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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.

ZxAZ Eyara—nN"oE7H LI LEIC
Ihrvursu—NEELRL [FE2FXE202] K
ORI, 20064 2> 5 20084F DV ILDAERIC
BwTh [»wdrhz] K& EREY, 3ERAFRT
ZWNTHol [FTIF—NV] KEENLEHEE,
20064E 13K o 72 b DD, FORIIRRE BB L
SEMAFCRABRETH -7z, TR O
Wikld, TFEXEH 2] K28 [ srz] K&
D AFOPRDEL, [TI7—V] REX)EF,
KEOIWNEP KD o720 B 7T —N"KIVnTho
FERBLOFHIZBOTHF XS 2 IXD, [
WHAL]X [ TF7T—V] X LD bR o7z,
Ubk, vaorzuo—n"2RELZEE T X320
ORI, [ v h x| REDENR 757
V| REFBETHY, Fdurza—NIxt s

WA [ v Ahx], [FI97—] X)X
%b‘kﬂﬁﬁéﬂf:o

5) mHmtE

B2 5 8T TIE T % MK (Drechslera
dictyoides (Drechsler) Shoemaker) (& 4 35 CHAE AT
AH, WREEIZERPET [ h ] [7
FTr—NV] LFEBEETHY, [FEFSh2] O
BER IS AT [ vv s ] 36 & HBr S h
72 (Table 20). #* & MiJ§ (Pseudomonas syringae
pv.atropurpurea(Reddy and Godkin) Young, Dye
and Wilkie) IZdLRAF & LR TOARD S,
RV AT L) SRR E Do 7228 [ 7
FTT=I] LHBEETH-7. LA ->T [FXIF
SR ] O SHEIHITH T B [ v



AN 7 A7 Fm [ 3X3hR] OFRE ZORE 13

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.

LD gy LHIW S 7z (Table 20) . MR OFME R [ V], 77—
V] EFBRETH -7z TRFMAHAERICLIT S
6) FHteE BB DRI FRETH - 72 (7 — & EhE) o

Table 21 BT 2 SRt s i e iR o DEofERD» S, [T 31302 ] OfEmEEE [
FEIMOFEME 2R L7z, FHEIFHO [£&13S V¥AT| [FF7—)v] LR L HIW S iz,

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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7) IRNT7 74 b

IV K7 74 b (Neotyphodium uncinatum) Jg& 4= =
BIXUOT VAT A PR % & 4 Table 22, 23
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DETIZZY N7 74 FORWARDPIER I Nz, T2
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AT CTH o720 FRREBEICAELEE L L
BRI T2 EH R E2RTRT IV, N-oK
VI rorh, R7IVEIRERALTT
Holzh, N-ArIpnay YiZeEToy sy 7T
Biish, A EEn, [(HhvhAhx] LA
BETH- 7,

8) Rkt

JCRWF B30T 2 MR AR aAR, BRI o AR
B L O FI R RER O BiFiaG % Table 24128 L7z,
[FXEE0z2] omBKE FRBRTHIH [H
VYA X0 R [diEIS ] & [ v
Hhx| LEUCREIRT S RS,

9) FRERVAFME
Table 25\Z4L B BT 2 BRI RBR O 3
wRL7. [FEXS02] OREWRET, [
AT | EDMICHEBEBALONTREIE 0> 72,
FINIHPHETH L, [NV z] L) (R
EALRT, B, BRI R E D - 72 (Photo 2),
TEREMHFTE D RN BRI A RIZOWTIE, [$ &
&z & vzl Lo CEERFREICH
BENPRDODONIREI R (F—7 4K, X

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)

EEDZ] OFMANERIIER OHPANTD 5 & ¥
[ieﬁ‘é n7z,

10) HiEH

PRl X OVBRAEVE ISP 3 % TR & Table 26
R L7z [ &2IEE0 2] oI, 20064
v r] I vRR% <L, 20074E13% <,
20084E X AR, P TIk [ v Ahx] X%
Mo 7ze F7220074E1320064E, 20084E (2T [
EXEhzl [ s ] I 25 EotET
WA D - 7255, T HIF20074E ORI L 2o 72 2
RN L7ze 3MEEH ORI, TR EIXFEREE

THAHA, 1HY-0FTFEX [ Vs XD
LRREL ol UEORENIS, [FEIXTE02]
O (VT A ] L) HRREND &
Iz,

V. & =

ARy 7 2 A7 3 AeiEO A AFHOETH 5
FEY—, F—=F % — N7 I AHARERNE I
b OOFEMAFEMEITFHENLL TVRD T ENnD,
INFE TEICEFD OFO BT L EN %
ST AR E L CRBAHINTE . 2WE
R EFOAT, ZhFETIZ [ FESI T,
(V8 Hh] O20EEFTRLTE72, T 7200
BAMEO [ 777 =] LREEBMED s L
THY, 20124FEHAEIHEEICB T A2 EEMEIL [
XXX (W H ] #5804 MHETH S,
AR, BEEREOW L) &R e B DB O
728, SARM O B BOR & SRR OSSR
BAEH SN TS, ERHBRA D ET 55T
HHNXLZT VG A 7T 23 HEE O E
TRFAHTRETH 525, ISR %15 B TIE3K
RBPHEETH b, &2 TILEN TIX20034FEE2 5
20074FFELS AT T [ JEM P BUBEIR R 81T B SR AY I
B o] 7y s FEEKL, FohTt
SEBGEH OSBRI A R 7 2 A7 [VH A
| AFHRETH Y, FEEE O EFH I AR TR
HHREIIHEMT 200, fiREHRFEO LAHICLY

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.
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Breeding of Meadow Fescue ‘Makibasakae’ and its Characteristics

Kazuhiro TASE !, Ken-ichi TAMURA !, Yasuharu SANADA '), Tomoyuki TAKAI 2/,
Toshihiko YAMADA 3, Sadao NAKAYAMA 4, Hisaaki DAIDO 3, Kazuhiko MIZUNO 5,
Hiroki FUJII ¢, Yoshiaki SAWADA %), Masaaki YAMAKAWA 7, Narichika SATO 7,

Taku HAYASHI 8 and Tsukasa MAKINO 8’

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.
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EOWFLINRE, L. BAEAIRE L A 4 2 WAL
MK 4 1R T

FRFTHEELIZ, 50 ~ 745 & 100 ~ 1995HD DD
=27 (BE—=F)EEIBE L. KABBIZE, KIE
we YL - AL HEAE . 305H - MFLEAH
L7225, 100 ~ 1998 AS—DFI D75 ~ 99U g &
DFLEFED24 ~ 9Tkg LI D P, BWINFEIVNE
Moz,

WILHARIEEI L, KBEREIE L, E—2AREW
WML E Mz, ¥— 2 RmHAEBEL 7255 L
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BE2K BRI ENI0SHILE EBILIFHM (LP) E3KEFRPTNTOEASDHEFIOBILEER" 2L %5 ?

#IE1E (FH1E)
AR IR SR Y
3058 Sha|= AR 0585
xR ®mF A& X o g E—7I D o BHE .. 05AT AMT . g AW WEE SO D005~ o) et
e ®oom g% s pan PN Cw GRT Saw bak GRT QER BT PR Mo phe 6 haew o
M
(RRER %0 773175 773175 773175 773175 773175 772268 713351 773175 773175 672692 634750 494456 692667 487188 494456 773175 773175
& 94 26 42 30 6543 7345 350 21 20 64 413 135 87 49 21 25 107739
TR 94 31 49 42 8038 9240 364 26 25 60 415 138 86 53 23 25 106124 R
# 95 36 59 55 9615 11512 376 32 31 58 424 146 87 60 24 25 109955
& of 33 42 46 8017 9014 357 26 25 64 413 134 86 49 22 25 10219
Lpf :p 94 31 45 42 8037 9274 365 26 25 60 416 138 86 53 22 25 105382 {2
# 97 30 63 39 8167 9822 376 27 26 58 423 146 88 50 24 25 _ mam
i = of 27 40 34 6588 7175 349 22 21 67 408 128 85 45 21 25 36559
& 94 25 41 30 6543 7324 358 21 20 63 412 134 8 49 21 25 35853 13— 1
% 97 23 46 26 _ 6496 7543 369 21 20 61 419 141 90 53 22 25 35327
w05 = of 32 44 46 8029 8960 356 26 25 63 412 133 85 49 22 25 35376
aix o 94 30 47 42 8037 9188 362 26 25 60 414 136 86 51 22 25 35040 3 —2
& 97 28 53 38 8049 9560 373 26 26 58 421 144 87 58 24 25 35708
= of 37 50 60 9575 11092 367 31 30 61 419 140 8 54 23 25 33284
& 94 35 53 56 9589 11389 374 31 30 58 422 144 87 58 24 25 34489 M3 —3
& 98 34 63 51 9667 11945 384 32 31 56 420 153 87 66 26 25 42182
S 94 31 50 43 8076 9381 366 26 26 61 417 140 87 54 23 25  o3sis
& of 32 32 28 7520 8287 359 25 23 69 418 140 89 53 22 39 8760
A 89 39 37 42 9322 10510 366 31 20 66 424 146 88 59 24 39 §7120 {41
L 88 45 43 59 11224 13050 376 37 35 64 431 155 89 67 25 39 88901
= 8 43 38 54 9901 10844 354 32 31 69 417 138 8 54 23 39 85465
LPi 89 30 37 43 9392 10644 366 31 20 66 423 146 88 59 24 39 87143 (2
= 93 35 37 33 8835 10411 380 29 27 65 433 156 92 65 25 39 91022
2 I 8 35 36 38 7745 8072 338 25 24 74 406 127 84 45 21 39 18031
& 89 32 35 29 7597 8256 354 25 23 69 415 136 87 51 22 39 27929 43— 1
# 94 20 35 22 7370 8401 371 24 23 66 426 149 92 58 23 39 41649
w05 I 85 40 40 49 9350 10082 350 31 29 69 413 134 8 51 22 39 28830
ARx @ @ 8 38 40 42 9321 10485 365 31 20 66 423 146 88 59 24 39 20962 13 —2
# 93 35 41 35 9286 10971 382 30 20 64 435 158 92 67 25 39 28328
& 85 47 44 65 11313 12707 365 37 35 67 424 147 8 61 24 39 38604
EI 89 44 45 57 11178 13084 378 37 35 63 432 155 89 67 26 39 20252 (M3 —3
% 93 41 47 50 11124 13632 394 36 35 62 443 167 93 75 27 39 21085
S 89 30 37 43 9364 10628 367 31 20 66 424 147 89 60 24 390 263630
= 89 34 33 33 7834 8611 350 26 24 70 420 143 89 55 22 53 61649
TR oW 88 41 38 51 9669 10892 366 32 30 68 426 150 89 62 24 52 61736 1
# 8 47 45 73 11649 13503 375 38 36 66 432 157 89 68 26 53 62342
& 83 45 40 65 10278 11244 354 34 32 71 419 141 86 56 23 52 59881
LPi & 8 41 38 52 9756 11029 365 32 30 67 424 148 8 61 24 53 81137 f1E2
® 92 37 38 41 o182 10782 380 30 28 66 435 150 93 68 25 53 64709
s = 84 37 37 44 8067 8432 339 26 25 76 410 131 85 49 21 52 12623
& 8 34 3 35 7907 8561 353 26 24 70 416 138 87 52 22 53 19651 1131
% 92 31 35 27 7685 8720 371 25 24 68 428 152 93 60 23 53 20475
- & 83 42 41 59 9702 10439 350 32 30 71 416 137 8 53 23 52 20246
A 88 40 40 50 9670 10855 365 32 30 67 424 147 89 60 24 53 21056 3 —2
& 92 37 41 44 9636 11379 384 32 30 66 437 163 93 71 25 53 20434
= 83 49 46 79 11744 13158 364 39 36 68 425 148 87 62 25 52 27012
& 88 46 46 70 11607 13556 378 38 36 65 434 158 90 70 26 53 20530 3 —3
# 92 43 48 64 11536 14060 393 38 36 64 445 169 93 77 27 53 14800
S 8 41 39 52 9724 11012 367 32 30 68 426 150 89 62 24 53 18727

Y 2005 ~ 2009F M DA FHE TR 5 £5T
2 ROBEK DT - SRR H 28285 ~ 680H. R4 H 20 ~ 400H. k% EIEHE H 20 ~ 305H. #EIERE~ZR A0 ~

340H

3 A 315 (BE/B) <7440kg. 7440 ~ 8640kg.

<8920kg. #8920 ~ 10430kg. 10430kg ==
) WIS (FERE) <93.2. 1932 ~95.6. 95.6=%. 27(3{K<87.7. $187.7 ~ 91.0. 91.0=3. 3EII{£<86.0. #$186.0 ~ 89.5.
89.5=%=

8640kg =&. 2E(X{E<8590kg. #8590 ~ 10060kg. 10060kg =&. 3EIIE



LHEE RNV A A 2 HE RO WL FIEAR O

FERE L ZOWIL - BRERE, R OB H 29

B3R BRI EOBILEEAIEE, 305AILEROHEBEFES(r) "

ER  ILERER

E—53 E—73 #Htgm 305H5L

kg

EH Ekg Eke

IR RRTE(LP)E
E—73. Bk

-0.23 0.35 -0.09 0.05

-0.02 0.09 0.86

NE - _Lzmm 040 023
DML Bke 0.29
LP{&E -0.52 -0.01 -0.21 -0.28
o E—5 3.2k -0.03 0.09 0.87
E—538H 072 025
DI Bke 0.30
LP{&E -0.54 -0.05 -0.22 -0.28
3 E—o 3.2k 0.06 0.19 0.88
F— 3,28 0.75 0.31
WEAE NI EL Eke 0.35

Y 2005 ~ 2009 4 DIt B EEF RIS TR & £5T

LA BERIEOREFATBERAIOBILER " (FR4). ELY. ¥ 2 &RE (FHiE)

ATHRITE ELHER wRER
BER ﬁgg BFLFF E—U% MiE w38 3058 EFLHAE Sk MER 2RI
fE Y L] WAELT °_pgl —77F H1g Iz TeFLE = FLAAT = pi PeTTN 77 X Xialc
i T N TIC (=3 PAE gum wag A0 20H 2EE hoe pem sl 29F
i ¢ RfE) ke e #ke Bke ke WEH HEH AEH
(RRE %) 773175 773175 773175 773175 773175 773175 772268 713351 773175 773175 672692 634750 494456 692667 487188 494456 773175
25> 4589 934 30 41 3.7 7589 - 8875 374 25 24 64 422 144 95 50 21 25
~49 84468  93.6 31 43 3.9 7825 (236)°” 9074 (199)° 368 26 25 64 421 143 90 54 22 25
~74 96010  94.1 31 46 4.1 7988 (163) 9303 (229) 368 26 25 63 421 143 88 56 23 25
nE ~99 46122 949 31 53 44 8190 (202) 9558 (255) 367 27 26 61 418 140 87 54 23 25
~199 63900 953 31 58 4.5 8237 (47) 9582 ( 24) 364 27 26 56 411 134 83 52 23 25
200< 28729 953 32 62 5.1 8645 (408) 9897 (315) 356 28 28 56 406 129 77 52 24 24
ES 323818 944 31 50 4.3 8076 9381 366 26 26 61 417 140 87 54 23 25
25> 3875 894 36 33 3.2 8542 - 9780 373 28 26 70 429 153 98 57 22 39
~49 70765  89.2 38 34 3.6 8977 (435) 10218 (438) 369 29 28 70 429 151 91 61 23 39
2% ~74 79605  89.5 38 36 40 9247 (270) 10537 (320) 369 30 29 68 427 150 90 61 24 39
~99 37354 896 39 39 4.7 9569 (322) 10872 (335) 366 31 30 66 423 146 89 59 23 39
~199 50393 893 39 41 4.9 9651 ( 82) 10925 ( 53) 365 32 30 62 419 142 86 57 24 38
200< 21638  88.0 42 43 5.7 10188 (537) 11343 (418) 357 33 32 62 413 137 79 58 25 37
ES 263630  89.3 39 37 43 9364 10628 367 31 29 67 424 147 89 60 24 39
25> 2849 880 38 34 3.9 8878 - 10119 371 29 27 Il 430 154 97 58 22 53
~49 52431 87.8 40 36 45 9337 (459) 10605 (486) 369 31 29 70 429 153 92 63 24 53
3 ~74 57775  88.0 40 37 4.9 9637 (300) 10948 (343) 368 32 30 69 428 151 90 63 24 53
~99 25905  87.9 41 41 5.7 9933 (296) 11249 (300) 366 33 31 68 426 149 90 61 24 52
~199 33499 875 42 42 6.0 10030 ( 97) 11313 ( 65) 364 33 31 64 421 146 88 59 24 52
200< 13268  86.0 44 46 71 10639 (609) 11867 (554) 359 35 33 63 417 142 81 62 2.6 51
ES 185727 877 41 39 5.2 9724 11012 367 32 30 68 426 150 90 62 24 53

Y 2005 ~ 2009F At DA FHE TR 5 £5T

2 ROFWER THRE : HRREFEH 285 ~ 6800 . 2R H %20 ~ 4008 . HikiE#IEEFEH %20 ~ 3050, ¥ERE~ZHEHO0 ~

340H
¥ —ORIDRERE & OILEE

EL7Z2H 2. 3HEIRBEHLLITETIZIZFT v ME
L. 1008H DA EJE TIZ R R I 278 L 720 #)3)
BEFLE O RERM B T, T43HLL T T 2 <)
PE< 3. 1008HLL LB CTRIE< 2E< 3 ETDH >

BRI, KBIEREIT &, i At <, 22
Ji6 H iz EAsE o 7208, ZMRITHE L7235 U
Bz M 2R L. 2008020 R Tk b % 5o 720

BRI WA FLIh A 4 Fia A & 305 H L & OB (55 5
FLEIREMKTH o 7205 KBFIFIT & ¥ —
7iEEERE, MBIV S WETZ R L7,

4. 2005 ~ 2009F 53854 Ot 8 & g Bl s 7Lk
bR, EIL. BEEER
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BO5R ERILEOBREFFAERBIBILHR4EEREL
3050 L& & DAERIFRE (1)

g RE4EE BEEER E—VIE E—JZE MHEm
ER

HURE  HUP)E ke

S| FL=ke

25> -0.08 0.86 0.21 0.31

~49 0.01 0.87 0.25 0.31

HE ~T4 0.01 0.87 0.22 0.30
~99 0.01 0.86 0.19 0.27

~199 0.00 0.86 0.16 0.24

200< 0.06 0.86 0.19 0.21

25> -0.35 0.87 0.23 0.29

~49 -0.30 0.86 0.26 0.31

27 ~14 -0.31 0.87 0.24 0.30
~99 -0.27 0.87 0.22 0.27

~199 -0.24 0.86 0.17 0.24

200< -0.16 0.84 0.16 0.21

25> -0.33 0.88 0.26 0.35

~49 -0.30 0.88 0.32 0.36

3E ~74 -0.30 0.88 0.32 0.36
~99 -0.26 0.88 0.28 0.33

~199 -0.23 0.87 0.22 0.28

200< -0.15 0.87 0.21 0.25

6 2. WAL Z X 5 1SR T,

FRATHE R A, JERS B (T, M) & Sk
(B, Y1) O P A75% . EAL G .
D A15%. EOMoER. . AKHO &
H10% % o7z, F S A48 A= (b ifg & 3 e 3
R, 2011486 H BUAE) b J1E - BB O L
WA b <L YR CRAF. BRI 2200 ANk X
Z DD HIFAME A > 72,

WIPER305 H AL B WIHIC I 2 6~ 2 &
o B FRBE REEATEAIE. RER. AL HE
AHE, ZOMAENEZ 2 L, ¥ — 27 AmH)
WsmALE b MO MEM 2 /R L7z, L Pk, ¥R
TR T BRE, JIRbicEsvEm, 2,
3PERTI05H - FFLE D E VHUR T LR &
RL7z(BE65K),

F S /P48 A58 »ithid (n=14) (2 &, 305H -
wAERNSWENZRL, E—238HP”EE(p
<0.05) [CBIET BN AR L7z (557 3K) o F -0
KIEF SHaE AL L P& OMBA079E A E
(p <001) &7 0, WILHIMEASTF-HALME R %2R L7z,
BIREN. F SRR AR RV HIEIE E B O
MoEmzmRl, 2. 3ERTHEMEREE(p
<0.05) 1258 h > 72,

5. 2009 ~ 2011 FEDFEF FRAFBEHRER £ALiB
BER IR ORFEFEHEIE & T - BREER

2009 ~ 20114E D 34EM DO BREEB B & (4 8 )
3. AEOBRFE69.3 %, R 121 %, € Ol
187%TH Y, ZoOMARL, EEVEVIEL G,
B 9171 % >FE12165% > FLEE 4213.7 % > i B
HeBE10.4 % > FLH 56 518.0 % > FL#w Bi 455 % > e 7.
AHE = 1KAETI4.1 % >THAL#HE2.0% Th - 720 KB
B 3 & - BREs e R AMIK < BHIBREE SR AT 2 o
Too F2ANRE O BREEBE XA (T &l B e
THALSFR TS 2 2 In), FLARREE DA 2 W 2 7R
L7z

Wi Tl 305 H FLEATE VIR T, P - Bk
FERERDMK L JVER RS s (T #85E) O
¥/ BB RERIZ2.7/34 L . Ml P A% B s (S
ME) D29/381Z KD o 720 F 72T HIR A
=, IR R, BB E LR ARED S B o
72 (558 %), HUIBHIF SAEEAR L BRFEMMP & O
B (n=14) 1. HIAEE0S0 > L 23950.47 > i i
HeBE0.37 > 2L 90.30 > 1K Ak 17 0.18 > B4 i 0.1 >
FLH 78 H - 0.02> 2 Ol — 0.03 > 2L 25 B & — 0.38>
FELE—-061 (p <0.01) THo7z0
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Bk EATEDILBERMBFIOBILEE. EILY, BE" P EIBE (FHE)
oy WAL AR IR
<%§i Fork Bo E—v3 bt 3058 2L St wEE SHC
ELE # = o= WOFLE =i = 2
R QZQ'%ﬁx BRATIERL it tk74§awnwg WRAR g BB Ty gy paay 200 ZHE pop gz ELC 208
29%” PfE FE k) ke € mm HEke HiEke mE% BAY g
(F2830) 773175 773175 773175 773175 773175 773175 772268 713351 — — 672692 634750 494456 692667 487188 494456 773175
B¥F 244 6010 94 33 58 51 8598 9960 367 28 27 63 416 139 88 52 21 25
i 16.9 14480 95 32 55 48 8585 10074 369 28 27 60 420 143 88 56 2.3 25
+ B 32.8 89459 95 33 55 49 8576 10056 368 28 27 60 419 142 89 54 23 25
BE 184 51927 94 32 52 47 8432 9799 365 28 27 60 417 138 89 50 2.2 25
REiR 12.2 5097 93 32 47 46 8286 9719 373 27 26 58 421 145 93 51 21 25
225 20.2 3508 94 32 49 42 8227 9480 366 27 26 66 422 144 89 54 2.2 26
BS 58 4633 93 32 47 45 8208 9283 359 27 26 67 417 139 95 44 2.0 25
WE ®E 24 2423 94 31 45 41 7960 9367 374 26 25 68 429 151 91 62 24 25
# 45 1956 93 31 42 4.2 7840 8852 362 26 24 63 417 138 91 49 2.1 25
b= 6.8 5498 94 31 46 42 7821 8971 363 26 25 60 416 138 88 51 23 25
B 5.1 12074 94 30 44 3.7 7748 9024 371 25 24 65 424 146 88 59 24 26
= 11.0 23675 94 30 43 3.7 7687 8838 365 25 24 60 415 138 82 57 24 25
Eillliz3 26.7 36987 95 29 47 3.6 7547 8764 367 25 24 60 418 140 85 56 2.3 25
RE 28.1 66091 95 29 47 3.6 7455 8567 362 24 24 61 414 136 83 54 23 25
ES 22.4 323818 94 31 50 4.3 8076 9381 366 26 26 61 417 140 87 54 2.3 25
Py ol 244 4951 88 4 40 5.2 9927 11091 363 33 31 72 424 148 90 60 23 39
i 16.9 11625 89 41 39 5.0 9871 11297 370 32 31 66 427 152 89 63 24 39
+ R 32.8 71533 89 41 40 5.0 9930 11311 367 33 31 67 426 150 920 60 24 39
RE 184 41932 89 40 39 48 9758 11069 366 32 30 66 424 146 91 57 23 38
RBiR 12.2 4064 88 39 36 4.4 9375 10744 376 31 29 66 432 156 96 61 2.2 39
7250 20.2 3001 88 39 36 41 9406 10592 367 31 29 73 428 152 90 63 24 40
BE 5.8 3693 89 39 35 3.8 9244 10353 364 30 28 72 427 149 96 54 2.1 38
2% ®E 24 2132 89 38 36 41 9130 10566 377 30 28 77 441 164 93 72 26 40
i1 45 1724 89 37 33 3.5 8793 9857 368 29 27 68 427 148 92 57 2.3 39
EE 6.8 4467 89 37 35 3.9 8915 10082 366 29 28 66 425 147 89 58 24 39
= 5.1 10008 89 38 35 3.8 9004 10334 374 30 28 72 433 156 91 66 25 40
A 1.0 19247 89 38 34 35 8879 10023 367 29 27 66 423 145 84 63 25 39
Eilllz3 26.7 30712 90 37 35 3.6 8801 10016 368 29 27 65 423 145 87 59 24 39
RE 28.1 54541 90 37 36 3.6 8785 9904 364 29 27 66 420 142 85 58 24 39
ES 224 263630 89 39 37 43 9364 10628 367 31 29 67 424 147 89 60 24 39
B¥F 24.4 3437 86 43 41 6.1 10259 11413 362 34 32 71 425 151 91 61 2.3 53
| 16.9 7672 87 42 M 6.1 10201 11659 371 33 31 68 431 156 92 66 24 53
+ B 32.8 48846 87 43 42 6.1 10314 11718 367 34 32 68 426 152 91 62 24 53
wE 18.4 28748 87 42 40 5.9 10148 11498 366 33 31 68 426 149 92 59 23 52
Ji1zE3 12.2 2820 87 41 38 55 9787 11241 376 32 30 68 435 158 99 61 23 53
225 20.2 2183 87 41 38 5.1 9813 11048 366 32 30 74 428 153 89 65 24 54
BE 5.8 2683 87 40 36 47 9548 10720 365 31 29 VAl 427 150 96 55 21 52
3 ®E 24 1557 88 39 37 48 9375 10823 378 31 29 81 439 164 920 75 2.6 54
10| 45 1344 88 39 34 40 9054 10119 363 30 28 70 426 148 91 59 23 53
ES 6.8 3220 88 39 37 47 9228 10499 369 30 28 67 427 152 90 63 25 52
B 51 7025 88 40 36 46 9334 10649 372 31 29 74 434 159 92 68 25 54
= 11.0 13669 88 40 35 43 9251 10449 367 30 28 67 426 149 85 66 25 53
Ei[ll23 26.7 22328 88 39 37 4.4 9175 10409 368 30 28 66 426 149 88 62 24 53
RE 28.1 40195 88 39 36 4.4 9181 10318 364 30 28 67 423 145 85 61 24 52
ES 22.4 185727 88 41 39 5.2 9724 11012 367 32 30 68 426 150 89 62 24 53
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1. 305HELE &L EhiR 4 $EED1975 ~ 20094
whERZL
305H FL& DR ZEAIE, iﬁﬁbu#%iﬁﬁi%\ 2004$
PORITOANEHERLZ-EEL - 1K), 7 Ha
1Z305H FL& & D[ T0.86 ~ 0.88 & %uxﬁ@*ﬁﬁaﬁs‘

Y (EE3R). WA IFERRRAERIER 2R L (F
1 = 3o 305HFLEDOMORGL2 WL RO

RpohzE, F1-2~3MEF2HMML, ¥—

73 mo LASALE L P o EASH R ICHERR T X
5o

Mo WA (R & S L3R 3E L 2010) @ P15 [1X8

IFI504F % 100 & 3 % 4547 4305 H FL & O i OV |
NHATH, H 54 (19934F) T Cld b & #FI~
ZFF140% TdH o 72795, L PENF EFICE L2 H
6 4E (19944F) 12T HE L. H224E (20104F) I3 #RHFLIL A3
165% 58 12%F Ly ALHEE155% 12 & £ F > TV B DH
MR T & %o JbifiEl & M IR O RE B =R (69.9%
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FB7R ABEOHEFN T —ZXM—IV(F S)FEFBAEL
IR, EIL. BEEEELOHBEERE"Y (r) (h=14)

B = WE 2/ 3E
WELFRMELP)E 0.79 ** 0.15 -0.13
E—% 3.2kg 0.04 0.30 0.43
E—V 328 (FRiE) 0.66 * 0.60 * 0.57 *
WEE M EL Ekg 0.18 0.42 0.45
3058 L. Ekg 0.22 0.41 0.47
#E = (—FL8) kg 0.27 0.36 0.40
LA -0.06 -0.46 -0.41
ZE B -0.44 -0.39 -0.47
73 i fERE B 3 -0.37 -0.60 * -0.56 *
TREAH -0.32 -0.48 -0.45
SRZRVERE B -0.44 -0.46 -0.31
HERE~ZRE 0.02 -0.26 -0.26
ZHRICELEERER 0.02 -0.04 -0.12
5% A -0.12 -0.15 -0.17

" F SHSBARIIFRRBMEK S, EILE. BIHGHEERIEZrERS
* 1 P<0.05 **:P<0.01

BE8K 2009 ~ 2011E DR FBEEMRUER & #ILF ORI VFIBIE % & T - BREER

= < e B 3 ;
- s g; E:gg/ Lft;\ﬁi Efﬁa) 305ElfL§ _ TEDREE GAIX) FTEIRREE GAIX) ER
W B BE O mEHC ke AR A® OWE MR Ak BY . B AR 0 zom Ty e
% BE BE HE BF TR | h o FEH | REE
25> 142 19 04988 2052 8316 143 70 134 77 18 51 187 680 (828)° 46 95 141 180 29 37
~49 1521 40 2201337 45100 8719 132 69 183 95 18 42 165 704 (86.3) 38 74 112 183 29 38
@E4E ~74 1647 61 3612006 73755 9011 141 59 175 99 17 39 157 687 (85.7) 38 77 115 199 29 38
LR ~00 650 86 2006149 41850 9318 140 55 178 110 20 42 157 702 (856) 40 78 118 180 28 36
~199 587 131 2777382 60392 0420 122 45 156 114 22 44 179 682 (84.7) 40 83 123 196 27 34
200< 151 326 1760882 43150 10098 153 48 169 102 25 38 166  70.1 (838) 50 86 136 165 24 3.
BN 93 60 201748 4531 9683 142 60 188 9.1 28 21 196 726 (865 43 70 113 160 27 34
N 231 66 545303 12656 9677 126 63 154 77 23 33 208 684 (823) 58 89 147 169 26 33
+B 1081 88 3418954 77249 9827 133 45 201 104 18 60 155 716 (83.1) 47 99 146 138 27 33
#@% 804 65 1875356 40597 9553 126 68 171 101 24 36 185  71.1(884) 34 59 93 196 27 35
[E 91 51 167789 3909 9319 118 87 210 86 18 16 197  732(90.3) 21 58 79 188 26 34
) =40 63 55 125170 2580 9082 96 88 179 69 24 21 236  71.3(852) 34 90 124 162 28 37
g (B g 94 50 169163 3691 9289 133 66 133 76 18 13 198 637 (79.7) 43 119 162 201 27 35
ﬁr;;z&;\ ®E 60 42 91606 1793 8840 83 72 133 49 06 26 230 599 (845) 37 73 110 201 29 38
e 66 39 92853 1743 8824 132 56 211 94 21 35 239  788(87.3) 28 87 115 96 30 40
EE 113 46 184919 3897 8645 152 66 189 129 24 42 162 764 (87.0) 49 64 113 124 28 36
2% 189 62 423967 8925 8736 123 59 178 81 15 25 234  715(885) 33 60 93 193 28 36
=% 382 66 905208 18819 8711 154 62 153 111 17 24 170  69.1 (84.1) 44 87 131 179 28 37
SI85 494 83 1466876 20703 8745 167 52 168 125 26 41 124  70.3(88.9) 37 51 88 210 28 37
MBE 937 83 2792832 56224 8744 136 51 138 106 18 36 150 635 (843) 36 82 118 246 29 39
& 4698 74 12461744 266317 9251 137 55 171 104 20 41 165  69.3 (85.1) 41 80 121 187 28 36

VIBERGEEL. AEESEVE). ILBREE GLSES. IEZELE). THEEE (IEDSIE. RESE. FERERX. RFS
Wk EICK 2R ZEREF) . BIESE (B RE. FER. FEEE. XU 5 A MEBEEL. FERX & E) . HItHRR FEEBEEAL. L —
ADTYR=Y R, BRE. 7 =Y AR E), BITEE (A, EHILY I LE. 90—, PGS ORBIFTEESL ). B (5
5. BfaiR. FEH, QMRS ERRBICEVRRICK 2RATR EBAD) . KBS (KIALE - IKSD. EEPTHEOTVLE).
SLA5EA (BRRESTA. EiAERT)

2) 2009 ~ 20114 3 EM DI FBEF HRTEREWR

3 2009 ~ 2011 4E ICBREEERE T - (3L DERICBBHMED & - 7-EH T, REEFIIRH

4 2009 ~ 20114 ICHRTEIRER P & V). 305HTEFTR L TV B ANREHEFOTFEY

S RRELDEHER

® REOKRE (FROBRE+ETEREE) X100

7 Y305 B LB DS VIEICIER

O RESHIER S & FIFEL A, BB RESERIRMAETER I ZHMARF. RARAIRESENIRERN 2K IFEHIEZFT
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Current shapes of lactation curves and characteristics of milk production and

reproductive traits and culling reasons in the Hokkaido Dairy Herd Improvement

Milk Recording of Holstein cows

Summary

The current shapes of lactation curves and their
relationships with other milk production and
reproductive traits as well as reasons for culling
were investigated in order to determine the
characteristics and causes of annual changes in
shapes of lactation curves as well as the
characteristics due to differences in shapes of
lactation curves, and to discuss the concepts of LP
(lactation persistency) from cow management
practices with respect to the breeding of LP. Data
for lactation curves, milk production, reproduction
in 1st ~3rd lactation Holstein cows and culling
information obtained from the Hokkaido Dairy
Milk Recording & Testing Association were used
for analysis. The data were analyzed for annual
changes in 305-d milk yields and shapes of
lactation curves for cows born in the period from
1975 to 2009, for shapes of lactation curves and
milk production and reproductive traits for each
of 3 levels of 305-d yield and LP and 9 levels of
their combinations, for sizes of herds on farms and
areas of Hokkaido in cows born in 2005~2009, and
for culling reasons for levels of herd size of farms
and areas of Hokkaido in 2009~2011. The results
obtained were as follows.

1. Annual changes in lactation curves of cows
born from 1975 to 2009 showed that the LP value
(=240 days in milk (DIM)-60 DIM+100)
decreased from 1975 with the rate of decrease
becoming slower with delay in the peak period
(DIM of peak yield) from 1985 and that LP
increased as the rises in 305-d milk yield and peak
yvield became mild from 1995, so that lactation

curve tended to be flatter. The extent of flatness
of lactation curve was in the order of 1st parity >
2nd parity > 3rd parity.

2. Sperman correlations between 305-d yield and
lactation curve traits were in the order of 0.86~
0.88 with peak yield > 0.29~0.35 with initial
growing yield (=35 DIM -10 DIM) > 0.23~0.31
with peak period > —0.28~0.05 with LP value.

3. Cows with flatter lactation curves, due to
lower initial growing yield and peak yield, higher
LP value and longer days open, showed greater
total milk yields due to longer lactation period and
shorter dry period.

4. Cows in large-scale dairy farms tended to be
younger at Ist calving and have greater 305-d and
total milk yields with shorter days open, lactation
and dry periods. Primiparous cows showed the
flattest lactation curves and multiparous cows
showed lactation curves with higher peaks and
less persistency in cows on large-scale dairy farms
with over 200 cows.

5. Cows on farms in upland dairy areas such as
Ishikari, Tokachi and Abashiri tended to have
higher 305-d and total milk yields than those of
cows on farms in grassland dairy areas such as
Nemuro and Kushiro. Cows in higher areas of
farms with free stall barns had shorter days open,
higher 305-d and total milk yields and longer peak
period (P<0.05), and primiparous cows had the
flattest lactation curves with highest LP values
(P<0.01)

6. Cows in large-scale dairy farms had lower
average and culling calving numbers, higher rates
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of planned culling, higher incidences of hoof and
digestive disorders and lower incidences of
mammary disease.

From the results obtained, both the flatter
lactation curve with lower peak yield and higher
LP from the 1990s and the phenotype flatness of
lactation curve can be explained by the following
genetic and environmental factors: (O possibility
that cows with genetic flatter lactation curves that
are suitable for labor-saving herd management
were gradually selected, @ increase in the use of
concentrates due to widespread use of total mixed
ration and labor-saving herd management, @
increase in the incidence of reproductive disorders
due to longer calving interval such as increases of
high-producing cows, @ record hot summers and
longer heat stress periods or increase in the
incidence of reproductive disorders caused by
heat stress, ® effects of shortened dry period, and
® effects of frequent milkings.

Cows with flatter lactation curves are thought

to be particularly observed in one ration group
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throughout the lactation period in free-stall
housing. The cows thereby tend to have a
relatively risk of high BCS (body condition score)
in the late stage of lactation because of high
energy ration and long calving interval. Therefore,
mating with bulls with high LP is recommended.

The phenotype of flatter lactation curve might
be caused by factors such as delayed conception,
heat stress and use of a large amount of
concentrates at late lactation. In that case, the
BCS are not necessarily levelled. BCS together
with total milk yield and LP should be considered
as selection traits in terms of feeding and
management, corresponding to the breeding of LP
with indirect selection of levelled BCS.

Analysis of data for cows in herd of different
sizes and in different areas suggested that shapes
of lactation curves reflect differences in feeding
methods. Integration of survey on feeding method
and milk records of Dairy Herd Improvement
should contribute to the establishent of efficient
breeding and management methods.
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2 1998 30.02 -6.616  0.8158 -0.5307  -16.67
2008 31.65 -5.963  0.6782 -0.5435 -17.59
1988 27.92 -7.618  0.7533 -0.4389  -15.81
3E 1998 31.64  -7.556  0.8726 -0.5181 -19. 60
2008 33.22  -6.853  0.7844 -0.5561 -20. 77

fR2—-2 ERIEDISBEABKEFBILHBRET IV (TR 1) DNT A — 218

EXR  305BFE  const lel le2 le3 wil
(i 22.24 -3.399 0.7083 -0.3819 -12.32
E =x 27.29 -3. 463 0.5023 -0.3977 -14. 71
= 32.62 -3. 379 0.2610 -0.3801 -17.13
;4 25.55 -5. 400 0.9118 -0. 5459 -14.15
2%F == 31.68 -6.185 0.7254 -0.5430 -17.54
= 38. 15 -6. 746 0.4554 -0.5069 -21.17
;4 26. 73 -6.210 1.0963 -0.5920 -16. 49
3E =x 33.02 -7.035 0.8704 -0.5718 -20. 66
= 39.79 -7.653 0.5196 -0.5156 -25. 06

f%R2—-3 ERIEDBIFHEMAKLE (LP) FEBILEIRET IV (TR 2) D/NT X — 28

ER LP const lel le2 le3 wil
& 27.35 -4.906 0.7055 -0.2819 -16. 63
HE = 27.30 -3.459 0.5274 -0.4120 -14. 87
= 27.60 -1.984 0.2518 -0.4600 -12.85
& 33.80 -8.192 0.7113 -0. 3804 -20.97
2F = 31.93 -6. 111 0.7365 -0.5589 -17. 81
= 29. 88 -4.163 0.6437 -0.6480 -14. 34
& 35.23 -9. 131 0.7835 -0.3437 -24.06
3E = 33.32 -6.978 0.8664 -0.5856 -20.90
= 31.22 -4.959 0.8319 -0.7349 -17.55
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tF€2—-4 ERIENDISHIERVBIFHGME (LP) DHEAEHE
KEFEBILHRET IV (FRIB—1~3)D/INT A —21#

305
Ex  HE LP const lel le2 le3 wil
=
& 2250 -4.808 0.9054 -0.2762 -14.22
E o 22.24 -3.387 0.7321  -0.4136 -12.38
= 21.95 -1.953 0.4801  -0.4593 -10.29
1€ 26.51 -7.834 1.0206 -0.3473 -17.53
2/ & & 25.85 -5.951 0.9637 -0.5241 -14.91
= 24.94 -3.976 0.8299  -0.6465 -12.17
& 27.70 -8.738 1.1679  -0.3202 -19.73
3 th 27.01 -6.794 1.1323  -0.5539 -17.19
= 26.13 -4.740 1.0418  -0.7336 -14.65
& 27.38 -4.912 0.6958 -0.2898 -16.54
E th 27.30 -3.478 05339  -0.4280 -14.89
= 27.20 -2.013 02795 -0.4748 -12.72
& 31.95 -8.126 07925 -0.3867 -19.92
2% th h 31.68 -6.127 0.7677 -0.5783 -17.66
= 31.40 -4.271 0.6123  -0.6646 -14.99
1& 33.26 -9.053 0.8792  -0.3483 -22.82
37 th 33.02 -6.990 09158  -0.6051 -20.73
= 32.76 -5.083 0.8149  -0.7590 -18.43
& 32.63 -5.006 0.4960 -0.2797 -19.39
HE h 32.55 -3514 0.3080  -0.3941 -17.42
= 32.66 -1.985 0.0371  -0.4479 -15.10
& 38.58 -8.410 05062 -0.3910 -23.36
2 = th 37.97 -6.248 0.4877 -0.5722 -20.72
= 37.61 -4.385 03174 -0.6285 -17.78
1& 40.23 -9.374 05322 -0.3512 -27.02
3% th 39.62 -7.141 05625 -0.5959 -24.60
= 39.23 -5.221 04372  -0.7041 -22.11

TR2—-5 ERIEOREFEBRRFBIHZET IV (FR4L)DNT A —51@E

ZELEE  const lel le2 le3 wil
BHRE
25> 2579  -3912 06693 -04174  -14.21
~49 2659 -3833 06664 -04233  -14.75
i :;g 2714  -3577 06095 -0.4143  -1485
2780 -3.190 04372 -0.3743  -14.80
~199 9792 2938 02869 -03336  -1434
200< 2932 2968 00677 -03174 _ -15.19
25> 2899 -5999 08780 -05486  -15.49
~49 3049 -6.145 08771 -05717  -16.60
ok :;3 3142 -6.021 08192 -05641  -17.28
3254  -5981 06454 -05228  -18.33
~199 3787 6063 04851 -04844 1843
200< 3466  -6.710 01998  -0.4048  -19.70
25> 3026 -6.783  1.0213 -0.6004  -18.07
~49 3187 6925 10425 -06223  -19.75
3 :;g 3289 -6.858 09539 -0.6018  -20.31
3394 -6.885 07678 -05467  -21.62
~199 3426  -7006 05504 -0.4745 2158
200< 3638 -7.733  0.2040  -0.3601  —23.42

B5)
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ff%R2-6 EXRIEQIHEEE (AXTXS) FBILEEREETIV(TRIS) D/IN5 X —51E

JeitEl B ERE TS £~ & — W JE i 451985 (2013)

Hhisk

const lel le2 le3 wil
a¥F 29.23 -3440  0.3365 -0.3505 -16.24
i 29.16 -3.321 0.4258  -0.4067 -15.86
+ 5% 29.12 -3.305 03794  -0.3698 -15.72
HE 28.65 -3.496 0.4562  —0.3905 -15.70
B 28.22 -3960 06136 -0.4522 -16.53
224N 27.91 -3664 05068 -0.3967 -14.76
W BE 27.92 -3.939 05815  -0.4146 -15.85
‘& 27.05 -3.687 0.6198  -0.4221 -14.99
& 2670  -4.181 07319  -0.4094  -1567
EE 2660  -3.795 05920 -0.3960  -15.08
T 26.29 -3.659 0.6246  —0.3963 -13.99
EES 26.09 -3690 06301 -0.4145 -13.99
pi 3 25.59 -3.296 0.5404  -0.3925 -13.20
BE 25.28 -3.277 0.5487  -0.3793 -13.24
a 33.81 -6.861 0.6033 -0.4930  -19.84
£ 33.61 -6.401 0.6919  -0.5365 -19.56
+i 33.76 -6.240 05873  -0.5047 -18.95
HE 33.21 -6.444 07011  -0.5299 -19.09
RS 3194  -6619 0.8831 -0.5816 -18.87
2250 31.95 -6.497 0.7167  -0.5177 -17.40
ok [=F=) 31.41 -6.423 0.8548  -0.5992 -17.32
®& 31.04  -6.122 0.8187  -0.5409 -17.44
& 29.89 -6.314 09706  -0.6049 -16.72
ES 30.31 -6.163 0.7827  -0.5317 -16.97
28 3060  —6.180  0.8660 -0.5432 -16.97
A 3014  -6.165 0.8285 -05580  -16.19
i [F3 29.85 -5.654 0.6860 —0.5412 -15.66
R=E 29.82 -5.701 0.7265  —0.5442 -15.98
ar 35.09 -7.696 0.7205  -0.4885 -22.75
L 34.89 -7.136 0.7905  -0.5406 -22.71
+ 5% 35.26 -7.168 0.7064  -0.5315 -22.59
HE 34.69 -7.211 0.7960  -0.5449 -22.27
B 3350  -7.402 09915 -0.5738 -22.17
224N 33.47 -7.256 0.8030  -0.5329 -20.45
3 BE 32.62 -7.199 1.0664  -0.6621 -20.68
‘& 32.02 -6.781 09513  -0.6053 -20.16
& 30.88 -7.017 1.0802  -0.6445 -18.77
EE 31.52 -6.871 09346 -05984  -19.91
] 31.85 -6.850 09731 -0.5662 -19.58
EES 31.55 -7.009 09836 -0.5812 -19.16
pi 3 31.28 -6.557 0.8568  —0.5889 -18.82
B=E 31.30  -6.647 0.8713  -0.5752 -18.78
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F&R3 RESFEBHEHBELTIU-ZXb—-IL(FS)

REOESTEE%

FEESTL) 1% 28 3% Hi
50> 67 28 6 100
~99 59 31 10 100
~149 42 45 13 100
~199 33 50 17 100
~299 25 46 30 100

300= 11 33 56 100

(LEEBERRZERR. 20011F6ARE)

f¥%4 2. 3EDI05HILERKEDBILIFHM (LP) & 3 KEF DORIERIEIE - WILHIRIER

ER 2% 3
305 B F.EKHE b (8590~ 10060kg) (8920~ 10430kg)
(877~ &= (91.0 (860~ =(89.5

LP{&E & (87.7<) 91.0) <) 1K (86.0<) 89.5) <)

Eiks ¢ 17328 19160 19313 12093 13237 13872
I EE R 53 16k il B B 28 408 411 415 410 418 425
ATEE R D iR #IEIRFE B 83 85 87 83 86 89
BIERE—S%E. ke 32 31 30 40 38 37
BIEXE—VIEH 47 47 50 37 36 37

Y ROEER TIRE © S5k H %285 ~ 6808 . ZHAH %20 ~ 400H. DGEEVIERER$20 ~ 3058, ¥EFE~ZH
H#40 ~ 340H

%5 BEFEMRIEITHIRRRE" >

REFRER BER  ypmmy THSH

R E3 7 Bl

~19 82 352 437

~39 709 6969 428

~59 1606 24553 426

~79 1050 22971 424

~99 487 13897 423

~119 250 8970 422

~139 183 7931 419
~159 101 5064 419
~179 69 3857 415

~199 38 2440 420

~299 98 8036 412

~399 36 4545 411

~499 23 3621 406
~599 8 1695 404

~699 4 1022 408
~799 2 551 397
~899 3 924 399
900~ 1 352 429

=t (or ¥ 15) 4750 117750 421

1'2011.07 ~ 2012.0653 4=
2 ROFWGEA TIRE : 915 H#285 ~ 680H. 4% %IE
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k6 #HILBREBHOZIEEENHTE"
HE 2% 3E
e . BRI e . B e . BRI
wom, SRAE mmE DEE UER ip  mpg 2BE DR i ppa 2RE DEE 50
Bk |, o OER B2 eam om0 98 B gam & OEE B2 sem
BEH BEH L BER BER o BER BER o
7000 6467 132 86 47 2.1 132 87 47 2.1 134 88 49 2.1
8000 7243 135 87 50 2.2 136 87 51 2.2 138 88 52 2.1
9000 8019 138 87 53 2.3 140 88 54 2.3 141 89 55 2.2
10000 8794 141 87 56 2.3 144 88 58 24 145 89 59 2.3
11000 9570 144 87 59 2.4 148 88 61 25 149 90 62 24
12000 10345 147 87 62 2.5 152 89 65 25 153 90 65 2.5
13000 11121 150 87 65 2.6 156 89 68 2.6 156 90 68 2.5
14000 11897 153 87 67 2.7 160 90 72 2.7 160 91 72 2.6
RERE 0.96 0.60 0.01 0.68 0.76 0.51 0.09 0.66 0.72 0.46 0.06 0.62 0.85

VE2ROEERISKEDHILE % HBELH. 050IE. FEEELRBELHE T IERARK, S HH
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Watermelon (Citrullus lanatus) Seed Formation by Pollination with Normal Pollen

Following Pollination with Soft X-ray Irradiated Pollen

Keita SUGIYAMA 1/, Daisuke KAMI !’ and Takato MURO 2’

I . Introduction

Almost all seedless watermelon (Citrullus
lanatus) is produced by a triploid technique by
which diploid pollen is used to pollinate a pistillate
flowers (KIHARA, 1951; TERADA and MASUDA,
1943) . Another method for producing seedless
watermelon is by pollinating with soft X-ray
irradiated pollen (SUGIYAMA and MORISHITA,
2000) . Using soft X-ray irradiated pollen (partially
inactivated pollen; PI-Pollen) has an advantage
because seedless watermelons can be produced
with ordinary cultivation methods since they are
diploid plants; however, the production of seedless
watermelon by PI-Pollen is time-consuming. In
addition to making the PI-Pollen, pistillate flowers
must be covered with a bag before flowering, the
flowers must be artificially pollinated and the
pistillate flower must be covered after pollination.

The first problem in this new method is that a
large amount of PI-Pollen must be produced prior
to pollination for the mass production of seedless
watermelon. To overcome this issue, we developed
a pollen storage method for watermelon (AKUTSU
and SUGIYAMA, 2008)
farmer PI-Pollen in large amounts. The second

, allowing us to offer the

problem is the need to cover pistillate flowers
with a bag before anthesis to prevent normal
pollination by insects. To solve this problem, we
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tested pollinating flower buds in the afternoon
prior to anthesis and found equivalent fruit set
rates to flowers pollinated on the day of anthesis
(SuctyAMA and AKUTSU, 2010) . We thought that
this bud pollination method was sufficiently
effective to omit covering the pistillate flower with
a bag; however, even if pollinating pistillate
flowers with PI-Pollen before anthesis, we found
normal seeds in the fruit.

Our goal in this paper was to verify the
effectiveness of the bud pollination method. That
is, we tested the efficacy of the bud pollination
method to block normal pollen carried by insects.
After pollination of PI-Pollen on the day before
anthesis, normal pollen was used to pollinate
flowers on the day of anthesis. We investigated
the relationship between number of normal seeds
and the timing of using normal pollen after
pollination with PI-Pollen. The difference in pollen
tube elongation into the ovaries for normal pollen
and PI-Pollen was also investigated. In addition,
the distribution of normal seeds in the mature
fruits produced by the use of normal pollen after
pollination with PI-Pollen was determined.

I . Materials and Methods
1. Normal seed formation by pollinating with
normal pollen after pollination with Pl-Pollen
Watermelon cultivar ‘Fujihikari TR’ (a
monoecious plant) seeds were sown in pots on
June 22, 2008 in a glasshouse, and seedlings with
five to six leaves were transplanted 50 cm apart
in two beds (23 m X 25 m) in a greenhouse on
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July 18. The bed was covered with black and gray
polyethylene film and fertilized with a pre-plant
broadcast application of N-10 P-10 K-10 (kg/ha)
before transplanting. Plants were topped at the
five-leaf stage, and three lateral vines were
allowed to grow. Pistillate flowers were pollinated
starting at about the 15" node of the lateral
branches. Experiments were performed at the
National Agriculture and Food Research
Organization Hokkaido Agricultural Research
Center in Sapporo, Japan.

Pollen from watermelon was collected by
cutting the anthers from the male flowers on the
day of anthesis and shaking the contents through
a stainless steel filter into a stainless steel cup.
Collected pollen was packed in paraffin paper and
irradiated with 600 Gy soft X-ray (Soft X-ray Unit
OM-60R, OHMIC Co., Ltd.) at 15.0 Gy/min.
Irradiated pollen (PI-Pollen) was packed with a
vacuum packaging machine ( TOSPACK' V-380G,
TOSEI, Shizuoka, Japan)
storage at -25C . Normal pollen was collected on

, under vacuum for

packed in paraffin paper and was packed with a
vacuum packaging machine, under vacuum for
storage at -25C . Pollen was stored no longer than
one week prior to use in pollinating pistillate
flowers of Fujihikari TR .

After pollination with PI-Pollen on the day
before anthesis, normal pollen was used to
pollinate flowers 14, 16, 20 and 24 h later. Prepared
pollen was applied to the stigmas with a brush.
After pollination, pistillate flowers were covered
with cellophane bags to prevent contact with
insect-transferred pollen.

Fruits were selectively thinned, leaving one
fruit per plant to mature for each treatment.
Mature fruits were harvested about 40 days after
pollination. Fruit weight, shape, rind thickness,
flesh color, soluble solids (Brix) and the number
of normal seeds were recorded for each fruit. The
fruit shape index (L:w) was expressed as the ratio
of length from the peduncle to the blossom end to
the equatorial diameter. Mature harvested
watermelons were cut in half, and the flesh color

was measured with a colorimeter (a* hue relates
to the red (+60) - green (-60) color axes. NF 333,
NIPPON DENSHOKU INDUSTRIES Co., Ltd.
Tokyo, Japan) . The number of normal seeds
produced was recorded for each treatment.

Each treatment was arranged in a randomized
block design with three replications and one block
had four or five plants. The fruits of the same
treatment were treated as one group in data
analysis. The mean differences between normal
fruit and seedless fruit were determined by the ¢
test. The Tukey-Kramer multiple-range test
(p<0.05) was used to test differences between

treatment means.

2. Normal seed formation and distribution of
normal seeds in the fruit by pollinating with
normal pollen after pollination with PI-Pollen

Watermelon cultivar ‘Fujihikari TR’ seeds
were sown in pots on June 10, 2009 in a glasshouse,
and seedlings with five to six leaves were
transplanted 50 cm apart in two beds (23 m X 25
m) in a greenhouse on July 6. Other cultivation
conditions and pollination methods were identical
to those in I -1.

After pollination with PI-Pollen on the day
before anthesis, normal pollen was used to
pollinate flowers 24 and 30 h later. Pollination with
PI-Pollen was performed at noon or 4 AM on the
day before anthesis.

Mature fruits were harvested about 40 days
after pollination. The fruit was cut in half
equatorially, and the number of normal seeds on
the lower portion (on blossom end side) and on
the upper portion (on the stem end side) was
recorded.

Each treatment was arranged in a randomized
design with five single-plant replicates. The mean
differences between normal fruit and seedless fruit
were determined by the ¢ test. The Tukey-Kramer
multiple-range test (p<0.05) was used to test
differences between treatment means.
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3. Difference in pollen tube elongation after
pollination with normal pollen and PI-Pollen

Plant cultivation was the same as II -1. The
treatment was as follows: 1) normal pollen or PI-
Pollen was used to pollinate flowers at 8 AM on
the day before anthesis; 2) normal pollen or PI-
Pollen was used to pollinate flowers at 4 PM on
the day before anthesis; 3) normal pollen or PI-
Pollen was used to pollinate flowers at 8 AM on
the day of anthesis.

To observe the elongation of pollen tubes, three
pistillate flowers from each treatment were
collected after pollination and rapidly fixed with
an acetic acid-ethanol (1:3) solution. The ovary
was cut in one of the sections as indicated in Fig.
1. Thin cross-sections of the ovaries in each
position were soaked in 1N sodium hydroxide for
10 min, washed and stained with 0.5% aniline blue
until the tissues were stained.

Il . Results
1. Normal seed formation by pollinating with
normal pollen after pollination with Pl-Pollen
When normal pollen only was used to pollinate
pistillate flowers on the day of anthesis at 8 AM,
there were about 560 normal seeds in the fruit
(Table 1) . When only PI-Pollen was used to
pollinate on the day of anthesis or the day before
anthesis, normal seeds were not found in the fruit.

The number of normal seeds was about 150 when
normal pollen was used to pollinate flowers 14 h
after pollination with PI-Pollen. When normal
pollen was used to pollinate flowers 16 h after
pollination with PI-Pollen, there were about 350
normal seeds, which was the peak value. When
normal pollen was used to pollinate flowers at 20
h or 24 h after pollination with PI-Pollen, about 200
normal seeds or 160 normal seeds were formed
respectively. Thus, normal seed formation was
inhibited by pollination with PI-Pollen before
pollination with normal pollen; however, normal
seeds were formed when normal pollen was used
for pollination even 24 h after pollination with PI-
Pollen.

Fruit weight of plants pollinated with normal
pollen on the day of anthesis at 8 AM or PI-Pollen
on the day of anthesis at 8 AM was lower than
that of when normal pollen was used to pollinate
flowers at 14 h or 16 h after pollination with PI-
Pollen. Although fruit thickness of plants pollinated
with normal pollen on the day of anthesis at 8 AM
or PI-Pollen on the day of anthesis at 8 AM tended
to be thinner than for other treatment, there was
no consistent relationship with pollination time of
normal pollen after pollination of PI-Pollen (Table
2) . There was no significant difference in fruit
shape, color or Brix among the treatments.

Table 1. Seed formation by pollination with normal pollen after pollination with Pl-Pollen.

Time of pollination

A: PI-Pollen” B: Normal pollen Number of fruit The time from A to B )
- - No. of normal seed per fruit

One day pre-anthesis Anthesis (hour)

— 8 AM 13 - 557.3£26.1 g%

12 PM (twelve noon) 12 PM (twelve noon) 13 24 163.9+£39.4 ab

4 PM (16:00) — 13 — 0.0 a

4 PM (16:00) 6 AM 13 14 148.4+39.2 ab

4 PM (16:00) 8 AM 13 16 351.7+63.4 ¢

4 PM (16:00) 12 PM (twelve noon) 12 20 200.6+39.1 be

8 AM (Anthesis) — 7 — 0.0 a

b Parthially inactivated pollen.

Y Means followed by the same letter are not significantly different at the 5% level by Tukey-kramer's multiple-

range test.
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Table 2. Fruit quality of watermelon produced by different pollinetion methods.
Time of pollination Fruit weight ~Fruit shape” Rind thickness  Flesh color” Brix
A: PI-Pollen” B: Normal pollen The time from A to B~ Number of fruit (kg) (Lw) (mm) (%)
One day pre-anthesis  Anthesis (hour)
— 8 AM - 13 5.8 2" 1.07a 16.0 a 19.1a 12.1a
12 PM (twelve noon) 12 PM (twelve noon) 24 13 6.9 ab 1.15a 183 b 19.3a 12.2a
4 PM (16:00) — — 13 6.3 ab 1.14a 18.1 b 20.0a 12.4a
4 PM (16:00) 6 AM 14 13 7.1b 1.12a 182 b 20.1a 12.5a
4PM (16:00) 8§ AM 16 13 71b 1.09a 17.6 ab 19.1a 12.6a
4 PM (16:00) 12 PM (twelve noon) 20 12 6.6 ab 1.07a 17.5 ab 18.9a 12.6a
8 AM (Anthesis) — — 7 55a 1.07a 154 a 18.5a 11.9a

,D Length/width
? a* Hue relates to red (+60) - green (-60) color axes.
3 Parthially inactivated pollen

Y Means followed by the same letter are not significantly different at the 5% level by Tukey-kramer's multiple-

range test.

2. Normal seed formation and distribution of
normal seeds in the fruit by pollinating with
normal pollen after pollination with PIl-Pollen

When normal pollen only was used to pollinate
flowers at noon on the day of anthesis, 500 normal
seeds were produced (Table 3) . When only PI-

Pollen was used to pollinate flowers at noon on the

day before anthesis, normal seeds were not

observed. The number of normal seeds was
decreased by pollinating with normal pollen after
pollinating with PI-Pollen as well as I -1. A bout

106 normal seeds were obtained in the case of

pollinating of normal pollen at 24 h (12 PM) after
pollination of PI-Pollen. And about 43 normal seeds
developed for plants whose flowers were pollinated
with normal pollen 30 h after pollination of PI-
Pollen.

As for the distribution of normal seeds in the
fruits from all treatments, there were more normal
seeds on the blossom end side (upper portion) of
the fruit than on the stem end side (lower portion) .
When only normal pollen (control) was used for
pollination, about 60% of the total normal seeds
were in the upper portion, and the remaining 40%

Table 3. Seed formation and distribution of seeds in the fruit resulting from pollination with normal pollen after

pollination with PI-Pollen.

Time of pollination

A len” B: Normal pollen The time from  Number  Fruit Total seed number No. of normal seed Portion Seed ratio of upper potion
- Pl-Pollen i P AtoB of fruit  weight  per fruit in different portion and lower portion in the fruit
One day pre-anthesis Anthesis (hour) (kg) (%)
291.8 +17.0 3 58.4
— 12 PM (twelve noon) - 5 533" 499.5 + 47.4a upper.
207.8 +32.1 lower" 41.6
. + 3 .
12 PM (twelve noon) 12 PM (twelve noon) 24 5 41a 105.8 + 41.3b 69.4 4244 upper 65.6
36.4 +17.5 lower 34.4
. + . .
12 PM (twelve noon) 6 PM (18:00) 30 5 422 43.0 + 14.9b 34.6 = 11.0" upper 80.5
84 +4.1 lower 19.5
12 PM (twelve noon) — — 5 5.3a 0.0 0.0 upper
0.0 lower -
. + . .
4 PM (16:00) 4 PM (16:00) 24 5 5.3a 71.0 + 22.1b 53.8 +15.3 upper 75.7
173 £8.7 lower 24.3

b Parthially inactivated pollen.

2 Means followed by the same letter are not significantly different at the 5% level by Tukey-kramer's multiple-

range test.

9 The portion from the blossom end to the equatoial position of the fruit.
Y The portion from the stem end to the equatoial position of the fruit.
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were in the lower portion. Having a higher
percentage of normal seeds in the upper portion is
a result similar to the case of using normal pollen
after pollination with PI-Pollen. Additional increases
in the percentage of normal seeds in the upper
portion of the fruit were measured when normal
pollen was used after even longer time periods
after pollination with PI-Pollen; 80.5% of the
normal seeds were in the upper portion when
normal pollen was used 30 h after PI-Pollen.

There was no significant difference in the fruit
weight among the treatments.

3. Difference in pollen tube elongation after
pollination with normal pollen and PI-Pollen

The elongation of pollen tubes from PI-Pollen
used for pollination on the day of anthesis tended
to be faster than those from normal pollen used
for pollination one day pre-anthesis (Table 4) .
The growth of PI-Pollen tubes 48 h after
pollination was similar to the growth of normal

pollen

pollen tube

upper portion

middle portion

Half of ovary

lower portion

pollen tubes at 24 h after pollination. When PI-
Pollen was used to pollinate flowers at 8 AM one
day prior to anthesis, only a few pollen tubes
elongated and they were quite short. When
normal pollen and PI-Pollen were used to pollinate
flowers one day pre-anthesis, pollen tubes at 24
after pollination did not penetrate the micropyles.
At 48 h since pollination with normal pollen one
day pre-anthesis, pollen tubes were observed in
the lower portion of the ovary. PI-Pollen tubes
were observed in the upper portion of the ovary
at 48 h after pollination one day pre-anthesis.
When normal pollen and PI-Pollen were used to
pollinate flowers at 8 AM on the day of anthesis,
the penetration speed of the pollen tubes was fast;
at 24 h after pollination tubes had penetrated into
the micropyles. In normal pollen, tubes penetrated
into the micropyle in the middle portion of the
ovary at 24 h after pollination and penetrated into
the micropyle in the lower portion of the ovary at
48 h after pollination. On the other hand, in PI-

stigma

style
4
a
— -1/4
b
. 1/2
c
ovule —> @®
@

Fig. 1. Position of pollen tubes in an ovary after pollination

a: upper portion, b: middle portion, c: lower portion.
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Table 4. Position of pollen tube in normal pollen and PI-Pollen after pollination.

One day pre-anthesis Anthesis
Type of pollen 8 AM 4 PM 8 AM
241" 48 h. 24 h 48h 24 h 48h
Normal pollen 32) b 3)-c a-b b-c b-c c
PI-Pollen a a a a-b a-c b-c

Y Time after pollination.
? See Fig. 1.

% Bold and italicized letters indicate that penetration of pollen tubes into the micropyle was observed.

Pollen, elongation of pollen tubes tended to be
slower than for normal pollen tubes.

The above results indicate that the elongation
speed of PI-Pollen tubes was slower than that of
normal pollen tubes, and the position at 48 h after
pollination of the PI-Pollen was close to the
position at 24 h after pollination with normal
pollen. Moreover, elongation of pollen tubes after
pollination on the day of anthesis was faster than
that of tubes from pollen used for pollination one
day pre-anthesis.

IV . Discussion

Generally, fertilization of watermelon occurs
between 24 h and 48 h after pollination with
normal pollen (BUTTROSE and SEDGLEY, 1979;
SUGIYAMA, 2001) . We observed almost the same
results in this test. Also, we reported that fruit
was able to set when pollination occurred one day
pre-anthesis (SUGIYAMA and AKUTSU, 2010) . The
fruit set rate of plants pollinated on the afternoon
of the day before anthesis was almost the same as
the fruit set rate of plants pollinated of the day of
anthesis. To maximize the number of normal
seeds, we presumed that it was necessary to use
normal pollen as soon as possible after pollinating
with PI-Pollen; however, more normal seeds were
produced after pollination with normal pollen after
16 h than after 14 h. Anthesis began at about 6
AM, and the flowers were open completely at
about 8 AM. Therefore, we hypothesized that the
best time of the day for elongation of pollen tubes
occurred from 8 to 10 AM to obtain the highest

fruit set percentage (SUGIYAMA, 2001) .

The number of normal seeds decreased by
pollinating with PI-Pollen beforehand in all
treatments in comparison with pollinations using
normal pollen only. We hypothesized that PI-
Pollen tubes would penetrate the ovules earlier
than the pollen tubes from the later pollinated
normal pollen and would disturb the normal pollen
tubes.

However, normal seeds were resulted from
pollinating with normal pollen even at 30 h after
pollination with PI-Pollen. This result indicated
that it was difficult to completely prevent later
fertilization by normal pollen with early pollination
of PI-Pollen. Therefore, prevention of pollination
with normal pollen carried by insects is necessary
for the production of seedless watermelon when
using PI-Pollen.

Nearly all of the pollen tubes from the early PI-
Pollen pollinations reached the nearest ovules; that
is, ovules of the upper portion (blossom end
side) . Therefore, it must be a rare event that
later pollinated pollen tubes can penetrate to the
ovules of the blossom end side (upper portion) ;
however, we obtained the opposite results. In the
case of pollination with PI-Pollen at 4 PM one day
pre-anthesis, pollen tubes reached the middle
potion of the ovary at 48 h after pollination. On
the other hand, in the case of pollination with
normal pollen at 8 AM on the day of anthesis, 24 h
after pollination the position of normal pollen tubes
was at a slightly lower position (stem end side) of
the ovary comparison with PI-Pollen tubes. Also,
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we previously reported that fertilization by PI-
Pollen was later than normal pollen (SUGIYAMA et.
al, 2002) . Although it was obvious that normal
pollen elongates fast we expected that PI-Pollens
would occupy ovules at the blossom end. That is,
many normal seeds in the lower portion of the
fruit should be present if normal pollen can
elongate ahead of PI-Pollen. As for the reason for
the opposite outcome, we hypothesize that normal
pollen tubes penetrated the ovules that the PI-
Pollen tubes had not reached, or the timing for the
arrival of normal pollen tubes to mature ovules
was perfectly matched.

The number of normal seeds in the lower and
upper portions of the ovary decreased after
pollinating with PI-Pollen beforehand. When
normal pollen was used to pollinate flowers on the
day of anthesis at 6 PM after pollination with PI-
Pollen one day pre-anthesis at 12 PM, the ratio of
the number of normal seeds in the lower portion
was very low. We assumed that PI-Pollen tubes
blocked the pathway of normal pollen tubes in
from the style to the upper portion of ovary. Also,
perhaps the continued aging of the pistillate
flower decreased the ability for fertilization to
occur.

Fruit weigh of ‘Fujihikari TR’ is usually 5 to 7
kg in this cultivation season (SUGIYAMA, and
AKUTSU, 2010) . In the experiments, the fruit was
roughly normal size. Fruit weight of plants
pollinated on the day of anthesis tended to be
lower than plants pollinated one day pre-anthesis
in Table 2, but there was no significant difference
in fruit weight for plants pollinated on the day of
anthesis in Table 3. Also, in our previous report,
there was no effect of fruit weight on pollination
time (SuciyaMmA, and AKUTSU, 2010) . Accordingly,
the fruit weight had no relationship with the
treatments. Other fruit characteristics had no
relationship with the treatment used for pollination.

V. Summary
We developed a method using soft X-ray
irradiated pollen (partially inactivated pollen; PI-

Pollen) to pollinate pistillate flowers of watermelon
(Citrullus lanatus) prior to anthesis for producing
seedless watermelon and hopefully prevent later
normal pollination by insects. In this study, we
have further characterized the efficacy of this
method by pollinating pistillate flowers with PI-
Pollen one day pre-anthesis and testing the effects
of varying the timing of subsequent pollination
with normal pollen. Normal seed formation was
inhibited by pollination with PI-Pollen before
pollination with normal pollen. However, normal
seed was formed as a result of pollinating with
normal pollen even at 30 h after pollination with
PI-Pollen. The number of normal seeds on the
blossom end side of the fruit (upper portion) was
greater than on the stem end side (lower portion)
in all treatments. The percentage of normal seeds
in the upper portion of the fruit tended to increase
as the duration increased between pollinating with
normal pollen after first pollinating with PI-Pollen.
The tubes of PI-Pollen pollinated to pistillate
flower on the day before anthesis elongated more
slowly than normal pollen tubes. In the case of
pollination with normal pollen on the day of
anthesis, 24 h after pollination the position of
normal pollen tubes was at a lower position of the
ovary comparison with PI-Pollen tubes. Therefore,
for production seedless watermelon by IP-Pollen,
it pollination by insects after bud pollination with
PI-Pollen must be prevented.
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Probenazole Promotes Root Growth and Suppresses Expression of Pathogenesis-

related Proteins in Roots of Rice Seedlings

Yutaka SATO 1, Hideki KATO 2’, Akira ENDO '), Mihoko OHASHI !’
and Ayano MEGURO

I . Introduction

Although rice is the staple food for more than
half of the human population, its cultivation is
hampered by problems such as low temperatures,
fungal infections, insect damage and drought,
which all serve to reduce crop yield. In cool and
humid climatic conditions, rice blast fungus
(Magnaporthe grisea) often causes severe damage
to rice production. Under these conditions, rice
crops are often treated with an agrochemical such
as Oryzemate (Meiji Seika, Japan) to counter rice
blast fungal infection. The active ingredient of
Oryzemate is probenazole (IWAI et al, 2007) , and
is applied as a granular treatment to the paddy
field or used as a seedling box treatment
(WALTERS and FOUNTAIN, 2009) . Probenazole is
absorbed by the roots and is then transferred
systemically throughout the plant (IWATA, 2001) .
In the cells, probenazole is converted into
1,2-benzisothiazole-1,1-dioxide where it induces
salicylic acid (SA) accumulation and induces
expression of pathogenesis-related genes
(YOSHIOKA et al., 2001; MIDOH and IWATA, 1996;
IWATI et al., 2007; UMEMURA et al,, 2009) . SA acts as
a key endogenous signaling molecule that
mediates systemic acquired resistance (UMEMURA
etal, 2009) .

SA also affects plant growth and development

Accepted ; December 25, 2012

1) NARO Hokkaido Agricultural Research Center, Crop
Breeding Research Division

2) Department of Biological Research, Odawara Research
Center, Nippon

(VICENTE and PLASENCIA 2011) . Growth
promotion occurs following SA treatment in
soybean (GUTIERREZ-CORONADO et al., 1998) ,
wheat (SHAKIROVA ef al, 2003) , maize (GUNES et
al, 2007) , chamomile (KOVACIK et al, 2009) , rice
(MOHAMMED 2009) and fennel (HASHMI et al.,
2012) . In soybean, foliar spray with SA in the
range 10 nM to 10 mM not only promotes shoot
growth but also accelerates root growth. In wheat,
a presowing treatment of seeds with 50 uM SA
promotes germination and subsequent seedling
growth, and results in an increased yield. In maize,
application of 0.1 — 1 mM SA to the soil increases
the dry yield of plants under both saline and non-
saline conditions. Chamomile plants grown in a
solution containing 50 #M SA exhibit increased
biomass of leaf rosettes and roots, whereas, in a
solution containing 250 uM SA, they show
inhibition of growth. The treatment of rice leaves
with 1 mM SA increases the number of filled
grains per panicle and produces an increased
grain yield. Foliar spray of fennel plants with 0.1
mM SA significantly increases fresh and dry
weights of shoots and roots, seed yield and oil
yield. Increased plant growth has also been
reported in rice and sunflowers that have higher
levels of endogenous SA accumulation following a
bacterial infection (SAIKIA et al, 2006; FORCHETTI
et al., 2010) . In rice, growth was promoted by
infection with Pseudomonas aeruginosa that induces
the accumulation of endogenous SA in roots. In
sunflowers under water stress, seedling growth is
promoted by SA produced by endophytic bacteria.
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However, exogenous SA has also been reported
to have a negative effect on growth. For example,
PANCHEVA et al, (1996) reported that leaf and root
growth are reduced in barley plants and TRAW
and BERGELSON (2003) found that SA (100 uM
and 1 mM) reduces trichome density and number
in Arabidopsis. High endogenous levels of SA are
associated with a dwarf phenotype in Arabidopsis
mutants (BOWLING ef al., 1997; RATE et al., 1999;
RATE and GREENBERG 2001) . KUREPIN et al., (2012)
reported that in the shade ecotype of Stellaria
longipes, endogenous SA levels are increased and
dry shoot biomass is decreased in plants grown
under normal compared to reduced light quality.

Although probenazole is known to induce SA
accumulation, which might affect plant growth
and development as described above, and has
been used to protect rice plants from rice blast
fungus for over three decades, to date no study
has examined its effect on the growth of rice
plants. Here, we treated rice seedlings with
probenazole and monitored root and shoot growth.
We found that root growth was significantly
accelerated by probenazole treatment. In addition,
we found that probenazole treatment altered
endogenous SA levels, and expression of genes
related to SA metabolism enzymes and of
pathogenesis related proteins.

I . Materials and Methods

1. Plant materials and probenazole treatment

Rice (Oryza sativa Japonica group cultivar
‘Oborozuki’ ) seeds were washed with sterilized
water and then soaked in water for two days at
28T in the dark. After being soaked, germinating
seeds were placed in hydroponic conditions in the
dark. Nine seeds were placed on a plastic grid (ca.
35 x 35 mm) , which was then floated in a plastic
cup holding 100 ml of distilled water with various
concentrations of Oryzemate (48% probenazole
(w/w) , Meiji Seika, Japan) or SA. Acetone has
been used as a solvent to dissolve probenazole
(IWAI et al., 2007) ; however, we found that even a
low concentration of acetone had an adverse effect

on rice root growth. We therefore used water-
soluble Oryzemate instead of probenazole. Since
Oryzemate contains substances such as minerals
other than probenazole, the control solution should
have contained those additive substances.
However, we used distilled water as a control
because details of those additive substances are
not disclosed by the manufacturer. SA was
initially dissolved in 100 xL dimethyl sulfoxide
(DMSO) and a 100 mM stock solution was made
up with distilled water and adjusted to pH 5.8
with KOH. Hydroponic culture was performed in
a growth chamber (continuous dark, 25C) for 1, 4
or 7 days. After incubation, the lengths of the

primary roots and shoots were measured.

2. Quantitative reverse transcriptional (QRT) -
PCR

Root and shoot samples were collected from
4-day-old plants grown with or without 100 xM
probenazole or 10 uM SA in the dark. Tissue
samples were frozen with liquid N, and stored in
a -80C freezer until use. Total RNA was extracted
from 1007200 mg of tissue samples using FastRNA
PRO GREEN KIT (MP Biomedicals, USA) . RNA
samples were treated with DNase I (TaKaRa Bio,
Japan) to remove genomic DNA and then
subjected to chloroform purification to remove the
DNase I. Complementary DNA (cDNA) was
synthesized from 0.5 ug samples of the RNA using
PrimeScript RT master mix (TaKaRa Bio,
Japan) . The levels of expression of the following
groups of genes were examined after probenazole
or SA treatment by QRT-PCR with a LightCycler
Carousel-based system (Roche, Germany) using
LightCycler TagMan Master (Roche, Germany) :
the pathogenesis related genes, PR2 (Os01g0940
700) , PR3 (Os10g0416500) , PR5 (0s12g0628600) ,
PBZI (0s12g0555500) , and RSOsPR10 (Os12g0555
000) ; genes associated with SA metabolism,
isochorismate synthase (0Os09g0361500) ,
phenylalanine ammonia-lyase (0s02g0627100,
050220626100, Os05g0427400) , chorismate mutase
(0s01g0764400, 0s12g0578200) and salicylate
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glycosyl transferase (0s09g0518200) . The gene-
specific primer sets and universal TagMan probes
were designed using information from the website
https://www.roche-applied-science.com/sis/rtpcr/
upl/index.jsp?id=UP030000. The primer sequences
and corresponding universal probes are listed in
Table 1. Relative mRNA abundance was normalized
against the level of ubiquitin (CHEN et al, 2009) .

Three biological replicates were performed.

3. Salicylic acid quantification
Extraction and quantification of endogenous SA
levels were performed as described by MALAMY

et al, (1992) and YASUDA et al, (2008) with minor
changes. Plant tissues (approximately 100 mg)
were homogenized in 2 ml of 90% methanol (v/v)
and centrifuged at 13000 x g for 5 minutes. The
pellet was extracted again by adding 100%
methanol and centrifuged. Methanol extracts were
combined and dried under vacuum. Dried samples
were suspended with 1 ml of distilled water at
80C for 5 minutes. Samples were divided into two
portions for analyzing free SA and total SA (sum
of free and conjugated SA) . For free SA
extraction, a 250 ul aliquot was acidified by adding
10 ul of HCI and then vigorously mixed with 500 ul

Table 1. Primer and probe sets used for QRT-PCR

Locus ID Description g:]c;\l/)zrsal Primer sequence
0s09g0361500 Isochorismate synthase (ICS) #83 F: GGGCCAAAATGCTTATCAGT

R: AGTATTTCCGATGAAATAATTGCTACT
0s02g0627100 Phenylalanine ammonia-lyase (PAL) #25 F: GCACCGACGGTCATGTTT

R: ACCGGATGCCGGAGTATC
050590427400 by o v ialanine ammonia-lyase (PAL)  #53 F: CTCATGTCCTCCACCTTCCT

R: GACGTTCTCCTCGATGTGG
0s02g0626100 Phenylalanine ammonia-lyase (PAL) #152 F: CATCGTCAATGGCACGTC

R: CATCACCTCGCAGAACACC
0s01g0764400 Chorismate mutase (CM) #136 F: TCAACAAGGAGATTTGGAAAATG

R: CTTCCTTCTTTCACTAATCTTGGAA
0Os12g0578200 Chorismate mutase (CM) #67 F: AGGTACAAGAGCCCGGATG

R: CATACTCAACAGATGGCTCCAC
050990518200 fgg%’?;‘:g;ywsy' transferase 45 F: CCTCGTCAACTCCTTCTACGA

R:GAGGCGGTTGTCGAGGTA
0s01g0940700 PR2 #88 F: TACATCACGGTCGGCAAC

R: GCTGTTCATGTTCTGCATGG
Os10g0416500 PR3 #141 F: CCATGGTCAGCAGCTACAAG

R: TCGATGGACGATCAGTGG
0s1290628600 PR5 #149 F: CTCTTCCGCTGTCCTCGT

R: GGTTGGTGATGGTGAAGGTC
0s12g0555500 PBZ1 #34 F: CTGCCGAATACGCCTAAGAT

R: CATTTCTGCGGCTCTCATTA
0s12g0555000 RSOsPR10 #38 F: TGCTTAAAAATTGTCATAAACCAAA

R: GGATTTGTCGTGGCTCACA
0s03g0234200 Ubiquitin #42 F: TGGATGTTGTTGAACCGTGT

R: GACCAATATAGTTTGCTGCCAAT

Primer design and universal probe selection were performed using data from the Roche Applied Science website.
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of 50% cyclohexane/50% acetate (v/v) . The
upper organic phase was subsequently collected
into a new tube. The partitioning step was
repeated twice and the combined organic phase
was dried by vacuum. The dried residue was
dissolved with 20 mM sodium acetate (pH 5.0)
containing 20% methanol (v/v) .

To extract total SA, the second 250 ul aliquot
was mixed with an equal volume of 10 unit/ml
B-glucosidase (Oriental Yeast Co. Japan) . The
mixture was incubated at 37°C for 10 hours. After
the glucosidase digestion, samples were partitioned
using organic solvents as described above. The
resultant extracts were analyzed using the HPLC
CLASS-LC10 system (SHIMAZU, Japan) equipped
with a TSK-gel ODS-80 column (4.6 x 150 mm;
Tosoh, Japan) . The amount of SA O-beta-glucoside
(SAG) was estimated by subtracting the
measured free SA from the measured total SA.

Il. Results
1. Probenazole promotes root growth

Rice seedlings were grown under hydroponic
conditions and treated with probenazole for 4
days. The probenazole-treated seedlings had
longer seminal roots than the control seedlings,
but there was no significant difference between
the two groups for shoot lengths (Fig. 1a) . As
the largest effect on root growth was observed
using 100 «M probenazole, this concentration was
selected for all subsequent experiments.

Next, germinated rice seeds were treated with
100 uM probenazole for 1, 4 or 7 days and seminal
root and shoot lengths were measured. The
probenazole treated seedlings had longer roots
after 4 and 7 days of culture compared to control
(untreated) seedlings (Fig. 1b) . As described
above in the initial experiment, probenazole had
no significant effect on shoot lengths (Fig. 1c) .

The effects of exogenous SA on root growth
were examined by treating rice seedlings with 10
or 100 uM SA. Root elongation in seedlings treated
with 10 uM SA was found to be greater than
controls and to be similar to that observed after

treatment with 100 uM probenazole; however, 100
uM SA severely inhibited root growth (Fig. 1d) .

2. Probenazole reduces endogenous SA levels
in roots

Endogenous SA levels were measured in control
seedlings and in seedlings grown inl00 x«M
probenazole for 4 days. The roots and shoots were
separated for analysis of endogenous SA contents.
In the root tissue, free SA was decreased by the
probenazole treatment (Fig. 2a) , whereas the
level of free SA was not altered in shoots after
probenazole treatment (Fig. 2b) . The amount of
SAG in roots was not affected by probenazole
treatment (Fig. 2a) , however, the amount of SAG
in shoots was increased (Fig. 2b) .

We examined the effect of probenazole treatment
on expression of genes associated with SA
metabolism by QRT-PCR (see Materials and
Methods and Fig. 3) . The salicylate glycosyl
transferase (SA-GTase) gene (0s09g0518200) was
found to show significantly increased expression
in roots after probenazole treatment; there was
also a significant increase in expression in shoots,
albeit from a markedly lower level than in roots
(Fig. 3g) . The phenylalanine ammonia-lyase
(PAL) gene (0s02g06260100) and the chorismate
mutase (CM) gene (0s12g0578200) showed
increased expression in roots but not shoots after
probenazole treatment (Fig. 3¢ and 3f) .
Probenazole treatment did not affect the level of
expression of the isochorismate synthase (ICS)
gene (0s09g0361500) in either roots or shoots
(Fig. 3a) .

3. Probenazole reduces the levels of expression
of genes for pathogenesis related proteins in
roots

We carried out a similar QRT-PCR analysis as
above for expression of genes associated with
pathogenesis related (PR) proteins in control, and
probenazole or SA treated seedlings. The treated
seedlings were exposed to 100 uM probenazole or

10 uM SA for 4 days, and roots and shoots were
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Fig. 1. The effect of probenazole on early growth of dark-grown rice seedlings.

(a) The effects of different doses of probenazole (PBZ) on root and shoot lengths. Shoot and root lengths were
measured after 4 days. Error bars show standard deviation (SD) (n = 9). Asterisks indicate a significant
difference from the control mean (*P < 0.05, *P<0.01, Student’ s ¢ test).

(b, ¢) The effect of probenazole on growth rates in rice seedlings. Plants were grown in the dark for 1, 4 or 7
days with or without 100 uM PBZ. The lengths of roots (b) or shoots (c) were measured at each time point.
Error bars show the SD (n = 27). Asterisks indicate significant differences in mean root lengths at 4 or 7 days
compared to controls (P < 0.05, Student’ s ¢ test).

(d) Effect of SA on seedlings grown for 4 days in the dark with or without 10 xM SA, 100 uM SA or 100 xM PBZ.
Error bars show the SD (n = 9). Asterisks indicate a significant difference from the control mean (P < 0.05,
Student’ s ¢ test). The experiments were repeated three times with similar results.
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Fig. 2 Determination of endogenous SA levels in
probenazole treated roots.

SA levels in roots (a) and shoots (b) were measured
in 4-day-old seedlings grown in the presence of 0.1%
DMSO (control), 100 M probenazole (PBZ), 10 uM
SA, or 100 #uM SA in the dark. SA and SAG indicate
free SA and SA O-beta-glucoside, respectively. Bars
show the SD (n = 3). Asterisks indicate a significant
difference from the control mean (P < 0.05, Student’ s
t test).

separated for analysis. The levels of expression of
the PR2, PR3, PR5 and RSOsPRI0 genes were
higher in roots than shoots of the control seedlings
(Fig. 4) . Probenazole or SA treatment caused a
reduction in the levels of expression of PR2, PR3,
PR35, PBZI and RSOsPRI10 in roots but had no effect
on expression levels in shoots (Fig. 4) . Probenazole
induced a greater reduction in expression of PR2,
PBZI and RSOsPRI10 than exogenous SA (Fig. 4) .

V. Discussion

In this study, we have demonstrated that
increased root growth is induced in rice seedlings
treated with probenazole (Fig. 1) . Although SA
has been reported to promote plant growth
(GUTIERREZ-CORONADO et al., 1998; SHAKIROVA et
al., 2003; GUNES et al., 2007; KOVACIK et al., 2009;
MOHAMMED 2009; HASHMI et al., 2012) , this is the
first study to show that probenazole promotes
root growth. Since exogenous SA also promotes
root growth (Fig. 1) , probenazole probably
affects root growth through SA biosynthesis or
SA signals. In roots, probenazole induces increased
expression of the PAL and CM genes (Fig. 3) that
are related to the PAL mediated pathway for
synthesis of SA (DEMPSEY et al, 2011) : however,
probenazole did not affect expression of the gene
for ICS (Fig. 3) , which is required for the
isochorismate pathway for synthesis of SA
(DEMPSEY et al., 2011) . Although the gene for SA-
GTase, which converts free SA to SAG, was up-
regulated by probenazole both in shoots and roots,
the increase was much larger in roots than in
shoots (Fig 3) . The level of free SA was reduced
in roots after probenazole treatment but was not
altered in shoots (Fig. 2) . There are many reports
showing that SA accumulates in probenazole-
treated plants; however, none of these have
suggested that free SA is reduced in the roots
after treatment. The reduction in free SA levels in
roots might result from the increased level of SA-
GTase gene expression. However, SAG did not
increase in the roots (Fig. 3) . Further investigation
will be required to elucidate the metabolic
mechanisms of free SA reduction in roots by
probenazole.

One possible mechanism for the faster growth
in roots after probenazole treatment is that the
reduction in free SA diminishes the known
negative effect of the hormone on plant growth
(BOWLING et al., 1997; RATE et al, 1999; RATE and
GREENBERG 2001; KUREPIN e al., 2012) . However,
this mechanism seems unlikely because we

observed accelerated root growth after SA
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Fig. 3 The effect of probenazole on the expression of genes related to SA metabolism.

Rice seedlings were treated with or without 100 M probenazole (PBZ) in the dark for 4 days and total RNAs
extracted from their shoots or roots. Gene transcript levels were analyzed by QRT-PCR: (a) isochorismate
synthase; (b, ¢ and d) phenylalanine ammonia-lyase; (e and f) chorismate mutase; and (g) salicylate glycosyl
transferase. Gene IDs are shown in each figure. Transcript levels were normalized against the ubiquitin gene. Bars
show the SD (n = 3). Asterisks indicate a significant difference from the control mean (P < 0.05, Student’ s ¢ test).
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Fig. 4 Analysis of expression of genes for pathogenesis related proteins in probenazole or SA treated seedlings.

Rice seeds were treated for 4 days with 0.1% DMSO (control), 100 uM probenazole (PBZ) or 10 uM SA. Total
RNAs from shoots or roots were used for QRT-PCR. Expression levels were normalized against the ubiquitin gene.
Bars show the SD (n = 3). Asterisks indicate a significant difference from the control mean (P < 0.05, Student’ s ¢

test).

treatment (Fig. 1) . Treatment of roots with SA
caused an increase in endogenous free SA content
compared to control and probenazole treated roots
(data not shown) . Thus, there does not appear to
be a clear correlation between endogenous SA
levels and root growth. Possibly, further insight
into the mechanism might be obtained through
use of SA-deficient transgenic rice expressing
nahG (Yang et al., 2004) .

We examined the effects of probenazole and
exogenous SA treatments on the levels of
expression of genes for pathogenesis related
proteins. Probenazole has previously been shown
to induce increased expression of the PR2, PR3,
PR5 and PBZI genes in leaves and of RSOsPRI10 in
roots (MEI et al., 2006; KANO et al., 2010; MAHMOOD
et al., 2009; IWAI et al., 2007; HASHIMOTO et al.,

2004) . Here, we found a significant reduction in
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expression of all these genes in roots but not
shoots after either probenazole or exogenous SA
treatment (Fig. 4) . The non-induction of PR
genes by probenazole in shoots might be due to
the age of the plants when treated. IWAI ef al.,
(2007) demonstrated that probenazole induces
accumulation of PR proteins in adult rice plants
but not in young seedlings. It is also possible that
the dose of probenazole used may have affected
the outcome. Here, we treated the seedlings with
100 uM probenazole, whereas previous studies
used 450 - 500 uM probenazole (IWAI et al., 2007;
MAHMOOD et al., 2009; HASHIMOTO ef al., 2004) .
Although the unexpected failure to induce increased
expression of PR genes in shoots might be
ascribed to differences in plant ages and dose of
probenazole, the suppression of their expression in
roots cannot be explained by these factors.

MEI et al., (2006) reported that levels of
expression of PR2, PR2, PR3 and PR5 genes
increased in transgenic rice plants that
accumulated a high concentration of endogenous
jasmonic acid (JA) compared to wild type plants.
HASHIMOTO et al., (2004) and TAKEUCHI et al.,
(2011) subsequently found that exogenous JA
strongly induces RSOsPRI0 expression in roots.
Analyses of mutant and transgenic plants have
demonstrated that jasmonic acid has an important
role in defense gene expression in tomato, tobacco,
and potato (MEI et al, 2006) . It is also well known
that antagonistic interactions between the SA and
JA signaling mechanisms modulate expression of
defense genes (TAKAHASHI ef al, 2004) . Therefore,
it is conceivable that probenazole and exogenous
SA suppress the PR genes through antagonistic
suppression of JA signals in roots of young rice
seedlings.

The over-expression of NH3 (an NPRI paraolog)
driven by the Ubi-I promoter causes toxicity
leading to lethality in transgenic rice (BAI et al,
2010) . It has also been reported that transgenic
rice plants over-expressing WRKY45 show retarded
growth (SHIMONO et al., 2007) . Genes for PR
proteins are probably expressed constitutively in

these transgenic plants because NH3 and WRKY45
are positive regulators of defense response signals.
Toxicity and retarded growth in these transgenic
rice plants may be associated with this constitutive
expression of genes for PR proteins. This suggests
that the increased rate of root growth induced by
probenazole or SA treatments might be caused by
suppression of genes for PR proteins. Since we did
not find any change in the levels of expression of
these genes in shoots after probenazole and SA
treatment, there may be another mechanism for
regulation of gene expression by probenazole and
SA in roots and shoots. A future study will be
initiated to investigate the mechanisms of tissue-
specific responses to probenazole and SA.

V. Summary

Probenazole is the active ingredient of
Oryzemate, an agrochemical that is widely used
for protection of rice plants against the rice blast
fungus Magnaporthe grisea. We found that
treatment of rice seedlings with probenazole
resulted in an acceleration of root growth.
Although probenazole treatment has been shown
previously to cause an accumulation of salicylic
acid (SA) , we found here that the SA levels in
treated seedling roots were reduced. Expression
of the gene for salicylate glycosyl transferase (SA-
GTase) , which converts SA to SA O-beta-
glucoside (SAG)
probenazole treatment. Treatment of roots with

, was induced in roots by

either probenazole or SA significantly reduced
expression of genes for the pathogenesis-related
proteins PR2, PR3, PR5, PBZ1 and RSOsPR10.
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