4,
55-60.

1) BB, T BFIIE (1978) @ Ak i s 12 B
5078 1 AiEERIIH G IS8T 5 4 A FHK
FOHE TR RR WA E. HEEE, 23,
289-294.

12) OECD (2012) : Grasses and Legumes. In : List
of varieties eligible for seed certification 2012,
OECD, Paris, 25-100.

13) EHERR, &Iz, IHHEE0Z (2006) A6
2B B E ORI A N L AT EHR 12 B
§ % E B EAF TR, duilEE AT e Y = 7 b
Ze T ) — X, 3, 51-55.

14) ZE B R (2004) = #EFLA O B R ICBCHAR O Fifg 37
BT 2% -~ AR 72 A7 R R L
LC—. JuEEniiH, 181, 43-87.

15) E Iz, wmIhEFK, SFHEBEGE, SR A H
KEAW, swA 1 KEFZ, SHp— G
BEA—(2001) @ A K7 = 227 OF bl [V
VAL OFRE L ORE. At AR,
173, 47-62.

16) HgEANE, i, HEAE— SEHEER, b
M (2008) © SEHICBIF A7 A ba Y 74
TR D RAE DR, H RS, 54, 249-256.

17) VOGEL, K.P. and J.F. PEDERSEN (1993): Breeding
systems for cross-pollinated perennial grasses.
Plant Breeding Reviews, 11, 251-274.

18) KA —, Eiligl, APRHBIA(2011) @ 7 =
A bay oy st (Rl ] oF K. #k
FAIEE, 113, 17-28.

19) ZWIERZYKOWSKI, Z(2004) : Amphiploid and
introgression breeding within the Lolium-
Festuca complex - achievements and

perspectives. In: Development of a Novel Grass

with Environmental Stress and High Forage

Quality through Intergeneric Hybridization

between Lolium and Festuca(Eds Yamada T,

Takamizo T), National Agricultural and Bio-

oriented Research Organization, Tsukuba, 17-

29.



Res. Bull. NARO Hokkaido Agric.
Res. Cent. 198, 1-21 (2013)

Breeding of Meadow Fescue ‘Makibasakae’ and its Characteristics
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Summary

‘Makibasakae’
fescue (Festuca pratensis Huds.) , was jointly
developed by NARO Hokkaido Agricultural
Research Center and Hokkaido Prefectural Konsen

, a new cultivar of meadow

Agricultural Experiment Station (present,
Hokkaido Research Organization Konsen
Agricultural Experiment Station) . This cultivar
was registered as a recommended cultivar by the
Hokkaido Prefectural Government in 2009 and as
Norin Synthetic No. 3 of meadow fescue by the
Ministry of Agriculture, Forestry and Fisheries in
2010.

Source and method of breeding:

‘Makibasakae' was developed as a synthetic
cultivar using five clones, which were selected
from 144 superior clones through evaluation of
winter hardiness and a polycross progeny test
under frequent cutting. The origins of parental
clones were as follows: cl. 387 was derived from
‘Bundy' , cl. 452 and cl. 455 were derived from
‘Salten’ and cl. 468 and cl. 473 were derived from
‘Boris’

Present address:

1) NARO Hokkaido Agricultural Research Center

2) NARO Kyushu Okinawa Agricultural Research Center

3) Field Science Center for Northern Biosphere, Hokkaido
University

4) Retired

5) NARO Institute of Livestock and Grassland Science

6) Hokkaido Research Organization Kitami Agricultural
Experiment Station

7) Hokkaido Research Organization Animal Research
Center

8) Hokkaido Research Organization Konsen Agricultural
Experiment Station

Characteristics:

‘Makibasakae' shows remarkably higher winter
hardiness with good plant vigor in early spring
than ‘Harusakae' and ‘Pradel’ on average in
seven locations in the regional performance test,
especially in four locations located in eastern
Hokkaido with severe winter weather where the
soil freezes. ‘Makibasakae  is more resistant to
snow molds caused by Myriosclerotinia borealis and
Typhula ishikariensis than ‘Harusakae' and
‘Pradel’ . The freezing tolerance of ‘Makibasakae’
is the same level as that of ‘Harusakae  , though
it is higher than that of ‘Pradel’ . ‘Makibasakae’
has a 7% higher dry matter yield than that of
‘Harusakae' under frequent cutting (about 7-10
cuttings per year) simulating intensive grazing.
‘Makibasakae” shows an especially high stable
yield in spring and autumn compared to
‘Harusakae' and has shown good persistency in
the years evaluated. The tolerance to net blotch
caused by Drechslera dictyoides of ‘Makibasakae' is
the same as that of ‘Harusakae and ‘Pradel’
while the tolerance to halo blight caused by
Pseudomonas syringae is slightly weaker than that
of ‘Harusakae' . The grazing adaptability of
‘Makibasakae' is nearly as good as that of
‘Harusakae' and the competitive ability of
‘Makibasakae against white clover was slightly
higher than that of ‘Harusakae in meadow
fescue- white clover mixed sown sward.
‘Makibasakae  is an early maturing cultivar as
well as ‘Harusakae' . The date of ear emergence
is one day earlier than that of ‘Harusakae in
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Sapporo. The forage quality and morphological
characteristics of ‘Makibasakae' are similar to
those of ‘Harusakae . Endophyte was detected
in all parental clones of ‘Makibasakae’

‘Makibasakae’ does not contain two major
endophyte alkaloids, ergovaline and lolitrem B,
which can be toxic to livestock, but it contains
loline alkaloid, which can deter insects. These
results indicate that ‘Makibasakae' is best suited

for use in the management-intensive grazing

system in eastern Hokkaido, which has severe
winter weather. Seed yield is slightly higher than
that of ‘Harusakae' , and the average seed yield
of ‘Makibasakae  is 6.3 kg/a over a period of
three years in Sapporo.

Breeder seed:

Dairy Production Research Division, NARO
Hokkaido Agricultural Research Center, Sapporo
062-8555, Japan.





