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Population Expansion of an Acarid Mite, Tyrophagus similis (Acari: Acaridae) due to the Presence of Soil
Algae before Spinach Seeding. Yoshiyuki Honpa,"* Atsushi Kasar™"" and Hiroshi AMANO’ 1Yamaguchi
Prefectural Agriculture & Forestry General Technology Center; Oouchihikami, Yamaguchi, Yamaguchi 753-0231,
Japan. *Graduate School of Agriculture, Kyoto University, Kitashirakawa Oiwake-cho, Sakyo-ku, Kyoto, Kyoto
606-8502, Japan. Jpn. J. Appl. Entomol. Zool. 61: 207-213 (2017)

Abstract: It is known that an acarid mite, Byrophagus similis Volgin, feeds on algae and grows on the soil surface
in spinach greenhouses. However, no study was conducted on the effect of plowing algae before seeding to promote
the mite population in the soil. We carried out observations of mite increase and spinach damage under different aigae
managements in 20135, both in the laboratory and greenhouses at Yamaguchi Pref., Western Japan. Propagation and
plowing of algae before seeding promoted mite numbers and spinach damage in the greenhouse. This result was also
supported by a supplementary laboratory experiment. In the laboratory experiment, the population of mites increased
around 4 times when algae were introduced into the soil. Furthermore, additional observations demonstrated that
high growth and coverage of algae on the soil surface before seeding resulted in a high population level of mites (3.5
times) in the greenhouse experiment. Our findings suggest that algae management of the greenhouse soil is an impor-

tant practice for mite control in spinach production.

Key words: Plowed algae; Tyrophagus similis; mites; spinach; greenhouse
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RV V) g H 35 & = Tyrophagus similis Volgin (L
TaF &= B0 13, FichLEc B THERE Y L
v Y7 Spinacia oleracea L. DRELBEIZKEELE7-1LC
W3 (FH - KB, 2000). TFFoicMES LRI
MNLH D E, ZREOBGEIHFENES - BT 5720,
R E T RIEICIE T 55 (FR - B, 1988). fEakt
Btk 324 = BHEEL LTRAY LV VY IRE (B
E, 1989), KFHIE (BH - KE, 2000), Fib 5 (AF5,
2004), FEFEMH (Kasuga and Honda, 2006), =7 FUMA
PITRRBIC= b YEBER (BH, 2010) ®, A
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FTHAFFFIAVY -V T LDOF LB BILABAL LY
5.
B KO

HER1 BENOBREORERRFIFrELZEHRICH TS
HERR

RBR 1,3 TRAUZEE, bIUWRER 2 THEALZ-E8E
RO 7T b 7 % ¥ Protosiphon botryoides Kiitzing
Kleb Th 0, ZEEFHTIIFEORETH S5, ZET
3 LfRWERIE T AR S KIRIREEE 3. BITF, Zh
b ARRGOEE, AEOEEE L, KilT30ERENWE
GlrHICERELTET 5.

EERIC R L B AA R O LV oIl
W, AP F-OHEFERE #FE L2 2015 FITLHE
EuMHOso L vy yFEERERSR (B 37 -V 2)
DR A (IF SmX KR & 30m) LREEL 22/E B (18 SmX
EX30m) 20 RE LA WiEHRE LSRN ERT SR
H@®HA24H) ICERXFE=riBREL, GESEEL -
3H% B A28 H) ICKHE=NLERDHELZ. MHRAR
TEEHCFEEA D A9 BIZHEL TR Y L
VYO REREL . EERB I HEEmICEENES L
SR BIEHELTHAY LY Y &L 7. Wl
BOTHBEEEIC B 3 BEORARR L LEAD IS 5
—EE A RN BN T, RO L VY Y DHEE
% 4D SR E T 1IERZ L ICHAE L. BEOR
AR, HEREORE L FEOERERERE S NRTH
EL, 4BFE (1 BEOBBEM 0~24%, 11 25~49%,
III : 50~74%, IV : 75~100%) iZX4 L7-. T8hoas
F B U TOFETHEN -, &R 6 #F (Vo 2AA
Onks, hwkokf, BOER) CHEEHOEEE S
DEX0~3ecm DEEE SOmI DT T AF v 7 FH (HE
6cm, & 3em) IZARFEELS. HbRF--1EEY
Helcyrsv v #E RHERE 2em, Nalrry 727
15W) (K, 1973) IBEL, 24 BRIt s h-aF
HoORH, HHR, A EREAME T THBL 72 #E
FEIZ, WfERE & 100 BRI DWW Tt A B A,
2 OFBEDFRABROEYE (hip:/www.jppa.or.jp/test/
data/tyousahou-yasai-musi.xlsx; A : #EL LOKE, B: 2
FTH KB AME 2 MBIAOKE, C: HBE3I~4 KT
WEL LOKEK, D FHEORICED & FHOLE1BE
U, Bk % » O%ED) 18t > THEERE M OB L,
((DX5+CX3+BX0.5+AX0)/ (FEMEXS) X100) I
KOEM Uz 2 ORI ERIIE—BRICEDERE
N, WERIINT 2 EFOBAXITbhi s - 7.

B2 FEAENMUALBCEG30F4-_0OHE

TEICEEEA RN 225E 0 3 F 4 —RETEE F ENR
ERCHER L 7. 20154E 11 A 10 HIcEHHO a7 =%k

REOETL VY IHERICBWT, RADEEAETL
BEEX 0~1cn DREL»L, /-, BHEAEIHVTE
EBRE 0~3em OLED S L 7z, FRECY HICH 13O
—EHOEEREEAE L, 80°C IZFE L - @A (DO-
450FPA, 7 AU VEN) 123 HRAWCZBRERLHIET S
Zelkh kD EERERERDZ. WA BHICREZS
FaVLESOml &, REOHEELELLE 25ml #H X
CERWTHAIZRAIL, 7927920 v —V (AR
9cm, BE 2em) ICANTEERMX E Uk, /2, B
EEERVIEOA TS M 2T I AF v ¥ v —VIZAR
THEXE L. RBMRENCREL 23+ 4 —O#HF
Mo b HFERY, FHFICHFET L2 4=l % 7 IS
AELC, FFJLEROTEERICKELE Z0%,
TIRAFy Iy —VOEBEEFRAD, S 2Fvo8avT
TR (W 25em, #35cm, =& 34cm) AR, 2V T
FTBEBNOERED 5%RHA KL EE %5 X3 Ic+Haicka%
BEERER=II=FF N (Foxt0, BABEKI LV T
() &) 4 “BICBNTERL, 20°C OEBRERETICH
BLZ BHBONAWRIZS 9 AF 97—V
DEFEEY LSV VEBIZHT, 24 BERICHTB ANz
FHEZOBRH, EHR, HREFEEMSET CERLZ R
Bz 7 RIB& L=

BRI BENICEREEABNICEELLFZEOIFTS
el 337 ]

IFFBRELZLUAOBREEHEOFR T L VY v HER
(IB5SmXEX30m, FE: 5o F7) kW, &EN
CHEEE EOBEORERSHEY — P THEL, K&
BOIF X _EENOREEFAN., RBRX SEEER
X, SEMHRXEEBAEXO3XEL, | ROEMIE 4m’
(2mX2m) T3IRBE LK~ HERXE 32151060
IZHEER L 7205 30L/m” ik U 7=, SEERRKICI3EA
2 HBIOBE At =L T4 s (A4 — b5, &—
T AR (bR 8D £ LERmICEE, BEARELRTV
SMF A MR U2, BRI I AK 2 BRIE % TS
ZEEYLF (ABRFTATLF, L5 E{LT 0K 8) %
TEERmICEE, BEARE LIS VLML Us S
T #HAE+TbhEr -7, HEESK L EEIMNX T
10 A ISHICHEBEY - ekELE 3RESFABIZL
BA#EEL, 10 A6 Bk LYy Y o 2 BEL 7-. 1%
Wid o NEEE T I BEZ KR tEhD a4 =
Bh, AW OPERE TIEBIEICEY LY YYD
WEEAREL-. £/, BEHERLZLDTOREICLD
WTERT, TIHEH, 2 EH, 4 BHICENL:. sSREEEX
Ilm DPMEIPSTFVEAH AT (TG3, Y V3 (#R) 8])
THEXRROT Y 2 LEE (9 1,600 HHER, 4,608X3,456
pixel) #iRF L7z, HRIFH Y 7 I (PhotoShop 6.0, Adobe
) A, BREEOGERIEE THREERORE S 2
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FREOESEE 7 VX LI5 FIBRL =05, EHFEHADES
FIZITTNTEIRT 2 20FAR (F) #5018/ EL, &
RENZFHOE I ¥ LB ZEGEDOEY 7 LV TRL T
WENBEEERD . XEROaF A FEE, SX 12
FrcHEBREDOEE &0 WE 0~3em D13 80ml % £
U, YHFIZYLS L VREICRE L, 24 KRR ICHIT
ANz F F=RKl, HHR, SROAFEE EEEMET
TR L7z, #EER, SXS0HISOWTHRE 1 LRI
DHFETRD B L L3I, BERED HFHEOKICED
EFHLEAEEL, BIEE D TH-728) OBHEFHL
7=, F7=, 11 AH25 H (NEER) 121X 10 Bk (HBRX D
2%1H, 4518, 6518, 8%IH, 10 5IHDEH» 5 2 ) %
FELCHBRY, FEREHE N THhRESBL, 274 =
DOFEME, HHEIIFELTWDI T FoKH, FHR 4
WAL 72, BROFEEHIZBROBEITICEL D FEiE X
h, REBRISHT 2 EF OB IZIT b AL 5 7
&t AT

RE212kB W, TEHFOIS K =FE I Mann-
Whitney U test {2 & D XE DB AT 72, B3 I2H W
T, AFFZPBREEP o6 EHOIF ¥ BE, ¢ 8
5 o R TOWEE, PHEROFFICHFEL TS
g3, sheh—BtEEE 7L (GLM) Z2HV, @
DEAERET B 7-0RRES T E LTRO _EHAG#{RE L7
fRM %17 - 7= (TH, 2010) D5, Tukey—Kramer test i &
D SEIEHIE 21T - 7. #ERE D OKEIZ, ZEHS
i kRS & Lie— B tElE T L (GLM) &, &
B E ) B 728 dispersion parameter DHEENE & FWV T

WAEMIIELZ. ZhSMBITIISMEI#ENTY 7 I R version
3.3.2 W,
5 g2
HER 1 BEOEBEOREREIREIRFRICHITS

HERR

20154F 8 A 25 HiCIUOBARR 1554 EpEL, HAER
HIZEREENT A FAEXA v b (FKEA) T 115mm D
FerRAS ROk & Mtz WMihERY & & RIF ¥ =L &25R 0 E 0
H (8 H27 H) 1Zi3 LR A BIIREEIZ 8 o T 7228,
HHEHBIFILALROONED 572 (Fig. 1a). JEg% A Tk
9 A1 HICHEMBEEN 1 ORETHEE, HBEXh, EX
BIEELAEHAE NG, 72 fEERB T, EoL %R
DELTSsH% (9 A20) IS HBEEmICEENFEEL
MG, 9 H 8 HICREDEEMBENIVELD, TORK
B L CREOEEE ko 7-. iR B TREEL -kRE
DFEFEEE-7-80% 9 A 11 BIZghAATERELZ. £
D% OESEREEIIMER S & [~ TEE THERE L - (Fig.
la). IBFERTICEEAZIZLACEAE Bh 5 2R A T

Greenhouse A Greenhouse B
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Seeding Seeding
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g
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Fig. 1. Algal growth on the soil surface (a) and number of
Tyrophagus similis (b) and spinach shoots damaged by
mites (c) of greenhouse under different seeding timings.
Greenhouse A was cultivated and seeded when there were few
algae on the ground surface. Greenhouse B was cultivated and
seeded when there were many algae on the ground surface.
Algal growth I: Coverage area of algae 0-24%, II: 25-49%,
III: 50~74%, IV: 75-100%.

*k
1,000 = |

E s00 |

5 |

:g 600 +

£ l

=400 A

k]
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=z

0 T 1

algae (25 ml) soil (75 ml)
+soil (50 ml)

Fig. 2. Number (Mean=+SE) of T. similis after 13 days under
different soil treatments (95%RH) . Asterisks indicate a sig-
nificant difference between algae (25ml) +soil (50ml) and
soil (75ml) in the number of mites (Mann—Whitney U test, p<
0.01).

WBABEITH 59 A 24 02 ) & =5 H 24.3 TE/80m]
Loz (Fig 1b), ZORIMER MR L, NHERKET
WeEIIAD 5Nk h -7z (Fig. 1c). FBFERTICEEIE 2 #HA
ATHERB TR 2EHTH S IH 4 HIZaF ¥ BED
1658 BH/80ml & B < & 0 (Fig. 1b), WHHITH 5 10 A
14 BiCi3#EE AN 59 o7z (Fig. le). IF X _BEH
BRI WERR & e PH, FHlb KO R AR S i,
HER2 EEAEMULALBICSIZ23F40HHE

EHAGEAVIERIVCEEE A THOKGERE
BOWTHE 24% Th o7, EEHENXOIF & =FEI
5593 FH/75ml ThH D, THERXOD8528/75SmicHLTH
BIZE S - 72 (Fig. 25 Mann—Whitney U test, p<0.01). 2
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FHEERERICIHEX & SR, FHHRE X UBRHRHE
REhi.

HER3 BENCEEZARBNCHEELLBAOIFS
ZDHEFE

HERT OWEHERIT, EEERX TREDEHED 61%
L, BENHIRXTIZ 0% Th -7z EAHERK TIIRE
DEELEMN 32% MEFR X N7z (Fig. 3). BEBROEEGEE
i, BEEREX T TERIC 53%, 2 FBHIZIZ 2% LB
HERE L7228, 4 EHICIE 32% & k- 7=, BEWRIXIZ 7%
BT 9%, 2 ZEHICIE 77% LML 7228, 4 ZEHHIZIE 20%
Loz, FAEX T, FIEHIC 40%, 2 BEHICIE 84%
CHREINL 7228, 4 BEHICIZ 47% ERA L 7= 3 X & iR
%25 2 B E TREZBRET TRET HRXEDOEEH S
<, A EHLIBZ LB L 72 -0 REDOEMEAREM L
1z,

THEFOIF LA FEFEINThOR & FEM X TIHE
HETHREL 2, BEEIHRX L BUEX OIS 4 =FE
FAEHICRLIEL D, ZTOREIRPRWMA L2 EEIT

[ Algal propagation before seeding

% . y
o 100 . B Algal regulation before seeding
< O Control
=
c 75 o
o
]
s 8 50 4
20 @
© ‘£
s 7 251
g =
8 2 o0
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a
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2015
Fig. 3. Algal coverage (%) on the soil surface of spinach green-
house.
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AHBEZIE »

SCH

FIX I EAERX LD RRENT T A FEETHER L. &
HERXOaF 4 = FEIT 2 ERUBEEINL, 6 IR
LEENEL Lol 6 BEHIOXRX DI F & =% % A
T GLM BT % 1T - 2 BRICZEIRET - 2R, EE%
R ICENERIC T F BE R EL - = (Fig. 4;
Tukey—Kramer test, MEALIRXEIHEKIX : p<0.05, #HH
PIHIX R X p<0.01, FEIEIIHIX-MABEX: p>
0.05).

FYVL VI ODHFEEINTHOXTY 4 BHICITFED S
nY, 6EMALREL - 6 BEHOHERITVThORK
10T EEL, REDEIRD bk h -7z, HHE
X OWERE T, 8 I 61.5, INHERAIZIZ 94.4 & B
ICHEINL 7z, BEEIHIX & MAEX OWHEE S s B2 S
B, WHEHIZIZZhTh 567, 66.1 & ->7=. U
FOWHEE 2 VT GLM #ITIC & 5 S B A 1T - 724
R, BEHEBRXOHER IZEEIFIXICH L TOAFRIC
B 75 7z (Table 1; Tukey—Kramer test, fEALEHX XEELK
X: p>0.05, FEFEPIHIX-SEEIKX: p<0.01, BEREHH]
R—EAMERX : p>0.05). HIEWHIX TIZMABEX & D #
EERPOREL HEREL 7.

WEBRED OKRIZVWTIhOXTE 6 EHIZIZAD R
T, 8 EH NS RAEL 2. SEHOWERE D OKREIC
BXBTHEREZIRD bhar o7z PHERIZIZEN
BRX T4 (BRE86%) & ->7zDITbR, WX
TIE 113 %k (BRE 22.6%), BIEMHIX TIZ 10.7 ¥k Bk
21.4%) &b o 7. IWHEHOWHERE D OBEEHWT
GLM Bt %17 - 7= /53R, HEBXX OHEZERE D Okk$E
B KD ERISE 572 (Table 1 MEALEEX SR
X; p<0.05, HEIEMHIX-HEEKX; p<0.01, FEFEMHI
X-HAFX; p>0.05). WHEHMIcDTFrLrTEaF =i
NE &N 7=ROFIA R, FEIHIX T 94.7%, WHEXX
T 100%, EUHEXTI100% THD, HEHRFIZRE Y

NN\

N

N

_OGG

AMMMBHNMNNNNY
S\

Harvest
time

Nov. 25

2015

Fig. 4. Population growth (Mean=®SE) of T. similis in the soil (80ml) after algal management. Means followed by same letter were not sig-

nificantly different (Tukey—-Kramer test, p>0.05).
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Table 1. Spinach damage index (50 shoots) by 7. similis under three experimental treatments

Algal propagation before seeding ~ Algal regulation before seeding Control
Replicate Spinach damaged Numbers of  Spinach damaged Numbers of Spinach damaged Numbers of
index damage D* index damage D* index damage D
Nov. 11 (6-leaf stage) I 24.8 (0) 3.0 (0) 18.8 (0)
i 3.8 (0) 0.2 {0) 2.8 (0)
11 0.0 (0) 0.0 (0) 1.8 {0)
mean 9.5 (0) 1.1 (0) 7.8 N.S. (0} NS.
Nov. 18 (8-leaf stage) 1 60.8 (5) 21.8 (3) 31.0 (1)
1 614 ) 42.2 (7) 52.0 (4)
1 62.2 (11) 472 (4) 48.4 (3)
mean 61.5 (7.7) 37.1 (4.7) 43.8N.S. (27) NS.
Nov. 25 (Harvest time) I 98.4 (48) 41.6 (2) 67.4 (13)
I 85.6 (32) 60.4 (20) 722 (19)
i) 99.2 (49) 68.0 (10) 58.6 (2)
mean® 9%4.4a (43.0) a 56.7b (10.7) b 66.1a (11.3) b
*Numbers of damaged D (shoots discolored black) per 50 shoots.
*Means followed by same letter were not significantly different (Tukey—Kramer test, p>0.05).
Table 2. Number of 7. similis on ten spinach shoots under three different treatments
Replicate Algal propagation before seeding Algal regulation before seeding Control
I 1,743 275 702
11 1,292 189 309
111 682 494 176
Mean=*SE 1,239+532a 319+157b 396+274 b

Means followed by same letter were not significantly different (Tukey—Kramer test, p>>0.05) .

FEETH - 7.

HFOFEI T £ =5, BEEERXO 1,239 FE/10 BRIz
X, BESEPHEIK L 319 B0 Bk, EALEEXIT 396 BA/10 BR
L% <, GLM B 417 - 72 RIS B EILK 5 17 - iR,
HHEEXOFE I F A RIEIMR I D ERICIE P o 72
(Table 2; Tukey—Kramer test, HALEEX FHHERX: p<
0.01, FEMEMIHIX-EERX: p<0.01, FEMHIX -0
HX:p>005). IFL4=DOFEKRLFIIXE B 100% T
b0, REZIRD ohikhr -7

] 23

H— BRI EBOERTHEY L VY ERRBICREL T
4, AT AOFEEBRBIRITE 2 ZE0EL, ZOEKF
WARHTH 7=, AHS (2013) 2R LB CH T3
S OWEERFHERL, ERTBICERREE T 3EES
AFF_OEBELMER TSI L A#BHALA FuL Yy
VURBETRET AEEIIKREL ST, BEMCEAZ
NEEHE, BEBOEKILORETIEELDHS. K

s & D BERICRET IEBICm A, BEaTcdhA
NEEEPIF A BEEICEELTWA I LRI
7=,

HAER 1 ISV, WhEsROBRERFHOENIZ LD 2gEf
IZEPAE M- BEOBIZESE L2, 2 F =0
SRPHBIIREE LREEL SN WERIEEL, 2
DR—-BRVBEL 2720, MR, SmEs EBED
DA OBREZEIEE T Th -7z, RERIERICR G EVHKE
BT AL AIBWT, #AEMBPIC2F 4= OREICE
T3 &9 EREENMPHEAKREEIR WY, BEHEELS
ZEREDRENEENE U -TEREZENEZI SN
72, MR A BEEORBEMT LA E L VEIICHER LE
FEL2A, HEBEEREEHORENRZ ko RICEES
$ITA A TIERE L 7= (Fig. 1a) 72%, #HEEHOXIHEAS
N-EBERBOEIIOEN -7~ FEH B CIX, BRERIICHE
HAZLSERAAZZ LB O F A O BhE LkEIc R
BolbELbhi.

BIERICRAE LSBT BRmIcH 52, BEMICR
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U TERICERAZNS. B2 1BV T, B
BHXEEBEX EEREEICI TS EBEIEL G722
E s, BRI TEICEA ENAIRETE 2 X = D85
Wil B Z LRI,

SXTRICBICHR LBREL 2383 12T, 6 EH
IZBAEEERROaF ¥ FEIFEEIRIR I 0EE
KB o726, AAEEROEXSTNE 4
BN A I L RS N BRI RE L -
FrliEl, EBEHOMSAAREES T2, BAOBMAECH
By Itk 3 TEHBELENERLEELOh, 5%
OB RD H N 5.

HAEFRBETRBESER IR, BAKOEESS T
SHEREREINS. aFFDEEMRNEFTL Y
VY OHEFEEE LR 52D, BREDOFYLV /YT EH
g 520100, IFL=MELALVEVRES THE
EMABMENS S, RE 1TV TEEAIZEACEHA
EhoT-ERATEIFFEBIXESH#ERL, #E
R ohhhro7z RERZIIBOWT6EHDIF 4%
B, WEHOWHERED OKE, bIUFHFoFEF
ST, BEMHXPBEEERX L 0ERIID L2
7z. L2 L, FEMIZOTHITEIFFoiciiFEShzmk
DA, WXL BIZIT100% Th-7z. Zhid, 3Bk
TIEHTEHLE S BEORER DA 52D L (Fig
la), RAER3 T2 ZEHICRAE L 2BENE 2 - 72 (Fig
3) 2%, BEIHX TR F =2 L THERRE
L7-RRTH D EHREIN- £/2, 274 =0OEPKR
20°C TH9 340 J/FR, 10°C TR 660 BU/BETH 1, BiRick
3 LI T 5 (Kasuga and Amano, 2000) Z & A8
EHEEhTHE., RE1IEIH BEBT7T AL ARA v MC
Bi7 %9 HOFEHRIEIL 19.8°C) IZHEL, 10~11 A &
BRI RET VAT AL AR,V MiZBIF3 10 AD
FHK[EIL 14.7°C, 11 HOFEBTIEI 12.4°C) IZFERL 7=
RER3 K OBBEMNTH 7728, HBEaF & = HHEhE
Liz o/l LB L-meEsb 5. 2%, 2
oM LT WL GIE, a7 4= &IFLAE WA
WIRRBIZ 2 I I3 BERTOBEEOMHRICIA T, #BE%
EEBLELZPHL 2 ThidE s 20,

R FFRMEE LT, IFLBEIRTNE
BYEMeRo L Y OEREE TBICEALZVHRED,
FEAEMT 3 2 BILRARBE T F ¥ = OMER %
HHT 2SR EER TS, ZThbis, BEOE
HOEHE, BRNOBEL TOEWEEFEY —  tHE
5 75 & OREFER OBEEOWHIHAN % N A 7= E 8 LBk
RBSHUELER S,

1 =

TV YV H S &= Brophagus similis Volgin (L]

Tad =t &, sub Yy oREmRoTEERmIC
RETIEHEAAREE T3, ENREB X UEBRERIC
BT, $pAEFHh7-EBERIF S 0I5 1 2 E 4
BET L7 2015 SEICIUORAORBEHES RO LY L
YIURERICHEWT, BEORRE IS ZBE L LUk
LYY UHOBBEEFEL -, ZOKBE, BELE%L
BAA - HERR TIE 2 ERNC E B O 3 > & B HEEN
L, WEEIES9 LEI o7, —F, BEOERAAMIEL
AL ROERTREERO I F ¥ B IR #HRL, #
FHIZD ohkhr o7z, BRNERICBENTS, BEZEMN
L7zHBTRBAIL AW BEERERIIO T ¥ 2 FER
Bt 51T, 2015 FIISIUOBEO R Y L Y keI
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