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Fig. 1 Functional response of two species female of generalist phytoseiid mites, (a)

Euseius sojaensis and (b) Amblyseius eharai, to the density of nymphs and

adults of Aculops pelekassi. Curves were fitted to Holling’s disc-equation (E.

sojaensis: y = x / (0.781+2.524^10-3x), A. eharai: y = x / (0.807+2.107^10-3x))
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F(1, 133) = 3.15, P = 0.08 F(2, 133) = 0.90, P = 0.41

Fig. 3

10 χ2 = 79.65, df = 2, P <

0.0001 χ2 = 11.14, df = 2, P < 0.0001

χ2 = 1.22, df = 2, P = 0.54

vs

: χ2 = 47.74, df = 1, P < 0.0001 vs
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χ2 = 11.43, df = 1, P < 0.0001

χ2 = 1.97, df = 1, P = 0.16 χ2 = 3.90, df =

1, P = 0.048 Fig. 3
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Fig. 2 Mean number of (a) phytoseiid mites and (b) Aculops pelekassi on citrus

seedlings at the end of the trial in three predator release treatments: (1) Euseius

sojaensis release, (2) Amblyseius eharai release, and (3) no release. Error bars

indicate SE. The number of A. pelekassi was counted on 4 leaf discs (=314

mm2) × 3 seedlings. Asterisks indicate a significant difference between

treatments with and without pollen, according to a simple main effect test

weighted by using the Bonferroni correction (**P < 0.01/3, ***P < 0.001/3).

‘ns’ indicates no significant difference
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Fig. 3 Seasonal fluctuations in average numbers of (a) phytoseiid mites, (b) A.

pelekassi on leaves, (c) A. pelekassi on fruit, and (d) fruit injury on citrus trees

in 2016 in three predator release treatments: (1) E. sojaensis release, (2) A.

eharai release, and (3) no release. Asterisks indicate a significant difference in

fruit injury between treatments with and without pollen in October, according

to a chi-squared test weighted by using the Bonferroni correction (**P <

0.01/3). ‘ns’ indicates no significant difference. Error bars indicate SE
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Predator release Pollen provision
Euseius sojaensis + 24 (80.0) 6 (20.0)

18 (81.8) 4 (18.2)
Amblyseius eharai + 3 (16.7) 15 (83.3)

7 (41.1) 10 (58.9)
No release + 3 (33.3) 6 (66.7)

8 (66.7) 4 (33.3)
Numbers in parentheses indicate percentages of each species

Table 1 Species composition of adult females of phytoseiid mites captured by beating on citrus trees
in 2016

No. of identified adult females
E. sojaensis A. eharai

Treatment
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P < 0.05/2 = 0.025 B 2018 11
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JMP version 12 SAS Institute, 2015

0.5 Yamamura, 1999
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A’ B’ 2017 2019

Fig. 6 2019

A 2017 2018

6 11
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F(1, 58) = 0.04, P = 0.84

Fig. 6 B

2018 6 11

F(1, 29) = 7.22, P = 0.012

Fig. 6

Fig. 7 2019

11 A

χ2 = 59.53, df = 1, P < 0.0001 χ2 = 114.88, df = 1, P < 0.0001

χ2 = 38.87, df = 1, P < 0.0001

2017 χ2 = 6.12, df = 1,

P = 0.0133 2018 χ2 = 352.60, df = 1, P < 0.0001

Fig. 7 B 11

χ2 = 92.84, df = 1, P < 0.0001; Fig. 7
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Fig. 4 Schematic diagrams of two experimental terraced citrus orchards in

conservation control until late June in Numazu, Shizuoka, Japan. Open

circles: citrus trees (2―3 m tall). Solid lines: windbreaks and edges. Broken

lines: step of stone walls (about 2 m height). Investigation was conducted in

2017 to 2019 in orchard A and in 2018 to 2019 in orchard B. Two treatments

were designed with three replications in each orchard: in 2017 and 2019,

Euseius sojaensis release was in a-1, 2 and 3 but not in b-1, 2 or 3; in 2018, it

was released in b-1, 2 and 3, but not in a-1, 2 or 3. The conventional-control

orchards A’ and B’ which were located next to each experimental orchard,

are omitted from these diagrams
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Orchard A
Time of application 2017 2018 2019
Early April Dithianon 42.0% FL (1,000)

Sulfur 52.0% FL (500)
Mid-April Petroleum oil 97.0% ECa (100)b

Dithianon 42.0% FL (1,000)
Late April Dithianon 42.0% FL (1,000)
Mid-May Petroleum oil 97.0% EC (100)

Mixture of pyraclostrobin 6.8%
& boscalid 13.6% WDG (2,000)

Late May Petroleum oil 97.0% EC (150) Petroleum oil 97.0% EC (100)
Mixture of pyraclostrobin 6.8%
& boscalid 13.6% WDG (2,000)

Early June Dithianon 42.0% FL (1,000) Pyrifluquinazon 20.0% WDG (3,000)
Dithianon 42.0% FL (1,000)

Mid-June Mixture of tiamethoxam 10.0%
& lufenuron 5.0% WDG (3,000)
Dithianon 42.0% FL (1,000)

Early July Chlorfenapyr 10.0% FL (4,000)
Methidathion 40.0% EC (1,500)
Maneb 75.0% WP (600)

Mid-July Lufenuron 5.0% EC (2,000)
Methidathion 40.0% EC (1,500)
Mancozeb 80.0% WP (500)

Late July Chlorfenapyr 10.0% FL (4,000)
Mancozeb 80.0% WP (500)

Early August Dinotefuran 20.0% WSG (2,000)
Mancozeb 80.0% WP (500)

Dinotefuran 20.0% WSG (2,000)
Mancozeb 80.0% WP (500)

Mid-August Chlorfenapyr 10.0% FL (4,000)
Mancozeb 80.0% WP (500)

Late September Chlorfenapyr 10.0% FL (4,000)
Pyflubumid 20.0% FL (4,000)
Mancozeb 80.0% WP (500)

Fenpropathrin 10.0% EC (2,000)
Mixture of pyflubumide 15.0%
& fenpyroximate 5.0% FL (3,000)
Mancozeb 80.0% WP (500)

Dinotefuran 20.0% WSG (2,000)
Mixture of pyflubumide 15.0%
& fenpyroximate 5.0% FL (3,000)
Mancozeb 80.0% WP (500)

Orchard B
Time of application 2018 2019
Late March Petroleum oil 97.0% EC (60)
Mid-April Sulfer 52.0% FL (500)
Mid-May Petroleum oil 97.0% EC (100)

Mixture of cyprodinil 37.5%
& fludioxonil 25.0% WDG (3,000)

Late May Buprofezin 20.0% FL (1,000)
Petroleum oil 97.0% EC (100)
Mixture of pyraclostrobin 6.8%
& boscalid 13.6% WDG (2,000)

Mid-June Imidacloprid 50.0% WDG (10,000)
Dithianon 42.0% FL (1,000)

Mixture of tiamethoxam 10.0%
& lufenuron 5.0% WDG (3,000)
Dithianon 42.0% FL (1,000)

Mid-July Chlorfenapyr 10.0% FL (4,000)
Mancozeb 80.0% WP (500)

Chlorfenapyr 10.0% FL (4,000)
Mancozeb 80.0% WP (500)
DMTP 40.0% EC (1,500)

Mid-August Mixture of pyflubumide 15.0%
& fenpyroximate 5.0% FL (3,000)
Mancozeb 80.0% WP (500)

Mixture of pyflubumide 15.0%
& fenpyroximate 5.0% FL (3,000)
Mancozeb 80.0% WP (500)

Early October Acequinocyl 15.0% FL (1,500)
Mancozeb 80.0% WP (500)

Table 2 Pesticide use histories in two experimental citrus orchards

a EC: emulsion concentrate, FL: flowable, WDG: water-dispersible granules, WP: wettable powder, WSG: water-soluble granules
b Numbers in parentheses indicate dilution ratio
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Fig. 5 Seasonal changes in the mean density of phytoseiid mites and species

composition in June in two experimental orchards. Arrows indicate E.

sojaensis release dates. Numbers on bars indicate the number of identified

adult females. Error bars indicate SE
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  A' 2017 13 2 (25.0) c 6 (75.0) 0 (0)
2018 0 - - -
2019 12 1 (12.5) 2 (25.0) 5 (62.5)

  B' 2018 0 - - -
2019 20 2 (13.3) 12 (80.0) 1 (6.7)

c Numbers in parentheses indicate percentage of each species

b Phytoseiid mites were collected from 10 trees (3 branches per tree × 10 times beatings)

Table 3  Total number and species composition of phytoseiid mites collected from conventional-control orchards in late June

Orcharda Year Total
numberb

No. of identified adult female
Euseius sojaensis Amblyseius eharai Neoseiulus californicus

a Maneb, which is harmful to E. sojaensis  was applied two times every year during mid-May to mid-June in orchards A' and
B' located next to orchards A and B shown in Fig. 1
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Fig. 6 Seasonal changes in the mean density of Aculops pelekassi on the leaves in two

experimental orchards. Arrows indicate application of registered pesticides for

A. pelekassi control (Table 2). Error bars indicate SE
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Fig. 7 Seasonal changes in the cumulative rate of fruit injury by A. pelekassi in two

experimental orchards. Arrows indicate thinning of injured fruits. Asterisks

indicate significant differences (*P < 0.025, ***P < 0.001) by chi-squared test

in November (using Bonferroni correction after logistic regression analysis in

orchard A)
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, 2018
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Kishimoto, 2014

400

500 Fig. 1 2

300 400 Kondo and Hiramatsu,
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2
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(Athias-Henriot) Phyllocoptruta oleivora

Ashmead
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Maoz et al., 2014; Warburg et al., 2019

Euseius

Euseius

Chloris gayana Kunth

Smith and

Papacek, 1991; Maoz et al., 2014; Warburg et al., 2018

Cinnamomum camphora (L.)

sp. 1

sp. 2 Kasai et al.,

2005

Evans et al., 1999;

Landis et al., 2000; Wade et al., 2008 2

Fig. 2

Fig. 3
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2

E. scutalis E. scutalis

Maoz et al., 2014)

4

Ruberson et

al., 1998

Fig. 3

3 6

, 2019

Table 3

Fig. 5

Fig. 6
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5 6

, 2019

, 2019

, 2018 A 2017 2018 3 B

2018 3

Table 2 Fig. 7

Prunus persica (L.) Batsch
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Hiramatsu, 1999b

Kishimoto, 2014

2
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, 1968;

, 2014

2

, 2000; , 2018; , 2019

, 2001; Kishimoto,

2002

, 2000; , 2002; , 2020
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IPM

Scolothrips takahashii Priensner

Fetiella sp.

, 2000; , 2001; Kishimoto, 2002

, 2016
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, 2001; Kishimoto, 2002; Funayama, 2015; Funayama et al., 2015;

, 2015

Type Ⅲ Type Ⅳ

McMurtry, 1992; McMurtry and

Croft, 1997; Messelink et al., 2010

2 Osakabe et al., 1987; Messelink et al., 2010

1

Osakabe et al., 1987; Osakabe, 1988; , 2004 2
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, 2000; Amano, 2001;

Kishimoto, 2002; Ishii et al., 2018

2
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MA80 Saito and Osakabe, 1992

Hoyer

Olympus BX51

Toyoshima et al., 2013

3

Fig. 8 Fig. 9
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Table 4 5

10 Type Ⅰ

Phytoseiulus persimilis Athias-Henriot Type Ⅱ

Neoseiulus womersleyi (Schicha) Type Ⅲ

Type Ⅳ 5

5 8 2

9

6

8

9 7

7
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Fig. 8 Mean number of phytoseiid mites and spider mites per 40 leaves in two

commercial Japanese pear orchards in Shizuoka Prefecture in 2018: (a)

Shimada and (b) Yaizu. Error bars indicate SE
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Fig. 9 Species composition of phytoseiid mites captured in two commercial Japanese

pear orchards in Shizuoka Prefecture in 2018: (a) Shimada and (b) Yaizu.

Numbers on bars indicate the number of identified adult females
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Time of application Shimada Yaizu
Early April TMTD 40.0% FLb (500)c Mandestrobin 40.0% FL (2,000)

Difenoconazole 10.0% WDG (2,000) Alanycarb 40.0% WP (1,000)
Alanycarb 40.0% WP (1,000) Imidacloprid 50.0% WDG (5,000)
Dithianon 42.0% FL (1,000)
Acetamiprid 20.0% SP (2,000)
Pyribencarb 40.0% WDG (2,000) Thiophanate-methyl 70.0% WP (1,000)
CYAP 40.0% WP (1,000) Clothianidin 16.0% SP (2,000)
Polyoxin-complex 10.0% WP (1,000)
Dinotefuran 20.0% SG (2,000)
Mixture of captan 20.0%
& oxine-copper 30.0% WP (500)

Mixture of pyraclostrobin 6.8%
& boscalid 13.6% WDG (2,000)

PAP 50.0% WP (1,000) Dinotefuran 20.0% SG (2,000)
Iminoctadine-albesilate 40.0% WP (1,000) Iminoctadine-albesilate 40.0% WP (1,000)
Chlorfenapyr 10.0% FL (2,000)
Fluazinam 39.5% SC (2,000) Iminoctadine-albesilate 40.0% WP (1,000)
DMTP 36.0% WP (1,500) Bifenthrin 2.0% WP (1,000)
Polyoxin-complex 10.0% WP (1,000)
Thiacloprid 20.0% WDG (2,000)
Cyprodinil 50.0% WDG (2,000) Thiophanate-methyl 70.0% WP (1,000)
Imidacloprid 20.0% FL (5,000) Milbemectin 1.0% WP (2,000)
Mixture of pyraclostrobin 6.8%
& boscalid 13.6% WDG (2,000)

Kresoxim-methyl 50.0% DF (2,000)

Thiamethoxam 10.0% SG (2,000)
Mixture of tebuconazole 17.7%
& fluopyram 17.7% FL (3,000)
Bifenthrin 2.0% WP (1,000)
Acetamiprid 20.0% SP (2,000) Bifenazate 20.0% FL (1,000)
Cyantraniliprole 10.2% SE (2,000)

Thiophanate-methyl 70.0% WP (1,000)
Clothianidin 16.0% SP (2,000)

Acequinocyl 15.0% FL (1,000) Dinotefuran 20.0% SG (2,000)
Cypermethrin 6.0% WP (1,000)

Acequinocyl 15.0% FL (1,000)
Cypermethrin 6.0% WP (1,000)

Fenpropathrin 10.0 % WP (1,000)
Pyflubumide 20.0% FL (2,000)
Thiophanate-methyl 70.0% WP (1,000)
Permethrin 10.0% FL (1,500)
Dithianon 42.0% FL (1,000) Iminoctadine-albesilate 40.0% WP (1,000)
CYAP 40.0% WP (1,000) Dinotefuran 20.0% SG (2,000)

Early August

Table 4 Pesticidea use histories in two Japanese pear orchards during investigation

Mid- April

Early May

Mid-May

Late May

Early June

Mid-June

Late June

Early July

Mid-July

Late July

Mid-August

Late August

Early September

Early October

a Fungicides and Insecticides
b DF: dry flowable, EC: emulsion concentrate, FL: flowable, SC: suspension concentrate, SE: suspo emulsion, SG: water soluble granules,
SP: water soluble powder, WDG: water dispersible granules, WP: wettable powder
c Numbers in parentheses indicate dilution rate



52

2

1

2 1

Amblyseius orientalis Ehara

Amphitetranychus viennensis (Zacher)

Kishimoto, 2002

McMurtry, 1992; Messelink et al., 2010

Landis

et al., 2000; Wade et al., 2008

McMurtry and Croft, 1997 2019

2

1
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1

2016 4

35.85°N, 137.80°E

50˚C 2 250 μ

m -20˚C

2

2018

15 m × 14 m × 5 m 16

6 ‘ ’8 ‘ ’8 : 2.7 m × 3 m 4 m

4

1 1 2

30 4 12 5 9 2

10

5 14 10.0%

1,000 6 15 7.2% 3,000

1 L

4 12 5 9 5 24 6 7 4
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1,000 500 mL

5 9 10.0% 3,000

1 L 8 9

30.0% 2,000

1 L

3

4 9 1 2 30

1

4

5 6

1 7 8 2

30

Tukey HSD

5 6 30

Tukey HSD
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1 6

2 8 30

Tukey HSD

JMP version 12 SAS Institute, 2015

0.5 Yamamura, 1999

3

4

Fig. 10 F(3, 24) =

2.711 , P = 0.07 F(1, 24) = 1.09 , P = 0.31

F(3, 24) = 3.02 , P = 0.0497

5 6

Tukey HSD P < 0.05; Table 5 7 8

Tukey HSD P > 0.05; Table 5 5 6

Table 6

: F (3, 12) = 27.62, P <

0.0001, : F (3, 12) = 4.25, P = 0.0291
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Tukey HSD P < 0.05; Table 6

Tukey HSD P < 0.05; Table 6

F(3, 24) = 14.50 , P < 0.0001

F(1, 24) = 7.84 , P = 0.0099

F(3, 24) = 3.29 , P = 0.0378

6

Tukey HSD P < 0.05; Table 5 8

Tukey HSD

P > 0.05; Table 5 Fig. 10

Fig. 11

6 7
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Fig. 10 Mean number of phytoseiid mites and Tetranychus kanzawai per 30 leaves in

four treatments in a Japanese pear greenhouse in 2018: (a) Euseius sojaensis

release, (b) Amblyseius eharai release, (c) synthetic pyrethroid application and

(d) no-release. Gray arrows indicate the release of 30 adult phytoseiid females

per tree. White, black and striped arrows indicate application of a

neonicotinoid, synthetic pyrethroid and acaricide, respectively. Pine pollen

was provided as alternative food for predatory mites in all treatments at 12

April, 9 May, 24 May and 7 June. Error bars indicate SE. See Fig. 11 for

species composition of phytoseiids



58 E. sojaensis  release 159.3 ± 27.9 a 59.3 ± 18.4 a 22.5 ± 14.0 a 97.3 ± 51.2 a
A. eharai  release 90.0 ± 24.3 ab 92.0 ± 18.3 a 169.8 ± 36.8 b 175.0 ± 12.1 a
Synthetic pyrethroid application 44.0 ± 12.9 b 66.5 ± 19.0 a 372.3 ± 80.8 b 300.3 ± 56.9 a
No release 61.0 ±  7.2 ab 51.5 ±  7.6 a 10.25 ±  3.5 a 158.5 ± 54.4 a
Values with the same letter within each column are not significantly different by Tukey's HSD test, P 0.05

Table 5 Cumulative number of phytoseiid mites and the number of T. kanzawai  per 30 leaves in each treatment

Treatment
Phytoseiid mites (mean ± SE) T. kanzawai (mean ± SE)

May to late June July to early August Late June Early August
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E. sojaensis  release 84.3 ± 27.9 a 3.3 ±13.6 b
A. eharai  release 2.3 ± 24.3 c 20.5 ±  1.1 a
Synthetic pyrethroid application 1.0 ± 12.9 c 5.3 ±  0.7 ab
No release 11.5 ±  7.2 b 7.5 ±  1.6 ab
Values with the same letter within each column are not significantly different by Tukey's HSD
test, P 0.05

Table 6 Cumulative number of adult female of two generalist phytoseiid species per 30 leaves
from May to late June

Treatment
Phytoseiid species (mean ± SE)

E. sojaensis A. eharai
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Fig. 11 Species composition of phytoseiid mites captured from four treatments in a

Japanese pear greenhouse in 2018: (a) E. sojaensis release, (b) A. eharai

release, (c) synthetic pyrethroid application and (d) no-release. Numbers on

bars indicate the number of identified adult females
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3

1

, 1995; Kishimoto, 2002

DNA

Ishii et al., 2018

2

1 2 , 1982

2

1

2 ; 2

5 6

2
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1

1

Kishimoto, 2005

3 4

2018 4

50˚C 2

250 μm -20˚C

2

2019 area Ⅰ: 34.84°N, 138.23°E

area Ⅱ: 34.81°N, 138.26°E 1

6

2 Fig. 12

A B 15a ‘ ’ ‘ ’ ‘ ’

‘ ’ C 5a D 3a

‘ ’ ‘ ’ A B ‘

’ ‘ ’ 4 C D ‘ ’ ‘ ’

4

1 1 2

20 A

C 1

150 200
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4 19 4 26 5 8 5 30 4 600

800 /

Table 7 5 6

2019

3

4 11 2

30 20

10 1

4 6

2

30 Olympus

SZX16

4

6 30

10 300 /

50%

3.

5 6
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5 6

5 9

0.5 Yamamura, 1999

300

SAS OnDemand for Academics 2021 SAS Institute, Cary, NC, USA

4

Fig. 13

6 6

F(1, 26) = 191.51, P < 0.001

F(1, 2) = 18.40, P = 0.05 F(2, 26) = 0.58, P

= 0.58 F(1, 26) = 0.78,

P = 0.39 244%

Fig. 14
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6 8

F(1, 26) = 34.46, P

< 0.0001 F(1, 2) = 0.03, P = 0.87

F(2, 26) = 2.14, P = 0.14

F(1, 26) = 0.63, P = 0.44

16%

F(1, 26) = 18.21, P =

0.0002 F(1, 2) = 0.72, P = 0.48

F(2, 26) = 2.28, P = 0.12

F(1, 26) = 0.14, P = 0.71

34%

Fig. 15

χ2 = 12.82, df = 1, P = 0.0004 χ2 =

18.92, df = 1, P < 0.0001 χ2 = 0.21, df = 1, P

= 0.65 χ2 = 4.78, df = 2, P = 0.09

χ2 = 23.75, df = 1, P < 0.0001 χ2 =

8.75, df = 1, P = 0.0031 χ2 = 4.52,

df = 1, P = 0.033 χ2 = 5.00, df = 2, P = 0.08
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Fig. 12 Locations of the Japanese pear trees in experimental orchards in area I

(Shimada City: A, B) and area II (Yaizu City: C, D). The distance between

areas I and II is about 4 km, that between orchards A and B is about 100 m,

and that between orchards C and D is about 20 m
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Time of application Area  (orchards A and B) Area  (orchards C and D)
Late March Oxpoconazole fumarate 20.0% WPa (2,000)b Dithianon 42.0% FL (1,000)
Early April Flonicamid 10.0% DF (2,000) Alanycarb 40.0% WP (1,000)c

Thiram 40.0% FL (500) Mandestrobin 40.0% FL (2,000)
Mid- April Pymetrozine 50.0% WP (5,000) Difenoconazole 10.0% WDG (2,000)

Thiram 40.0% FL (500) Clothianidin 16.0% SP (2,000)
CYAP 40.0% WP (1,000)c

Difenoconazole 10.0% WDG (2,000)
Late April Thiamethoxam 10.0% SG (2,000) Dinotefuran 20.0% SG (2,000)

Dithianon 42.0% FL (1,000) Thiram 40.0% FL (500)
Early May Sulfoxaflor 9.5% FL (2,000)

Iminoctadine-albesilate 40.0% WP (1,000)
Mid-May Buprofezin 20.0% FL (1,000) Thiamethoxam 10.0% SG (2,000)

Thiram 40.0% FL (500) Cyprodinil 50.0% WDG (2,000)
Dinotefuran 20.0% SG (2,000)
Captan 80.0% WP (1,000)

Late May Cyantraniliprole 10.2% SE (5,000) Pyrifluquinazon 20.0% WDG (3,000)
Iminoctadine-albesilate 40.0% WP (1,000) Penthiopyrad 15.0% FL (1,500)

Early June Sulfoxaflor 9.5% FL (2,000) Cyclaniliprole 4.5% L (2,000)
Cyprodinil 50.0% WDG (2,000) Iminoctadine-albesilate 40.0% WP (1,000)

Mid-June Thiacloprid 20.0% WDG (2,000) Imidacloprid 50.0% WDG (5,000)
Iminoctadine-albesilate 40.0% WP (1,000) Tebuconazole 20.0% FL (2,000)

Late June Thiamethoxam 10.0% SG (2,000) Thiamethoxam 10.0% SG (2,000)
Iprodione 50.0% WP (1,000) Kresoxim-methyl 50.0% DF (2,000)

Early July Cyclaniliprole 4.5% (2,000)
Mixture of pyraclostrobin 6.8%
and boscalid 13.6% WDG (2,000)

Mid-July Imidacloprid 20.0% FL (5,000) Chlorfenapyr 10.0% FL (2,000)
Mixture of tebuconazole 17.7%
and fluopyram 17.7% FL (2,000)

Thiophanate-methyl 70.0% WP (1,000)c

Late July Bifenthrin 2.0% WP (1,000)c Cypermethrin 6.0% WP (1,000)c

Azoxystrobin 10.0% FL (1,000) Bifenazate 20.0% FL (1,000)
Mid-August Cypermethrin 6.0% WP (1,000)c Cyclaniliprole 4.5% (2,000)

Milbemectin 1.0% WP (2,000)c Dinotefuran 20.0% SG (2,000)

Thiophanate-methyl 70.0% WP (1,000)c

Late August Clothianidin 16.0% SP (2,000) Clothianidin 16.0% SP (2,000)
Early September Dinotefuran 20.0% SG (2,000)
Late September Dinotefuran 20.0% SG (2,000) Oxine-copper 35.0% FL (1,000)

Iminoctadine-albesilate 40.0% WP (1,000)

Table 7 Pesticide use histories in two experimental Japanese pear orchards

a DF: dry flowable, EC: emulsion concentrate, FL: flowable, L: liquid formulation, SC: suspension concentrate, SE: suspension emulsion,
SG: water soluble granules, SP: water soluble powder, WDG: water dispersible granules, WP: wettable powder
b Numbers in parentheses indicate dilution rate
c Harmful pesticide to Euseius sojaensis (Tsuchida and Masui, 2019)
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Fig. 13 Seasonal fluctuations in average numbers of phytoseiid mites, Eriophyes

chibaensis, and Tetranychus kanzawai in 2019 on Japanese pear trees in

experimental orchards in area I (A, B) and area II (C, D). Horizontal dotted

lines indicate the control threshold of 50 E. chibaensis per leaf (Izawa,

2000a). Error bars indicate SE. See Fig. 14 for species composition of

phytoseiids
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Fig. 14 Species composition of phytoseiid mites captured in experimental orchards in

area I (A, B) and area II (C, D). Numbers on bars indicate the numbers of adult

females identified
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Fig. 15 Percentages of leaves showing severe mosaic and russet symptoms caused by

E. chibaensis in late June in experimental orchards in area I and area II.

Asterisks indicate a significant difference after logistic regression analysis

(**P < 0.001)



71

4

, 2013; ,

2014; , 2020

5

2

, 2000; Amano,

2001; Kishimoto, 2002

2

, 2000; , 2018; ,

2019
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Osakabe et al., 1987; Osakabe, 1988;

, 2004

McMurtry, 1992; Messelink et al., 2010

Cayratia japonica (Thunb.) Gagnep.

Ozawa and Yano, 2009

Toyoshima et al., 2008; , 2017; 2 ) 2

6

1

Fig. 10, Table 5

Fig.

11a Table 6

6

Fig. 11b

Table 6 1

Fig. 10b
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Ji et al.,

2015

4

7

8

Fig. 10 7

Fig. 9, 11 8 9

Fig. 8, 10

Kishimoto 2002

6 7

Kasai et al., 2002; , 2006; , 2017; 2

Amano, 2001; Kishimoto, 2002; Funayama, 2015; Funayama et al., 2015

6

Fig. 10c, 11c

Table 6

Fig. 10d, Table 5
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1 6

Plautia crossota stali Scott Grapholita molesta

(Busck) : Venturia nashicola Tanaka et

Yamamoto : Alternaria alternata (Fries) Keissler

, 2018; , 2019;

, 2020 Table 4

Fig. 9

Ruberson et al., 1998

2

2

3 4

6
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Kondo and Hiramatsu,

1999a

2

6

50 , 2000 Fig. 13

5

6 7

, 1982

Fig. 15

Fig. 13

, 1995
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6 Kondo and

Hiramatsu, 1999b; Shibao et al., 2004; , 2006; , 2017; 2

Kondo and

Hiramatsu, 1999b 6

2 2019

Fig. 14, 15

2018 Fig. 8, 9

2

Fig. 13

Malus pumila Mill. Aculus

schlechtendali (Nalepa)

Hoyt, 1969; , 1993; Toyoshima et al.,

2011
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Fig. 15

Euseius

McMurtry and Croft, 1997

Duso et al., 2004; Ghasemzadeh et al., 2017; 2

Euseius victoriensis (Womersley) E. scutalis E.

stipulatus

2

P. oleivora Smith and Papacek,

1991; Maoz et al., 2014; Warburg et al., 2018

Digitaria ciliaris (Retz.) Koeler

Wari et al., 2016

2 Osakabe

et al., 1987
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habitat management: Landis et al., 2000

Tetranychus

McMurtry and Croft, 1997 Sabelis and Van

de Baan, 1983; Maeda et al., 1999; Maeda and Takabayashi, 2001; Shimoda et al.,

2005

Takahashi and Chant, 1993

, 1993 2009

Camellia siensis (L.) O. Kuntze

Ozawa et al., 2010

, 2019 2014

, 2015



79

4 2

1

Polis, 1981; Polis et al., 1989; Rosenheim et al., 1993;

Rosenheim et al., 1995

Rosenheim et al., 1995; Snyder and Ives, 2001; Finke and Denno,

2003; Finke and Denno, 2004

Strong, 1992; Polis et al., 2000

Walde et al., 1992; Rosenheim, 2001; Schausberger and Walzer,

2001; Snyder and Ives, 2001

Janssen et al., 1998; Rosenheim, 1998; Finke and Denno,

2003

Strong, 1992; Schmitz and Suttle, 2001; Finke

and Denno, 2003
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Walzer and Schausberger, 1999; Schausberger and Croft, 2000a, b; Schausberger

and Walzer, 2001; Negloh et al., 2012; Calabuig et al., 2018

Schausberger and Croft, 2000a, b

2

, 2021

6

2

2

2

1
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1

3 3

2

2

1

20 2 20 2 50

90 mm 20 mm

20 × 20 mm2

24 20

0.005 g

24 1 24

22 ± 1˚C 70 ± 10% RH 14L: 10D

3

5 :

= A 1: 0 B 2: 1 C 1: 2 D 0: 1 E 0: 0
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350 × 220 × 350 mm3

10 15

1 4 5 × 2 ×

4 = 40 90 mm ×

75 mm

100 × 300 × 100 mm3

100

2

4 10 mm

Olympus SZX16

2 × 4 = 8 = 628 mm2

± SE 89.9 ± 3.2

2 1

2 24 5 × 5 ×

1 mm3 4

0.025 g

7 3 4

3 E 72

4

Olympus SZX16

Hoyer Olympus BX51

Toyoshima et

al. 2013 22 ± 1˚C 70 ± 10% RH
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14L: 10D 5

3

Bonferroni P < 0.05/2 = 0.025

Tukey HSD

Tukey HSD

JMP version 12 (SAS Institute, 2015

0.5 Yamamura,

1999

4

1 1
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Fig. 16

F(1, 196) = 335.31, P < 0.0001 F(1, 196) = 337.07,

P < 0.0001 F(1, 196) = 211.58, P

< 0.0001

: F(1, 196) =

539.80, P < 0.0001; : F(1, 196) = 7.09, P < 0.01, Fig. 16

: F(1, 196) = 541.37, P < 0.0001; : F(1, 196) = 7.27 P <

0.01 84%

14%

F(1, 196) = 299.39, P < 0.0001

F(1, 196) = 290.11, P < 0.0001

F(1, 196) = 196.18, P < 0.0001

: F(1, 196) = 490.14, P < 0.0001; : F(1, 196) = 5.43, P =

0.021, Fig. 16

: F(1, 196) = 481.72, P < 0.0001;

: F(1, 196) = 4.58, P = 0.02

79%

10%

Fig.

17 2

F(3, 12) = 53.86, P < 0.001 A B

: = 2: 1 C

= 1: 2 D Tukey
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HSD , P < 0.05 2

F(4, 15) = 32.06, P < 0.001 A B

C D E Tukey HSD , P < 0.05

Table 8

2

: F(3, 12) = 911.66, P < 0.001,

: F(3, 12) = 31.47, P < 0.005, : F(3, 12) = 96.34, P < 0.001, :

F(3, 12) = 37.93, P < 0.001

C

A B C D
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Fig. 16 Mean numbers of larvae consumed daily via (a) cannibalism and (b) intraguild

predation by a Euseius sojaensis or Amblyseius eharai female in the presence

or absence of high-quality food (pine pollen). Error bars indicate ± SE.

Asterisks indicate significant differences following simple main effect test

with using Bonferroni correction (***P < 0.001, **P < 0.01, *P < 0.025)
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Fig. 17 Mean combined numbers of adults, nymphs, and larvae of (a) phytoseiid mites

and (b) Aculops pelekassi at the end of five treatments with different ratios of

release of E. sojaensis to A. eharai: A (1:0), B (2:1), C (1:2), D (0:1), and E

(0:0, no release) on two citrus seedlings. A total of 72 phytoseiid adult females

were released per two seedlings per cage in each treatment except E. Error

bars indicate SE. The number of A. pelekassi was counted on four leaf discs (=

314 mm2) per seedling. Values with the same letter are not significantly

different by Tukey’s HSD test, P > 0.05
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Treatment

(E. sojaensis  to A. eharai  ratio)a

A (72:0) 66.0 ± 2.8 a 0 b 0 a 16.8 ± 0.5 a 56.0 ± 2.2 a
B (48:24) 30.0 ± 2.3 b 4.8 ± 1.0 a 0 a 11.8 ± 2.3 a 34.3 ± 4.9 a
C (24:48) 8.5 ± 0.9 c 4.0 ± 0.4 a 0.3 ± 0.3 a 0.8 ± 0.3 b 14.3 ± 2.7 b
D (0:72) 0 d 8.3 ± 2.1 a 0 a 0 b 5.5 ± 1.6 b
Values with the same letter within each column are not significantly different by Tukey's HSD test, P > 0.05
a Total number of phytoseiid adult females released per two seedlings during the trial

Table 8 Mean numbers (±SE) of adult female Euseius sojaensis  and Amblyseius eharai  and total numbers of phytoseiid males, nymphs +
larvae, and eggs per seedlings pair at the end of the trial

Adult females
Adult males Nymphs + larvae Eggs

E. sojaensis A. eharai
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5

Fig. 17

Fig. 17

Fig. 17

Table 8

A

0.92 B

: = 2: 1 0.63 C = 1: 2 0.35



90

Table 8

Fig. 17

2

Rosenheim, 2001; Snyder and Ives, 2001; Snyder and Wise,

2001; Finke and Denno, 2003; Finke and Denno, 2004

Rosenheim et al., 1995;

Janssen et al., 2006

Table 8

Fig. 17

3
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Schausberger and Croft, 2000b; Schausberger, 2003

C

Table 8

Ji et al., 2015

Typhlodromus pyri (Scheuten)

Walde et al.,

1992

500 2

Lucas et al., 1998; Snyder et al., 2000; Lucas et al., 2009

Negloh et al., 2012; Guzmán et al., 2016;

Calabuig et al., 2018; Warburg et al., 2018; Marcossi et al., 2020

Messelink et al.,

2012

, 2019

Kishimoto, 2014

Samaras et al., 2021
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Fig. 16

Fig. 16

2

Janssen et al., 2006

Janssen and Sabelis, 2015
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5

IPM

2

IPM
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IPM

1997 8

, 2006

2010

, 2013

1 2

, 2011; , 2021

2

Ashihara et al., 2004; , 2000

, 2018 IPM

IPM
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Helle and Sabelis,

1985; , 1993; Lindquist et al., 1996

Sabelis, 1996; McMurtry et al., 2013

Kondo and Hiramatsu, 1999b Tanaka and Kashio, 1977;

Osakabe et al., 1987

2

Kishimoto, 2014 Tetranychus

Osakabe et al., 1987; Osakabe, 1988; , 2004

McMurtry, 1992; McMurtry and Croft, 1997; Messelink et al., 2014

2 , 3

2

, 2003
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Vitis spp. Diospyros kaki Thunb.

Prunus mume Sieb. et Zucc. Castanea crenata Sieb. et Zucc.

Toyoshima et al., 2013

Ruberson et

al., 1998

4

, 2017

, 1986; , 1993; Kishimoto, 2002; , 2004

, 2018; , 2020;

, 2019 Kishimoto, 2002;

Katayama et al., 2006; , 2007

Kondo and Hiramatsu, 1999b; , 2003;

, 2017

IPM Fig. 18 Fig. 19

IPM

Table 9
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preventive biological control: Messelink et

al., 2014

guarding-IPM G-IPM

G-IPM 2 , 3

, 2018

, 2019

4 6

G-IPM

2 , 3
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, 2021

Paula et al., 2021

Gotoh et

al., 2004

Arysta Life Science, 2021

Maoz

et al., 2014; Ji et al., 2015

Howarth, 1991

Osakabe, 1987; Kasai et al., 2002; Shibao et al., 2004

Toyoshima et al., 2013
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Euseius

van Lenteren et al., 2017

G-IPM

conservation biological control: Barbosa, 1998

Landis et al., 2000; Gurr et al., 2004; , 2016

Duso et al., 2004; Jaques et al., 2015; Funayama et al., 2015; , 2018

Euseius McMurtry and Croft,

1997; Ozawa and Yano, 2009; Adar et al., 2012; Cruz-Miralles et al., 2021

Smith and Papacek, 1991; Palevsky et al.,

2010; Maoz et al., 2014; Warburg et al., 2018

Wade et al., 2008

Typha angustifolia L.

Euseius

Pijnakker et al., 2014, 2016; Van Houten, 2016; Beltrà

et al., 2017
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G-IPM

Langellotto and Denno, 2004;

Thomson et al., 2010

6

7

Kasai et al., 2002;

, 2017; 2 , 3

1

7 ,

Euseius

Warburg et al., 2019

Kishimoto, 2002; , 2014

Duso, 1992; Kreiter et al., 2002; Seelmann et al., 2007
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Altieri,

1991; Gurr et al., 2003; Bianchi et al., 2006

Rosenheim et al.,

2001; Snyder and Ives, 2001

Strong, 1992; Schmitz

and Suttle, 2001

Schausberger

and Croft, 2000a, b

3

4

Messelink et al.,

2012; Negloh et al., 2012; Calabuig et al., 2018; Warburg et al., 2018; Marcossi et al.,

2020
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4

2 , 3 , 4

4

2 , 3 , 4

Tanaka and Kashio, 1977

IPM

2

G-IPM

IPM
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Table 9 Effects of pesticides on Euseius sojaensis  adult female (modified Tsuchida and Masui (2019))
Pesticides (Formulation)b Dilution Evaluation

categoryc
Significant
differencee

1A Alanycarb (WP) 40.0 1,000 100 ++ 0 **
1B DMTP (EC) 40.0 1,500 100 ++ 0 **
2B Ethiprole (FL) 10.0 1,000 0 - 43 ns
3A Bifenthrin (FL) 7.2 3,000 100 ++ 0 **
3A fenpropathrin (EC) 10.0 2,000 86.7 + 2 **
4A Acetamiprid (WSG) 20.0 2,000 10 - 2.3 **
4A Clothianidin (SP) 16.0 2,000 6.7 - 6.3 **
4A Dinotefuran (WSG) 20.0 1,000 3.3 - 6.7 **
4A Imidacloprid (FL) 20.0 2,000 20 - 2.7 **
4A Nytenpyram (SP) 10.0 1,000 36.7 ± 3.7 **
4A Thiamethoxam (WSG) 10.0 2,000 6.7 - 5 **
4C Sulfoxaflor (FL) 9.5 1,000 0 - 14.7 **
5 Spinetoram (WDG) 25.0 5,000 100 ++ 6.3 **
5 Spinosad (FL) 20.0 4,000 3.3 - 24 **
6 Abamectin (EC) 1.8 3,000 100 ++ 0 **
6 Lepimectin (EC) 1.0 1,000 96.7 + 0 **
6 Milbemectin (WP) 2.0 2,000 100 ++ 2.7 **
9 Pyrifluquinazon (WDG) 20.0 3,000 0 - 51.3 ns
10A Hexythiazox (WP) 10.0 2,000 0 - 32.3 *
10B Etoxazole (FL) 10.0 2,000 6.7 - 47.7 ns
13 Chlorfenapyr (FL) 10.0 2,000 0 - 53.3 ns
15 Flufenoxuron (EC) 10.0 2,000 0 - 34.7 ns
15 Lufenuron (EC) 5.0 2,000 0 - 42.3 ns
16 Buprofezin (WP) 25.0 1,000 0 - 39 ns
19 Amitraz (EC) 20.0 1,000 100 ++ 0 **
20B Acequinocyl (FL) 15.0 1,000 80 + 2.3 **
20D Bifenazate (FL) 20.0 1,000 50 ± 7 **
21A Fenpyroximate (FL) 5.0 1,000 100 ++ 0 **
21A Pyridaben (WP) 20.0 2,000 100 ++ 1.3 **
21A Tolfenpyrad (FL) 15.0 1,000 100 ++ 0 **
23 Spirodiclofen (FL) 30.0 4,000 0 - 37 ns
23 Spiromesifen (FL) 30.0 2,000 0 - 39.3 ns
23 Spirotetramat (FL) 22.4 2,000 0 - 1 **
25A Cyenopyrafen (FL) 30.0 2,000 0 - 35.7 ns
25A Cyflumetofen (FL) 20.0 1,000 0 - 37.7 ns
25B Pyflubumide (FL) 20.0 2,000 0 - 49.7 ns
28 Cyantraniliprole (SE) 10.2 5,000 0 - 45.7 ns
28 Flubendiamide (FL) 18.0 4,000 0 - 36.3 ns
29 Flonicamid (DF) 50.0 1,000 0 - 43.3 ns
34 Flometoquin (FL) 10.0 2,000 0 - 52 ns
1 Thiophanate-methyl (WP) 70.0 1,000 0 - 5.7 **
3 Imibenconazole (DF) 30.0 4,000 16.7 - 37.7 ns
7 Boscalid (DF) 50.0 1,500 0 - 43 ns
9 Mepanipyrim (FL) 40.0 2,000 0 - 47 ns
11 Kresoxim-methyl (DF) 50.0 2,000 0 - 56.3 ns
11 Pyribencarb (WDG) 40.0 2,000 36.7 ± 44.3 ns
21 Cyazofamid (FL) 9.4 2,000 0 - 42 ns
29 Fluazinam (SC) 50.0 2,000 0 - 10.7 **

M 01 Copper( ) hydroxide (DF) 46.1 2,000 0 - 50.7 ns
M 03 Mancozeb (WP) 80.0 1,000 60 ± 5.3 **
M 09 Dithianon (FL) 42.0 1,000 13.3 - 42.3 ns
M 10 Quinoxaline (WP) 25.0 1,000 100 ++ 0 **

Water 0 0 - 51.3 ns
Control 0 0 - 51.3 -

cIOBC/WPRS hazard assessment classes based on the motality.  (not harmful): <30, ± (slightly harmful): 30-79,  (moderately harmful): 80-99, ++(seriously
harmful): 99< (Amano and Haseeb, 2001)
dMean number of eggs laid by 10 females during 96h after pesticides treatment.
eNumber of eggs laid by 10 females during 96h after pesticides treatment, were analyzed by Dunnett's test ("control" setted as control group) (**P < 0.01, *P<
0.05, ns: no significant difference)

%AI Mortality (%) Mean number of
eggsd

aInsecticides were classified based on the IRAC Mode of Action Classification Scheme (IRAC, 2022), and fungicides were classified based on the FRAC
Code List 2022: Fungicides sorted by mode of action (FRAC, 2022)
bDF: dry flowable, EC: emulsifiable concentrate, FL: flowable, SC: suspension concentrate, SE: suspo emulsion, SP:water soluble powder, WDG: water
dispersible granule, WSG: water soluble granule, WP: wettable powder

Codea
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Fig. 18 Existing IPM (upper) and guarding IPM incorporating biological control with

Euseius sojaensis (lower) for Satsuma mandarin. The combination of red

arrows and crosses, with solid and broken lines indicate that pesticides have

negative effects on phytoseiid mites
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Fig. 19 Existing IPM (upper) and guarding IPM incorporating biological control with

Euseius sojaensis (lower) for Japanese pear. The combination of red arrows

and crosses, with solid and broken lines indicate that pesticides have negative

effects on phytoseiid mites
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Summary

Relationships between predatory characteristics and biocontrol efficiency

of generalist phytoseiid mites in integrated pest management of fruit tree

Yuta TSUCHIDA

In the biological control of fruit tree pests in Japan, specialist natural enemies are used

to control specific arthropod pest species. To control other pests, however, orchardists

have to rely on synthetic agrochemicals, which can kill natural enemies and thus

disrupt integrated pest management (IPM). In this study, I investigated the biocontrol

efficacy of two indigenous generalist predatory phytoseiid mites, Euseius sojaensis

(Ehara) and Amblyseius eharai Amitai et Swirski (Acari: Phytoseiidae), which can

prey on various pest species. I evaluated the suppressive effect of each mite on pest

populations in citrus and Japanese pear, and achieved effective IPM in commercial

orchards with E. sojaensis. Since intra- and interspecific interactions of generalists

could affect their efficacy, I evaluated the effects of intraguild predation (IGP) and

cannibalism in E. sojaensis and A. eharai on the control of pest populations. On the

basis of the results, I suggest a new IPM strategy incorporating biological control with

E. sojaensis and how to maximize the efficacy of generalist phytoseiid mites.

1. Biological control of the pink citrus rust mite, Aculops pelekassi (Keifer)

(Acari: Eriophyidae), with generalist phytoseiid mites in citrus orchards

(1) Predatory ability of generalist phytoseiid mites to the pink citrus rust mite
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Relationships between prey consumption by E. sojaensis or A. eharai and the

density of A. pelekassi, were investigated in the laboratory. The maximum daily

consumption of prey was estimated as about 400 by E. sojaensis and about 500 by A.

eharai.

(2) Effects of pollen provision to generalist phytoseiid mites on the biological

control of the pink citrus rust mite

Suppressive effect of E. sojaensis or A. eharai on A. pelekassi populations with and

without the supply of pollen as high-quality alternative food, was evaluated in the

laboratory and the field. In the laboratory, the combination of E. sojaensis release and

pollen provision increased E. sojaensis populations and reduced A. pelekassi densities.

In the field, each of E. sojaensis release and pollen provision reduced A. pelekassi

densities and the rate of fruit injury.

(3) Biological control of the pink citrus rust mite with E. sojaensis in commercial

citrus orchards

Biocontrol efficacy of E. sojaensis against A. pelekassi was demonstrated in

commercial citrus orchards with the conservation of the E. sojaensis population

through the use of selective pesticides until late June, when its density peaked, and the

inoculative release of E. sojaensis: phytoseiid mite densities were higher in the E.

sojaensis release plot than in the no-release plot, and thus A. pelekassi and fruit injury

were significantly better controlled.

2. Biological control of the Japanese pear rust mite, Eriophyes chibaensis Kadono

(Acari: Eriophyidae) and the Kanzawa spider mite, Tetranychus kanzawai

Kishida (Acari: Tetranychidae), with generalist phytoseiid mites in Japanese

pear orchards
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(1) Investigation of the phytoseiid species inhabiting Japanese pear orchards in

Shizuoka Prefecture

Five phytoseiid species were found: E. sojaensis, A. eharai, Phytoseiulus persimilis

Athias-Henriot, Neoseiulus californicus (McGregor), and Neoseiulus womersleyi

(Schicha) (Acari: Phytoseiidae). Euseius sojaensis occured until early summer, but A.

eharai occured throughout the investigation period and was the dominant species.

Phytoseiulus persimilis, N. californicus, and N. womersleyi, all specialist predators,

were often found with the tetranychid mites.

(2) Biocontrol effect of generalist phytoseiid mites on tetranychid mites on

Japanese pear tree

Biocontrol effect of E. sojaensis and A. eharai against T. kanzawai was evaluated on

Japanese pear trees growing in a greenhouse inhabited by both predatory mites. While

T. kanzawai densities were low, four treatments were applied: E. sojaensis release, A.

eharai release, synthetic pyrethroid application, and an untreated control. Pollen as a

high-quality alternative food for the predatory mites was provided in all treatments. In

the E. sojaensis release plot and the control plot, E. sojaensis was the dominant

phytoseiid species, and the densities of T. kanzawai were lower than in the A. eharai

release plot and the pyrethroid plot.

(3) Biological control of the Japanese pear rust mite and the Kanzawa spider mite

with E. sojaensis in commercial Japanese pear orchards

Biocontrol efficacy of E. sojaensis against E. chibaensis and T. kanzawai was

demonstrated in Japanese pear orchards with the conservation of the E. sojaensis

population through the use of selective pesticides until late June, when its density

peaked, and the inoculative release of E. sojaensis: phytoseiid mite densities were

higher in the E. sojaensis release plot than in the no-release plot, and thus E.
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chibaensis, T. kanzawai, and leaf injury by E. chibaensis were controlled below their

control threshold.

3. Effects of intraguild predation and cannibalism in two generalist phytoseiid

species on biological control of the pink citrus rust mite in the presence of

high-quality food

The intensity of IGP and cannibalism in E. sojaensis and A. eharai in the presence

and absence of pollen were investigated. Amblyseius eharai was a stronger intraguild

predator and cannibalistic predator than E. sojaensis, with or without pollen. In the

presence of pollen, although IGP and cannibalism were relaxed in both species, they

were not dramatically reduced in A. eharai. Next, the effects of IGP and cannibalism

on the control of A. pelekassi by changing the release ratio of E. sojaensis and A.

eharai was investigated in the presence of pollen. With release of E. sojaensis alone,

the E. sojaensis population increased and thus A. pelekassi was controlled. With

release of A. eharai alone, however, the A. eharai population did not increase and thus

A. pelekassi was not controlled. Moreover, when E. sojaensis and A. eharai were

released simultaneously, phytoseiid populations were smaller and A. pelekassi

densities were greater at higher A. eharai release ratios.

My research reveals for the first time that of the two generalist indigenous phytoseiid

species inhabiting orchards, E. sojaensis effectively controlled some eriophyid species.

Its numbers increase from spring and its density peaks in early summer in various tree

species. Therefore, conservation of E. sojaensis through the use of selective pesticides

to control major pests would support the establishment of IPM incorporating

biocontrol in a variety of orchards. Further, my results reveal that inoculative release
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of E. sojaensis, the provision of pollen as an alternative food, or both while pest

densities are low boosts E. sojaensis densities before pest outbreaks occur and thus

enhance biocontrol. Since pollen supply dramatically reduced cannibalism in E.

sojaensis, this might have enhanced biocontrol efficiency. On the other hand, when E.

sojaensis and A. eharai occur simultaneously, A. eharai disrupts the phytoseiid

population increase owing to IGP and cannibalism, even in the presence of pollen, and

thus could diminish biocontrol. Many generalist predators exist in agroecosystems, but

this result indicates that enhancing their diversity does not always lead to successful

biocontrol. My findings will find wide application in maximizing the efficacy of

generalist natural enemies through biological control.
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