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Fig.1. Whiteflies; (a) Trialeurodes vaporariorum adult and (b) fourth instar nymph. 
(c) Bemisia tabaci Q biotype male (left), female and third instar nymph, (d) B. tabaci 
B biotype male (left) and female, (e) eggs, and (f) eggs, third and fourth instar 
nymphs. 

Fig.2. Whitefly parasitoids; (a) Encarsia Formosa, (b) Eretmocerus eremicus,  
(c) Eretmocerus mundus. 
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Fig.3. Damages to various crops by whitefly; (a) black sooty mold contamination by 
whitefly honeydew on a tomato fruit, (b) irregular ripening of tomato fruits, (c) 
discoloration of celery. (d) Tomato yellow leaf curl virus (TYLCV) symptoms upward 
curling of leaves, (e) mottling chlorotic leaf margins. (f) Cucurbit chlorotic yellows 
virus (CCYV) symptoms on foliar chlorosis on a leaf and (g) systemic foliar chlorosis 
of melon.
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Table 1. The occurrences of leaf curl symptoms and number of adults of each whitefly species 
in various host plants in 2006 in Shizuoka Pref.

No.  site date
Tomato 2 Mishima Jan. 25 + 3 0 0

3 Mishima Jan. 25 + 3 0 3
4 Mishima Jan. 25 - 10 0 0
6 Fuji Jan. 24 - 0 0 34
8 Fuji Jan. 24 - 0 0 8
12 Fujinomiya Jan. 24 - 0 0 0
13 Shimizu Feb. 1 + 0 0 0
14 Shimizu Feb. 1 + 0 0 52
15 Shimizu Feb. 1 - 3 0 0
16 Shimizu Feb. 1 + 0 0 0
17 Shimizu Feb. 1 + 0 0 0
18 Shimizu Feb. 1 - 0 0 0
19 Shizuoka Feb. 1 + 11 0 9
23 Yaizu Feb. 20 - 1 0 0
21 Ooigawa Feb. 23 + 21 0 0
22 Ooigawa Feb. 23 - 0 0 5
29 Omaezaki Jan. 18 + 10 0 0
30 Omaezaki Jan. 18 - 0 0 0
31 Kikugawa Jan. 18 - 4 0 0
32 Kikugawa Jan. 18 + 4 0 1
33 Kikugawa Jan. 18 - 2 0 0
35 Kikugawa Jan. 18 + 6 0 0
24 Kakegawa Jan. 18 + 18 0 2
26 Kakegawa Jan. 18 + 5 0 0
27 Kakegawa Jan. 18 + 16 0 3
28 Kakegawa Jan. 18 - 0 0 0
34 Kakegawa Jan. 18 + 16 0 0
39 Iwata Feb. 15 + 8 0 0
40 Iwata Feb. 16 + 6 0 1
41 Iwata Feb. 16 + 1 0 0
42 Iwata Feb. 16 + 10 0 0
48 Hamamatsu Feb. 3 + 0 0 8
49 Hamamatsu Feb. 3 - 0 0 27
50 Hamamatsu Feb. 3 + 20 0 0
51 Hamamatsu Feb. 3 + 43 0 0
52 Hamamatsu Feb. 3 + 15 0 13

Prairie gentian 11 Fuji Jan. 24 - 0 0 0
Poinsettia 1 Nagaizumi Jan. 25 - 8 1 0

9 Fujinomiya Jan. 24 - 0 12 4
Melon 37 Iwata Feb. 15 - 6 0 0

38 Iwata Feb. 15 - 6 0 0
43 Iwata Feb. 16 - 5 0 0
44 Daito Jan. 16 - 5 0 0
45 Iwata Feb. 20 - 6 0 0
47 Hamamatsu Jan. 20 - 13 0 0

Strawberry 5 Fuji Jan. 24 - 0 0 (34)
7 Fuji Jan. 24 - 0 0 (28)
10 Fujinomiya Jan. 24 - 0 0 0

a +: observed, -: not observed
b Number in parentheses indicate unidentified Trialeurodes sp.

Host plant
Collection Leaf curl

symptoma
B.tabaci
B biotype

B.tabaci
Q biotype

T. vaporariorum
(Trialeurodes  sp.)b
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Table 2. TYLCV detection in whiteflies collected from various host plants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. tabaci
B biotype

B. tabaci
Q biotype T. vaporariorum

Tomato 2 + -(3)
3 + +(2) +(2)
4 - 100%(10)c

15 - -(3)
19 - -(5)
23 - -(1)
21 + 100%(10)c

29 + -(5)
31 - -(4)
32 + -(5)
33 + -(2)
35 - -(5)
24 + 100%(18)c +(2)
26 + +(5)
27 + 56%(16)c +(3)
34 + 69%(16)c

39 + -(5)
40 + -(5)
41 + +(1)
42 + -(5)
48 + +(5)
50 + -(5)
51 + -(5)
52 + 100%(15)c +(5)

Poinsettia 1 - -(8) -(1)
9 - 0%(12)c +(4)

Melon 37 - -(5)
38 - -(5)
43 - -(5)
44 - -(5)
45 - -(5)
47 - +(5)

b Number in parentheses indicate tested individuals.
c When more 10 individuals per greenhouse were tested, the percentage of TYLCV-positive adults
   was caluculated.

Host plant Collection
no.

Leaf curl
symptoma

Detection of TYLCVb

a +: positive, -: negative.
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Fig. 4. Number of (a) whitefly adults, (b) whitefly nymph, (c) leafminer larvae, (d) leafminer exit 
holes, and (e) Lepidopteran larvae per plant and (f) percentage of feeding plants.
Closed circle (●) and open square (□) is indicated the IPM greenhouse and the control greenhouse, 
respectively. Arrow is indicated the day of parasitoids release. Closed triangle (▼) and open 
triangle ( ) is indicated the day of pesticides spraying in the IPM greenhouse and the control 
greenhouse, respectively. A
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Fig. 5. Hourly temperatures on 5 September 2002. 
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Fig. 6. The polyethylene box used to test insect-proof screens without ventilation. 
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Fig. 7. The transparent acrylic box used to test insect-proof screens with forced 
ventilation. 
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Fig. 8. Transmission of whitefly adults through screens of different mesh sizes 
without ventilation. The bars represent standard error (SE), bars labeled with 
the same letter are not significantly different two-factor ANOVA followed by 
Tukey–Kramer HSD test  p < 0.05 .  
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Fig. 9. Transmission of whitefly adults through screens of different mesh sizes 
with forced ventilation. Capital letters refer to significance of the difference 
between wind velocities within each mesh size. Lower-case letters refer to 
significance of the difference between mesh sizes within each wind velocity 
(two-factor ANOVA followed by Student’s t-test p < 0.05). 
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Fig. 10. Illustration of (a) a tomato greenhouse with a negative-pressure forced 
ventilation (NFV) system and (b) a tomato greenhouse with natural ventilation (NV). 
The mesh size 1 mm insect proof screen was spread on the roof and side of 
greenhouse (a, b). The mesh size 0.4 mm insect proof screen was spread on the intake 
duct and exhaust fan (a). The ventilator operates between 6 o'clock and 18 o'clock 
when it is over 25  (a). 
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Fig. 11. Number of Bemisia tabaci adults per plant in the greenhouse with a 
negative-pressure forced ventilation (NFV) system and in the greenhouse with 
natural ventilation (NV). The bars represent standard error (SE), and the 
asterisks ( * ) indicate significant differences (Student’s t-test, * p < 0.05). The 
arrows are indicated the days of parasitoids release. 
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Fig. 12. Number of Bemisia tabaci nymphs per plant in the greenhouse with a 
negative-pressure forced ventilation (NFV) system and in the greenhouse with 
natural ventilation (NV). The bars represent standard error (SE), and the 
asterisks ( * ) indicate significant differences (Student’s t-test, * p < 0.05). The 
arrows are indicated the days of parasitoids release. 
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Fig. 13. (a) Number of parasitoids per plant and (b) rate of parasitism in the 
greenhouse with a negative-pressure forced ventilation (NFV) system and in the 
greenhouse with natural ventilation (NV). The bars represent standard error (SE), 
and the asterisks ( * ) indicate significant differences ( * : Student’s t-test, p < 
0.05; ** Fisher's exact test, p < 0.01). The arrows are indicated the days of 
parasitoids release. 
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0 1 2 3

Natural ventilation greenhouse 16 13 15 4 48 38.2

Greenhouse with negative forced ventilation 30 10 8 0 48 18.1

Table 4. The number of plants according to grade of black sooty diseas in the greenhouse
with negative forced ventilation and in the natural ventilation greenhouse.

Grade 0: No-occurrence of black soody diseas, 1: Ocurrencing black soody diseas on a part
of leaf, 2: Ocurrencing black soody diseas on harf of leaf, 3: Ocurrencing black soody diseas
on holl of leaf.
Occurennce index = the number of grade “3” plants × 3 + the number of grade “2” plants × 2
+ the number of grade “1” plamts  ÷ total number of plants × 3  × 100

Grade
Total

 Occurrence
 index
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Fig. 14. Mean daytime (Am 6-Pm 6) temperatures every ten days in the field, 
the greenhouse with negative-pressure forced ventilation (NFV) system, and 
the greenhouse with natural ventilation (NV).
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0.2 1.6 Fig. 

14 9 27.7 31.1

26.8 29.6 25.7 28.3 11

19.7 23.4 19.7 22.2 15.7 19.3

Fig. 14  

 

11 2

10 7 11 11 Fig. 13

10 7 11 11 Fig. 11

Fig. 12

Table 4

 

20 25 Qiu et al., 

2004 11 17.9 22.2 Fig. 

14 20

11 16

10

 

Hoddle et al. 1998 Hoddle and Van Driesche 1999 Van Driesche et 

al. 2001
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Table 4

4

 

9 1 9 10

1.6 Fig. 14 1 m / s
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2

4 m

14.6 m × 7.4 m 1

1 Fig. 15 a 1 Fig. 15 b

 

 1 2006 8 12  1 1

L 0.2 m

TCW8944BF 0.8 m 350  / min 400 W

3 1.2 m Fig. 15 c 0.4 mm × 0.2 mm

1.0 m × 3.0 m × 1.8 m Fig. 15 a

1.0 mm 1

1.0 mm Fig. 15 b  

 2 2007 8 12  2 1

L 4 m × 5 m Fig. 15 d  1

0.4 mm × 0.2 mm

1.0 mm 0.4 mm  2

1 0.4 mm

2  

2 1.0 m / s

6 18 25  
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 1

10 17 2  

MP6661

MP9201 1.5 m  

3.5  1

2006 8 21  2 2007 8 10 50 

cm

® 10 cm × 26 cm 20 cm

 1 1 4 Fig. 15 

a No. 1 4 Fig. 15 a No. 5 6

1 3 Fig. 15 b No. 2 4  2

2 2

4 Fig. 15 b No. 1 4 1 1

SMZ-U

1 1

TYLCV

2006 9 26 11 20

2 TYLCV
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Tukey-Kramer HSD test

Student’s t-test

JMP5 SAS Institute, 2002  

 

1 1

10 10 2.0 Fig. 16 c 1.2 Fig. 16 a

1 9 20 10 17

17.1 Fig. 16 b 1 10 17

Fig. 16 b

df = 2 F = 31.733 p < 0.0001

df = 11 F = 2.210 p = 0.055

1 1 Tukey-Kramer 

HSD test p < 0.05  

1 1

1 8 31 Fig. 16 d f

8 31 2.3 1 1.9

1 0.2 Fig. 16 e 10 17

1 Fig. 13 d

e 1 Fig. 16 f

df = 2 F = 13.652 p < 0.0001

df = 11 F = 3.639 p = 0.005 8 31

11 13 27 12 12
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Tukey-Kramer HSD test p < 0.05

1 1 Student’s t-test

p < 0.001 Fig. 17 a b

Fig. 17 a b

 

1 Fig. 17 c

d 1 Fig. 17 c

d

TYLCV 1

1 9 26 224 2 0.9 11

20 4 1.8  

2006 8 18 11 15 1

37 39°C 34 35°C 1 39 41°C

Fig. 18  

 

1 0.1

4.6 Fig. 19 a 2

8 21 9 18 0.03 0.5 Fig. 19 b

10 31 8.6 Fig. 19 b 2

10 24 0 1.1 12 4

29.5 Fig. 19 c 2

df = 2 F = 0.489 p = 0.619 df = 13 F = 1.456 p = 0.200
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Fig. 18. Hourly temperatures on 18 August 2006. 
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2 1   

2   

8 28 5.1 Fig. 19 d

2 8 21 1.8 Fig. 16f

df = 2

F = 31.775 p < 0.0001 df = 13 F = 3.263

p = 0.005

2 2 Tukey-Kramer HSD test p < 0.05 8 21

9 4 11 27 12 4

Tukey -Kramer HSD test p < 0.05  

TYLCV  

 

Berlinger and Lebiush-Mordechi

1996 0.8 mm × 0.3 mm

TYLCV

Berlinger and Lebiush-Mordechi 1996 2007 1

1 TYLCV 9 11

1 TYLCV
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2 2 Fig. 

19 c 10 Fig. 19 a

4

 

0.38 mm 0.4 mm × 

0.2 mm

Fig. 17 c, d 0.4 mm × 0.2 

mm 0.64 mm Bethke and Paine 1991

 

Fig. 17 a, b 0.19 mm Bethke and Paine

1991 0.4 mm × 0.2 mm
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2002 IPM 2

3

Arnó et al. 2009

Hudák et al. 2003 Stansly et al.

2005 3

1

Foltyn and Gerling 1985 Drost et al. 2000 Hudák et al. 2003 Ardeh 

et al. 2005 B

Heinz and Parrella 1994

Greenberg et al. 2002 Arnó et al. 2009

2

B Q 1 4

 

Greenberg et al. 2000 Kajita 2000

Heinz and Nelson 1996



 

57 
 

3

PCR

 

1

IOBC

Hassan and Van de 

Veire 2005

2006

®

Lecanicillium muscarium ® Lecanicillium longisporum

ES® Beauveria bassiana

4
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2 1

3.6 m × 28 m 3 3.6 

m × 9.3 m

EF EE

EM

1

8.2 m × 7.2 m

25  

3 2005 3 14 8 3

2006 5 20 7 26 2004 6 10 8 4

150 cm 30 cm 2005 3 11

2006 5 19 16 2 24 3

2004 6 10

18 cm 20 cm 16 2 150 cm, 

40 cm 24 3 150 cm 40 cm  

 

B
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9 cm 2 cm

Table 5  

 

®

® ®

® ®

8 2

 4

Table 5

Enkegaard 1993 Hu et al. 2003

2 ®  

 

 

3

3 4

1 6 3 4

8 12

® TR 72S

1.5 m Table 5

® 15 cm 20 cm
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Tukey-Kramer HSD test

JMP5 SAS Institute, 2002

 

 

3 6 Fig. 20 

a 5 6 54.3

Fig. 20 b EF EE

Fig. 20 a b EM 3 6

Fig. 20 a 6 34.5

Fig. 20 b 6

15.8 27.3 Fig. 20 c  

 

3 6

14.1 Fig. 21 a 6 35.6

Fig. 21 b 3

Fig. 21 a 3

Fig. 21 b

20.5 42.2 Fig. 21 c
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2 6

102.1 65.9 Fig. 22 a, b EF EM

2 4 6

Fig. 22 a, b EE 5

46.3 Fig. 22 a 3 4 5 6

Fig. 22 b 6 69.6

89.2 Fig. 22 c  

 

3

Table 6

Tukey – Kramer HSD test p < 0.05

p < 0.05 EF EE

p < 0.05 EF

EM p < 0.05

p < 0.05

Tukey – Kramer HSD test p < 0.05  

 

EF EE



 

67 
 

Fig. 20 a, b, 21 a, b, 22 a, b

EM

Fig. 20 a, 21 a, 22 a

Fig. 20 b, 21 b, 22 b 21.7 11.2

Table 5 20

Qiu et al. 2004

25 Qiu et al.

2004 30 1995

R0 25 r

30 Yang and Chi 2006 30 Table 

5

 

5  
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2006

Q

B B

Q

24

® 1000

® 10 cm × 25 cm × 5 cm 20 30

18 cm × 44 cm × 35 cm 2

25 °C 47% RH 16L8D

Table 7  

 

®

10 mm 21 mm

45 mm 1 25 °C 47% RH 16L8D

5 8 van 

Alphen and Jervis 1996 1 2  
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Table 7. The body sizes of tested nymphal instars of the Bemisia tabaci B and
Q biotypes and of Trialeurodes vaporariorum 

Whitefly 
species Stage 

No. of 
whiteflies 

tested 

Mean length 
(mm) ± SE 

Mean width 
(mm) ± SE 

Bemisia tabaci  
B biotype 

first 6 0.26 ± 0.01 0.14 ± 0.02 

second 14 0.30 ± 0.01 0.18 ± 0.03 

third 17 0.50 ± 0.02 0.31 ± 0.05 
early 
fourth 17 0.61 ± 0.02 0.38 ± 0.06 

late fourth 6 0.68 ± 0.02 0.44 ± 0.05 

Bemisia tabaci  
Q biotype 

first 17 0.25 ± 0.004 0.15 ± 0.01 

second 23 0.32 ± 0.01 0.19 ± 0.03 

third 20 0.47 ± 0.02 0.28 ± 0.07 
early 
fourth 11 0.63 ± 0.03 0.41 ± 0.08 

late fourth 11 0.65 ± 0.02 0.41 ± 0.07 

Trialeurodes 
vaporariorum 

first 5 0.24 ± 0.00 0.12 ± 0.03 

second 8 0.41 ± 0.03 0.20 ± 0.04 

third 30 0.56 ± 0.01 0.32 ± 0.07 
early 
fourth 13 0.71 ± 0.01 0.40 ± 0.04 

late fourth 5 0.73 ± 0.03 0.48 ± 0.18 
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1

 

6 mm 30 mm 1

1 2 3

4 4 1 1 cm × 5 cm

10 cm 2 mm

CCD IC-A digital CCD Leica Solms Germany

DVD DMR-EH73V

MZ125 Leica Solms Germany

Fig. 23

 

1 2 Fig. 23

3 Fig. 23

1 4

1

2

3

4

3

25 °C 47% RH 16L8D  
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Walking

Encountering a host

6 Walking 
away

Rejection

1 Ascending the host 
and turning 
drumming the host 
with antennae

2 Probing to insert ovipositor 
under the host

3 Laying an egg 
under the host

4 Withdrawing the ovipositor 
and drumming the dorsal part 
of the host with hind legs

5 Preening the 
antennae and legs

(Drumming time)

(Oviposition time)

(Time spent searching
for an oviposition site )

(Marking time)

Total 
handling 
time

Fig. 23. The sequence of behaviors shown by an Eretmocerus mundus female 
while searching for and after encountering whitefly nymphs. 
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1 1

5 30  

 

Ryan’s test

2

Tukey - Kramer HSD test Student’s t-test

JMP5 SAS Institute, 2002  

 

2 = 0.313 df = 2 p = 0.855 Fig. 24

2 = 22.599 df = 4 p 

= 0.0002 B 2 = 4.674 df = 4 p = 0.322

2 = 2.353 df = 3 p = 0.503

Q

2 = 13.514 df = 4 p = 0.009 4

Ryan’s test p < 0.05 Fig. 24

4 Fig. 24

14 4.7%
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Fig. 24. The acceptance rates with Wald 95 percent confidence interval of 
Eretmocerus mundus for different nymphal instars of the Bemisia tabaci B and 
Q biotypes and of Trialeurodes vaporariorum. Bars labeled with different 
letters differ significantly among nymphal instars of the same host species 
(Ryan’s test for multiple comparisons, p < 0.05). There were no significant 
differences in B. tabaci B biotypes and T. vaporariorum (Ryan’s test for 
multiple comparisons, p > 0.05). The numbers of parasitoids tested are shown 
in Table 7. E4 and L4 indicate the early and late fourth instar stages, 
respectively. 
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Table 8. The host rejection rates by Eretmocerus mundus for different nymphal 
instars of the Bemisia tabaci B and Q biotypes and of Trialeurodes vaporariorum 
after completion of the drumming and probing behaviors 

Host species Host stage 
No. of 

parasitoids 
tested 

Host 
rejection 
rate after 

drumming 
%  

No. of 
probing 

parasitoids 

Host 
rejection 
rate after 
probing 

%  

Bemisia tabaci 
B biotype 

first 22 9.1 a 20 15.0 a 

second 24 33.3 a 16 6.3 a 

third 22 18.2 a 18 22.2 a 

early fourth 20 30.0 a 14 21.4 a 

late fourth 8 50.0 a 4 25.0 a 

Bemisai tabaci 
Q biotype 

first 27 3.7 b 26 26.9 a 

second 29 24.1 ab 22 13.6 a 

third 23 13.0 b 20 5.0 a 

early fourth 17 17.6 ab 14 14.3 a 

late fourth 15 53.3 a 7 42.9 a 

Trialeurodes 
vaporariorum 

first 16 12.5 b 14 14.3 a 

second 13 46.2 ab 7 0 a 

third 30 46.7 ab 16 0 a 

early fourth 13 38.5 ab 8 12.5 a 

late fourth 5 100 a 0 — 

Values followed by different letters differ significantly among the host stages 
within a host species or biotype (logistic regression analysis followed by Ryan’s 
test, p < 0.05). 
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2 = 34.664 df = 4 p < 0.0001

2 = 1.240 df = 2 p = 

0.538 Table 8 4

Table 8 2

Table 8

: 2 = 6.656 df = 4 p = 0.155 X2 = 1.367 df = 2 p = 0.505

Table 8  

4

Fig. 25 a

ANOVA F 2, 161 = 0.270

p = 0.764 F 4, 161 = 5.009 p = 0.0024 Fig. 25 

a Q 4 1 3

Tukey - Kramer HSD test p < 0.05 ANOVA F 4, 68 

= 3.337 p = 0.015 Fig. 25 a  

ANOVA F2, 161 = 0.051 p 

= 0.950 F 3, 161 = 14.145, p < 0.001 Fig. 25 b

B 4 1 2

3 Tukey - Kramer HSD test ANOVA F 4, 55 = 6.511

p = 0.0002 Fig. 25 b Q 4 1

2 3 Tukey - Kramer HSD test P < 0.05

ANOVA F 4, 68 = 13.886 p < 0.001 Fig. 25 b  

ANOVA F 2, 161 = 

1.548 p = 0.216 F 3, 161 = 2.7626  
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p = 0.044 Fig. 25 c B 2 3 4

Tukey - Kramer HSD test

p < 0.05 ANOVA F 4, 55 = 3.381 P = 0.015 Fig. 25 c  

Fig. 25 d

ANOVA F 2, 161 = 0.009

p =0.991 F 4, 161 = 5.006 p = 0.0024

B 3 1

Tukey - Kramer’s HSD test, p < 0.05 ANOVA F 4, 55 = 3.243 p = 0.0185

Fig. 25 d Q

ANOVA F 4, 68 = 1.615 p = 0.181  

Q B 1 Q

3 Q

ANOVA F 2, 161 = 0.472 p = 0.625

ANOVA F 2, 161 = 17.297 p < 0.0001

Tukey-Kramer HSD test p < 0.05 B F 4, 55 = 

7.820 p < 0.001 Q F 4, 68 = 17.556 p < 0.001

F 3, 38 = 3.005 p = 0.042 Fig. 25 e  

 

Vinson 1998

3 Foltyn and Gerling

1985 Headrick et al. 1996 Ardeh et al. 2005 5

Ardeh et al. 2005
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4

 

Heinz and Parrella 1994 Greenberg et 

al. 2002 Greenberg et al. 2002

3.4 84.9%

19.9%

Cornell and Pimentel 1978 van Alphen and Vet

1986

Fig. 24

1 1

 

4

Urbaneja and Stansly 2004 Qiu et al. 2004

4 Fig. 24

 

Table 8
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Salt 1958

Muratori et al. 2006

 

4 288 522 1 3 96 231

2 4 Fig. 25 e B Q 4

1 3 Fig. 25 c 4

Gerling et al. 1998

Ardeh et al. 2005

 

Vinson

1998 Nufio and Papaj 2001

 Ardeh et al. 2005 Buckner 

and Jones 2005

additional lipids

B

Q Fig. 25 d

 

B

Q
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Table 9

10 mm 21 mm 45 mm

1 25 °C 47% RH 16L8D

1 0.5mL 80

B Q Table 9  

RNA rDNA

18SrDNA 5.8SrDNA AF273631-AF273636

Internal Transcribed Spacer 1 ITS1

18SrDNA 3' 5.8SrDNA 5' AY615782- 

AY615783  

Wizard® Genomic DNA Purification Kit DNA

DNA Tris-EDTA 10mM-0.1mM pH 8.0

PCR  

PCR 1 dNTP 0.2μmol/mL  0.2μmol/mL  

DNA0.5μL ExTaq ( ) 0.2unit 10 1

10μL PCR iCycler

94 3 94 30 55 30 72 60

35 72 10 DNA  
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Table 9. Strains of whitefly parasitoids and whiteflies used for this study 

Species Strain* Supplier No. of 
females 

No. of 
males 

Encarsia formosa Tsuya-Top Agrisect 16  

 En-Strip Arysta 
LifeScience 16  

 Tsuyakobachi 
EF30 Syngenta 16  

Eretmocerus remicus Sabaku-Top Agrisect 12 12 

 Er-Card Arysta 
LifeScience 8 8 

Eretmocerus mundus Bemipar Arysta 
LifeScience 8 8 

Trialeurodes 
vaporariorum   8**  

Bemisia tabaci B-type  8**  

 Q-type  8**  
* For parasitoid wasps, strain names are commercial names. 
** Sex were not identified. 
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18S 5.8S

EmF 

EmR 

EfF 

EfR 

Fig. 26. Schematic diagram of primers designed on the sequences of 
ribosomal RNA gene in this study. White and black arrows indicate the 
primers designed on the sequences of Encarsia formosa and Eretmocerus 
mundus, respectively. 
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Table 10. Primers of whitefly parasitoids used in this study 

Name Sequence (5’–3’) 

EfF CCTTCTCGTTTTGCACTTGG 

EfR TCGACGAGTTCATTGATGTGA 

EmF AACGTATGCGGATAACAACG 

EmR GCAATTAGCTGCGTTCTTCA 

D3-4046F * GACCCGTCTTGAAACACGGA 

D3-4413R * TCGGAAGGAACCAGCTACTA 

* Gillespie et al. (2005) 
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TAE 1.5% 100V 40

UV

rDNA 28S

D3-4046F D3-4413R  Gillespie 

et al. 2005 Table 10 PCR DNA

DNA ITS1

® ® ®

® 1 ®

2 DNA PCR

30μL MinElute PCR purification kit

PCR

BigDye® Terminator v3.1 Cycle Sequencing Kit 

ABI PRISM® 

3100 

BLAST

 

 

DNA D3-4046F D3-4413R

PCR DNA

235bp

EfF EfR Fig. 26 Table 10 PCR

250bp

527bp
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EmF EmR Fig. 26 Table 10 PCR

500bp PCR

  

EfF EfR EfF EmR 2

DNA EmF

EfR

AB662969–AB662972

AY615782 AY615783 99% 100%

AB662975 AB662976

AY878190 99%

AB662975 AB662976 Er. warrae Naumann and Schmidt 

98% DNA

ITS1  

4 3 EfF EmF EmR

3 Fig. 27 3

300 400bp

600 700bp 500bp 100bp

Fig. 27  

 

rDNA
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M  1  2  3  4  5  6  7  8 

Fig. 27. Electrophoregram of amplified fragments for three parasitoid 
wasps of whitefly by multiplex polymerase chain reaction using three 
primers EfF, EmF and EmR. Lanes are: M: 100bp ladder molecular 
weight marker; 1-2: Encarsia formosa; 3-4: Eretmocerus eremicus; 5-6: 
Eretmocerus mundus; 7: Trialeurodes vaporariorum; 8: no DNA 
template. 
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Ardeh et al. 2005 Heraty et al. 2007   

Ji et al. 2003 Vickerman et al. 2004 Yara and Kunimi 2009

Internal Transcribed Spacer 1 ITS1

3

1980 Kajita 2000 1992

 

DNA PCR-RFLP Encarsia

Monti et al. 2005

PCR 1 PCR 3

Monti et al. 2005  
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24 Table 11, 12  

 

®

® ®

8

25 16L8D 2 3

 

 

2006 400

5000 80 100 10

3

9 cm

2 cm 25 16L8D 2

SHZ-U Abbott 1925

IOBC Hassan 1992 Amano and 

Haseeb 2001 4 1 30%

2 30 79% 3 80 99%

4 99%  



 

 
 

89 

                

M
or

ta
lit

yb)
Ev

al
ut

io
n

C
at

eg
or

rie
sC

)
M

or
ta

lit
yb)

Ev
al

ut
io

n
C

at
eg

or
rie

sC
)

M
or

ta
lit

yb)
Ev

al
ut

io
n

C
at

eg
or

rie
sC

)

N
eo

ni
co

tin
oi

ds
  A

ce
ta

m
ip

rid
20

S.
P.

×2
,0

00
99

.3
4

87
.9

3
10

0
4

  C
lo

th
ia

ni
di

n
16

S.
P.

×2
,0

00
10

0
4

96
.1

3
99

.6
4

  D
in

ot
ef

ur
an

20
S.

G
.

×3
,0

00
98

.5
3

79
.7

2
99

.1
4

  I
m

id
ac

lo
pr

id
10

W
.P

.
×2

,0
00

90
.1

3
53

.0
2

61
.0

2
  N

ite
np

yr
am

10
S.

P.
×1

,0
00

95
.5

3
55

.1
2

92
.2

3
  T

hi
ac

lo
pr

id
30

W
.D

.G
.

×4
,0

00
92

.7
3

62
.2

2
76

.8
2

Sy
nt

he
tic

 p
yr

et
hr

oi
ds

  E
to

fe
np

ro
x

20
E.

C
.

×1
,0

00
25

.0
1

33
.7

2
98

.2
3

  P
er

m
et

hr
in

20
E.

C
.

×2
,0

00
53

.5
2

54
.3

2
95

.7
3

O
rg

an
op

ho
sp

ha
te

s
  A

ce
ph

at
e

50
W

.P
.

×1
,0

00
52

.0
2

15
.4

1
47

.9
2

  F
en

itr
ot

hi
on

15
E.

C
.

×2
,0

00
93

.7
3

93
.1

3
97

.4
3

In
se

ct
 g

ro
w

th
 re

gu
la

to
rs

  B
up

ro
fe

zi
n

40
W

.P
.

×1
,0

00
23

.3
1

13
.8

1
0

1
  C

yr
om

az
in

e
8.

3
S.

L.
×1

,0
00

10
.1

1
13

.9
1

1.
7

1
  F

lu
fe

no
xu

ro
n

10
E.

C
.

×2
,0

00
18

.4
1

20
.1

1
17

.6
1

  L
uf

en
ur

on
5

E.
C

.
×3

,0
00

0
1

0
1

10
.8

1
A

ca
ric

id
es

  C
hi

no
m

et
hi

on
at

25
W

.P
.

×1
,5

00
23

.0
1

9.
6

1
13

.1
1

  M
ilb

em
ec

tin
1

E.
C

.
×1

,5
00

72
.0

2
67

.4
2

42
.5

2
  P

yr
id

ab
en

20
F.

L.
×1

,0
00

10
0

4
89

.2
3

90
.9

3
O

th
er

es
  B

t
10

W
.D

.G
.

×1
,0

00
0

1
3.

8
1

6.
9

1
  C

hl
or

ph
en

ap
yr

10
F.

L.
×2

,0
00

51
.8

2
23

.5
1

3.
2

1
  E

m
am

ec
tin

-b
en

zo
at

e
1

E.
C

.
×2

,0
00

86
.7

3
49

.8
2

46
.8

2
  P

ym
et

ro
zi

ne
25

W
.P

.
×3

,0
00

23
.4

1
20

.0
1

15
.6

1
  S

pi
no

sa
d

25
W

.D
.G

.
×5

,0
00

10
0

4
97

.5
3

99
.1

4
  T

ol
fe

np
yr

ad
15

E.
C

.
×1

,0
00

10
0

4
10

0
4

10
0

4
  S

ul
fu

r
52

F.
L.

×4
00

13
.2

1
14

.6
1

20
.4

1

C
) Ev

al
ut

io
n 

ca
te

go
rie

s:
T

he
 re

su
lts

 o
f e

xp
re

ss
ed

 a
s 

sa
fe

(1
), 

sl
ig

ht
ly

 h
ar

m
fu

l(2
), 

m
od

er
at

el
y 

ha
rm

fu
l(3

), 
ha

rm
fu

l(4
) w

he
re

by
 1

=<
30

%
 m

or
ta

lit
y,

 2
=3

0-
79

%
 m

or
ta

lit
y,

 3
=8

0-
98

%
 m

or
ta

lit
y,

4=
99

-1
00

%
 m

or
ta

lit
y.

b)
C

or
re

ct
ed

 m
or

ta
lit

y 
ac

cr
di

ng
 to

 A
bb

ot
t's

 fo
rm

ul
a 

ba
se

d 
on

 c
he

ck
 v

al
ue

a)
S.

P.
:w

at
er

 s
ol

ub
le

 p
ow

de
r,W

.P
.:w

et
ta

bl
e 

po
w

de
r,W

.D
.G

.:w
at

er
 d

is
pe

ns
io

n 
co

nc
en

tr
at

e,
S.

G
.:s

ol
ub

le
 g

ra
nu

le
,E

.C
.:e

m
ul

si
fia

bl
e 

co
nc

en
tr

at
e,

S.
L.

:s
ol

ub
le

 c
on

ce
nt

ra
te

,F
.L

.:f
lo

w
ab

le

T
ab

le
 1

1.
 T

he
 s

id
e 

ef
fe

ct
s 

of
 p

es
tic

id
es

 o
n 

pu
pa

e 
of

 p
ar

as
ito

id
s 

in
 p

up
ae

 o
f 

w
hi

te
fly

 b
y 

di
re

ct
 d

ip
pi

ng
 m

et
ho

d
En

ca
rs

ia
 F

or
m

os
a

pe
st

ic
id

es
Fo

rm
ul

at
io

n
(%

a.
i. 

&
 ty

pe
)a)

D
ilu

tio
n

Er
et

m
oc

er
us

 m
un

du
s

Er
et

m
oc

er
us

 e
re

m
ic

us



 

 
 

90 

       

M
or

ta
lit

y
b)

E
va

lu
ti

on
C

at
eg

or
ri

es
C

)
M

or
ta

lit
y

b)
E

va
lu

ti
on

C
at

eg
or

ri
es

C
)

M
or

ta
lit

y
b)

E
va

lu
ti

on
C

at
eg

or
ri

es
C

)

N
eo

ni
co

ti
no

id
s

  A
ce

ta
m

ip
ri

d
20

S.
P

.
×

2,
00

0
10

0
4

10
0

4
10

0
4

  C
lo

th
ia

ni
di

n
16

S.
P

.
×

2,
00

0
10

0
4

10
0

4
10

0
4

  D
in

ot
ef

ur
an

20
S.

G
.

×
3,

00
0

10
0

4
10

0
4

10
0

4
  I

m
id

ac
lo

p
ri

d
10

W
.P

.
×

2,
00

0
10

0
4

10
0

4
10

0
4

  N
it

en
p

y
ra

m
10

S.
P

.
×

1,
00

0
10

0
4

10
0

4
10

0
4

  T
hi

ac
lo

p
ri

d
30

W
.D

.G
.

×
4,

00
0

37
.3

2
98

.3
3

85
.3

3
Sy

nt
he

ti
c 

p
y

re
th

ro
id

s
  E

to
fe

np
ro

x
20

E
.C

.
×

1,
00

0
10

0
4

10
0

4
10

0
4

  P
er

m
et

hr
in

20
E

.C
.

×
2,

00
0

10
0

4
10

0
4

O
rg

an
op

ho
sp

ha
te

s
  A

ce
p

ha
te

50
W

.P
.

×
1,

00
0

10
0

4
10

0
4

10
0

4
  F

en
it

ro
th

io
n

15
E

.C
.

×
2,

00
0

10
0

4
10

0
4

10
0

4
In

se
ct

 g
ro

w
th

 r
eg

ul
at

or
s

  B
up

ro
fe

zi
n

40
W

.P
.

×
1,

00
0

25
.4

1
32

1
1.

2
1

  C
y

ro
m

az
in

e
8.

3
S.

L
.

×
1,

00
0

19
1

51
.3

2
4.

4
1

  F
lu

fe
no

xu
ro

n
10

E
.C

.
×

2,
00

0
0

1
0

1
0

1
  L

uf
en

ur
on

5
E

.C
.

×
3,

00
0

0
1

8.
8

1
0

1
A

ca
ri

ci
de

s
  C

hi
no

m
et

hi
on

at
25

W
.P

.
×

1,
50

0
95

.6
3

10
0

4
10

0
4

  M
ilb

em
ec

ti
n

1.
0

E
.C

.
×

1,
50

0
92

.6
3

10
0

4
  P

y
ri

da
be

n
20

F
.L

.
×

1,
00

0
10

0
4

98
.3

3
98

.5
3

O
th

er
es

  B
t

10
W

.D
.G

.
×

1,
00

0
0

1
4.

9
1

  C
hl

or
p

he
na

p
y

r
10

F
.L

.
×

2,
00

0
10

0
4

  E
m

am
ec

ti
n-

be
nz

oa
te

1.
0

E
.C

.
×

2,
00

0
10

0
4

10
0

4
10

0
4

  P
y

m
et

ro
zi

ne
25

W
.P

.
×

3,
00

0
11

.7
1

14
.8

1
0

1
  S

p
in

os
ad

25
W

.D
.G

.
×

5,
00

0
10

0
4

10
0

4
10

0
4

  T
ol

fe
np

y
ra

d
15

E
.C

.
×

1,
00

0
10

0
4

10
0

4
10

0
4

  S
ul

fu
r

52
F

.L
.

×
40

0
28

.3
1

1.
6

1

D
ilu

ti
on

a)
S.

P
.:w

at
er

 s
ol

ub
le

 p
ow

de
r,

W
.P

.:w
et

ta
bl

e 
p

ow
de

r,
W

.D
.G

.:w
at

er
 d

is
p

en
si

on
 c

on
ce

nt
ra

te
,S

.G
.:s

ol
ub

le
 g

ra
nu

le
,E

.C
.:e

m
ul

si
fi

ab
le

 c
on

ce
nt

ra
te

,S
.L

.:s
ol

ub
le

 c
on

ce
nt

ra
te

,F
.L

.:f
lo

w
ab

le
b)

C
or

re
ct

ed
 m

or
ta

lit
y

 a
cc

rd
in

g 
to

 A
bb

ot
t's

 f
or

m
ul

a 
ba

se
d 

on
 c

he
ck

 v
al

ue
C

) E
va

lu
ti

on
 c

at
eg

or
ie

s:
T

he
 r

es
ul

ts
 o

f 
ex

p
re

ss
ed

 a
s 

sa
fe

(1
),

 s
lig

ht
ly

 h
ar

m
fu

l(
2)

, m
od

er
at

el
y

 h
ar

m
fu

l(
3)

, h
ar

m
fu

l(
4)

 w
he

re
by

 1
=

<
30

%
 m

or
ta

lit
y

, 2
=

30
-7

9%
 m

or
ta

lit
y

, 3
=

80
-9

8%
 m

or
ta

lit
y

,
4=

99
-1

00
%

 m
or

ta
lit

y
.

F
or

m
ul

at
io

n
(%

a.
i. 

&
 t

y
p

e)
a)

p
es

ti
ci

de
s

E
re

tm
oc

er
us

 m
un

du
s

T
ab

le
 1

2.
 T

he
 s

id
e 

ef
fe

ct
s 

of
 p

es
tic

id
es

 o
n 

ad
ul

ts
 o

f 
w

hi
te

fly
 p

ar
as

ito
id

s 
us

in
g 

re
si

du
al

 f
ilm

 m
et

ho
d.

E
re

tm
oc

er
us

 e
re

m
ic

us
E

nc
ar

si
a 

F
or

m
os

a



 

91 
 

1998 2006

99.5% 0.1 ml 5.4mm

11.7 mm 35 mm

5% 5 mm  5 mm

10

25 16L8D 6

24

SHZ-U Abbott 1925

IOBC 4  

 

3 ® ® ES®

3.0 × 109 spores / g 5.0 × 108 spores / g

 2.1 × 1010 spores / ml

® ® 1000 , 

ES® 500  

 

® ®

80 100 8
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10

9 cm 2 cm

1 1 1

6 25°C 16L8D

SHZ-U

3  

 

9 cm 10

1

7 25°C 16L8D

SHZ-U

3  

 

2

Tukey-Kramer test

Tukey-Kramer test Student’s 

t test 2012 SSRI JMP5

SAS Institute, 2002  
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3 Table 11 

IGR 4

Bt

3 1

3

3 4  

 

 

3 Table 12 IGR

3

3 1 Bt

1  

IGR

1 2

3 3

4  
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Table 13

Fig. 28 2

F1, 16 = 1.580 p = 0.227

F3, 16 = 73.382 p < 0.0001

F3, 16 = 0.514 p = 0.678

® 40.5 40.6% ® 55.1 56.2%

19.3~60.4% Tukey–Kramer HSD test p < 0.05

ES® ® ®

p < 0.05  

 

Table 14

Fig. 29 2

F1,16 = 4.84 p = 0.04

F3,16 = 0.31 p = 0.82

F1,16 = 1.69 p = 0.21

F3,16 = 33.68 p < 0.01

F3,16 = 4.07, p = 0.03

®

75.8% 89.3%

ES®

90.3 % 79.0 % ®

29.2% 30.5 Tukey-Kramer 

HSD test p < 0.05  
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Fig. 28. The pupae of Eretomocerus eremicus after BotaniGardES® treatment. 
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Fig. 29. The adult of Eretomocerus eremicus after Myctal® treatment. 
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Summary 
 

Studies on Integrated Pest Management (IPM) of Whitefly in 

Greenhouses 

 

Small insect pests, such as whiteflies, leafminers, and thrips, have been developing 

insecticide resistance. These pests invaded from oversea and they have been causing 

extensive damage to ornamental and vegetable crops in greenhouses (e.g., tomatoes), 

either by causing direct physical damage or through the transmission of plant viruses. 

Among these insects, the whiteflies, Trialeurodes vaporariorum (Westwood) and 

Bemisia tabaci (Gennadius), are serious pests that spread black sooty mold, which 

damages fruits, as well as transmitting tomato yellow leaf curl virus (TYLCV) in 

tomatoes. The aim of this study was to develop a new integrated pest management 

(IPM) method that combines intrusion prevention measures (forced air ventilation 

system) and biological control (parasitoids) to prevent whiteflies from becoming 

established in greenhouses.  

First, to identify the whitefly species in greenhouses that are used to produce major 

horticultural crops (e.g., tomato, melon, strawberry, showy prairie gentian, and 

poinsettia), the current viruliferous whitefly TYLCV status and efficacy of 

conventional IPM methods was assessed in Shizuoka Prefecture, Japan. The initial 

findings showed that the Bemisia tabaci B biotype occurred in 30 of 48 (63%) 

horticultural greenhouses. The percentage of the TYLCV viruliferous B. tabaci B 

biotype in 9 of 23 (39%) tomato greenhouses ranged from 56 to 100%. Conventional 

IPM methods in 2002, such as combining the parasitoid, Encarsia formosa Gahan, 

with insecticides inhibited whitefly species densities from August to June but failed to 

decrease whitefly species densities since June. In addition, preventing the invasion of 
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whiteflies in conventionally structured greenhouses was difficult because, although 

these greenhouses have insect-proof screens on the roofs and sides, the mesh size of 

these nets was too course. It was therefore considered that a greenhouse structure that 

is impervious to insect pests, combined with methods for controlling insect pests that 

arise inside the greenhouse, are both important for developing IPM measures in 

greenhouse cultivation. 

Altering the greenhouse structure so that it is more impervious to insect pests 

essentially requires the extension insect-proof screens. For example, significantly 

fewer B. tabaci B biotype individuals passed through a screen with a mesh size of 0.38 

× 0.38 mm (0.9%) compared to a conventional coarse-screened mesh size of 1.00 × 

0.93 mm (79.0%). The effect of combining a screen with a fine mesh and a forced 

ventilation system, employed to moderate temperature increases in summer, was 

investigated. Because the inverse relationship that exists between the increased 

efficacy of pest exclusion and the decrease in ventilation efficiency due to the small 

mesh size in naturally ventilated greenhouses.  

An IPM method combining a negative-pressure ventilation system and the 

parasitoid, Eretmocerus eremicus Rose & Zolnerowich, showed that there was no 

reduction in the rate of parasitoid parasitism in a naturally ventilated greenhouse. In 

addition, the findings showed that ventilation (wind speed: 1 to 2 m/s) had no effect on 

parasitoid exploratory behavior. In a positive-pressure, forced-ventilation greenhouse, 

there was a slight increase in the number of whiteflies, but TYLCV did not occur. The 

temperature inside the greenhouse was 2 to 3°C lower than that of a naturally 

ventilated control greenhouse, and a temperature moderating effect was observed in 

the greenhouse. 

Biological control using parasitoids against whiteflies that were generated in the 

greenhouse was also studied. The efficacy of three parasitoid, En. formosa, Er. 
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eremicus, and Er. mundus, were compared by using simultaneous trials in separate 

naturally ventilated greenhouses. The results showed that all of the parasitoids 

suppressed B. tabaci B biotype to levels significantly below the levels observed in the 

control; however, the efficacy of each agent varied depending on the season. Since E. 

mundus was expected to be the most efficient parasitoid for controlling B. tabaci, the 

host-handling behavior of this parasitoid on B. tabaci B biotype, Q biotype, and T. 

vaporariorum was compared. The parasitoid oviposited on the first to forth instar 

nymphs of B. tabaci B biotype, Q biotype and T. vaporariorum with markedly higher 

incidence of oviposition on the younger instar stages of B. tabaci B and Q biotypes. 

The total handling time for this parasitoid when laying an egg on first to third instar 

nymphs (96 to 231 s) was shorter than the handling time on fourth instar nymphs (288 

to 522 s). Since parasitoids prefer to oviposit for host nymphs at different stages of 

development. Thus, to control whitefly using several parasitoids simultaneously it is 

necessary to accurately clarify the parasitoid parasitism rate and a multiplex PCR 

method capable of distinguishing between the three parasitoids in a single PCR run 

was developed. 

If whiteflies or other pests frequently occur in a greenhouse, then spraying with 

insecticides may occasionally be necessary. However, for successful biocontrol of 

whiteflies by parasitoids, careful consideration needs to be given to the pesticides that 

can be used in conjunction with specific parasitoids. The toxicity of 24 insecticides 

used for the biological control of whiteflies was therefore evaluated for En. formosa, 

Er. eremicus, and Er. mundus using the residual film method for adults and the dipping 

method for pupae. The results showed that mortality due to insect growth regulators, 

Bacillus thuringiensis, pymetrozine, and sulfur was less than 30% for adults and pupae 

of all three species, indicating that the parasitoids were not severely affected by these 

insecticides. Neonicotinoids, synthetic pyrethroids, organophosphates, etc., were 
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moderately to seriously harmful (> 92% mortality) to adult parasitoids.  

In biological control experiments combining parasitoids and entomopathogenic 

fungi against whiteflies, the fungi can infect the parasitoids and decrease the efficacy 

of the method. The effect of three microbial pesticides, Mycotal®, Vertalec®, and 

BotaniGard ES®, on the parasitoids En. formosa and Er. eremicus was evaluated under 

laboratory conditions. The results showed that while the microbial pesticides affected 

parasitoid adults, except for BotaniGard ES®, they did not affect the emergence of 

parasitoids. Of the insecticides and microbial pesticides tested, those with relatively 

minor effects could be used in combination with parasitoids. 

These findings clearly show that the combination of a forced-ventilation greenhouse 

and an insect-proof screen with a mesh size of 0.38 mm can prevent whitefly intrusion 

and suppress temperature increases. Thus, the use of several parasitoids, or combining 

parasitoids and insecticides, is effective for combatting whiteflies in a greenhouse. As 

a new IPM method, I propose using a forced ventilation system as the core control 

methodology for controlling whiteflies in greenhouse horticulture, and combining this 

system with biological and chemical control methods, if necessary. 
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