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P. betulaefolia N 0.0 cz 12.9 bc 12.6 bc 27.6 b 48.1 a 62.9 a 53.0 a 57.8 a 56.4 a 63.7 a 60.9 a 58.0 a
P.communis L 43.3 b 59.9 b 75.2 ab 78.1 ab 89.3 a 83.2 a 73.3 ab 83.7 a 85.3 a 76.9 ab 89.2 a
P. dimorphophylla 0.0 c 1.5 c 2.6 c 22.4 b 27.1 b 40.4 b 51.0 b 74.1 a 37.8 b 48.6 b 4.1 c 13.9 c
P. serotina 0.0 c 0.8 c 1.1 c 36.4 b 37.3 b 68.5 b 68.6 b 75.6 a 46.0 b 54.8 b 50.9 b 49.7 b

0.0 c 0.0 c 17.1 c 18.6 c 45.5 bc 73.3 ab 82.1 a 84.8 a 76.1 ab 67.9 ab 49.4 bc 52.6 bc
0.0 d 26.3 c 17.7 cd 35.8 ab 71.1 ab 77.1 ab 91.6 a 85.6 a 82.0 ab 46.2 cb 62.7 cb 55.3 cb
0.0 d 6.6 d 6.7 d 33.5 bc 62.7 b 73.5 b 78.7 b 95.3 a 66.0 b 34.1 bc 28.9 c 48.8 b
0.0 d 3.3 d 34.9 c 58.8 bc 84.0 ab 88.8 ab 94.7 a 95.9 a 72.0 bc 85.1 ab 85.1 ab 68.2 bc
0.0 c 0.1 c 0.0 c 7.5 c 57.1 b 83.2 a 84.2 a 90.3 a 46.9 b 63.7 a 63.8 a 52.2 b
0.0 d 0.2 d 0.0 d 17.1 cd 46.2 bc 66.4 ab 77.9 ab 81.9 a 34.5 c 55.4 ab 61.1 ab 49.3 cb
0.0 c 3.3 bc 3.6 bc 22.1 c 18.3 cb 54.2 a 42.2 a 70.0 a 33.5 ab 23.0 bc 4.2 bc 8.7 bc
0.0 c 9.8 c 13.1 c 46.5 b 59.8 a 73.4 a 85.6 a 89.0 a 90.9 a 47.0 b 43.0 b 10.1 c
0.0 d 0.0 d 2.1 cd 4.0 d 39.4 b 34.1 b 32.4 bc 93.1 a 51.1 b 59.7 b 59.5 b 50.5 b
0.0 c 1.3 c 2.0 c 8.6 c 41.6 b 52.4 ab 83.9 a 71.0 ab 60.6 ab 73.6 ab 66.5 ab 54.1 ab
0.0 d 11.0 cd 1.9 d 43.3 ab 32.4 bc 75.7 a 77.8 a 78.3 a 62.8 a 71.5 a 68.0 a 64.0 a
0.0 c 1.4 c 3.4 c 5.9 c 44.2 b 38.2 b 62.5 ab 84.9 a 53.5 ab 68.1 ab 67.8 ab 71.4 ab
0.0 d 0.5 d 6.1 d 29.6 cd 45.0 c 48.7 c 62.0 bc 53.4 bc 60.1 bc 75.5 ab 75.0 ab 81.6 a
0.0 c 0.0 c 20.5 bc 33.3 b 51.6 ab 72.5 a 65.3 a 75.2 a 67.7 a 70.3 a 32.4 b 31.7 b
0.0 c 1.1 c 0.6 c 13.3 bc 31.8 ab 42.1 a 54.4 a 45.3 a 61.1 a 45.0 a 6.3 bc 7.5 cb
0.0 c 2.2 c 11.2 c 50.1 b 59.2 b 74.1 ab 78.3 ab 79.1 ab 81.3 a 65.2 ab 51.5 b 49.0 b
0.0 d 16.1 cd 24.5 bc 36.8 bc 82.5 a 85.9 a 67.1 ab 90.1 a 61.6 ab 96.7 a 58.4 b 47.0 c
0.0 c 6.2 c 0.0 c 9.7 bc 6.9 bc 59.1 ab 72.1 a 76.5 a 24.8 b 58.5 ab 13.1 c 0.0 c
0.0 d 8.0 cd 2.5 cd 23.8 bc 26.8 b 61.0 ab 60.7 ab 77.6 a 66.2 a 63.7 a 50.6 b 29.2 b
0.0 d 3.8 d 11.3 cd 42.8 cb 69.5 b 75.1 ab 91.7 a 87.7 a 75.2 ab 55.9 b 41.9 c 30.3 c
0.0 e 4.2 de 23.7 cd 43.8 cb 76.4 b 62.5 b 57.7 cb 88.9 a 86.1 a 77.6 a 60.1 bc 60.8 bc
0.0 d 16.4 cd 14.6 cd 28.3 cd 35.7 c 52.8 b 53.6 b 77.1 a 50.2 bc 46.7 cb 43.0 c 10.1 d
0.0 d 3.1 d 36.5 c 39.9 bc 78.5 ab 66.1 bc 77.3 ab 95.0 a 86.3 a 84.2 a 62.9 bc 45.4 bc
0.0 c 8.6 c 31.6 b 41.0 b 86.7 a 81.2 a 92.3 a 81.6 a 77.3 a 83.7 a 20.1 bc 19.7 bc
0.0 c 11.7 bc 73.8 a 73.6 a 82.1 a 85.8 a 88.9 a 85.9 a 84.4 a 81.9 a 56.0 a 45.9 ab
1.4 c 58.6 b 67.1 ab 71.1 a 91.2 a 83.5 a 88.6 a 88.7 a 69.1 ab 76.9 a 84.8 a 71.2 ab

22.5 25.0 27.5 30.0 32.5 35.07.5 10.0

-

12.5 15.0 17.5 20.0
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SM−F 5′−TCGTCTTAGGGAATTTCCAATGC− 3′

SM−R 5′−GCCTTAAGGGTTCATTGGGC− 3′ PCR

PCR 4.1 4.2

PCR 2  

DNA Ishimizu 1999

S−RNase FTQQYQ

5′−TTTACGCAGCAATATCAG− 3′ Ishimizu 1998 anti−IIWPNV

5′−ACA G TTCGGCCAAATAATT− 3′ Norioka 1998

PCR PCR 4.3 4.4 4.5

PCR 4.6 37

2 2  

 

2011 2012  

2011 ‘ ’ 3 2012 

1
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11,000rpm 10 4

 

5 LB

1 10 10 sarcosine 10  

2×CTAB 65 10  

 

11,000rpm 10  

 

6,000rpm 5 4  

500μl TE  

TE pH 8.0 .  

11,000rpm 10  

1 1

. 

70

11,000rpm,5  

TE  

RNase 10mg ml 3μl 37 30 4

 

4.2 DNA  
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10% polyethylene glycol 6000
0.35M sorbitol
0.1M Tris-HCL pH8.0
0.5% spermidine
0.5% spermine
0.5% β-mercaptoethanol

0.35M sorbitol
0.1M Tris-HCL pH8.0
0.5% spermidine
0.5% spermine
0.5% β-mercaptoethanol

2% cetyltrimethylammonium bromide CTAB
0.1M Tris-HCL pH9.5
20mM EDTA
1.4M NaCl
0.5% β-mercaptoethanol

10mM Tris-HCL pH9.5
1mM EDTA

24 1

 Isolation buffer IB

 Lysis buffer LB

 10%L-sarcosine

 2×CTAB solution

 TE
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94 2

94 30

55 30

72 1

72 10

×35 

μl

13.5

10×PCR Buffer 2

dNTP Mix 1.6

TaKaRa TaqTM 5units/μ 0.1

Primer SM-F 0.4

Primer SM-R 0.4

template 500ng 2
total 20
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48 30

70
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48 30

70 2 30

70 7
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μl

13.5

10×PCR Buffer 2

dNTP Mix 1.6

TaKaRa TaqTM 5units/μ 0.1

Primer 50mM FTQQYQ 0.4

Primer 50mM anti−IIWPNV 0.4

template 500ng 2
total 20
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’ 4 14 ‘ ’ 4 22 

y2012 ‘ ’ ‘ ’ 4 9  

‘ ’ 4 10 ‘ ’ 4 24 

x2013 ‘ ’ ‘ ’ 4 5 ‘ ’ 4 6

‘ ’ 4 23 

w  

v  

 

 

 

 

 

 

4 13 16.4 5.3 11.2 4 9 20.6 9.1 15.0 4 5 18.3 4.3 12.4
4 14 17.8 4.8 11.9 4 10 23.0 10.2 16.7 4 6 18.9 11.9 15.6
4 15 20.0 7.0 14.3 4 11 18.1 12.3 14.8 4 7 15.2 5.6 8.1
4 16 18.7 3.1 10.7 4 12 15.4 9.1 12.3 4 8 14.2 4.8 9.6
4 22 17.9 9.2 14.1 4 24 17.7 10.5 13.5 4 23 16.0 3.7 10.5
4 23 17.7 9.0 13.9 4 25 19.3 9.8 14.1 4 24 17.5 10.2 13.8
4 24 15.3 7.7 11.0 4 26 24.1 13.3 18.3 4 25 17.9 9.9 13.7

2011z 2013x2012y
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y χ2 5  

x t ** 5 n.s  

 

 

 

 

 

 

 

41.9 ay 0.0 b 64.4 a
75.6 a 42.2 b 61.0 a

t
40.2 a 48.2 a 3.2 b 62.1 a
69.5 a 79.8 a 38.5 b 65.1 a

t

-
-

- ** ** n.s.

** ** ** n.s.
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z1 10 10

 

y χ2 5  

xt ** 5 n.s  

 

 

 

 

 

 

 

 

 

1 46.0 a 62.5 a 11.6 b 60.2 a
10 20.8 b 41.1 ab 1.0 c 64.3 a

t x

1 13.7 b 52.1 a 0.0 b 50.0 a
10 0.2 b 29.2 a 0.0 b 36.7 a

t

z

n.s. ** n.s. n.s.

n.s.** n.s. n.s.



85 
 

3  
’ S4

sm

‘ ’ ‘ ’ ‘ ’ ‘ ’

2007 2012

S4
sm

 

1989

2002

1991; Herrero

1992  

 

 

 
1  

2012



86 
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2013 1

1 1 mM

10 10
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32.5 35.0 FLI 301N

5 

OPTIPHOTO 3 

9

80 100 900 
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z  
y  
x  t n.s  
w Tukey 5  

 

4.11

 

 

 

 

 

 

 

 

 

z χ2 5%
 

y χ2 5%  

 

 

 

z 34 b 53 b 139 a
y 39 b 42 b 42 b 107 a

t x n.s. n.s.

 48 bw

n.s. n.s.

46.0 az By 75.9 a  A 16.7 ab C
63.5 a  A 62.5 a  A 30.6   a B
48.4 a  A 53.4 a  A 11.6 ab B
52.9 a  A 53.8 a  A 7.0 bc B
13.7 a B 57.2 a  A 0.0   a B
12.4 a B 52.1 a  A 0.1   a B
8.2 a B 39.0 a  A 0.0   a B

12.3 a B 42.2 a  A 0.0   a B
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Summary 
1 Effect of  Hydrogen Cyanamide on Breaking Flower Bud Endodormancy and 

Flowering Period of  Major Japanese Pear Cultivars  

In exper iment 1 ,  ‘Kosui’ and ‘Gold Nijisseik i’ pear cut t ings  that  had 

accumulated various amounts of  chill ing were treated with 0.5  and 1 .0% hydrogen 

cyanamide or 2 .5 and 10.0% hydrogen peroxide.  Although the effect  of both 

regents on promoting budbreak depended on their  concentration and chil l ing 

accumulation, hydrogen cyanamide was more  effective than hydrogen peroxide in  

most chi ll ing values.  One point zero percent hydrogen cyanamide applied at  Chil l 

Unit  (CU) 600 was the most effec tive for breaking bud dormancy among the 

treatments.  In experiment 2,  0.5 and 1.0% hydrogen cyanamide were used to treat 

adult ‘Kosui’,  ‘Hosui’,  ‘Gold Nijisseiki’,  and ‘Nii taka’ trees  at  CU300, 600, 900, 

and 1,500,  and thereafter the percentage of budbreak,  pollen development,  and the  

flowering  period were observed.  The response of budbreak in f lower buds to 

hydrogen cyanamide varies wi th chi lling accumulation and the cu lt ivar.  The 

effective period for  ‘Kosui’ and ‘Gold Nijisse iki’ was during CU300 to 900 , that  

of ‘Hosui’ was CU600 to 900, and that  of  ‘Ni itaka’ was CU900.  

Clear  differences in  the  breaking of bud dormancy were observed among these 

hydrogen cyanamide treatments.  However,  pol len growth and flowering were over 

2 days earlier  than in the untrea ted control due to the t rea tment  irrespective of 

broken / unbroken dormancy.  

 

2 Effect of  Hydrogen Cyanamide on Flowering Period and Pol len Germinat ion 

of  Pear Pol l inizer 
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We investigated the effect o f hydrogen cyanamide on the flower ing period and 

pol len germination of pear pollenizer cultivars .  Four cult ivars of adult  

‘Yali’ , ‘ Imamurakai’,  ‘Chojuro’and ‘Shinko’ trees  were treated with 1.0% 

hydrogen cyanamide a t 600 CU, and pollen development  was observed using a 

microscope. In addit ion, we observed the  f lowering period. The date of f lowering  

was forced in  all  four cult ivars  fo llowing hydrogen cyanamide treatment;  however,  

the level of the effec t varied among the cult ivars used. In par ticular,  the f lowering 

period of ‘Yali’an early-f lowering cul tivar,  was s ignif icantly fas ter  than that of 

other cult ivars .  The germination ra te of  ‘Yali ’ pol len was also signif icant ly 

lower in one year.  Pollen germinat ion  of other  cult ivars was free of any untoward 

effect  of hydrogen cyanamide.  

 

3 Effect of  European pear pollen poll ination on fruit set and fruit quality of  

Japanese pear cult ivars under the low temperature condition  

In vitro pollen germination was studied in 7 wild pear species and 16 pear 

cul tivars a t s ix temperatures (7.5°C,  10.0°C,  12.5°C, 15.0°C, 17.5°C,  and 20.0°C) 

in dur ing a period of  2 years .  The extent of pollen germination was affected by the  

incubation temperature.  Most cult ivars  could d id not germinate at  a  temperatures  

below 12.5°C,  ;  but however,  the cul t ivar Pyrus communis L.  showed a h igher  rate 

of germination compared tothan the the others  other cult ivars at  7.5°C. 

Addit ionally,  tThe ra tes of germination for La France  and Le Lectier pears  were 

was more greater than 50% at 10.0°C. We invest iga ted the  effects of cross 

-pol l ination between the cult ivars P.  communis  L.  and ‘Chojuro’ and the Japanese  

pear cult ivars ‘Gold-Nijisseiki’ and ‘Hosui’ cult ivars with regard topertain ing to 
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fruit  se t and fruit  quali ty in a t a  the low- tempera ture  condit ion (10 .0°C).  The 

bearing rate of the the cul tivars ‘Gold-Nij isseiki’ and ‘Hosui’ cul tivars depended 

on the type of pollen that  was used for poll ina tion.  Poll ination with European pear  

pol len resul ted in a  higher bear ing ra te  of (50%) in ‘Gold-Nij isseiki’ and 

‘Hosui’these cul tivars.  In contras t,  the bearing ra te  of the cult ivar ‘Chojuro’ was 

lower than 20%.  The fFruit qual i ty and  the number of seeds per frui t  (seed yield) 

in the cul t ivars ‘Gold-Nijisseiki’ and ‘Hosui’ cul tivars were not  affected by the 

type of cul tivar used  for poll inat ion.  

 

4 Relationship between Varieta l Difference in Fruit  Set  and Morphologica l 

Difference in Sty les among the  Self-Compatible Japanese Pears 

We  s t u d i e d  t h e  s e l f - p o l l i n a t i o n  f r u i t i o n  r a t e  o f  s u b v a r s  o f  

t h e  o r i g i n a l  J a p a n e s e  p e a r  ‘ O s a - n i j i s s e i k i ’  ( ‘ A k i b a e ’ ,  

‘ A k i k a n s e n ’ ,  ‘ N a t s u s o y o k a ’  a n d  ‘ S h i n m i z u k i ’ )  b y  e x a m i n i n g  

p l a n t s  a t  4  a n d  1 6  w e e k s  a f t e r  p o l l i n a t i o n  i n  o v e r  t h r e e  y e a r s .  

F i n d i n g s  s h o w e d  t h a t  a f t e r  4  w e e k s  o f  p o l l i n a t i o n ,  t h e  

f r u i t i o n  r a t e  a m o n g  t h e  c u l t i v a r s  d i f f e r e d  s i g n i f i c a n t l y.  

Among four cultivars,  t h e  f r u i t i o n  r a t e s  o f  ‘ A k i b a e ’  a n d  

‘ N a t s u s o y o k a ’  w e r e  l o w.  And fruition rates of these cultivars was

further declined from 4 to 16 weeks after pollination. 

 N e x t ,  we found that there were similar trends with the self-pollination 

test in mutual pollination tests.  I n  o r d e r  t o  d e t e r m i n e  t h e  r e a s o n  

f o r  t h e  d i f f e r e n c e  i n  s e l f - p o l l i n a t i o n  f r u i t i o n ,  w e  e x a m i n e d  

p o l l e n  t u b e  g r o w t h  7 2  h o u r s  a f t e r  p o l l i n a t i o n .  W e  f o u n d  t h a t  
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i n  ‘ A k i b a e ’  a n d  ‘ N a t s u s o y o k a ’ ,  t h e  c e l l s  of transmitting tissue 

h a d  b e e n  d e s t r o y e d ,  r e s u l t i n g  i n  a  h o l l o w  t u b e .  T h u s ,  i t  

a p p e a r s  t h a t  t h e  d e s t r u c t i o n  o f  p o l l e n  t u b e s  c o n t r i b u t e s  t o  

a c c e l e r a t i n g  t h e  r a t e  o f  p i s t i l  a g i n g  i n  ‘ A k i b a e ’  a n d  

‘ N a t s u s o y o k a ’ ,  t h e r e b y,  l e a d i n g  t o  a  s h o r t e r  p o l l i n a t i o n  

p e r i o d  a n d  l o w  f r u i t i o n  r a t e  f o r  s e l f - p o l l i n a t i o n .  
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