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INTRODUCTION

The purpose of this study was to find a simple, effective means of
controlling Pyemotes sp. infestations in storedeproduct imsect cultures.

The mites mature within the enlarged '"brood pouch”™ of the gravid
female and may mate immediately after birth, The roung females then search
for an insect larva upon which to feed,

Severe infestations of these ectoparasitic mites occurred several
times in the Kansas State University stored-product insect rearing rooms,
Angoumois grain moths and rice weevils reared imn quart jars containing wheat
were usually the most severely attacked. The immature stages of the insects
are attacked by the mites which cause paralysis and eventually death., Pupae
and adult insects are less frequently attacked. BEffective control is
difficult due to the mito*s microsecopic size (Plate I), their ability to
attack insect larvae within kernele of grain (rlate II, #ig 1), and their
capabibility of developing under the elytra of insects (Plate LI, Fig 2).
Control of these mites is desirable in cultures of insects used for research
purposes,

When a severe infestation of mites occurred in a rearing room, the room
was cleared of all cultures and those infested were destroyed by freezing.
The rearing room was then cleaned, washed, and treated with a miticide, New
mite-free cultures were started in elean culture wheat by uczing mite-free
eggs of some specles, and in other cases using extreme care when transferring
stock insects from one jar to another. In the latter there was no assurance
that unnoticed mites attached to the adults were not transferred to the
clean media. At least 1 to 1§ months were needed to restore insect cultures

to normal production and research was interrupted for that time. In addition



to the time lost, partially completed research projects sometimes had to be
terminated,

an effective means of mite disinfestation is nceded when preventive
measures fail, The method must necessarily permit at least some of the
insects to survive to maintain the culture of the species,

This study was an attempt to control the mites by using miticide dry
formulations directly in the wheat cultures of Angoumois grain moths and

rice weevils to eliminate the mites while allowing the insects to survive

and reproduce,

REVIEW OF LITERATURE

Most of the literature on mites of the family Pyemotidae is concerned

with Pyemotes ventricosus, The species was first described as Herterpus

ventricosus by Hewport in i850 (Baker, 1952)., The generic name was changed

to Pediculeoides by Targioni-Tozzetti in 1878, Even though the generic and

family names were changed to Pyemotes and Pyemotidae, respectively, by
Oudemans in 1937, much of the literature as late as the 1950's refers to

the mite as pediculoides.

Although there is a large body of literature on the life cycle of
iyemotes; their parasitic activity, and their behavior as a pest to man,
little was found in the literature concerning their control in stored-grain
insect cultures. The literature is reviewed under three ma jor headings:
effects of mites on insects, medical importance, and control,

Effects of Mites on Ingects. Weiser and Slama (1964) studied the

effects of the toxin of Pyemotes zwolferi on the greater wax moth, Galleria

mellonella (L.). They reported that the mites first fastened legs 1 to the

curved portion of the intersegmental membrane (also observed in the present






EXPLANATLION OF PLATE I
Fig, 1. HMale Pyemotes mites .15 mm long and .06 mm
wide,

Fig. 2. ﬁmﬂy cierged female Pyemotes mite .30
long and .07 om wide.

Fig., 3. Gravid female pPyemotes mite with
abdomen diam sbout .57 mm,
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EXPLANATION OF PLATE IL

Fige 1. Xwray radiograph showing gravid Pyemotes
females on an angoumois grain moth
larva within & wheat kermel,

Fige 2. X-ray radiograph showinz a gravid female
Pyemotes attached under tue elytra of
a rice weevil,
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study )., The chelicerae were then pressed agalnst the integument. Llegs IV
were used to ineresse leverage which helped foree the mouthparts into a
small hole formed by the cheliceras. The Galleria larve rescted to the
plereing with frantic movements which decimated and squashed some nites
(Welser, 1963)., Toxin is then injected inte the host by & small pair of
glands located in the base of the pedipalps. The initial violent of highly
agitated reaction by the larvae to the toxin slowly diminished., This period
varied from a few mimutes to several hours depending upon the number of
bites the larva incurved. Velsner and Slava (1964 reported a definite
decrease in oxygen consumption by the paralyzed larvae, It was concluded
that the drop in respiration resulted from the cessation of motor activity.
48 the larvae continued to live for twe to three days while paralysed,
they believed death wss caused by starvation rather thsr texication,
tedieal Importance. Pyemotes spp. have attacked man when the mite

population wes high, This is most eommonly reported in and around grain

elevators and at harvest time in the cereal growing regions of the werld.
The mite populations develop on the insects in the grain of straw. In the
seareh for mew hosts, they attsck humans causing “grain iteh* and the wite
has been veferred to as the "grain itch mite." The conditlon resulting
fros attacks on man has alec been called “hay itch” and "harvest iteh" in
early veports. .t the gite of the bite a local lesion forms ome-fourth to
one-half inch in dismeter. taximun developuent of the wheal is reached in
24 hr, subeiding gredually within the next &8 to 72 nr (Webster, 1910;

Booth and Jones, 1932), Typical sysptoms caused by severe attacks are: sany
intensely pruritiec eruptions surmounted by a vesicle or pustule, nausea,

vomiting, high fever, and back and joint aches. 3Since man is not an



acceptable host, the mites cease feeding and die,

Acvording to Sooth and Jomes (1952), 7, ventricosus was abundant in
the midwest and eastern U.3. from 1901 to 1910 with a number of large
epidenics of itch among harvesters in Chio amd Indimna during 1908, 1909,
and 1910, 1In 1909 schamberg and Goldberger in “hiladelphia independently
desonstrated that Pyemotes was the cause,

Webster (1910) reported a severe ocutbreak in Philadelphia in 1909,
suitable conditions for a P, ventricosus outbreak were provided by a high
“grain moth" population before harvest anl the rapid decline of the moth
population after harvest. People were attacked in their smleep by mites
leaving mitewinfested straw which had been used 8s bedding. oOne hundred
cases were traced directly to the "grain itch wmite,” P, ventricosus. Over
1,000 vheals were counted on the body of one women,

Larson (1925) reported a Jermatitis caused by Pediculoides ventricosus
among workers who handled infcasted cowpeas in his laboratoery. 3everal
workers who handled the cowpeas were seversly bittes about the hands and
atms, A person with a fair complexion had fever symptoms, a burning
sensation of the skin, and cold chills persisted for about 24 hr.
Individuals with darker eomplexions did not exhibit symptoms of this
severity,.

aceording to Booth and Jones (1952), mites wers uncommon after 1910
but became a serious problem in 1930 and 1951, iHarvesters were chiefly
affected by a widespread epidemic of p, ventricosus infestation of famrm
workers which ocecurred in central and southern Indisna in 1930 and 1951,
Although epidemics predominantly occurred at harvest time, some severe
infestations occurrved throughout the entire summer of 1950 and 1931,

The use of mitee-infested straw in the livestoek pavillons at the



indiana State Fair resulted im 260 infested persons being treated at the
Pair's Red Cress dispensary in 1950 and 382 persons being treated in 1951,
In addition 1,100 4l'ers were treated outside the Red Cross dispensary
during the 1950 and 1951 Indiana State Fair, DMost patients had 200 to 300
bites per individual.

Control of Mites. No published information was found concerning the

miticide control of Pyemotes spp. in stored-grain insect cultures, However,
when questionnaires were sent to stored-grain insect research laboratories
in the United States, Canada, #ngland, an:! Scotland, replies showed great
emphasis on prevention of mites in general in the rearing rooms. Various
barriers of mineral oil and miticides were used, as well as sanitation,
3eal and Bden (1956) sprayed crickets with acaricides to control
Tyrophagus breviceps (Banks) mites in cricket cultures being raised for
fish bait, Vvettable powders were sprayed with a small portable electric
paint sprayer directly on th=s crickets until they were thorsughly wet.
The crickets exhibited no toxie effects when sprayed with various dosages
of Aramite, DMC, Ovo.ran, and Kelthane,

Gay and Graves (1942) found pediculoides ventricosus troublesome in

Sitophilus spp. cultures kept in welleventilated jars for 8 wk, 4 2%
solution of dinitro-ortho-tyclohexylphenol in shell C. oil G. 194 applied
to cloth bands on the jars or wiped over the jar and 1lid eradicated the
mites by preventing spread between jars. Partially effective were dusting
the weevils with sulfur in wheat, B-napthol banded on the jars, and methyl
salicylate put on paper in the jars and sprayed over the room,

Strong, et al (1959) studied the control of Typhlodromus and Acaropsis

mites using miticides in granary seevil and rice weevil cultures. To obtain

mite-free cultures they used diligent sterilization of grain for culture
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media at -10° 7 for 7 days and the use of parent weevils from uite-free
ecultures, In testing Typhlodromus mite control measures, sifted flour and
miticide were put ia glass vials to a controlled depth. after 14 days, the
depth of the mite penetration was read and the information used for comparison,
iffects of miticide on rice weevils and granary weevils were also determined
by spraying the inside of a petri dish with 1,0. mitiecide, &t 20U ppm
Kelthane, the mean percentage mortality was 43% for rice weevils and 18%

for granary weevils, st 500 ppm Kelthane, the mean percentage mortality

was 64% for rice weevils and 48% for granary weevils, ilowever, only Eelthane
at 500 ppm gave complete eradication of the mites with the other miticides

tested giving little or no control even at 50u ppm,
MATEREALS A¥.o GHNERAL BELu0J3

insect Bearing, The ingoumois grain moths, jitotroga cerealella (uliv,),

and rice weevils, ..iophilus oryzae (L,), were rcarsd at 27 ~1” c and

70% 33% ¥R in quart jars containing 13% woisture bard redl winter wheat,

The angoumois grain moths were from the laboratory culture at HKansas State
University. The original stock was collected in inderson County, Kansas im
1960, The stock of riee weevils war & strain obtained from Georgia in
1961,

Greater wax moth larvae (Galleris mellonella 1.) used as hosts to

maintain the mite cultures were obtained from Robert 3Stryker's culture at
dMissouri Umiversity in 1967, These moths were reared in gallon jars om
beeswax containing = small amount of honey., New cultures were started from
eggs laid between folds of waxed paper by moths in established cultures,
Last instars were uged to maintain the mite culture.

Mite Bearing., The mites used were from cui’ures started from mites
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found in infested aAngoumoies grainm moth cultures at Kansas state University.
Female mites wvere sent to ODr, Barle A, Crose at Northwestern state College
of iouisisna, Batchitoches, louisiana, whe has studied the tawonomy of
Pyemotes mites, He keyed them to Pyemotes herfsi. ‘lowever, both males and
femnles sent to Or. Cross from Missouri were belisved to be & similar if not
identical species to the mites at Kansas State. Females from Missouri also
keyed to !yemotes herfsi, but the males keyed to Pysmotes anobii., Cross
sent the Hissouri mites to Or. Herbert Hreszal in Germany who has done
extensive work with the taxonomy of these mites. Hrezal believed the
Missouri mites to be a new species close to », anobii. ove mites ineluding
malea wevre sent from Zansss for further idemtificstion, but the results
aven't available st the time of this writing,

The mites were reared in staiming dishes ¢ cm im diass aml 4 om desp
containing a 1.3 o= layer of plaster of faris in the bottom which provided
s suitable surface for the free moving mites. A 1.3 em barrier of vaseline
was put inside near the top of cach stainimg dish te prevent escape of mites.
A paper souffie cup (2,5 o diam X 1,3 em deep) with small holes punched in
the bottom and eontaining & mite-~infested wax moth larva was placed in the
eenter of each stsining dish to start a new culture among uninfested latvae,
BSest results were obtained with third and fourth instars immediately
following ccdyscs., accopding to Stryker (1966) this stage is desived
becsuse the integument was soft and gasily pierced, aml larvae nesr ecdyges
sscreted an olly liquid which kiilled the mites.

it 7-day intervals {the period needed for newly-born female mites to
begin produeing young) new wax moth larvae were Vﬁ&sd to feed the next
generation of miten,

Hiticides, So that the miticides could be added directly to the grain
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used to culture insects, only dust and wettable powder formulations® were
tested, |

Miticides used were:
Dessin 50% Wettable Powder (or wp)
{2=sec., butylel, G-dinitrophenyl isopropyl carbenate)
Helthane 18,5% wp
(B ,h*wdichlorowa~ (trischloromethyl) benshydrol)
Morestan 25% WP
{6mtiethyl=2, I=quinoxaline=sdithiol cyeliec S, 3-dithio=carbonate)
voroelide 50% wp :
(2=gec~butyl~i, 6-dinitrophenyl 3J-methyleZ-butencate)
Pentac 50% wp
(decachiorobi=2, Le-cyclopentadien«lsyl)
Tedion 25% wp
{p~chlorophenyl 2,4,5«tri=schlorophenyl sulfone)
UC 20047A 50% Wp
{exo=3=chloro=endo-2-norbornananrce o-(Hethylcarbamoyl) oxime )
% st
Tedion 3% Oust
Sulfur 100% powder

Rates used in the tests were in ppu of active ingredients, iates for
ducts were lower than for ~ettable powder because excessive amounts of the
dust were required te provide equal ppm of active materials. 3ulfur powder

wsy used fullestrength in separate tests using the same methods,
EFPECTS OF MITICIDES ON ANGOUMOIS GRAIN MOTHS

Materials and Methods. Thirty gm of hard red winter wheat at 13%
moisture content were placed in each of 30 square glass jars (3,8 em X
3.8 cm X 8.5 cm) which filled each to an approximate depth of 3.8 em
(Plate 1I1). The amount of miticide to give the desired concentration was
than added to each jar and miwed thoroughly with the grain, The treatments
were replicated 3 times, The rates of wettable powder were 320 ppm, 260 ppm,

and 130 ppm; rates of dusts used were 335 ppm, 163 opm, and 84 ppm. Sulfur

%411 formulations execept ulfur listed under their trade names,
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EXPLANATION OF PLATE LLIX

Jars (3,8 em X 3.8 em X 8,9 om) of miticide
treated grain used to determine the effect of
miticide on angoumois grain woths and rice

weevils,
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powder was tested at 4,167 ppm, 2,083 ppm, and 1,042 ppm in & separate test
with & separate check, There were 3 untreatzd control jars.

Twenty unsexed newly-smetrged angoumois grain moths were placed in each
Jar giving a total of &0 per treatment., The jars were placed in a rearing
roos under comstant comditions of 27 21%C and 70 33% mm.

tortality records were taken after 3 days, when most eggs were already
lafd and natural mortality wasn't & major Eactor. The surviving moths were
left in the jer, rrogeny were counted and removed at 35, 49, &3, and 60
ﬁyn after initiation of the test,

Uiscusaion and iResults. In the lowest rates of Horestan 25% Wr and

Tedion 25% w¢ moth survival was the same as in the check (Table 1), Pestac
50% wp, LDessin 50% WP, and Tedion 3% dust at most doses killed all the
woths within 3 days. Moth survival in sulfur was almest identical to the
check,

Tedion 25% WP, HKelthane 18,5% ¥, sand Horoeide 4% dust allowed the
most progeny to develop at each mmamim (Table 2}, This is consistant
with the adult survival data except that sorestan allowed no progeny to

develop,
BFFHCTS OF MITICLOE: ON RICE WEEVILS

taterials snd tethods. The media were prepared as for the sngoumois
grain moth tests (rflate Iil)., #ach miticide wettable powder was tested at
2,080 ppm, 1,080 ppm, 520 ppm, and 260 Hpm, Sach dust was tested at 670
ppm, 335 ppm, 163 ppm, and 84 ppm., In a separate test, sulfur poul:.: was
tested at 8,333 ppm, 5,167 ppm, 2,083 ppm, and 1,042 ppn, These Tatez are

higher than for the Angoumols grain moth tests because preliminary tests



Table 1. Mumber of nowlyesmerged ingoumois grain moths surviving after 3

days in miticide-treated grain,

WEITTABLE PONOER

tate in

Rep* 520 _pra 767 opm 130 ppm
Cheek i 29 i6 13
(o miticide’ 2 15 ia i7
3 i1 18 15

avre & 75,3 E6,7 78,0
Morestan 25% 1 7 13 15
2 6 i1 1%
3 1l 9 17
Tedion 2%% 1 11 5 15
2 11 1 16
3 i1 & 15

m- kY 55-3 15#? ?&i?
seithane 18,5% i 0 3 6
2 3 i 7
3 1] 3 &

Nge B 5.9 11,7 35,0
sorocide 503 i Q 4] 2
2 Q 0 3
3 9 4] 2

g, % 0.0 D0 11.7
89e 200474 50% i s} & 1
b Q0 1] i
3 a @ 1

AV B 40 3.0 5.0
Pentae 50% 1 ] O &
2 ] ] i
3 O o ]

mgl % aﬂg aq‘j G.G
Deasgin 50% 1 0 1] 3
2 ] Es ] g
3 4 ] v

AVE, B Ogl De0 )

“Iwventy moths per replicate with 3 replicates por treatsent,

ié



Table 1. {(Contimued)

o837
%%%_n_m
tep 335 ppu ppa 84 pps
Horocide 4% 1 3 0 2
2 5 2 &
3 0 g 3
Avge 3 13.3 1.3 15.0
Tedion 3% 1] 0 0 9
2 3 9 0
3 o 0 0
V. . 0ol Ds_u Oy
FULFUR po OBER
Rep * 4,167 poa %Jg'ﬂ's ppm 1,042 ppm
cheek 1 19 18 19
{No miticide) 2 18 20 18
3 20 19 20
m. ﬁ ’500 ’5;0 95.9
Sulfur 100% ] 18 18 18
2 17 19 19
3 15 15 20

&vg- 3 83.3 95;'3 9503



Table 2. Huwmber of progeny produced by angoumols grain woths in miticide-
treated grain,

WETTABLE POMOKR

Rate in ppm -
Rep* 520 ppm 260 pon 130 ppa
Cheelk 1 1 316 354
(Ho mitiecide) 2 383 36 358
3 264 351 307
Total 990 1,013 1,019
Tedion 25% 1 190 245 247
2 i8n 342 k63
3 206 254 254
Total 580 841 970
felthane 13,5% 1 7 28 72
2 10 26 110
3 10 34 69
Total 27 108 251
Morocide 50% 1 0 1 &
2 o 7 13
3 0 0 0
Totsl o 8 17
Pentae 50% 1 0 g 14
2 2 o 0
3 0 9 7
Total 0 o 21
UC 20047, 50% 1 g 2 3
2 9 1 10
3 i 0 o
Total 1 3 13
Morestan 25% 1 0 2 0
2 d G 0
3 g 2 4
Total 0 & 2
essin 50% 1 2 Q Y
2 9 Q o
3 0 o Q
Total g 0 Q

*Iwenty parent t.oths per replicate with 3 replicates per treatment.



Table 2. {(Continued)

19

§UsT
Hate | .
_ap 338 g 165 ppm % pom
woroelde 4% 3 8 e 87
2 73 5 123
3 o 3 21%
Total 87 8 H25
Tedion 3% 1 2 4 29
2 Q 2 18
3 1] 4] 6
Total 9 § 53
SULFUR # 3IDER
Rep

Check i

o miclelde) 2

3

Total

saifur 100% 1 282 433 382
2 197 291 358
3 233 09 327
Total 7i2 433 1,058
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indjeated that the rice weevil was more tolerant cc the miticides used. 4
jor with untreated wheat served as a control. Each treatment and control
was replicated 3 times,.

Ten males and 10 females of newly-smerged rice weevils were placed in
cach far. The weevils had been sexed according to snout characteristies,
After 7 days, surviving and dead weevils were removed and counted., at 33,
40, 50, and 60 days after introduction of adults, live and dead progeny
were counted and removed,

Discussion and Resuits. The three WP miticides and the miticide dust
in wvhich survival was greatest were Tedlon Wi, Moroeide wP, Dessin wWp, and
Morocide dust (Table 3). survival im Tedion 25% Wp, Moroelde 50% w», and
Dessfin $0% We was 18,3, 0,9, and 0,0% . - 2,080 ppm rate; 835.0, 25,0, and
0.,0% at 1,040 ppm; 98,3, 60,0, and 16,7% at 520 ppm; and 76,7, 76.7, and
45,0% at 265 ppm, In Movoecide 4% dust tests survival was 13.0, 48.3, 83.3,
and 100,0% at 670, 335, 168, and 84 ppm rates, respectively., Survival in
sulfur powder was 95,0, 100,0, 98,3, and 98,3 at 8,333, 4,167, 2,080 and
1,040 pom, respectively,

The greatest mumbvers of progeny were preduced (Table %) in the same
miticldes in which adult survival was greatest (Tediom WP, Movroecide WP,
Desain WP, and torocide dust). Progeny production in the check averaged
629 per 60 purent weevils., Progeny production in Tedion WP, voroeide Wi,
and Dessin WP numbered 74, O, and O at 2,080 ppm rate; 3567, 136, and 14 at
1,040 ppm; 492, 418, and 115 at 520 ppm; and 495, 365, and 264 at 260 ppm,
in dMoroecide dust tests the numbers of progeny produced were 48, 273, 376,
and 363 at 670, 3345, 168, and 84 ppm, respectively.

In a separate test using sulfur the numbers of progeny for all



Table 3, umber of newly-emerged parent rice weev.'s survivii, after a
7=day oviposition period in miticide-trested grain.

WETTABLE POWOER

% in 5%
m} 24 ppm i, ppE &d Do Wﬂﬂ

e

Chack i ] 20 20 20
{¥o miticide) 2 12 20 20 20
3 15 20 20 19

avg, B 60,9 100,0 100,0 98,3
Tedion 25% 1 @ 18 20 8
2 2 17 20 20
3 § 16 18 18

a\'ﬁ. ; 13. 3 85.’0 98-3 76. 7
Morocide 50% i 0 3 6 15
2 L¢] 6 ik 15
3 U ) §1] 16

AVE. % 0.0 25,0 60,0 76,7
Dessin 50% 1 0 0 0 6
2 ] L) 5 i1
3 0 i 5 10

AVE. 40 Oav 16,7 45,0
Pentac 505 1 0 0 2 5
2 0 2 6 S
3 a Qg 4] 6

AVE. B 0.0 3.5 13.3 26,7
2 G 0 1 i
3 0 4] { i}

AVE. % 0473 1.7 6.7 8.3
ue 200474 30% 1 Q 0 1} g
3 ] ) 9 0
3 1) e o a

AVE. % Qe Ul 0,0 Q.0
Horestan 25% 1 2 0 a 9
2 e 0 9 0
3 Q (4} 4] ]

AVEe B 0.0 0,0 Qel_ ]

*Ten males and 10 females per replicate with 3 replicates,

2l



Table 3. {(Contimied)

Ben
vorocide &% 1 3 i6 17 29
2 5 1% 17 20
3 i i7 i6 28
AWEe B 15.0 48,3 83.3 136,86
Tedion 32 1 9 o O i ]
3 2 o 8 g
3 ¢l a Lt g
AVEs R 0.0 0,0 0,0 0,0
SULYDR fowDER
fiep 8,333 ppm 5,167 ppm 2,083 ppm 1,087 pom
Check i | 35
(o miticide) 2 20
3 18
Avg. B 35,0
saifur 100 1 19 20 20 20
2 18 243 b ] is
3 29 20 19 i ]
AVE. % 85,0 100U 98,3 98,3



Table 4, Humber of progeny of adult rice weevils 50 days after their
intreduction into miticide-treated grain,

WETTABLE POWDER

Rate in ppm
Rep* 3‘W ppm 1, ppm 520 ppm 265 ppm

Cheek 1 114 272 395 289
(o miticide) 2 126 113 238 194
3 175 259 206 137
Toial 415 644 839 620
Tedion 25% 1 32 115 22 216
2 12 117 195 112
3 30 135 205 167
Total 74 36~ 592 495
Horocide $0% 1 0 32 136 92
2 0 54 157 115
3 0 50 125 158
Total 0 136 418 365
Dessin 50% 1 0 2 2 83
2 0 12 54 95
3 9 0 37 81
Total 0 14 115 264
Pentac 50% 1 0 ¥ 17 16
2 0 19 63 72
3 0 1 1 3
Total 0 3N 81 12
Kelthane 18,5% 1 1 h 15 46
2 1 0 18 42
3 0 0 3 22
Total 2 4 36 110
UC 200474 $0% 1 0 0 0 9
2 a 9 0 0
3 9 0 0 20
Total 0 0 0 20
Morestan 25% 1 9 0 0 0
2 o 9 0 0
3 2 0 1 0
Total 2 0 1 ¢

“Ten males and ten females per replicate with 3 replicates.



Table &, {(Contimmed)

DusT
: fate in ppm -
Bep 870 ppm 335 pom " R65 ppm B pom
Yorocide 4% i 11 75 136 150
2 36 78 126 140
3  § 120 116 B3
Total &8 273 276 363
Tedion 3% 3 L£] o a 15
2 Q@ 0 a 17
3 0 3 0 i
Iotal 0 B o 33
SULFUR pOWDER
Rep _
Chaek i
{Bo nitietde) 2
3
Total
Salfur 1003 1 208 a9 14} 1483
2 239 135 216 281
3 368 282 133 208

Total 768 5646 %30 LT
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replicates were 788, 566, 490, and 678 at 8,333, 4,167, 2,083, and 1,042

ppm;, respectively, Total number of progeny in the chack was 602,

EFFECTS OF sITICIDRS Ot PYBMOTLS 3P,

taterials and Methods., This test was designed to determine the
relative effectivencss of the miticides on the mites alome.

Two concentric eireles (2.5 em and 3.8 ca diam) were drawn with pencil
(Plate IV) in the center of eich 9 em diam f£ilter paper disk (semi-cruwmpled,
rapid), #ach disk was placed in a pint jar 1/3-full of miticlde (dry and
undiluted). The jar was capped iightly and shaken vigorously by hand for
15 seconds and allowed to settle for 1 min, The paper was then removed,
shaken 3 times, and placed in an appropriately labeled Petri dish. lmch
treatment was vreplicated 3 times as was the untreated control,

A vaseline mite barrier was applied near the top on the inside of the
Petri dish, Three penultimate Angoumois grain woth larvae (removed from
wheat kernels) were plaged individually i relatin capsules (#3) which were
glued in each dish equidistant from cach other around the parimeter of the
filter paper, In each end of each capsule was a small hole to allow mites
aecess to the Angoumois grain moth larva,

A wax moth larva with 80120 attached gravid fesale mites was placed
in a gelatin capsule (#3) whiech was glued in the center of the treated
filter paper in the retri dish (Plate IV). The capsule had several holes
to allow pewly-bern auites to escape., - wax moth larva was uscd for the
infestation rather than an angoumeis grain moth larva because the - .
generation of mites would readily leave the wax woth larva,

after 8 days, ample time for production of pumerous progeny but before



%



Pig. 1.

Fige 2.

BXPLANATION OF PLATE IV

retri dish with rorocide 4% dust on filter
paper,. i infeeted wax moth larva in
center capsule with AGHM larvae in 3 small
outer capsules. asccumsulation of dead mites
sround center capsule appears as orange dust,

Three Petrl dishes showing comparison of no
acemmmilation of dead mitea for cheek to the
left, to a swall accumulation for Tedion 3%
dust in the middle dish, to a large
accumulation of dead wit.: in the vight dish
of &% roreocide,






Table 3, sabllity of mﬁ.tu to move from the cehter to the
outside of ' ted £ilter papers and them parasitise

mzgoumolis grain moth larvae {or AGH).

% of mites

in Betwaen Hetween AGH # gravid

2.5 2.5 om 3.8 o lacvae mites on
cn & J.8 em & edge of parasitized AGH

Hiticide Rep  eirele _eircle paper {of 3) larvae
Check 1 20 8 80 2 as
{Ro 2 19 0 90 3 59
miticide) 3 19 0 90 3 36
AVE. 13,5 0 86,7 Totar 8 133
Morestan i 95 & 1 0 )
25% Wp 2 68 10 2 0 @
3 80 9 1 g K]
AV, 91.0 77 1.3 Total O i)
felthans 1 95 4 i Q o
18,55 wp 2 8% 12 3 9 o
3 80 15 5 0 )
AVE. 86,7 10.° 3.. Total O T
sorocide i 80 13 5 g a
&% Dust 2 a1 2 | a 5
3 75 i5 10 9 o
V. 82,0 12,7 5.3 fotal @ 7
Morocide 1 85 10 5 0 o
595 wp 2 60 30 10 0 0
‘ 3 65 25 10 0 0
AVE. 70,0 21,7 8.3 Total @ o
vessin 1 95 5 0 ) 0
50% wp 2 50 25 35 @ 8
3 75 10 15 0 3
AVE. 70,0 13.3 16.7 Tot. ' U ]
Tedion 1 65 5 30 o 9
3% Dast 2 85 10 5 0 )
3 55 30 15 9 g
Vg 68,3 13,0 16,7 Totel O i3



Table 5, (Continued)

% of dead mites -

in Hetween m Al # gravid
cm 2 J.B em &k odge of parasigised AGM

siticide Rep  cirele _eirels paper (of 3) larvae
UC 2006474 1 45 20 15 ] 1]
50% wp 2 & 20 24 1 22
3 30 10 60 3 54
AVE. 51.7 16,7 31,7 Total & 75
Tedion 1 70 15 15 3 33
25% wp 2 30 20 50 3 88
3 49 30 30 3 6
AVE. 46,7 217 1.7 Total ¥ 159
Pentac 1 89 18 2 L] g
50% wp 2 20 1lu 70 Q Q
3 20 10 70 2 16
AVE, 40,90 12,7 57,3  Total 4 ic
Sifur 1 30 5 63 3 &7
100% Powder 2 20 ] 75 3 57
3 20 5 75 3 89
AV 23.3 5,0 71,7 otal 9 193

29
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& second generastion, estimatez were made of the percentages of mites Iound
dead within the 2.5 em circle, between this circle and the 3.8 em circle
and beyond the 3.8 om circle, The numbers of mites which had reached the
Angoumois grain moth larvae and became gravid were recerded,

Uiscugsion and Results., As expected, most of the newly-borm mites

left tha center capsuls to search for & host. As they crawled on the
treated filter paper, many were killed by some of the miticides. there
dead mites accusulated, the appearance was as a light browa "dust” (rlate
1V, ¥ig. 1l).

It wvas assuwmed that the mites would traverse less of the filter paper
treated with the most effective miticides, in vlate 1V, Fig. 2 the dead
mites accumulated near the center capsule could be seen on miticide-treated
paper but in the check they had dispersed so much that they were not visible
with the naked eye except where they had accusulated in the petroleum jelly
barrier on the walls of the Petri dish,

The 3 most effective uiticides in th. ¢ test were Morestan ¥P, Helthane
WP, and Morecide dust which killed 91,0, 86,7, and 82.0% within the 2,5 cn
diam cirecle (Table 5), Others were nearly as effective, lome of the
angousois grain moth larvee im the six most effective treatments had gravid
female mites on them, Those treatments included Forestan WP, Kelthane wp,
voroeide dust, Morocide wp, Dessin wp, and Tedion dust,

EFFECTIVENESS OF 4ELECTuY MITICLIOES IN PAEVEHTIRG PYMUTLS sP.
INKCESTATION OF ANGOUMODLS GRAIR MOTH CULTURLES

saterials and iethods. The miticides giving the best results in the

preceiing tests with angoumois grain moths and mites wera used in this test

at the following rates:
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Eolthane 18,5% WP .eovessccanravssacesses 260 ppm & 130 ppm

Horoeide 4% INBE cevsvsrvvorasnevssnanvee 168 ppa & 84 ppm

Tedion 290 WP ..escvvecentnconnsnssasecse 320 ppu & 260 ppm

The appropriate amount of ecach miticide was mixed with 300 ga of hard
rad vinter vheat at 13% moisture, Sixty gm of the uiticide-~treated grain
were placed in each wide-mouth pint jar.

Wheat kernels contzining angowsois grain moth larvae of about the
penultinate instar were selected from laboratory cultures with use of Xeray
radiographs, The selected wheat kernels were marked for later identification
with a small spot of India ink, Thirty marked kernels were randomly mixed
through the treated grain in emch pinmt jar. A wax moth larva infested
with 100 to 200 gravid female mites was placed in a #00 gelatin capsule
then positioned on top of th: wheat in each jar, HRumerous holes were in
each capsuie to :illow newly-borm mites to escape, Hach treatzent and
untreated control was replicated 3 times,

The jars were placed in a 91.5 em X 71,5 en X 91,5 em rearing unit
with 27 219G and 70 33% aH, after 12 days (the amount of time to allow
a thicd generation of mites to become attached and gravid) the jars were
put in a freesmer for 2 days to kill al! insects and mites. [t as necessary
to kill the insects and mites to prevent contanination of the Xeray machine
which was used daily, The marked kermels in each jar were X~rayed. The
brood pouches of gravid female mites were fdentifisble in the radiographs
(Plate 11, #ig, 1).

Disgussion and Results., None of the miticides at the rates used gave

100% comtrol, This can be attributed to the lower concentrations necessary
to allow moth survival., Aall of the higher rates reduced the incidence of
parasitism by an average o at least 6073, with Morcecide 43 dust (168 ppm)

reducing the infestation an svcrage of 75% belew that of the check,



Iable ¢, Elfectivensss of miticides in preventing 8pe. Erom
pevanitising songoumols grain wmoth larvae ture wvheat as
deternined by successful moth swergence and leray radloxraphs
of wernels contalning insect lurvee.

Hig, ™" pay, mEas insects par. 3

Hiticide moths (fepay not. {X=tay latvae

Adh WIS : P ApiEa e Ve Laki, M

otk i & 15 15 15 0.9

Lo 2 & | ¥4 16 i 6,7
niticide) 3 51 & ié 2] iiGad
AVE . $.7 10,0 15,7 18,7 45,9
Morocide 1 18 7 28 5 18,7
B imst 2 25 & 30 @ D
{168 -mm) 3 ia 7 2% - 16,7
W ﬂﬂ; ? igﬂ 29; ? 3ﬁ 3 l qu;
“oretide i i? 9 26 B 13,3
4% vast 2 1?7 B 21 L ] 36,9
8% ppa) 3 % 3 17 13 83,3
V. 16,9 5.3 21.3 8,7 28,9
Emithane 1 i3 8 22 B 2647
38,5% wp 2 ia 3 2? 3 6ol
(26D ppm) 3 18 11 29 1 3.3
B 1642 9)’ ﬂ‘ﬁ Bed 13.3
Znlghane 1 i3 9 a1 | 30,9
18,5% we 2 is 6 n % 30,9
(130 gpm) 3 ia ? 21 9 30,9
ANE 15,7 7.3 1.0 90 30,0
Tedion 1 is s FY 3 10,8
254 ur 2 8 15 23 7 23,3
(529 ppm) 3 1) L ] 23 ] 23,3
ANE. 13.7 10,7 25,3 5.7 18,9
Tedion | 5 13 s 12 4040
2BL wp 2 B 16 [0 16 53.3
(260 ppm) 3 & 11 17 13 83,3
s, 3. 11e3 A6e3 A3.F  83.3

*opm getive ingradieng,

**ihivty sotheiniested kerncls per repllieate,
sesgnepged prior to fressing,

essvgranltined,
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EFPECTIVENESS uF 3BLECTED MITICIUES IN PREVANTING PYBMOTES &2.
IHRFESTATIUN OF RICE WEEVIL IR CULTURES

tiaterials and dsthods. The miticides giving the best results in the
preceding tests with riee weevils and mites were used in this test at the

fcllowing rates:

HMorocide #% (MBE eu.vesssavvssevensnsess 168 ppm & 335 ppm

vorvoelde 25% VP ceveeencrsesvsosnonseese 5320 ppm & 1,040 ppm

Jessin 50% WP ceveveecvnssrvocescecscnes 265 ppm

Tedion 23% WP sseevscnnssncrvssvrnnsnces 320 ppm & 1,080 ppa

The media were prepared as in the Angoumeois grain moth culture teat,
Wheat kernmels containing preultimate rice weevil larvae were selected from
lsboratory cultures with use of iw-ray radiozraphs. The selected kernels
were marked for later identification with a small spot of Indie ink, Thirty
mavrked infested kermels were randomly mixed through the treated graim in
gach pint jar., (w0 Angoumois grain moth larvae were placed in each jar.
They were placed in gelatin capsules and were infested with approximately
30 grevid female mites each. Holes had been cut into the capsules to
allow nawlyeborn mites to escape into the graim, sach treatment and
untreated contreol were replicated 3 times,

The jars were placed in a 91.5 om 4 91.5 em X 91,5 om rearing unit
with 27 <19C temperature and 70 23% @i, After 1& days the jars were
removed and put in the freeszer for two days te kill all insects and mites,
Because of the aslower development of mites on weevils, 14 days were necessary
to allow the second generation of female nites to becowme gravid., ihe
wmarked kermels with no weevil smergence holes were dissected rather than
Xerayed and the number of infested and uninfested larvae were counted.

Plate V shows a dissected kernel which contained an .ngoumois grain moth
larva with gravid mites attached, Oissection of the weevil-infested kernels






EXPLANATION OF PLATE V

vissected kernel of wheat showing gravid female
Pyemotes mites attacking angoumols grain moth
larva,






Table 7. iffectiveness of miticides in preventing e3 sp. parasitism
of rice weevils in culture wheat as detemmined by successful
weevil emergence and by disscetion of kernels containing insect

1&“‘8-
larvae not Total iarvaee
Ho, t¥% par, dxw* insects par. )

siticide noths (Xwray not {X=ray larvae
in vhest™ Reo** emerged dsternm, ) par, determ,.) DaTe
Chegk ] 19 9 28 2 647
(No 2 22 5 27 3 10,0
witicide) 3 20 7 27 3 10,0
AVE. 20,3 7.0 27.3 2.7 B.8
Horocide 1 26 i 30 Q 8.0
44 Dust 2 24 6 30 4] Dol
(168 ppm) 3 % 6 30 v} 0,0
AVE. il e? 5.3 30,9 0.0 0.0
H@orocide 1 22 8 30 o 0,0
&5 st 2 20 10 30 0 Jgu
{335 ppm) 3 21 9 3a 3 del
AVE, 21.0 D0 30,9 G0 0.0
Dessin i 26 h 30 (¢] D0
505 we 2 2 x 3 & Q.0
(265 ppm) 3 19 11 30 0 0,0
AVE. 22,9 8.0 30,0 Q.0 3,0
Jmrocide 1 ) 5 29 1 3.3
59% wp 2 25 b 30 Q 0,0
(520 ppm) 3 22 8 30 0 0,0
m. ”j’ 5.0 ”'? 0'3 161
Morocide i 21 9 30 (¢] 0.0
504 e 2 26 & bt 0 0.0
{1,040 ppm) 3 27 3 30 g Q2,0
Vg, 8,7 5.3 30,0 0.0 T 0
Tedion 1 24 |:3 28 2 647
235 P i 2 5 29 1 3.3
{520 ppm) 3 18 12 30 v 3,0
AVE. 22,40 7.0 29,0 1.0 3.3
Tedion 1 23 ] 23 1 3.3
25% W 2 19 8 27 3 10,0
(1,04u ppm) 3 20 10 30 0 8,0
AVE. 20,7 8,0 28,7 1.3 44

“Ppm active ingredient.
w»Thirty weevil~infested kerncls per replicata.

v imerged prior to freaxing.
*awsonragitized,
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was necessary for more acourate records, since the population density of
mites was too small to easily detect the gravid mite brood pouches om &«

radiograph,
discussiou and kesulte, With such low levels of mite population

intensities in the checks it is difficult to evaluste this informaticm,

muite population intensities were usually observed to be lower in rice

weavil cultures during the epidemics in the rearing rooms, Rice weevils
seal their ovipesition holes with egg pluge which offer a greater degree of
resistance to entyy by the Pyewotes mites than the emtry holes made by
ingowsols grain moth larvae, Ffusaibly only when tic egg plugs fall cut or
are locsenad can the mites gain acecess. The aitez seem to be unequipped to
sAt their way through to the l:rvae, However, in this test several miticides
alloved no parasitism. They were rorocide 4 dust at 168 ppm and 335 ppm,

vessin 504 We at 265 ppm, and torocide 505 WP at 1,040 ppm,
SUMMARY A5U CONCLUSLONS

A Pyemotes mite imfestation oceurring in an famsect rearing room may
cause 1 to 3 months of lost research time while mitewfree cultures are being
restored, Thus, an attempt was made to find an effective means of destroy-
ing and/or preventing mites in insect eultures without lose of imssct
populations and valuable resesrch time,

various miticide dry formulations (wettable powders and Justs) were
aixed directly in the insect wheat culture media, Three steps were used
with Angoumols grain moths and rice weevils as the test insects,

First, the 9 differeant miticide formulations were screened to determine

their eifect on the mortality of adults and on the number of progeny they



produced, angoumols grein moths were more suseeptible to the miticldes
used then the riu weevils, Thus, lower rotes were used in subsequent
testing of thst speecies., sAccordingly, the degree of mite contrel «as less
in cultures involving this imseet than in those with rice weevila, Thie

is important since the mite is most destructive in the Angoumols grain moth
cultures and may completely destroy them,

The second step invelved testing the effectivencss of the miticides
sgainst the mites alone, All but 3 of the mitfcides killed the mites before
they could attack the sngoumois grain moth larvae around the perimeter of
the treated filter paper (Table $). =ulfur which wuas also used offered no
control, killing no more mites than those found dead inm the check,

?inally, the effectivencas of selected niticldes (determined by the
first 2 ste-s) in controllimg rites under culture conditions was tested,
The results (Yable 6) indicated that 3 amiticide formmlations {Morocide &3
dust at 168 ppu, Xelthane 18.5% wettable powder at 260 ppm, and Tedion 25%
wettable powder at 520 ppm) reduced the mite infestation 65 to 80% Delow
thet of the control infestatien in Angoumels graim moth cultures. As
previously stated, the rice weevil results in Tuble 7 are diffiemnlt to
evajuate because of the low level of wite pavasitism in the contrel, When
Pyemotes infestations have shown up in the rearing room tbey build up
higher populations aend are more destructive in the ingoumois graim moth
cultures, Several aiticlies which allowed no parasitism with little weevil
population reduetisn included Moroeide 4% dust at 168 ppm and 335 ppm,
Dessioh 50% WP at 265 ppm, and Morocide 50% WP at 1,080 ppa,

It can be concluded that mites in Angoumois grain moth cultures can

be greatly reduced but not eliminated by using certain of the tested



miticides directly in the culture wheat, This means of conirol in rice

weevil cultures wmay completely eliminate a Pyemotes mite infesta:ionm,

39
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Various miticide dry formulations were tested in an attespt to find sn
effective means of destroying and/or preventing ectuoparasitic mites (Pyemotes
8ps ) in rice weevil and angowmoils grain moth wheat cultures.

ropmulations tested wers: Dessim 50, wettable powder (or W:°), Eelthane
18453 wp, Murestan 253 WP, Movocide 50% Wp, Tediemn 25% w@, UC 20047a 50% we,
tiorocide 8% dust, Tedion 3% dust, and ulfur 100% powder,

virat, the 9 differeat alticide formulations were streenad on the two
test insects to determine thelr effect on the mortality of adults and on
the number of progeny they produced, angoumols grain moths were more
susceptible to the miticides used than the rice weevils., Thus, low.er rates
were used in subsequent testing of the species,

the second step iuvolved testing the effectiveness of the 9 miticides
against the mites alone,

floally, the effectiveness of selected miticides (determined by the
tirst 2 steps) in contrelling the mites under culture conditions was tested,
The results indicated that 3 mitieilde formulations (MHoroeide 4% dust at 168
ppm, Helthane 18,5% Vi at 260 ppm, and Tedion 255 We at 520 ppm) reduced
the mita infestation 65 to 804 below that of the comtrol infestation in
Angoumols grain woth cultures. The rice weevil results were difficult to
evaluate because of the low level of mite parasitism in the control.
However, mitlic..ies which sllowed no parasitism with little weevil population
reduction included vorocide 4% dust at 168 ppm and 335 ppm, Uessin 50% WP

at 265 ppm, and sorocide 30% w2 at 1,040 ppm,



