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 Trialeurodes vaporariprum  Bemisia 

tabaci (Hemiptera)  (Aleyrodidae) 

200 600

(Russell, 1977; Oliveria et al., 2001)

 (

, 2006)

 ( , 1975)

 (Hussey et al., 1958; Yee et al., 1996) 

 (Yamashita et 

al., 1979; Markham et al., 1994)

 (Tomato 

yellow leaf curl virus; TYLCV)  (Cucurbit chlorotic 

yellow virus; CCYV) 

 (Saito, 2005)

 ( , 1994; , 2004)

 ( , 1995a)  ( ,1992; , 1998)



2 
 

 ( , 2007) 

 

Solanum 

lycopersicum 

1mm

 ( 1)

2

 (Elhag et al., 1983; Omer et al., 1992; Bi et 

al., 2002)

Encarsia formosa Eretmocerus eremicus

 ( , 1991; , 1995b; 

Hoddle et al., 1998)

 



3 
 

24

 (Costa and Brown, 1991; Bedford et al., 1994; 

Perring, 2001) 4

B

Q B Q

1989 2005

 ( ,1975; , 1990; Ueda and Brown, 2006) 

, 1997; , 2008

B A

 (Brown et al., 1995)

Q

B  (Simón et al., 1999; 

Chu et al., 2010)

B

Q  (

, 2007; , 2007; , 2007)

 ( , 2007) Q

 

(Horowitz et al., 2005; Dennhy et al., 2010) Q
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B Q

 ( 3 )

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. ( ) ( )  

 

 

 

 

1mm 

1mm 



6 
 

2  

 

1 2  

 

 

1mm

(Elhag et al., 1983; Omer et al., 1992; 

Bi et al., 2002)

 ( , 

1991; , 1995b; Hoddle et al., 1998)

 ( , 1999)

2

2  
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 (7.2m 30m; 2.2a) 

1992 1993 5 7  ( ) 9 12  ( ) 

 ( ) 7 8

1992

6 7 3

2 300

1

3 27  (

2 ) 3  ( 160 ) 2  (

100 ) 2  ( 30 )  ( 2 )

2

 (1990) 

1  

 

 

1)  

3

6 7

1992 2.6  (90 35 , 7 9 ) 1993

5.0  (384 77 , 7 1 ) 9

10 1992
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21.1  (1201

57 , 10 17 ) 1993

1.6  (850 518 , 10 29 )  

4

1992

2.4  (45 19 , 7 9 ) 1993 7

9  (74

5.3  (74 14 6 25 ) 

1993 10

1992

2.8  (413 145 , 10 1 ) 1993

12 8

8.8  (105 12 , 10 15 ) 

 

 

2)  

1992 6 4 11

 ( 40% 55%)

 ( 5)

50%

 (1992 51.0% 61.4% 1993 85.9% 90.4%)

 ( 5)

1992 6 4 11

 ( 100% 75%)

 ( 6)
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1993 50%  (1992

68.6% 53.5% 1993 43.5% 59.1%)

 ( 6)  

1993

 ( 7)

70%  (1992

17.0% 70.5% 2.3% 70.5% 1993 67.6%

21.0% 21.0% 74.1%)

 ( 8)

90%  (1992 86.4% 5.1%

32.1% 65.3% 1993 17.0% 80.1%

48.8% 48.5%)  

 

3)  

 (Iwao, 1977) 2 X Y

X Y m
*

XY

 (Lloyd, 1967)  
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Y X  

 

Xj Yj j X Y n

Y mY m
*

XY X

mX m
*

YX

2  

 

 

 

(b) 1 2

b>1 b<1

 (Iwao, 1977) 2

 (X) 

 (Y) b 1.362  

(X)  (Y) b 1.469

b>1  ( 2) 0.802

b<1 1.095 b=1  

( 2)   

1

2 3

t

1992

 ( : 2.26 0.35

: 2.34 0.43, , t = -0.36, p = 0.73)
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 2.34 0.35  

(2.03 0.20)  (t = 3.15, p = 0.012 9) 1993

 ( 2.72 0.29 2.82

0.18)  ( 2.21 0.42 2.15 0.20) 

 ( t = 3.21, p = 0.005 t = 8.56, p < 0.001 9)

1992

 ( 1.89 0.35 1.54 0.14)  ( 1.83

0.47 1.44 0.36)  (

t = 0.24, p = 0.829 t = 1.79, p = 0.09 9) 1993

 ( 2.18 0.89 2.16 0.27) 

 ( 1.22 0.19 1.58 0.28) 

 ( t = 3.15, p = 0.012 t = 5.22, p < 0.001 9)  

 

 

2

7

10

Gossipium hirsutum 6 7

8  

(Gerling, 1967)

1

 

1992
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1993

1993 AMeDAS 7 8

21.3 23.8 30 2 10

 ( 26.5 28.0 ) 4

8

 ( , 1978)  Nicotiana tabacum 

21 0.094 30 0.027

 ( , 1981)  Solanum melongena 

20 0.107 30 0.169

 (Wang and Tsai, 1996) (1) (2) 

 ( 4 1

1.85 1 ) 

30 20 20 30

1993

 

 (Yano, 1983; Noldus et al., 1986)

 Euphorbia pulcherrima
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 (Gerling and Lindenbaum, 1991)

 Cucumis melo

3 8

 (Gould and Naranjo, 1999)

4 3 4 2  ( 9)

Aleyrodidae

 (Borror et al., 1981)

 (Price and Taborsky, 1992; Simmons, 2002)

 

3

1

 ( 3 4)

30 20  ( , 1981) 

20 30  (Wang and Tsai, 1996)
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 ( , 1988)

2

 

(Yano, 1983; Noldus et al., 1986; Gerling and Lindenbaum, 1991)

 (Bentz and Larew, 1992; Jauset et al.,1998)

 (Bentz et al., 1995)

2

2 2 1

2 1  ( 2)

1992

( 21.1  (1201 57 , 10

17 )) 1993
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 ( 1.6  (850 518 , 10 29

))

3

2

 (Prokopy and Owens, 1983)

500 600nm  (Vaishampayan, et al., 1975)

480nm (Mound, 1962)

 (Finch and Collier, 2000)
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2 2

 

 

 

 ( 3 4)

30 21

( , 1981) 20

30  (Wang and Tsai, 1996)

2

 

 ( 5 6)

 ( 7 8)

2 1 2

 (Yano, 1983; Noldus et al., 1986; 

Gerling and Lindenbaum, 1991)
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 (Bentz et al., 1995; Jauset et al.,1998)

 (Bentz and 

Larew, 1992)  (Byrne and 

Miller, 1990)

 (Bentz et al., 1995)

 ( 2)

 (Kuno 1992; Kishi et al. 2009)

 (De Barro and Hart, 2000; 

Pascual and Callejas, 2004; Liu et al., 2007)

 (Xu et al., 2010)

 (Gröning et al., 2007)
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2

 (Mound, 1962; Vaishampayan et al., 1975)

 

(Bruce et al., 2005)

 (Martin and Jander, 2010)

 

20 30

 ( 1)

Y



 

30 
 

 ( 2)

 

 

 

1  

1)  

1

 ( ) 500

 ( ) 

25 12L12D

 (Byrne, 1991)

 

 

2)  

 ( 10cm 8cm) 2

2 2cm 2  ( 9000; 

) 

2  ( ) 

2

2  ( ) 1

 ( ) 20

30 12L12D 24 3
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2 3  (

)

 (

) 10

 

 

3)  

Mann-Whiteny’s U-test

Mann-Whiteny’s U-test

2  

 

2  

1)  

2006  ( ) 

2005  ( ) 

 (38cm 40cm 40cm)  (

) 500

 ( ) 

26 1 15 9D

2 5
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 (2006) PCR-RELP 

(polymerase chain reaction-restriction fragment length polymorphism) 

DNA COI (cytochrome oxidase subunit I) 

B  

 

2)  

 ( 180 ; 6m 30m) 

 ( 8) 

170cm 18

18 0.4mm  (

SL-4200; ) 

3 188

 

3  ( 150cm; 

16 18 )  ( 100cm; 11 13 )  ( 50cm; 4

7 )  (

)  ( ) 

24

3  

 ( , 1987)

 (SPAD-502; ) 
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3

30

20 1 NC  (Sumgraph 

NC-954; ) 4

 

 

3)  

 ( 2.0cm

5.0cm) 3

 ( 15.0cm, 5.0cm) 

 (30ml) 1 75%  

3 1

 ( ) 3  ( ) 

10  ( 3.0cm, 

1.0cm) 

26 1

15L9D 1  2  4  8  24  48 72

 (

) 

72

10 9 10

7 1
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4)  

Y

Y

Y  ( 1.5cm 6cm 4cm) 

3  ( 10) 2

 ( 12.0cm 10.0cm) Y

1  ( 9.7cm 4.5cm) 

 ( 0.7cm) 

 ( , MP-2N; ) 0.8L

1

 (1cm 1cm) Y

 ( 2cm

5.0cm) 

 ( 3.0cm 1.0cm) 10

1  2  4  8 24

5

26 1 35~40%

7 11
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5)  

2

Scheffé

 ( ) 

2

Scheffé 72

2 2 sequential Bonferroni

Y 2

 

 

 

1 

1)  

20 2.57

3.92 30 6.33 5.56

20 4.67 30

9.40 9.28 20 30

 ( 3)  

20 30.97

31.82 30 21.68 26.11 20 30

20

30

 (Ucal = 12, p<0.05) 20 3 (Ucal=15, 
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p<0.05)  (Ucal=14, p<0.05) 30 1  (Ucal=10.5, p<0.05)

 (Ucal=15.5, p<0.05) 30

(Ucal=13, p<0.05)

 ( 4)

20 37.22

39.16 30 16.15 18.02

20 30

 (20 : Ucal=14, 30 : Ucal=12.5, 

p<0.05) 20 3  (Ucal=11, p<0.05)

30  (Ucal=11.5, p<0.05) 

 ( 5)  

20 83.8%

66.7% 30 46.0% 23.1% 20

20

 ( 2
cal=2.64, p>0.05) 30

 ( 2
cal=6.77, p<0.01)

20 54.5% 65.8% 30 59.9%

79.0% 30

20  ( 2
cal=1.55, 

p>0.05) 30 ( 2
cal=15.46, p<0.01)

 ( 6)  

 (rm)  (R0)  (T) 

 (Birch,1948; Laughlin, 1965)  
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 (1981) 

Wang 

and Tsai (1996) 

( 1989)

 

20

 0.085  0.087  ( : 0.081, 

: 0.083) 30

 0.172 0.188  

( : 0.128, : 0.087) 

 ( 7)  

 

2 

1)  

1.6 0.7 0.2 0.4  ( ) 

2

 ( 8)  

 ( : 36.1, : 37.4) 
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 ( : 42.2, p<0.0001, : 46.2, p<0.0001, Scheffé )  (

: 42.0, p<0.0001, : 46.0, p<0.0001, Scheffé ) 

( : 

p=0.9637, : p=0.9836, Scheffé )  ( : 5.19%, 

: 5.43%)  ( : 4.13%, p<0.0001, 

: 3.37%, p<0.0001, Scheffé )  ( : 3.89%, p<0.0001, 

: 3.31%, p<0.0001, Scheffé ) 

 ( : 40.20%, : 41.27%)  (

: 37.26%, p<0.0001, : 35.44%, p<0.0001, Scheffé )  

( : 38.03%, p<0.0001, : 34.75%, p<0.00001, Scheffé ) 

 ( 9)  

 

2)  

2

72

 ( 10)

 ( 10)  

4

24

8  ( 11) 2

8
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 ( 11) 72

 ( : 0.46, : 0.48)  (

0.19, 0.21) : 2
cal=19.01, 

p<0.01, : 2
cal=17084, p<0.01

 ( : 0.51, : 0.56)  (

0.18, 0.18) : 2
cal=24.95, 

p<0.001, : 2
cal=35.33, p<0.001 72

 ( 12)

72 10%

 ( 6.0%, 8.0%

7.6%, 8.6%)  

72

( : 6.7 1.1 : 6.0

1.1 )  ( : 4.4 1.5 : 3.9

1.1 )  ( : 3.4 1.0 : 3.3 1.0 ) (

13)  (

: , p=0.0011; , p<0.0001, : , p=0.0011; , 

p<0.0001, Scheffé )

 ( : 10.3 2.4 : 10.2 1.6 )  (

: 6.4 2.7 : 7.3 1.8 )  ( : 4.5 1.9

: 3.7 1.1 )  ( 13)

 ( : , p=0.0082, 

, p=0.032, , p=0.0001, : 

, p=0.0175, , p=0.0057, , p<0.0001, 
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Scheffé )

 ( 13)  

72

( : 6.8 1.2 : 6.5

1.4 )  ( : 5.4 1.5 : 5.2

1.0 )  ( : 4.7 1.4 : 4.4 1.3 )  (

14)  ( : p=0.0081, 

: p=0.0042, Scheffé )

 ( : 10.1 2.6 : 10.0 1.5

)  ( : 9.1 2.7 : 9.9 2.0 )  ( : 10.3

2.2 : 10.3 2.3 ) 

 ( : , p=0.6973, 

, p=0.9845, , p=0.5937, : , 

p=0.9938, , p=0.9672, , p=0.9340, Scheffé , 

14)

72

10%  (

6.0% 5.0% 6.7%

7.1%)  

3)  

24

48 73 24

56.3%
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 (2 , p=0.079 15)

64.4%  

(2 , p<0.01 15)  

 

 

1993

 ( 3 4) 2  (20 30 ) 

20

30 20 30

30 20

20 30 2

20 30  

(rm) 20  (rm=0.085) 

 (rm=0.081) 30  (rm=0.172) 

 (rm=0.128)  

AMeDAS 1992 1993 5 10 11

5 1992 17.2 1993

18.2  (19.0 ) 

1.8 7

 ( 10)

5 20

20

9 23.7
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22.1 1993  (24.1 ) 2

1993 9 116.8 1992  ( 207.3

) 90  ( 11)

100

( 3)

8

8 1992 27.4 1993 25.2 1993

 (28.0 ) 2.8 1993 8

126. 9 1992  (150.9 )

1993 1992

1992

1993

 

 ( 5 6)

 ( 11 12)

( 5 6)

 ( 9)

 

(Bentz and Larew, 1992; Bentz et al., 1995; Jauset et al.,1998)
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2 ( 4 5)

 ( 6)

 ( 3) (1) 

(2) 

2

2 24

2

 (Kuno, 1992; Gröning and Hochkirch, 

2008)

 ( , 

2012) ( 9)
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 ( 14)

 ( 13 14)

 (

6)

2

 

 ( 11 12)



 

45 
 

Y

 ( 15) 1

4  ( 11)

 (Bleeker, et al., 2009)

Y

( 15)

4

24

2  

( 9)

(Bentz and Larew, 1992; 

Jauset et al.,1998)
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1 B Q

 

 

 

 (Costa and Russell, 

1975; Mound, 1963)  (Bird and Maramorsch, 

1978) 

 (Costa and 

Brown, 1991; Bedford et al., 1994)

24  (Perring, 

2001; Boykin et al. 2007)

Jpl Naul

1989 B 2006

Q 4  ( , 2005; 2008)

B Q

 

 (Yee et al., 1996) 

B Q  (Yokomi et al., 1990)

 (Schuster et al., 1990; , 1992)  ( , 2008) 

(1993) B

16

Geminivirus 
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(Goodman, 1981; Bedford et al., 

1994)

TYLCV (Tomato yellow leaf curl virus) 1 B

Q TYLCV  ( , 2009)  

B Q

B

Q

 (Simón et al., 1999; , 2007; , 2007; , 2007; 

,2008; Chu et al., 2010) Q B

 (Horowitz et al., 2003; Dennehy et al., 2010)

Q

3 1

B Q

B

Q

B Q

2

B

 (Terence, 1995; Tsai and Wang, 1996; Wang and Tsai, 

1996; Yee and Toscano, 1996; Nava-Camberos et al., 2001; Fancelli and Vendramim, 
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2002; Kakimoto et al., 2007) Q

B Q 3

 (Muñiz, 2000; Muñiz and Nombela, 2001; Iida et al., 2009) 3

B

 (ZHJ1) 

B  ( ) B

ZHJ1 

B ZHJ1 ZHJ1

 (Liu et al., 2007)

2  (EAN WAN) 

B  (De Barro and Hart, 

2000)

 (Byrne and Berrows, 1991) B Q F1

 (Elbaz et al., 2010)

B

 (Zang and Liu, 2007)
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 (King, 1993)

 

B Q 3

 

 

 

1)  

B 2005 10  

Brassica napus  ( ) Q

 Capsicum annuum ( )  (

)  (34 cm× 26cm × 34cm) 

25±2 16L8D 3

 ( IB1 ) 
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2)  

DNA DNA  (PrepManTM Ultra Reagent, Applied Biosystems ) 

1 1.5ml

DNA 10μl

100 3 2 30μl

12,000 5

DNA DNA

 (2006) PCR-RFLP (polymerase chain reaction - restriction fragment 

length polymorphism) DNA COI (cytochrome oxidase 

subunit I) PCR MTD-10 

(5’-TTGATTTTTTGGTCATCCAGAAGT-3’) 

MTD-12(5’-TCCAATGCACTAATCTGCCATATTA-3’) DNA

Ex Taq  ( ) 94 3

94 30 52 30 72 60 40 72 5 DNA

DNA  (5 l) EcoT14I (StyI) StuI (

) 0.5 l 2 l 12.5 l

37 1 1%

Q EcoT14I 

(StyI) 555bp 311bp B StuI 560bp

306bp DNA

 

 

3) B Q  

 ( )  Cucumis sativus (

)  ( ) 
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 ( 6cm 5cm) 1~2

5~6

0.4mm

 ( ) 

 ( 9cm 20cm) 

2 2

6  (20, 23, 25, 27, 30 35 ) 14L10D

24

 (

) 

4

7

 

 

4) B Q  

 ( 9cm 5cm) 

24 1

 ( 1cm 1cm) 

20 30 14L10D 24



 

68 
 

 

 (rm)  (R0)  (T) 

 (lX)  (mx)  (Birch,1948; Laughlin, 1965)

X  

rm  

 

 

 

5)  

2 5~6

3 2

(1) QB B Q 1 (2) B

B 2 (3) Q Q 2 3 3

3 2

 ( 6cm 5cm) 25

14L10D QB

 (

) 

70%

78
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6)  

2

Scheffé

Scheffé

 ( ) 7

 

 

 

1)  

2

: 7 3 : 7 4

7 7 7

4 7 7

 (  12)  

B Q 20

 (20 : p=0.0013, 23 : p>0.9999, 25 : 

p>0.9999, 27 : p=0.9958, 30 : p=0.9601, Scheffé , 13) 1

6 2 5 4

 (  20 : p=0.0065, 23 : p=0.0654, 

25 : p=0.9087, 27 : p>0.9999, 30 : p=0.0002, 35 : p=0.9930; 1  20 : 

p<0.0001, 23 : p=0.0173, 25 : p<0.0001, 27 : p>0.9999, 30 : p=0.0124, Scheffé
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) 2

 (2  20 : p>0.9999, 23 : p=0.9997, 25 : 

p>0.9999, 27 : p=0.9943, 30 : p>0.9999; 3  20 : p=0.8383, 23 : 

p=0.9782, 25 : p=0.9996, 27 : p>0.9999, 30 : p=0.9624; 4  20 : 

p=0.9692, 23 : p=0.9972, 25 : p>0.9999, 27 : p=0.9837, 30 : p>0.9999; : 

20 : p=0.8814, 23 : p>0.9999, 25 : p=0.8297, 27 : p=0.9999, 30 : p=0.8930, 

Scheffé , 13)

20 30

35  ( 13)  

B Q

 (20 : p=0.7886, 23 : 

p>0.9999, 25 : p>0.9999, 27 : p=0.5038, 30 : p>0.9999, 35 : p=0.9882, Scheffé

, 14) 6 1

 (  20 : p<0.0001, 23 : p>0.9999, 25 : p>0.9999, 

27 : p=0.0658, 30 : p=0.9985, 35 : p=0.1083, Scheffé )

20 3 4

 (1  20 : p=0.9942, 23 : p>0.9999, 25 : p=0.9988, 

27 : p=0.9989, 30 : p>0.9999, 35 : p=0.0996, 2  20 : p=0.9275, 23 : 

p=0.9997, 25 : p>0.8646, 27 : p=0.9996, 30 : p>0.9999, 35 : p=0.1250; 3

 20 : p<0.0001, 23 : p=0.9872, 25 : p=0.9998, 27 : p=0.9929, 30 : p=0.8385, 

35 : p=0.6806; 4  20 : p=0.0020, 23 : p=0.9930, 25 : p>0.9999, 27 : 

p>0.9999, 30 : p=0.9911, 35 : p=0.8722; : 20 : p>0.9999, 23 : p>0.9999, 

25 : p>0.9999, 27 : p=0.9892, 30 : p>0.9999, 35 : p>0.9999, Scheffé ,Scheffé

, p>0.05; 14)

20 30
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35  ( 14)  

B 91% (564/622)

1 25

27

10  ( 15) Q

Q

20 30 35

 ( 15)  

Q B

 ( 16) 35

B Q  

( 16) 20 30

25

 (  20 : p=0.9995, 23 : p=0.9963, 25 : p=0.9610, 27 : 

p=0.3480, 30 : p=0.9995, 35 : p=0.2787,  20 : p>0.9999, 23 : 

p=0.9997, 25 : p=0.2287, 27 : p>0.9999, 30 : p=0.9826, 35 : p>0.9999, Scheffé

, 16)  

 

2) B Q  

20 B  ( : 4.02 1.09 , 

: 5.93 1.22 ) Q  ( : 3.09

0.36 , : 6.11 1.47 )  (

: p=0.9766, ; p>0.9999, Scheffé , 17) 30

B  ( : 10.83 2.51 , : 10.57 1.38 ) 

Q  ( : 6.18 1.78 , : 7.14 0.95 ) 
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 ( : p=0.0002, : p<0.0001, Scheffé , 17)

B  (  20 : 105.75 34.31, 30 : 127.89 52.88,  

20 : 162.14 45.69, 30 : 135.78 30.70) 

Q  ( 20 : 67.38 17.78, 30 : 68.00 28.87, 

 20 : 149.33 69.99, 30 : 81.83 25.38) 30

 ( : p<0.0001, : p<0.0001, Scheffé , 

17) 30 20

 ( 20 : p=0.9914, 30 : p>0.9999, 

20 : p=0.9927, 30 : p>0.9999, Scheffé , 17)  

20 B  ( : 0.085, : 

0.095) Q  ( : 0.081, : 0.104) 

30 B  ( : 0.201, 

: 0.217) Q  ( : 0.135, : 0.174) 

20 B  ( :

34.21, : 47.73) Q  ( : 26.61, : 

42.21) 30 B  ( : 

34.48, : 42.65) Q  ( : 15.68, : 

20.23)  ( 17  

 

3) 

 

Q  (24.71 0.21 , 

) Q  (21.41
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0.16 )  (p=0.00875, Scheffé )

B  (22.62 0.19 )  

(p=0.0322, Scheffé , 18) Q  (52.8

14.8%)  (36.8 3.6%)  (p=0.0322, 

Scheffé , 18) B  (29.6 5.7%) 

 (29.6 2.6%)  

(p=0.9973, Scheffé , 18) Q

25.4 8.5%

 (  Q : p=0.3198, 

B : p=0.9642;  Q : p=0.3198, 

B : p=0.9642, Scheffé , 18)  

 

 

B Q

 (Simón et 

al., 1999; , 2007; , 2007; Chu et al., 2010)

1

B Q

 ( 16) B

Q 30  

( 17)  ( 13 14)  ( 16) 

B  (rm) 

 (R0) 20 30 Q

 ( 17)
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Q B

Q

21 0.079 30 0.123 (Bonato et al., 2007)

B 20 0.107 30 0.169  

(Wang and Tsai, 1996)

 ( , 1990; , 1993)

B Q

B Q

 

2

1

Q B 2

Q 1:1  ( 18)

B Q

Q B

B
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ZHJ1

EAN WAN B

B

 (De Barro and Hart, 2000; Liu et al., 2007)

 (Byrne and Berrows, 1991) B Q F1

 (Elbaz et al., 2010)

B

 (Pascual and Callejas, 2004)

Q

2 1

Q B

2 Q

 (King, 

1993)

Q

B
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B Q
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12. 2  

      

   d.f. F P d.f. F P d.f. F P 

   1, 902 7.496 0.006 1, 1402 26.604 < 0.001 1, 1049 24.594 < 0.001 
   5, 902 1173.420 < 0.001 5, 1402 1065.239 < 0.001 5, 1049 474.492 < 0.001 
   5, 902 18.314 < 0.001 5, 1402 31.224 < 0.001 5, 1049 7.832 < 0.001 
 1   1, 571 47.537 < 0.001 1, 1132 8.169 0.004    
   4, 571 219.992 < 0.001 5, 1132 181.786 < 0.001    
   4, 571 19.355 < 0.001 5, 1132 4.430 0.001    
 2   1, 551 0.272 0.60 1, 1040 0.373 0.541    
   4, 551 63.630 < 0.001 5, 1040 136.938 < 0.001    
   4, 551 1.383 0.24 5, 1040 6.978 < 0.001    
 3   1, 522 1.444 0.23 1, 992 2.771 0.096    
   4, 522 70.029 < 0.001 5, 992 122.195 < 0.001    
   4, 522 2.226 0.065 5, 992 12.970 < 0.001    
 4   1, 483 0.121 0.73 1, 973 20.066 < 0.001    
   4, 483 96.392 < 0.001 5, 973 186.992 < 0.001    
   4, 483 1.863 0.12 5,973 5.949 < 0.001    
   1, 477 1.303 0.25 1, 934 1.624 0.20    
   4, 477 233.014 < 0.001 5, 934 188.776 < 0.001    
   4, 477 3.901 0.004 5, 934 3.006 0.011    
   1, 490 15.099 0.001 1, 939 2.360 0.125    
   4, 490 964.047 < 0.001 5, 939 1019.028 < 0.001    
   4, 490 4.017 0.003 5, 939 7.814 < 0.001    

   1, 76 35.830 < 0.001 1, 80 4,457 0.038 1, 73 154.456 < 0.001 
   5, 76 10.964 < 0.001 5, 80 14.741 < 0.001 5, 73 2.889 0.020 
   5, 76 2.285 0.054 5, 80 1.058 0.390 5, 73 8.243 < 0.001 

B 1  
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 (Dennehy et al., 2010; Horowitz et al., 2003) Q
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B 2005 10  
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2)  

PCR (polymerase chain reaction) 

DNA COI (cytochrome oxidase subunit I) 

1  (2006) 

B Q

1.5ml DNA  (PrepManTM Ultra 

Reagent, Applied Biosystems ) 10μl

100 3

Total-DNA 30μl

10000prm 5 1μl PCR

10×Buffer 4μl 2.5M dNTP 3.2μl 3

PCR  (Bt - CF2: 5’-TGGCTTGCTACTTTGGGTGGAATAA-3’, Bt - BR1: 

5’-GGTTTATTAATCTTTCATTCTAGATGCATA-3’, Bt - QR1: 

5’-ACCAAGCTATAATTATTTAAGGTTAAGACC-3’) 2μl DNA  

(TaKaRa Taq Hot Start Version, ) 0.2μl 25.6μl

PCR 94 2 94 30 56

30 72 30 40 72 5 DNA PCR

1.5% 30 GelRed (

) Q

270bp B 530bp DNA
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SPL Life Science ) CO2 10
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7 1 1
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3 4 2012 5 8  (

) 2012 10 2013 4 ( ) 2

2012 5 8 2012 10 5  

B Q 50 2

14 21



 

89 
 

21 28

 (

3cm) 

64 101 104 146

180 5

 

100
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Tukey-Kramer 

B 2 2 Sequential 

Bonferroni  
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2011 6
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5

B  (Iida et al., 2009) Q

B 2012 9

 ( : ) 

5

25 2 16L8D

48 1  (
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3  ( 9 ) 

1 4  
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1  

1)  

48

B 59.7 10.7% ( ) Q 19.7 9.1%

B  (t = 4.86, p < 0.001, t

) 20.6

6.8% 16.7 6.3%

 (t = 0.65, p = 0.527, t )   

B 82.8 12.5% Q 14.0 8.7% B

 (t = 5.03, p = 0.015, t )

17.2 4.61% 19.4 9.6%

 (t = -0.43, p = 0.691, 

t ) 2

 

 

2) B  

 (

64 14.8 1.1 101 40.7 4.1 )

 (64 10.1 0.6 101 24.6 0.8 )

 (64 3.1 0.3 101 6.5 1.2 ) 

64 101 2.8
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2.1 101

 (

: 18.083 13.311 : 

34.219 12.452 : 

16.135 12.452, Tukey-Kramer , p<0.05; 16)  

(

104 : 4.7 0.8 146 : 12.6 5.3 180 : 30.1 5.8

)  (104 : 1.0 0.5 146 : 1.3 0.3

4.5 2.5 )  (104 :  1.8 0.6 146 : 0.8

0.2 180 : 3.4 1.0 )  ( 16)

104 180 6.4

4.5 1.9

146

 (146  : 15.844

15.564 : 15.722

15.564 180  : 26.569

17.997 : 25.542

17.997, Tukey-Kramer , p<0.05, 16)  

B 64 0.5 101

0.6 B 64 0.5 101

0.7  (64 :

2
cal =2.211, p=0.3480, 101 : 2

cal =1.526, p=0.4663, 17) 

B 64 0.2 101 0.1

 ( 64 : 

2
cal =7.538, p=0.0231, 101 : 2

cal =32.523, p<0.001; 
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64 : 2
cal =5.832, p=0.0492 101 : 2

cal 

=34.7 p<0.001, 17)  

B 104 0.6 146 0.7

180 0.9 B 104

0.5 146 0.7 180 0.8

180  ( 2
cal =6.025, 

p=0.0431)  (104 : 2
cal =0.321, 

p=0.8517, 146 : 2
cal =0.367, p=0.8324) B

104 0.5 146 0.3 180 0.4

146 180 B

 ( 146 : 2
cal 

=23.701, p<0.001, 180 : 2
cal =46.75, p<0.0001, 

146 : 2
cal =13.037, p=0.0014, 180 : 2

cal 

=19.643, p=0.001, 17)  
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(1)  

2

 (  19)

B

Q  (B: 97.2 4.8%, Q 

62.3 3.4%, )  (B: 71.7 5.1%, Q 34.2

15.1%)  (B: 76.0 6.4%, Q 51.5 8.1%) 

 (

: t=5.46, p=0.031 : t=4.40, p=0.021
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: t=4.05, p=0.015, t , 20)  (B: 

93.9 10.5%, Q: 83.1 5.2%)  (B: 83.4 14.5%, Q 96.7

2.8%)  (B: 100 0%, Q: 91.4 4.4%) 

 (B: 100 0%, Q: 96.1 6.8%)  (B: 61.8 8.9%, Q: 

55.7 4.9%) 80

 ( : t=1.80, 

p=0.213 : t=-1.03, p=0.377 : t=2.62, 

p=0.113 : t=1.00, p=0.423, : t=1.04, 

p=0.374, t , 20)  

B Q

 (B: 87.1 7.8%, Q 12.1 3.2%)

 (B: 57.1 7.0%, Q 14.0 1.6%)  

(B: 66.1 4.2%, Q 13.6 2.9%) 

 ( : t=9.77, p=0.010

: t=9.21, p=0.011 : t=16.22, p<0.001, 

t , 20)  (B: 97.2 4.8%, Q: 75.8 1.9%) 

 (B: 97.0 5.2%, Q: 77.0 1.6%) 

B  (

: t=4.14, p=0.053 : t=3.81, p=0.063, t

, 20)  (B: 96.8 3.8%, Q: 87.9 1.4%)
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