
 

Molecular ecological study on spider mite control using 

phytoseiid mites with emphasis on the influence of insectary 

plants in Japanese peach orchards 

 

 

 

 

 

 

September, 2015 

David WARI 

 

 

 

 

 

 

Graduate School of Environmental and Life Science 

(Doctor of Philosophy) 

Okayama University, Japan 

 

 
 
 
 
 
 
 
 



 

DEDICATION  
 
 

To the woman that taught me the essentials and fundamentals of life, 
 

Grandma and Meemaw; Tania Tau  
 
 
 
 
 
 
 
 
 
 
 
 



 



 



 



 



 



 



 



 



 



 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Carri%C3%A8re%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=14977097


 

℃



 



 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Carri%C3%A8re%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=14977097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carri%C3%A8re%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=14977097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carri%C3%A8re%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=14977097


 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Carri%C3%A8re%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=14977097


 



 



 



 



 



 



 

http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib10
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib17
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib15
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib49
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib17
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib17
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib44
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib1
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib45
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib11
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib11
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib28
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib28
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib18
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib36
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib4
http://www.sciencedirect.com/science/article/pii/S1049964409000280#bib30


 

 

 



http://www.sciencedirect.com/science/article/pii/S1049964411001654#b0145
http://www.sciencedirect.com/science/article/pii/S1049964411001654#b0185
http://www.sciencedirect.com/science/article/pii/S1049964411001654#b0185






μ

μ



―

′ ′

′ ′

















Ae ATCAATAAGCGGAGGAAAAGAAATCAAATGAGATTTCCGTAGTAGCTGCGAGTGAACTGGAATCAAGCCTATTGCCAATTCTTATGTTTCGTACAATAAGAGATGAGGTGTAAAGGAGTT 120

So  ..............................................................................C.........................................

Nw ......................................................................................C.................................

Nm  ........................................................................................................................

Tv ........................................................................................................................ 

Es ........................................................................................................................

Nc .....................................................................................................................A..

At  ........................................................................C...................................C........A..

Ae TCGTGTTGAACAGATGCACGGCCTAAATATTATCGAGTGAGTTCTCAGAGAAGGTGAAAAGCCTGTTTGGTTGTGTCTGTCTGTTGAATCGGAATTCTTACGAGTCTAGTTGTTTGAGAG 240

So  ........C.....C......TA...............................................C.................................................

Nw ...........................................................................................A............................  

Nm  ..............C...................................................C........................A....................G....... 

Tv ..............C...................................................C.....................................................

Es ...........G..C..................................................................C......................................

Nc ...........................................................................................A.G..........................

At  ...........G.......AA...............................................................GA.......G..........................

Ae TACAACTTAAAGCTGGTGGTAAATTTCATCAAAGGCTAAATATATGAGGGGACTAATAGCGAACAAGTACCATGAGGGAAAGTTGAAAAGAACTCTGACGAGAGAGTTCAACAGTGCGTG 360

So  ........................................................................................................................

Nw ........................................................................................................................

Nm  ........................................................................................................................

Tv ............................................................A...........................................................

Es ........................................................................................................................

Nc ............T........................................................................................................... 

At  ............T........................................................................................................... 

Ae AAACCATATTGAGTAAAACAGATAACTGTGTCGTTATGCGGTGTGTCTATCAACAGTATATCGGGTGTTGCGATGCGGCGAGTGTGAGCTGTTTTTTCAGACGATCGCTCGCTGTTAGCA 480

So  ..................................................................A......AT...................A...................C.....

Nw ..........................................................A..................A................A.........................

Nm  ..........................................................A....A............................CCA................T......T. 

Tv .........................................C................................T...................A.................C.......  

Es ...........................................................G..................................A.........G...............

Nc ......................................T.................C.................T...................A................T........

At  ..............................................................................................A....................C....

Ae TAGCTCGGGGTTCTGTGTACTAGTGCACATCCAATCATTGAGAAACTATGCTACTGCGGCTAGCTCGGGGTTCTGTGTACTAGTGCACATCCAATCATTGAGAAACTATGCTACTGCGGC 540

So  .......A.........................................A.GG......T.......A.........................................A.GG......T 

Nw .......A.....................C.....................................A.....................C..............................  

Nm  .......AA....................C.....................................AA....................C..............................

Tv ............................G...........................................................G...............................  

Es ..A....TT...........................................G.........A....TT...........................................G.......  

Nc ..AT...A...A..................................................AT...A...A................................................ 

At  ..A....A......................................................A....A....................................................

Ae ATCGGTGCACATCAGTCCCCGCCTAGCGGGAAGTTGTGTACTGGGCTCAGCTGGCGGCGTAGTTTAGCTGTGTGACAGCTGTGAGATGCGTTTGTTGAATGTGCCTGCTTTGTCTGCGAA 660

So  .......TT..............................................T.T.........................T..C................................. 

Nw ..................GT........C...................T..................................G....................................

Nm  ..................GT........C...................T..................................G....................................

Tv ........TTG.......G.........C.....CAA...........T..................................G...............................A..G.  

Es ..........T...........................CG........T...A.......................G......G...........C........................

Nc .......T.............................A.............................................G....................................  

At  .....C.T..T....C.....................A.G........................C..T.........A.....G........C.G................A......G.

Ae TCGGTTCATTCCTTTTTGCGGTGAGTATGGTACAGTAGGCGAGCGTCTCGCCATCAATGGTTGACATT 728

So  ......T............................................................. 

Nw ......T.....................................A..C....................

Nm  ......T........................................C....................

Tv ......T........C..T.....................A...........................

Es .T....T.............................................................

Nc ......T........................................C....................

At  ......T........................G...........................A........

rD25



N. californicus : N. womersleyi N. womersleyi : N. californicus
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Table 2.1 Location, area, and pest control of each study site in 2012 and 2013

°
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Table 2.2 Quadratic regression equations of phytoseiid mite proportions on peach leaves and wild plants

Plants Species Regression equation Regression 

coefficient (r2)

95% prediction equation 

Upper Lower

Peach Euseius sojaensis y = 15.7 + 46.4x + 50.2x2 0.9967 y = 22.9 + 27.6x + 68.9x2 y = 8.6 + 65.2x + 31.4x2

Amblyseius eharai y = 4.4 + 100.0x – 6.1x2 0.9912 y = 15.6 + 69.9x + 24.0x2 y = – 7.1 + 130.1x – 36.2x2

Neoseiulus californicus y = 3.1 + 89.2x + 3.5x2 0.9912 y = 14.4 + 59.5x + 33.2x2 y = – 8.5 + 118.9x – 26.2x2

Neoseiulus womersleyi y = 3.1 + 105.3x – 10.1x2 0.9982 y = 8.4 + 91.5x + 3.7x2 y = – 2.1 + 119.1x – 23.9x2

Amblyseius tsugawai y = 10.7 + 56.2x + 38.7x2 0.9973 y = 17.1 + 39.5x + 55.4x2 y = 4.3 + 72.9x + 22.0x2

Typhlodromus vulgaris y = 0.5 + 119.0x – 24.9x2 0.9982 y = 5.65 + 105.4x – 11.3x2 y = – 4.7 + 132.5x – 38.4x2

Wild plant Euseius sojaensis y = – 4.2 + 117.4x – 15.0x2 0.9978 y = 1.8 + 102.0x – 2.1x2 y = – 10.1 + 132.8x – 31.9x2

Amblyseius eharai y = – 1.6 + 103.3x – 3.2x2 0.9978 y = 4.5 + 87.5x + 12.2x2 y = – 7.7 + 119.2x – 18.5x2

Neoseiulus californicus y = – 3.4 + 113.4x – 13.5x2 0.9978 y = 2.6 + 98.2x + 1.3x2 y = – 9.3 + 128.6x – 28.2x2

Neoseiulus womersleyi y = – 2.3 + 101.6x + 3.8x2 0.9976 y = 4.9 + 80.9x + 243x2 y = – 9.5 + 122.3x – 16.7x2

Amblyseius tsugawai y = – 6.0 + 130.4x – 29.9x2 0.9971 y = 0.8 + 112.8x – 12.7x2 y = – 12.8 + 148.04x – 47.3x2

Typhlodromus vulgaris y = 1.8 + 92.8x + 5.9x2 0.9992 y = 5.2 + 83.9x + 14.8x2 y = – 1.7 + 101.6x – 2.9x2

Neoseiulus makuwa y = – 0.3 + 99.4x + 1.6x2 0.9983 y = 4.9 + 85.5x + 15.5x2 y = – 5.6 + 113.4x – 12.3x2

Scapulaseius okinawanus y = – 2.3 + 107.8x – 6.5x2 0.9992 y = 1.5 + 97.7x + 3.4x2 y = – 6.1 + 117.9x – 16.5x2
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Table 3.1 Number of wild plant species harboring phytoseiid mite 

Apr May Jun Jul Aug Sep Oct

No. of wild plant

species

32 41 35 41 34 40 44

No. of wild plant species

harboring phytoseiid mites 

1 14 28 34 21 32 33

Detection efficiency (%) 3.1 34.1 80.0 82.9 61.8 80.0 75.0



Month Wild plant species 

Phytoseiid mites T. kanzawai P. mori P. citri P. harti

No. of 

mites 

No. of 

mites/ FW 

(g) 

No. of 

mites 

No. of 

mites/ FW 

(g)

No. of 

mites 

No. of 

mites/ FW 

(g)

No. of 

mites 

No. of 

mites/ FW 

(g)

No.of

mites

No. of 

mites/ FW 

(g)

April Lamium amplexicaule 2 0.01 - - - - - - - -

May Veronica persica

Solidago altissima

Paederia foetida

Prunus salicina

Taraxacum sp.

Youngia japonica

Vicia sativa subsp. nigra var. segetalis

Rosa multiflora var. multiflora

Lamium purpureum

Quercus serrata subsp. serrata var.

serrata

34

15

8

7

5

5

4

4

3

2

0.08

0.04

0.05

0.06

0.03

0.03

0.01
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0.02

41

-

-

-

2

2

106

1

20

-
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-

-

-

0.01

0.01

0.36

0.01
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-

-

-
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-
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-
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-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

June Veronica persica

Oxalis corniculata

Paederia foetida

Achyranthes bidentata var. japonica

Prunus salicina

Trifolium repens

Commelina communis var. communis

Solidago altissima

Taraxacum

Citrus sp.

218

92

67

52

42

30

27

26

21

19

0.45

0.11

0.33

0.25

0.25

0.06

0.05

0.06

0.07

0.04

24

1

-

-

-

1

1

3

1

2

0.05

0.00

-

-

-

0.00

0.00
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0.00

0.00

1

8

-

-

-

3

-

-
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-
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-

-

-
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-

3

-

-

0.17

-

-

-

-

-

-

0.01

-

July Paederia foetida

Prunus salicina

Oxalis corniculata

Commelina communis var. communis

Trifolium repens

Citrus sp.

Phytolocca americana

Ipomoea purpurea

Achyranthes bidentata var. japonica

Bidens frondosa

310

235

207

124

79

59

56

44

40

37

0.59

1.15

0.27

0.24

0.32

0.15

0.25

1.32

0.38

0.41

-

-

1

-

-

-

9

-

-

-

-

-

0.01

-

-

-

0.04

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

22

-

-

-

-

-

-

-

-

-

0.06

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



Month Wild plant species 

Phytoseiid mites T. kanzawai P. mori P. citri P. harti

No. of 

mites 

No. of 

mites/ FW 

(g)

No. of 

mites 

No. of 

mites/ FW 

(g)

No. of 

mites 

No. of 

mites/ FW 

(g)

No. of 

mites 

No. of 

mites/ FW 

(g)

No. of 

mites  

No. of 

mites/ FW 

(g)

August Paederia foetida

Taraxacum sp.

Youngia japonica

Prunus salicina

Cocculus trilobus

Solanum ptychanthum

Ipomoea purpurea

Achyranthes bidentata var. japonica

Oxalis corniculata

Fallopia japonica var. japonica

154

66

36

30

27

26

26

24

24

18

0.67

0.50

0.96

0.33

0.70

0.66

0.59

0.26

0.09

0.14

4

-

2

-

2

-

34

-

-

-

0.02

-

0.05

-

0.05

-

0.77

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

674

-

-

-

-

-

-

-

-

-

2.43

-

September Paederia foetida

Oxalis corniculata

Acalypha australis

Ipomoea hederacea var. integriuscula

Solanum ptychanthum

Persicaria longiseta

Youngia japonica 

Taraxacum sp.

Commelina communis var. communis

Citrus sp.

219

107

79

77

68

56

48

48

46

34

0.65

0.25

0.55

0.64

0.19

0.19

0.45

0.35

0.08

0.10

2

-

-

-

-

-

-

-

-

-

0.01

-

-

-

-

-

-

-

-

-

3

-

-

-

-

1

-

2

10

-

0.01

-

-

-

-

0.00

-

0.01

0.02

-

-

-

-

-

-

-

-

-

-

42

-

-

-

-

-

-

-

-

-

0.12

-

328

-

-

-

-

-

-

-

-

-

0.76

-

-

-

-

-

-

-

-

October Persicaria longiseta

Paederia foetida

Solanum ptychanthum

Youngia japonica

Commelina communis var. communis

Lamiaceae sp.

Ipomoea hederacea var. integriuscula

Ampelopsis glandulosa var. heterophylla

Prunus salicina

Ipomoea triloba

119

91

69

64

60

47

37

36

26

26

0.37

0.24

0.18

0.45

0.12

0.28

0.21

1.36

0.17

0.14

-

-

-

-

-

2

-

-

-

-

-

-

-

-

-

0.01

-

-

-

-

-

-

-

-

-

3

3

-

-

-

-

-

-

-

-

0.02

0.02

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Table 3.2 Continued



Phytoseiid mite species na P. harti T. kanzawai P. mori Bothb Nonec

E. sojaensis 17 2 5 1 11 0

A. eharai 78 3 24 3 49 2

N. californicus 14 2 0 3 11 0

a number of phytoseiid mite samples (E. sojaensis, A. eharai and N. californicus) examined
b detection of both T. kanzawai and P. mori DNA
c no detection of both T. kanzawai and P. mori DNA

Table 3.3 Detection of ribosomal ITS sequences of spider mites from phytoseiid mites
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Site II Conventional orchard with groundcover in 2014
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Site V Conventional orchard with groundcover in 2014
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Table 4.1 Location, area, and pest control of each study site in 2014 and 2015
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