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' ABSTRACT v

M.Sc. Glenn J. Letq?frel " Entomology

LABORATORY EVALUATION‘OF INSECTICIDES AS A POTENTIAL
CONTROL OF WHITE GRUBS, PHYLLOPHAGA SPP.
(COLEOPTERA:  SCARABAEIDAE)

Laboratory insecticide bioassay téstiﬁg was conducted on field-
collected Phyllophaga spp. durinj 1978 and f979 . Adult Phyllophaga spp.
were shown to be highly susceptible to cypermethrin and fenvalerate Six
insecticides: 1sofenphos, carbofuran g1az1non, fensul fothion, fbnofos»and

. *‘( “
chlorpyr1fbs were used both as contact insecticides and 1ncorporated into

muck, sand, clay and sandy~-Toam soils for controlling th11oghaga spp. larvae. *
Chlorpyrifos was the most effective, of the six tested, in cén;ro11§ng Tarvae
both as a contact and soil insecticide. Fonofos, except when ;;éorporated

, \\\~.into muck ‘soil, also provided good coﬁtrol Two methods eva1ua£edlfor

assessing wh1te grub morta11ty in bioassay test1ng, showed mortalities based

on 1ack of reflex movements to be a more accurate 1nd1cation of 1nsect1c1de

- toxicities, A\
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RESUME

. M.Sc. ‘ Glenn J. Letendre - ) " Entomologie

) "‘

Des tests bioassay furent éffectués en laboratoire sur Phyllophaga

,(Spp. recueillis dans le champ au cours des années 1978 et 1979. Phyllophaga

spp. adulte a démontré une grande susce'ptibih'te 3 la cypei"mhéthrine et au
fenvalerate, Six insecticides:: 1sofenph(;s, carbofuran, diazinon, fensul-
fothion, .fonofos et chlorpyrifos ont &t& utilisés comme insecticides de %
contact et incorporés dans des sols organiques, s'ableux, ar§i1eux et sableux-
1imoneux pour contrfler les larves de fhxnoghaga spp. Chlorpyrifos fut le |
plus efficace des six insecticides pour le contrfle des larves en tant qu'in-
secticide ‘de contact et incorporé au sol. Fonofos montre /un bon contréle,
excepté iorsqu'incorporé dans un So] organique., Deux méthodes gvaluées,pour
estimer le taux de mortalité des vers blancs dans les tests bioassay, inontrent
que le taux de mortal‘ité basé sur 1'inexistence de réflexes est une indication

Y

plus exacte de la toxicité des insecticides.
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) L. GENERAL INTRODUCTION

June beét1es, Phyllophaga spp., are minor defoliating pests of
deciduous trees such as elm, willow and oak. The fmmatur; 1arv5e,¢common1y
known as white grubs, are majof soit-dwelling pests of sug% agricu1tura1
crops as grass, hay, pasture, corn,,potatﬁes, strawberries and ybung nursery
trees (Metcalf et al., 1962). s |

The most common ;peé}es, and consequently the one causing the heav-
ifest losses in the province of Quebec, is Phyllophaga anxia (LeConte)(Ham-

s L

mond, .1940; tiﬁ et al., 1979). Despite soil treatment with ch]ordaan crop

Tosses” to white grubs have been reported in the Nicolet area for potatoes

(Morrison, 1971), strawberries (Anonymous, 1981a), and widespread white grub

infestations have been obsérved in Quebec pastures. At present, no chemical
- . '

recommendation for white grub control exists in Quebec (Anonymous, 1979,

1981b); preventative cultural and mechanical practices are recommended for

farmers instead. Ch1orin§;é2'hyd;ocarbon insecticides such as BHC, aldrin,

dieldrin and heptachlor were recommended for grub control in soi® up to the

early 1970's, and gé;er;11y provided good protection of crop§ (Hammond, 1947,
1949,'1952. 1960; Shenfelt and Sinkover, 1951; Pass, 1964; Fowler and Wilson
1973b. 1974). However, many of these persistent chemicals have si@ce been \
de-registered for agricultural use, and studies have shown several cases of |
the development of white grub resistance Ey chlorinated hydrocarbon insecti-

cides (Frankie et al.,1973; Teetes 1973, 1975; Fuchs‘ég al., 1974; Pike et

al., 1978),

N
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Hence, interest is curren£1y focused on finding less persistent alter-
native insecticides, mainly in the organophosphoros and carbamate groups, for
white grub control (Frankie et al., 1973; Teetes, 1973, 1975; Fuchs et al.,
1974; Rivers et al., 1977; Pike et al., 1978; Reinert, 1979).° The research
described in this study was undertaken to test several potential insecticides

N

on Quebec populations of white grubs, in order to supﬁlement Tocal crop pro-

tection recommendations wtih a chemical control,
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"I LITERATURE REVIEW
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White grubs of the genus Phyllophaga have caused losses in agricul- ~

tural crops since before the turn of the century (Pike et al., 1976). Although

Phyllophaga anxia is by- far the most abundant species in Quebec (Hammond, 1940; ’

Lim et al., 1979), this review included information on other species of

Phyllophaga, comﬁonly known as white grubs or "hannetons" to Quebec farmers,

3 A. TAXONOMY - :
]

=

The common name white grub is given to larvae of many chafer beetle

species of economic 1mportance. , The commbn ane beetje, Phyllophaga anxia
is native tﬂ\ﬂorth America (Hammoﬁd, 1948; Ritcher: 1949; Neiswander, 1963),
and is‘one ;¥Y152 species o} Phyllophaga found there (Luginbill and Painter,
1953). P. ggglg:was first described by téConte (1850), and until a revision
by Glasgow in 1916, Lachnosterra was qsed'as the genus name. At this time
Lachnosterna was found to be synonymous with pr11oghaga Harris, 1827, and
was therefore replaced, The fb11Qw1ng is a list of synonyms for P, anxia

provided by Luginbill and Painter (1953).

Lachnosterna anxia LeConte 1850 *

Ancylonycha brevicollis Blanchard 1850

Ancylonycha puncticollis Blanchard 1850

Lachnosterna cepha]iia LeConte 1856

Ancylonycha uninotata Na]kér 1866

L3
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Lachnosterna dubia Smith 1889

: lachnosterna insperata Linell 1897

—_

Phyllophaga anxia Glasgow 1916

The taxonomic position of P. anxia.(LeConte) is as ¥bi16ws (Ritcher,
1966): " “
Order: Coleoptera
Suborder: Pq]yphaga
‘ Superfqm11y:‘ Scarabaeoidea
A Family: Scarabaeggae L
Subfamily: 'Melolonthinae

Tripe: Melolonthini

i~ : Genus: Phyllophaga
Subgenus: Phyllophaga

Species: anxia

Original keys were based on external morphological characters such

" as the form of the tlypeus, antennae, pronotum, spur and the hind tibia of

males, and the structure of the abdominal sterna (Nairn and Nong.'1965).
Further taxonomic work used the structure of thg male and female genitalia
(anga&gil/}gé;; Ritcher, 1940; Béving. 1942; Luginb#11 and Painter, 1953).
Keys for identification of white grubs of Phyllophaga have considerable over-

laps and variations within species, making positive identification difficult .

(Boving, 1942; Ritcher, 1940, 1966), Although the insects in the following

e
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work were field collected in areas where Phyllophaga anxia was the predomi-

nant species (Lim et al., 1979), large scale identifications of individual

»

insects were not made. , [&“f

[ B
P

B. LIFE CYCLE OF PHYLLOPHAGA ANXIA

Phyllophaga anxia has a development period of three years in eastern

Canada (Forbes, 1916; ﬂammond, 1931, 1940,'1948a; Hammond and MaheuxJ'1934;
Jarvis, 1966). The adults ‘emerge from the soil about the middle of May ;;d
fly ‘at dusk to nedighbouring trees where feed{qg and mating take place. The
baylight period is spent hidden in the soil or beneath éround cover, and this
diurnal pattern of activity continues over a period of up toltwo months, with
peak flight acfivipy occurring in June (Criddle,1918; Maheux and Gauthier, -
1944; Hammond, 1948; Sutton and Stone, 1974; Lim et al., 1979). Eggs are
laid in grassy areas at a depth of approximately 10 ¢m in the soil, some ten
days after qating“ha§ taken place (Maheux and Gauthiér. 1944). F1rst-jnstar
grubs emerge about 30 days later and consume qé;:;¥ng organ;;&ﬁatter and
small roots (Maheu. and Gauthier, 1944; Hammond, 1948). .Moulting to the sec-
ond-instar larva occurs 6 to 8 weeks‘later, and thereafter grubs feed on '

Tiving plant roots exclusively. As soil temperatures decrease (September-

October), the second-instar larvae migrate to various depths in the soil to

" overwinter (Hammond, 1948). During early spring of the second year, the

second—instaf grubs return to the surface to feed for a short period, and

the final larval moult into the third-instar occurs in July. It is this

J
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fipal stage (secoed-year; third-instar grubs) which causes most damage to o
crops, for the grubs are voracious‘feeders tin the‘comiqg~fai1 (Hammond,
5948). Little feeding is done in the third yeer of development because the
grubs remain relatively inactive. Pupat1on occurs in mid- Ju1y and emerged
teneral -adults remain in the soil till spring of the fol]owing year (Hammond,

1948; Lim et al.y 1979).
C.  OCCURRENCE, AND DAMAGE

White grubs are amongst the most destructive of soil insects. In-
festations may go undetected until the situation is beyond corrective control
because larvae live in the soifvan&:tﬂe adults fly at Aight.

White grubs have been reported to attack a variety of agrjcu1tura1
crops. Oats (Bigger and Flint, 1939), whe;% (Fe;ton, 1939; Burkardt, 1955;
Daniels, 1971; Teetes, 1973), grain serghum (Daniels, 1971; Teetes, 1973),
and\sugarcane (Fuchs et al,,-1974) have sufferediecoﬁomic lTosses to white
grubs‘in the United States. b Bluegrass pasture in the south, and rough pas=
~ ture, hay and turf crops in Queb/// support heavy infestations of white grubs,
resulting in widespread deterioration of grass and pasture {Graber et al.,

. 1931; Fluke et al., 1932; Fuelleman and Graber, 1937; Burcalow et al., 1940;
E Pass, 1964). White. grubs are a major concern in corn inthe United States

(Fuelleman and Graber, 1937; Bigger and ﬂlanchard 1955 Rlvers et al. 1977

.,‘1978). Corn fields attacked by grubs appear patchy, with p1ants

reaching heights f less than 2 feet (60 cm)(Metcalf et al., 1962). Potato

T
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roots.-are }coﬁguqfd by white grubs, and holes measuring from 7 to 14 mm degp
are made in the tubers (Anonymou;, 1979). Fosses to pota&o growers in the
United States (Hodgspn gg.gl..;1974) as‘we11 as in Quebec (Morrison, 1971;
Perron, 1972), have necessitated the dgvélopment of new control measures.
Strawberries and sugar beets are also attacked jﬁ the Province of Quebec

(Anonymous, 1977,"1981a), strawberries showing symptoms similar to ‘those

caused by drought conditions.

'

1971a, 1974) and eventually girdle the larger ones, reduding growth, weak-
éﬁing, and finally kii]ing the young seed]ing; Recommendations to avoid )
planting pine seedling in areas having more than 0.5 grubs per square foot
(900 sq cm) indicate the severify of the pest. ﬁatts and Hatcher (1954)
reported hhite grub damage in plantations in the Carolinas. Yohng hemlock,

in the state of New York, progressively yellowed and died within a month

when attacked by as few as 3 to 4’second-year grubs per irée (Schwardt, 1942),
Massive root girdling may also kill shrubs ang saplings when infestations

are heavy (Hammond, 1960),

As adu]ts?\th11thaga spp. ﬁave been reported to defoliate oak in
Wisconsin (Fuelleman and,Graber, 1937). Other deciduous trees such as elm
(Davis, 1916; Hammond, 1947fi willow (Chamberlain et al., 1938; Travis and
Decker, 1939; Sanderson, 1944), hickory, ash (Davis, 1916; Sanderson, 194ﬁ),
and pop]ar'are favoured diets of the adult beetles. :Shrubs and bushes such _

as 1ilac, rose, pecan, walnut, butternut, chinese elm, wild plum, blackberry,

¥

/

, ST

White grubs consume the smaller roots of red pine (Fowler and Wilson,
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and'abp]e are also fed upon (Ritcher; 1940; Sanderson, 1944;.Hamm8pd, 1948} .

In the past, eastern'Canadfan producers have suffered Tosses amount-
ing to several hundreds of thousands of dollars (Hammond; 1960).. A survey
of 45 farms conducted in the province of Quebec in 1935, showed an estimated
loss caused by whi te grubs, to be at approximately $216 per farm. An out-
break of grubs in eqsterh Ontario and western Quebec in 195?. caused an
average loss of $188 per farm (Hammond, 1540). White grub infestatfions of
78 farms in the Eastern Townships, Quebec, caused damages estimated at $1QB
per farm in 1938 (Maheqx and Gauthier, 194{).

wﬁite grubs are more abundant in light soils such as sand and sandy-

loam and are commonly found in pasture fields with large amounts of timothy

(Anonymous , 1981b). Hammond (1940) reported white grubs to be of economic -

1mportahce in large areas of‘agricultural land in Quebec south of Montreal.
These included the counties of Huntington, Qhateauguay, St. Jean, Iberville,
Rouville, Shefford, Bere. an& Missisiquoi, and 1ight soil;lin Jacques
Cartier, Lava1,f%o Mountains, western Terrebonne coungies were also infested.
Infestations continyed eastward along the St. Lawrenee River through the

St. Maurice, Champlain, and Portneuf count1e;. More recently, outbreaks in
potato flelds in Nicolet county were reported tq Macdonald College (Morris?n,
1971). Perron (1972) stated that white grubs were a problem in potatoes and
co}n in Quebec, Wi te grub damage was found by the author in the Mirabel
region in 1978 and 1979, in grassy fields grown for sod production. A]so in
the Nicolet rqgfon a strawberry field was totally destroyed in 1979 by third

instar grubs. White grubs were found in adjacent potato fields as well as

[T S
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in other strawberry fields in the area (C. Ritchot, personal communication).

D. CULTURAL CONTROL OF WHITE GRUBS

Damage by white ggubs to susceptible agricultural crops such as

potatoes, corn, strawberries, and nursery stock (trees) can be avoided by - -

not planting them in freghly-p1oughed pasture or neglected fields (Pettit;

1930; Hammond, 1940; Fowler and wiléon, 1971a; SuttogAand Stone,” 197%; ) )

Anonymous, 1977, 1979; 1981, a, b, ¢, e). '
Ploughing of infested fields followed by réﬁeated cultivations using

a disc-harr&h has been shown to reduce population levels of white grubs
. g .

'(Davis, 1916; Criddle, 1918; Drake et al., 1932; Hammond, 1933, 1940, 1948,

1960; "Maheux and Gauthier, 1938, 1944; Bourqui et al., 1950; Hodgson et al.,
1974), but timin§ of the operation'is critical for maximum effch. Destruc-
tién of firsttye;r grubs is best done during the period from Tlate July to
late September (Davis, 1916; Hammond, 1933, 1960; Hodgson et al., 1974).
Second~year grubs are mogiW;usceptib1e to ;echanical destructizn from early
May to early July (Hodgson et al., 1974), and Maheux and Gauthier (1938)
found the most susceptible petiod to be during the pupation‘period from mid-
June to early July of the third year. During thesté periods, the érubs are
Tiving sufficiently near the soil surface to be kii]ed by a combination of
physical injuries and exposure to adverse clima}ic condition$ and natural -
enemies.

Crop rotation has been recommended for the control of white grubs.

pavis (1916) noted that crop rotations based on a knowleage of the 1ife

.
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cycle of Phyllophaga, could be effective in protecting crops from damage.
A rotation of corn or clover and small ggains was one récbﬁmendation; the
clover or corn being planted during a flight year (Davis, 1918). Plants
resistant to grub damage, such as whi;e clover, red clover, and alfalfa have
aI%o been recommended fbf growing during f1iqpt years (Hammond, 1940;
Chamberlin and Fluke, 1947). Pasture fields of grass, when planted in com-
bination with sweet clover, red clover or alfalfa, demonstrated some repel-
lent effects to adults, and reduced oviposition (Fluke et al., 1932;Fuelileman

and Graber, 1937).

E. CHEMICAL CONTROL “OF WHTTE GRUBS

!

have been made since the 1930's to find an effective chemical

control for white bs and June beetles. Initially, control was diretté@'a%

e

the adults while the}Afé on foliage during the spring. Trees preferred by

.the beetles such as elm, willow, and -oak were sprayed with inorganic insec-

ticides including lead arsenate, calcfum arsenate, sodium fluosilicate, and

‘paﬁis green (Ffuke and Ritcher, 1935; Travis 1936; Andre and Pratt, 1936; -

Andre 1537; Travis and Decker, 1939; Hammond, 1940). Lead arsenate provided
better cont;o1 of the adult in most cases, and fts efficacy’agai;;; white

grubs also led to its recommendation for use on turf (Luginbill and Chamberlin,
1538; Neiswander, 1951), When lead arsenate was mixed with sand, protection

of strawberries was achieved with 1ittle phytotoxicity (Kerr, 1939, ,1940, 1941;
Hammond, 1940; Marshall, 1951). A similar mixture provided contrp} gf white

-

grubs in young hemlock plantations (Schwardt, 1942),
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. S Control of Phyllophaga spp. grubs using 565T fumigants was studied
. ' ) ‘ . . ; i
b , as a possible alternative to lead arsenate. Ffumigants such as dichlorethyl- ]
. —_—

ether, methyl bromide, ethylene dibromide,AEarbon disul fide, chloropicrin,

and paradichlorobenzene were used on tuéf and in nurseries (Johnston and

o .
v Tt £ S 2k

]

Eaton, 1942; Ritcher and Jewett, 1942} Schwardt, 1942; Hammond, 1945, 1946).

Chloropicrin provided good grub control but its cost and phyt°t°X1City<2:EE,,//’<:i:::
N - 7 ” I -..)/’/
er to_apply,
I 4

n and Eaton, 1942). The development \

it unfavorable (Hammon§1,1946);@’Parédichfarabenze
R S - S S ey

SIS

7Mﬂyﬁ/,/w~f/”“fﬁ . ";,rwf/
ljﬂﬁfrgggglgnfiuneslwer slower

—of benzéne hexachloride (BHC) and DDT as insecticides in the 1940's saw a new r

series of studies using them ag foliar.sprays to control the—adults, and also

Ing rsprays to control
) : s . / - '

as soil insecticides against the grub. Both chemicals, when applied to the
/”/. .

'foliage independently, provided good beetle control (Hammond, 1947, 1952;

Marshall, 1951). Control of white ‘grubs in pasture, using BHC, was achieved
: N T

. . .//
in studies conducted by Hammond (1947, 1949), However, sim1lggﬁjanAJS/IIL//,//f/”////

et T

. Switzerland on cockchafer gru9§ﬂproduced»oppU§¥fEtféégigg,4saufﬁﬁ?r§£j;l,.‘
e *""19M55fu1,1y to contro]zlé‘rubs in bluegrass law‘
(P&fs. i964) and red pine nurseries (%owler and Wilson, 1971b, 1974). Other .
" chlgrinated hydrocarbon in§ectiéides such as dieldrin, heptachlor and endrin
were also found to be effective on bluegrass lawns (Pass, 1964) and wheat
(Burkardt, 1955; Daniels; 1966, 1971), Chlordane Was %irst used agg%nst \
white grubs in 1948, but was found to be ineffective in various soils (Mar- -

shall, 1951; Hammond, 1952).

]




12
°
Recent legislative restrictions on the use of persistent ch]oriqated
hyd?ocarbpn insecticides for crop protection have reduced the number of
chemicals available for white grub control, and testing of alternatives has
been mainly with carbamate and organophosphoros insecticides. Certain orga-
/’//’/’/,////,,//’/nophosphoros insecticides used by Pass (1964) showed comparable confro1
- effectiveness to some of the better chlorinated hydrocarbons. Diazfnon,

e

when applied to clay-loam planted with wheat and grain sorghum, showed a- ~

/_/
lower control level than the chlorinated hydrocarbon insecticides (Daniel,

, 1966, 1971). Contrary to these findings Frankie et al. (1973) recommended

the use of diazinon in a granular f@rmulatﬂﬁﬁ;?ﬁézwhite grubs in lawn infest-
ations, Effective cgn;;giiﬁé§>ﬁéﬂqg;;; in grain sorghum and wheat using app-
e
e
- lications-of fensulfothion, diazinon and carbofuran (Teetes, 1973). Chlordane

e s
P and heptachlor were not effective, possibly due to a degree of resistance

@

r")

haVing developed (Teetes, 1973, 1975). A new technique developed by Fuchs et
al. (1974) for detérm1ning insecticide efficacy against white grubs,

Phyllophaga crinita, indicated effactive control using fensulfothion, diazinon,

fonofos and carbofuran: An experimental organophosphoroate, CGA 12223, was
reported tojbe the most effective insecticide fin greeqhouse testing by Rivers
et al. (2577).].%ike et-al. (1978) demonstrated resistance of white grubs to
ch1orina;éd hyd;ocarbons and showed carbofuran to be the most toxic soil in-
secticide testgd against second and third- instar grubs., Recent field ?ork
on Barmuda grass in Florida, by Reinert (1979), showed consistent control of

- £
-~ white grubs with carbofuran, fonofos and isazofos. Lim et al. €$§80) found

]See appendix N,
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fensul fothion, fofiofos, isofenphos and WL 24073 to be most toxic fo third- -

instar grubs, Phyllophaga spp; ! Fensulf{thion, applied to estab/lished fescue

and Kentucky bluegrass for control of European chafer (Rhizotrogus majalis),

controlled populations 100% the first year and between 70 and 100% the follow~
-ing year (Tashiro et al., 1981), Diazinon, though not significantly diffe-

rent from the fensulofothion treatments, reduced populations by 89%,

F. PRESENT CONTROL RECOMMENDATIONS IN EASTERN CANADA

]

Both Quebec and Ontario Ministries ofﬁAgriculture presentlyvrecom-
mend the use of preventive measures to avoid heavy losses caused by white
grubs. Producers are warngd not to plant Qegetab1es on lanq that has been
in grass sod for two years or more, especially fn the year following a flight
year {Anonymous, 1979, 1981a, b, ¢, d, e). The statement made by the Quebec
government (Anonymous, 1981a), that there is potentially no damage to stipw-

{ berries nor a need to treat fields previou§1y worked aver and used for a cul-

tivated crop, could be mi§1ead1ng. A case reported by Kerr (1940) showed the

. presence of a white grub infestation (Phyllophaga spp.) 1n:strawberr1es which

had been planted,in a field previously used for a -number of crops planted
i

in rotation for two years. White potétoes, sweet potatoes and wax beans were
planted with a cover crop of rye prior to tﬁe s:rawbenries. Severe damage to
corn.planted in two fields which conta1qu soybean the previous year, and also
a' field that had been planted in corn two consecutive years, was caused by

white grubs in I1linois (Bigger and Blanchard, 1955). A local case occurred

<
4

1 See appendix N.
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during the summer of 1979, étuPierreville, Quebec. Second year, third-instar
grubs were present in damaging numbers in a strawberry field that was in its
third year of growth. The above cases would indicate that eggs were laid in
fields other than those with a grass cover.

| Onta}io presently recommends the application of chlordane, a broad=s
cast application at a rate of 5.6 to 9.0 kg Al/ha, if vegetables must be
planted in newly ploughed land (Anonymous, 198Te). Higher‘rates are required
in heavy soil or when populations are higher. However, chlordane may not be
effective especially in heavybinfestations, as was the case in many straw-,
berry fields in the Pierreville region during the § r of 1979. Chlordane
had been applied as recommended by the Quebec goverrnment for the protection
of strawberries at a rate of 9.0 kg Al/ha a f;w days prior to planting and
immediately after, to a depth of 10 to 15 cm (Anonymous, 1981a). In the
state of New York, diazinon applied at a rate of 6.7 kg Al/ha, or 2.2 kg

Al/ha of chlorpyrifos are recommended against white grubs in turf.

e

Y

PR T Lo WP




/1

ITI. FIELD COLLECTION OF ADULTS AND GRUBS OF PHYLLOPHAGA SPP,

Y . A INTRODUCTION

1

Large numbers of test organisms of maximum uniformity are required
for conducting accurate biological assay (bioassay), where the potency of
a stimulus can be measured by recording the occurrence of a pre-determined (

response in a test population on a graded exposure to the stimulus., Since

Phyllophaga spp. have a three year life cycie, laboratory culturing of large,

uniform populations for bioassay is difficult and largely impractical. At-

tempts at rearing white grubs individually in the field‘and in the laboratory

have all given poor results (Miner, 1948, 1952;Desai and Patel; 1965;Ritcher,
1940; Reinhard, 1946; Toohey, 1977 unpubl. thesis). Consequently, the large
number of specimens needed to carry out the experiments described in the fol-
lowing chapters had to be collected from wild field populations,

B. COQLLECTION OF WHITE GRUBS FROM TURF FARMS

1

i’hzﬂoghaga grubs are found to occur sporadically in areas of pasture
and abandoned farm land, where they feed on the roots of grasses. Randomly
over-turning of sods and analizing of the roots and soil to a depth of approx-
imately 10 cm, in an attempt to collect sufficie}xt numbers of grubs, was te-
dious and often unproductive, A method for collecting larger numbers of grubs

was attempted by K.P, Lim and W.N. Yule n the summer of 1977 (Lim, et al.

15
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10973). A tractor—qounted plough was used to over=turn the sod on a.fiegd
known to be infested at Nicolet, But it was found that the plough destroyed
or mutilated many grubs and exposed them to:sunlight and predators in theﬂ
period between ploughing and go1lécting. This greatly reduced the number of
healthy grubs that could be-collected using this mefhod. |

‘

.Surveying for’adult beetles using light traps distributed in the Mon-

i

treal area during the Spring'of 1978, revealed the presence of large localized

populations of June beetles, and further investigation of the soils of several
-

large turf farms in the Mirabel regiop revealed infestations of second-instar

."white grubs in fields not treated witlg insecticides. Large numbers of Jarvae

were easily collected without injury as they were exposed hy-a mechanical turf '

¢utter (Figures 1 and 2), as it cut and rolled the top 4 c:n of sod and soil.
The grubs were collected by hand and placed in a cooler to protect them from
excessive heat and direct sunlight. This technique was found to have the fol-
lowing advantages and ﬁ%@ﬁed for collecting grubs early in the summers of
1978 and 1979. o
1) Since white grubs are found in sporadic groupings-througfiout /any

par.-ticu”lar field when infestatfc;ns are moderate (Lim, 1979), the mechanized
remaval of turf over large areas exposed pockets of grubs, which might not
have been Tocated using random diggin'g.

* 2) The iurf was cut just above tlhe level at which the grubs were feed-u

ing and was rolled up mecha}nically‘, thus exposing uni;lju‘red grubs on the fresh

soil surface (Figure 2).
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FIGURE 1: A small turf cutter used at Mirabel.

FIGURE 2: A Field ‘'at Mirabel where white grubs were collected -~

as turf was removed.
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3) Large numbers of grubs (approx. 300-400/day) could be collected
by only two worker§, éﬁd fewer grubs were destroyed than with a plough.

4) The turf cutter advanced at a pace slightly faster than one could
walk, making it possible to collect the grubs as they were exposed, thereby
lreducing the time they were in direct sunlight. '

5}%li§f grass is norma11y irrigated dur1ng periods of dry weather to
ensure that it is in good condition for easy cutting, and also to sustain 1t

in delivery. This provides an ideal environment for white grub survival near

-

the surface.

[

C. COLLECTION OF WHITE GRUBS IN STRAWBERRY FIELDS

-

in the summer of 1979, a 1,0 ha strawberry field (Figure 3) To-
Jefiir white grubs (personal communication, C. Ritchot and C. Tur-
[ Jhe hand-puliing of strawberry plants revealed the presence of
as many as 6 grubs feeding on each plant (Figure 4). A visual comparison bet-
ween healthy plants (Figure 7) and those attacked by white grubs (Figure 8),

showed a scorching of the Teaves, the absence of the many secondary root},
/

jrth of Pierreville, Quebec, was found to be infested with seéong‘a

and in advanced cases, 1oss of the main root and crown which caused the death

" of the plant. Grubs were found in the top 10 cm of soil and were easily turn-
' »

ed up using fork-spades and 3-pronged hand cultivators (Figure 5). Grubs were

p]aced in soil-filled flats and kept in a cool place until transferred to

&

boxes for transportatwon to the 1aboratory
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FIGURE 3: The strawberry field at Pierreville where white grubs

were collected in 1979,

FIGURE 4:. As many as six third~instar white grubs were found

feeding on the roots and crowns of strawberry plants,

Pierrevﬂ]’g, 1979.
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FIGURE 6: Grubs were placed in flats and covered with soil to

protect them from tﬁ?sun during collection,
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FIGURE 7: A healthy strawberry plant. L. .
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FIGURE .8: A strawberry plant showing heavy damagé caused by ‘
feeding of third-insfar white grubs, TN ‘ d
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D COLLECTION OF ADULT JUNE BEETLES

élackh’ght traps were used to collect adult June beetles. Ward's | i

4-baffled insect traps (Ward's Natural Science Es:tabHshmént. Inc., Rochester,
N.Y.), were'fitted with 8 watt blacklight fluorescent tubes. A galvanized 1
steel collecting funnel (upper d1ame‘te:~: 30 cm, funnel opening: 3.5 cm) was
attaxched.to the 'base of the coHeéting trap and e; cone was tied to the top to
prevent rain from entering (Lim, 1979). A nylon bag was attached to the fun-
n;ﬂ base to collect ‘the beetles alive. The traps were Suspended at approxi-
mately 1 m from the ground when ™ operation. In 1978, traps were located in
the Ste. Ame de Bellevue area, and in 1379 traps were operated in the county
of Nicolet., The bags were removed every morning and plaqed in a cool place

1

til remdved to the laboratory.
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Iv. INSTALLATION AND CALIBRATION OF A POTTER SPRAY TOWER i

o

- A, INSTALLATION 4

T . ' 4 : 7
T — « \

ke S

A Potter spray tower was® purchased from Burkarq Manufacturing Co.,
Ltd., Rickmanwortr;, Herts., England, for laboratory screening of insecticides. i
InstaHaEion and operation.methods wer(g studied during a visit to the Soil
Laborat?ry, P\esticidef‘Research Institute, Agricultu\re' Canada, London, Ontario
in 1978 \by kind arrangement with Dr. C.R. Harris.' The tower was installed
within alfume hoed (Figure 9) to remove toxic spray and fumes given c;ff du-
ring operation. The apparatus was set up for use according to the instruc-
‘tions of its designer (Potter, 1952). AdjuStments were carried out to level
and centralize the spray tube, spray table, and atomizer, to performance spe-
ci fications‘of the makers (Diagram 1).
?tudies by P?tter’ (1952) showed the apparatus capable of repeatedly
giving ;men distr}bution of spray deposit over a target 9 cm inzameter,
uéni.ng both distilled water ;‘ind a light petroleum oil, Similar tests were
carried out, and minor adjustments made period'i caH‘y to calibrate and check
~ for uniform di;ri bution of insecticide on the surface exposed below the tower.

A central compressed air line was connected to the tower's air cylinder and

atomizer, and line pressure was found to be relatively constant,(80 * 0.5 cm

merclry) measured with an open-end mercury manometer and a pressure gauge .

supplied on the tower. Air supplied to the atomizer was filtered and pressure

‘ . 217" SR ?
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FIGURE 9: Potter spray tower installed in a fume hood to remove

. toxic.spray and fumes when the tower was operated.
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DIAGRAM 1: P%tter Spray Tower.
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\
was reduced twice using needle valves, from line pressure of 80 cm of mercury

to approximately 40 cm and finally to 28 cm (nozzle operating pressure) as

shown in Diagram 3. A modification to the air line system (Diagram 3) was

madé€” to ensure a constant, reproducible pressure when spraying. The platform

cylinder’s air line was separated from the nozzle line to prevent a slight

# o N el SR R R R R kS i e

drop in pressure.oécurring when the spray table was raised. An on-off toggle

EYR

valve was also installed in the atomizer line (Diagram 2) to provide a rapid
release of air and thereby reduce any gradual b%ild-up of pressure when spray-

ing sti;ted, which could éhange~the droplet specfrum emitted.

1

B. CALIBRATION

t

The air pressure level was set at 28 cm of mercury (approximately 5
PSI). The test fluid was measured using a 5 mL pipette into the reservoir of
the atomizer. The spray table was lowered and a 91cm diameter Petri dish con-
taining 4~ 2.56 cm diameter cover slips was p]acea on it and returné& to the
spray pogitioﬁﬂ The atomizing air stream was turned on using the toggle valve,
and the fluid was sprayed down the cylinder. When all had been atomized, the
'compressed air was turried off and the table Jowered to remove the cover slips
after 15 seconds had elapsed. The position of the 1ﬁgividual cover s1ips was
recorded, and the,weight of deposited fluid was cajcdla}ed b& suStracting the

. 5
weight of the preweighed cover slip from the total. Standard errors.(Steel

\

\qggﬁa Torrie, 1960) were calculated on each single deposit, mean of the depoéits
] .
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DIAGRAM 3:

Bottom view of tower.
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B to manometer
o _ 4
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at one position, and of the mean of the deposits in one test. Values were
obtained using distilled water énd also a mixture of olivé 011 and acetone

in a ratio of 1:1. In the case of olive 0il and acetone, the weights ob-
served were that of the 0il deposit only because of the rapid evaporation of
the acetone. The standard errors were acceptably low (less than 5 percent),
indicating that deposit uniformity and reproductibi]ity were within the spe-
cifications recommended by Potter (1952), and were consistent with both water
and qlive o11-acetone. Positional weights as we11 as calculated standard

errors are given in Tables A to 5.
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. TABLE/}: Distribution of deposit using water,

o

* Measured by obtaining the weight of \water deposited on 256 mm cover slips
placed in a 9 cm glass Petri dish. Gap; 1.25 cm, 5 mL of water sprayed at

a pressure of 48 cm of mercury.

Position of cover slip

Test number Rear  Right front Lefit- front  Centre Mean (mg)
1 3.4 3.1 2.6 2.7 - 2,95
2 3.1 2.7 . 3.0 - 4. 3.23
3 34 3.8 :3.0 4.0 3.55
4 3.6 . 3.0 4.1 ‘ 3.6 3.58
"5 3.4 1.8 2.3 32 343
Means 3.3 - . 3,28 3.20 3.52 3.35

Standard error (S.E.)of a single deposit « 0,10 = 3:07% of mean,
S.E. of the mean of five deposits at one position 2.0.07 = 2.06%
S.E. of the mean of four deposit§ on one test = 0.12 = 3,49%,
' \
e
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TABLE 2: Distribution of deposit using water.

Measured by obtaining the weight of water deposited on 256 mm cover slips
-placed ;n a 9 cm glass Petri dish, Gap, 1.25 cm, 5 ml of water sprayed at

a pressure of 48 cm of mercury. j

- Lo

Position of cover slip

Test Number Rear  Right front  Left front Centre  Mean (mg)
1 4.1 3.7 4.0 4.4 4.05
2 3.8 2.6 3.4 3.7 3.38
3 4.0 2.5 3.8 3.8 3.43
4 3.4 3.5 2.9 4.1 '3.48
5 2.6 . 3.5 3.9 4. 3.50
6 3.9 3.1 3.1 3.9 3.50
Means  3.62 1.15 3.45 4.00  3.56
S.E. of a single deposit = 0,29 = 3,07% \

S.E. of the mean of six deposits at one‘pos1£1on = 0,12 = 4,98%
S.E. of the mean of four deposits on one test « 0,10 = 2.82%

e g b b kot 1k
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TABLE 3: Distribution of deposit using water

* Same conditions as described in Tables- 1 and 2.

"

o Position of cover slip
Test number Rear Right front Left front Centre Mean {mg)
T 3.4 2.5 3.4 W g.w
2 ) R 2.4 2.8 3.2 2.88
3 2.8 2.7 2.5 3.2 ' 2.80
4 4'2.9“ o ad 2.6 3.4 2.80
5 3.0 2.4 2.6 . 3.4 2.85
6 3.4 \13\ 30 35 3.30
Heans R 2.67 2.82 3.28  2.97

S.E. of the mean of a single deposit = 0.07 = 2,49%.
S.E. of ‘the mean of six deposits at one position « 0.14 = 4.62%,

S.E. of the mean of-four deposits on one test = 0.09° = 2,97%.

3
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TABLE 4 Distribution of deposit using water. '’

Measured by obtaining the weight of wr;ter deposited on cover slips placed
in a 9 cm glass Petri dish, Gap, 1.25 cm, 5 mL of water sprayed at a

pressure of 25.5 cm of mercury.

-
- «

Position of cov;r slip

¥

. Test number . Rear ~ Right front Left front Centre  Mean (;ng)

' 1 . 1.6 105 . - 12.3 127 11.78
.2 L2 0.8 182 NS
3 P IR T L 2.5 . .90
4 12.6 1z.j 1.5 123 12.13

.5 e, A0S L9 13,0 11.80 |

6 1.8 1.3 1.2 920 1.0
7 ’ 127 .. 1.0 Co2.2 12.4 - 12,08
8 12.3 11.6 ST 27 12,00
9 12.2 1.3 . 1.8 0 12,9 12,05

10 12.1 12.1 2.3 T 132 2.3
 Means 1213 . 11.38 11,69 '12.6 11.95

S.E. of a single deposit = 0.10 = 0.84%.

L

S.E. of the mean of ten deposits at one bosiiion x 0,27 = 2,22%.

S.E. of the mean of four deposits on one test = 0.08 = 0.63%,

Pt vtk
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TABLE 5: Distribution of deposit using acetone and olive oil.

Measured by obtaining the weight of olive o1l {applied in a 1:1 ratio with
acetone) dep@sited on 256 mm cover slips placed in a 9 ¢m glass Petri dish.’

-

Gap, 1725'cm, 5 mL of §olvené-sprayed at a pressure of 27 cm of hercuny.

«

Position of-cover slip

' . Test number‘A ‘ Rear Right front Left front  Centre 'Mean'(mgi
y 1 6 . T4 . 10 - L3 133
| 2 1.3 1.5 1.1 1.1 e
3 1.4 B IR 1.6 1.53
4 . 1.6 1.4 1.4 1.5 1.48
(5 ‘1”.3 1.0 1.3 1.3 123
6 1.7 1.5 .2 15 1.48
7. 1.5 1.2 1.4 1.4 1.38°
8 i5 1.3 1.2 1.4 1.35
s 9 - 1.2 1.3 1.6 L3 L%
0. A 1.2 2 12
cu Means 1.43, | 1.36 S0 1.29 1.26 1.36

S.E. of the mean of ten deposits at one position = 0.03 = 2,10%:
“S.E. of the mean of four depbsits on one test = 0.034 = 2,45%,

——-‘«-.—
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V. CONTACT TOXICITY OF INSECTICIDES TO FIELD-COLLECTED

JUNE BEETLES

A, . INTRODUCTION

Early attempts to control white grubs were directed at the adult
'stagé, or June beetle. Andre (1937) demonstrated that, in field applicat‘lons.ﬁ
Paris g?een caused higher mortalities of beetles than did acid lead arsenate,
ca]cfiim arsenate, and sodiuml fluosilicate. Evidence was found by Fluke and
Ritcher {1935) that lead oar:senate sprays provided protection from defoliation
of oak in Nisconsi'n. This was substantiated by laboratory tests using leaf

B ¢
sandwiches containing lead arsenate (Travis, 1936), and later in field tests

. conduct;d by Travis and Decker (1939), where lead arsenate applied to foliage
caused an 80% mortality compared to 30% with calcium arsenaté, Hammond 1{1947) '
studied the effectiveness of DDT sprays and dusts, BHC, and’a combination of
DDT and BHC applied to both the soil and foliage. DDT sprays were shown to
be the most effective, JContrary to observatior;ns by Andre and Pratt (1939), /

” indicating a higher susceptibility in males, Hammond (1947) found no diffe-
( rences in mortalfty with the sexes,, Further tests by Hapmond (1952) showed [
BHC was effective in eliminating first-year white grubs when applied to the
soil near and under trees, at a rate ?f 20 pounds per acre. o |

4 Recent restrictions on the use of chlorinated hydrocarbon insectici-

des have stimulated efforts to find alternative controlling chemicals. However,

41




the feasibility of controlling June beetles is questionable due. to their wide
range of food sources (Clark and Hoveland, 1938), and their low population
densities (H. Tashiro, personal communication). Recenf work by Bindra and

o

Singh (1971) on Holotricha conquinea, an oriental species closely re]éted to

the genus Phyllophaga, showed carbaryl at 0.1 and 0.2%, and fenitrothion at
0.05 and 0.1%, to be effective control agents when ;pp1ied to foliage. Lack
of information concerning the toxicity of other currently available insecti-
cides on Phyllophaga prompted the present investigation, which™included the

adult stage fgr completeness.
¢ )

B. MATERIALS AND METHODS

“Two experiments were conducted in the summers of 1978 and 1979 using
June beetles. The beetles were trapped alive using a modified Ward's light
trap (Lim, 1979) and were stored at 5°C until sufficient numbers of insects

-

were accunulated or a test to be made.

~ Experiment 1: Adult stage Phyllophaga sp;?\W§we,§gllected in the area
surrounding Ste. Anne de Bellevue, Quebec,‘during the first weeks of June 1978,
The beetles were refrigdrated at 50C then transported by air in a cooler by‘
the author to the Soil i&ﬁorg;ony Pesticide Research Institute, Agriculture
Canada, London, Ontario, where they were sprayed June 21. The beetles, upon
arrival, were placed in cages, supplied with water and hekd overnight at 219C.

The 14 premium grade technical insecticides 1isted in Table6 were dissolved

]
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1
in a mixture of acetone-olive oil (19:1) and applied topically using a Potter %

Spray Tower (Harris and Mazurek, 1961). Two replicates of 5 June beetles

were sprayed with 5 mL of a 0.01% weight/volume solution of eq;h inpecticide
at a pressure ‘of 48 cm mercury. Duplicate controls of acetone-olive 0il only %
wé;e included in ihe test, Treated insects were placed in cardboard cartons 4
and held 24 hours at 279C, 65 %5% RH and 24 hours of Tight. Each beetle was
inverted, placed -under a bright 1fght and prodded gently with pointed forceps,
and any showiﬁg a movemené,response of any appendage, was counted as alive.
Experiment 2: Beefles were collected during the last week of May and
the first week of June, 1979, in Nicolet county, Quebec. The accumulated
beetles were stored in the same manner as described for experiment 1. The
beetles were sprayed June 9 at Macdonald Campus using a Potter Tower at a
pressure of 28 cm mercury. Four replicates of 5 insects were sprayed ﬁyth a
series of five concentrations of diazinon, fenvalerate, a;d cypermeth;in as
well as an acetone-olibe 0il control. The concentrations used were 0.005,
0.1, 0.2, 0.4 and 0.8% weight/volume. ,
Mortalities were determined at 24 and 48-hour post-treatment (Appen-
dix A and B); and values were corrected for natur;1 mortality in the controls
using Abbott's formula (Abbott, 1925). Because June beetles feign death,
only insects that attempted to grasp or pugh away a probing instrument were

considered alive after exposure for 3 minutes under a 150 watt incandescent

lamp.

-



C. RESULTS AND DISCUSSION

Only 5 of the 14 insecticides tested on the adult stage in 1978 pré-
duced mottalitiés greater than 60% at a concentration of 0.01% weight/volume
(Table 6). The experimenta]KChemicql WL 43775 killed 100% of the test beetles
after 24 hours. The infecticide CGA 12223 also produ;ed a high mortality of
87.5%, but hqs sjnce been withdrawn from the market. Fensulfothion and chlor-
pyrifos showed similar contact toxicity (75%) and the remainder of the chemi -
cals showed Towér toxicities at the 0.001% concentration testéd. Determination
of LD 50 values could not be made in the 1978 test due to insufficient numugip
of beetles. # . .

Natural mortalities in treaﬁpents were corrected using Abbott's formula
{Abbott, 1925) and a regression lihe for each chemical tested was calculated.
Mean lethal doses of LD 50 were calculated with fiducial Timits at the 95%
confidence level. The mortality response was plotted on probit log-dose paper.
Probit analys'is was carried out with the aid of a computer program available
from Statistical Analysis Systems at the McGill Computer Centre. Using data
obtained fﬁun bioassay tests, the program'génerated the equation of the best
line, giving the slope and Y 1ntercep£ (example: Appendix L and M).

ﬁithin 15 minutes after treatment, beetles sprayed with the pyrethroids
(Tab]e 7) showed accelerated movément and regurgi%ation. Results from topical
' app11ca£ion of diaz}ﬁbn, cypermethrin, and fenvalerate pré@uced significantly

targe Chi-square values for heterogeneity. It is believed that the variable

Lol
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TABLE 6: Percentage mortalities produced by 14 insecticides tested at a
" concentration of 0.1% w/v on June beetles, ‘Phyllophaga spp., 24

hours post-treatment, 1978,

Insecticide % mortalityd Insecticide % mortalitya

WL 43775 100.0 Terbufos 25.0
CGA 12223 . 87.5 Fono fos 25.0
Fensul fothion 75.0 Isofenphos1 25.0
Chlorpyri fos 75.0 Dieldrin 25.0
Diazinon 63.5 ' WL 41706 25.0
WL 43467 ‘ 50.0 Permethrin — 12.5
Chlorfenvinphos 37.5 WL 24073 0.0
: -

Ld

a average mortality of two replicates, corrected according to Abbott's

formula  (Abbott, 1925). '

» f

(Reder to Appendix N for chemical structures and trade names )
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response to standardized treatment shown by the beetles  (Appendix A and B),
‘which inflated the Chi-square values, was possibly caused by several factars.

Beetles were collected over several days from field populations thereby af-

4 @

facting their physical condition, feeding status prior to capture, age; ﬁnd

OB s b maent] 3 WLttt P G A S g

Ry

sex. Because of the erratic response, variances were multiplied by a hetero-
. geneity factor. Results of this experiment are questionable because of_ the
large Chi-square values. A Targer population of beetles tested against a
broader concentration range of chemica]sfwould be required to distinguish the
causes of the heterogeneity. . |

The adult population used in 1979 was highly susceptible to allc three

f

chemicals tested; LD 50 values were calculated where possible. Because of
high toxicity levels produced by cypermethrin, an accurate Ld 50 value could
not be calculated, ﬁowever, LD 50 values were determined for diazinon andh
fenvalerate at 0.1 and 0.04% respectively (Figure 10), and corcentrations re-
quired to ki1l 95% of the population using diazinon and fenvglerate were ap-
proximately equal (Table 7). This clearly shows that théég new pyrethroids
are very effective in kfﬁ]ing Phyllophaga spp. adu]ts.g Resu]ts'48 hours post-
téeatment showed variability in mortality response, and consequently higher
Chi-square values. Calculated LD 50 values 48 hours post-treatment showed a-
decrease in the dosage required to control the adults (Table 8).

The féasibf]ity of controlling June beetles ig small due to: 1) large
feeding range; 2) varied host preferences; and 3) Tow population densities.

A
As shown by the results obtained by this experiment, thekthree insecticides

S /ﬁj
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FIGURE 10: Log-dose/probit lines for topical applications of
‘ diazinon and fenvalerate to adult beetles 24 hours
post-treatment (1979, see a1Aso Table 7).
Q
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TABLE 7: Mortality date on Phyllophaga spp. sprayed with 3 insecticides diluted with acetone-olive -

oil and applied using a Potter spréy tower)gt a pressure of 28 cm(ﬁlnmrcury, 1979.

.

(Refer to Appendix A and B)

s

Insecticide ?ﬁriog Chi-square df Prob. Slope %Lgogg, Eggggial lzgzzi %Lgoﬁg_

Fenvalerate 24 5,599 3 0133 1.180 0.4 0.8 0,02 - 1.09
t = 1.9 '

Diazinon 24 3.144 3 0.370 1.626  0.10 - 0.16 0.05 1.03
t = 1.9

Cypermethrin 24 37.642 3 0.0001 0.854  0.02  -- -~ . 1.78

t = 3.18 . &
H = 12,55 a

Prob.: Probability greater than\ghi-square.
t = value used to compute fiducial 1imits -at 95% confidence level.

H = heterogeneity factor.
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TABLE 8: LD 50 values calculated from date .on sprayed adult

Phyllophaga.
~  (Refer to Appendix A and B)

Insecticide Period Chi-square

LD 50 values
HOURS % conc.
Fenvalerate 24 5.599 0.044
48 8.666 0.003
Diazinon 24 3.144 0.100
‘ 48 10,644 0.057
§
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\
tested provided very good control of the adults treated, however further
testing using larger populations and in the case of cypermethrin lower con-
centrations, would permit a more accurate dose-mortality response determina-

tion,

“
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VI. LABORATORY EVALUATION OF CANDIDATE INSECTICIDES FOR CONTROL

OF SECOND-INSTAR WHITE GRUBS

A. INTRODUCTION

s

Lgboratory and field insecticide studies have been conducted in the
past to assess the efficacy of ar;senfcals and organochlorines against. various
whitg grub populations (Kerr, 1941; Hammond, 1949, 1952; Marshall, 1951;
Burkardt, 1955; Fowler and Wilson, 1974). Apparent resistance of certain
Phyllophaga spp. to chlorinated ~hydroc}:r‘bons has been demonstrated (Teetes,,ll‘
1973, 1975; Fuchs et al., 1974; Pike et al., 1978). Environmental persistence
of chlorinated hydrocarbons and the development of resistence, has resulted in
their removal from the‘ registra'tion Tist for white grub c})ntrol in crops.
Little research has been done on white érub control» using organophosphoros
and carbamate insecticides. Field testing in §orghum and wl;%at, condructed by‘
Teetes (1973, 1975), showed diazinon, fensulfothion and carbofuran to be effec-
tive in reducing grub populations. Artificial 1nfestations in sugarcane plots
were used by Fuchs et al. (1974) to &gtermine the a‘ctivity of several sofl
insecticides, In addition to diazinon and carbofuran, they found fonofos ef-
fective in controlling grubs. Relative toxicity tests of soil insecticides -
on white grubs showed carbofuran to be the most toxic to second and third-in-
tar grubs (Pike et al. ,’19-78). Application of carbofuran, fonofos and 1sa}o-
fos to Bermuda grass rec;uced population levels in a white grub éomplex'tested

in Ftorida (Rednert, 1979).
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Topical toxicities do not recessarily reflect insecticide activity
in soils, The influence of soil type and moisture on the toxicities of in-
secticides applied to soils wasﬁemonstrated by Harris and Mazurek (1966);

Harris (1972). Further studies demonstrated a general reduction of a chemi- }

cal's activity when applied to the soil, as opposed to direct contact activity

(Harris and Mazurek, 1966). These differences ip efficacy are studies by
i .
comparing topical and soil applications. The.assessment of the activity of

e b LA ot 410

caggidate materials in the soil can provide information towards choosing an

PECY

T

effective insecticide for the control of white grubs under different field

'

conditions.

D Be et oty o

B. MATERIALS AND METHODS | . ’

I. Fipst Year, Second instar white grubs.

First year, second instar grubs were collected from a sod field in

Mirabel during the summer of 1978, .Field microplots, covered with turf, were

P

seeded with the collected grubs by perforating the root mass with a sharpened
stick and dropping a white grub in each hole. This procedure ,was; undertaken
to maintain healthy grubs for testing.. The grubs were removed from the micro-

plots using a soil screen and were then moved to the laboratory for testing.

5) Topical application

adni R it ] s e RV L

Two replicates of 10 insects each were sprayed with a 0.1% solution

-

of the following insecticides: dixazinon. iso'fenphos, fenvalerate, fensulfo-
4.

thion, azinphosmethyl and permethrin, The solvent used was a mixture of
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olive.oil and acetone in a ratio of 1:19. Because the technical grades of .
the various ins'ect'icides avaﬂagb]e‘ were not of consistent purity, equivé]ent
proportions of stock insecticides were used to ensure a 0.1% w/v con‘centraﬁ
tion of active ingredient. Healthy insects wére selected ?or testing; ten

white grubs were placed in a 9 cm Petri d:lsh 1ined wi‘th a filter paper, and
sprayed under a Potter spray tower, Five ml of 0.1% solutiorlts were sprayed
on each dish at a pressure of 28 cm of mercury. Mortatity ‘counts. using re-

flex response to a probe, were taken at 24 and 48 H (Table 9).

b) Soil incorporation . .

Upland sand was treated with 50 ppm of the following insecticides:

diazinon, isofenphos, fenvalerate, fensulfothion, azinphosmethy! and perme-

thrin. The insecticides were diluted in a solvent containing pentane and
acetone in a ratio of 1:1. The 1insecticide was pipetéed ontov the soil sur-
face of'50 g of sand contained in 400 ml1 glass jars and tumble mixed for 5
min. (Harris and Mazurek, 1966). The jars were allowed to ventilate for' Y
hour to prevent mortalities caused by solvent vapors. Ten grubs were then
added to the soil and allowed to burrow down. The soil soil moisture level
was maintained at 10%°by weight. Mc;rtality counts were made 24, 48 and 72 H
post-treatment (Table 10). .
I1I. ‘ Second;year, second-instar wh1té grubs.

Second-year, second-instar white grubs’ were collected from asod
fi:,eld in Mirabel in the spring of 1979, Due to-the small number of grubs

, available for testing, only two short tests were undertaken. ‘

.
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TABLE 9: Mortalities of second-instar grubs treated with
insecticides applied using a2 Potter spray tower.
Percentage mortality of both replicates combined

(20 insects).

. S cr—
Insecticide , ) % Mortality @
Period (H) 24 48
. Fensu:'lfothion 40 . 87.5
Azinphosmethy] | 30 62.5
Fenvalerate 35 _ 47.3
Dlazinon L 5.0
Iso fenphos K 10 12.5
Permethrin ' "5 0

3 Mortalities corrected using Abbott's formula (Abbott, 1925)
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TABLE 10: Mortalities of“second-insta{g:bs treated with ,’f
| insecticides applied to the soil (sand) containing ﬁ
10% moisture. Two replicates of 20 grubs, soil %
! o cantaining 50 ppm. Percentage mortality of both }
replicates combined. ’
. Insecticide % Mortality @
Period (H) 24 48 72
Fensul fothion 0 15 421 ;
Azinphosmethy1 0 25 36.8
Fenvalerate 0 o 0
Diazinon 5 20 3.8 ;
Iso fenphbs 0 5 26.3. j
Permethrin 0 0 0 !

3 Mortalities corrected using Abbott's formula (Abbott, 1925)

4

D

-~
LSS PV S SPON
.

1T Al

o

P



57

Two replicates of five white grubs each were sprayed with diazinon,
. fensulfothion, fonofos and chlorpyrifos. Three concentrations were applied;

v

0.01, 0.1 and 1.0%. The technical grade insecticides were diluted with a o
mixture of olive oil-acetone (Ratio 1:19). Mortalities were obtained 24 and |
48 H post-treatment (Table 11).

Diazinon and fensulfothion were sprayed on late sechd-instar grubs
using the concentrations indicated in Table 4. Lethal dose 50 values were

calculated for both insecticides using observatiaons 24 and 48 H post-treatment.

t

c. RESULTS AND DISCUSSION ¥

«

Second-instar grubs sprayed with 0.1% insecticide solutions showed
greatest susceptibility to fensulfothion (Table 9). When applied to.sand,
its activity was relatively slow. Only after a period of 72 H did fensulfo-
thion ki1l more grubs than the other treatments. A test using fensulfothion
in sand by Lim (1980), showed a similar reduction in activity. Azinphos-
methyl was two times more effective than diazinon when applied directly to
the Qrubs, however their potencies were sim%]ar; 72 H po§t-treatmeht when
applied to the sand. Fenvalerate, although controlling approximately 50%/of£~
the test insects when used as a contact insecticide, was de-activated when
when applied to the sand. Isofenphos was the least effective of the four “
organogposphates tested on second instar larvae. Permethrin was ineffective

on secdnd-instars both as a contact and soil insecticide.
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( TABLE 11: l*lortaHtiés of second-instar grubs treated wi_’gh diazinon,
fensulfothion, fonofos and chlorpyrifos. Two ’rep]ici@es

of 5§ insects each sprayed with 5 mL of solution using a

Potter spray toggr at air pressure 28 cm of mercury,

’
w ) /
Insecticide Period Conc.% 9 Mortality @
HOURS
Diazinon . 0.01 12.5
Fensulfothion ) C o 0
Fonofos ' : n 0
Chlorpyri fg& 0 A
Diazinon 24 o4 25.0
Fensul fothion 62.5 |
Fonofos ' 0
Chlorpyrifos , ! 37.5
. Diazinon 24 . 1 87.5
Fensul fathion 100,0
Fonofos ol . 37.5
Chlorpyrifos : 75.0
Ay 1 /

Diazinon 48 0.01 ~ 5.2
Fensulfothion / 0
Fonofos . 5.2
Chlorpyrifos 0
Diazinon 48 L0 36.8
Fensulfothion 68.4
Fonofos - 21.0 ’
Chlorpyri fos 68.4
Diazinon 48 1.0 100.0
Fensulfothion 100.0

[ Fonofos ‘ 68.4

4 Chlorpyri fos ‘ 100.0

~
N

& Mortalities corrected using Abbott's formula (Abbott, 1925). '

. 20.0%. S .

8]

Control mortality 24 hours

Control mortality 48 hours = 36.7%.
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Contact testing ysing late second-instar (second year), again showed
fensul fathion to be the mqst effective (Téble 11). Only diazinon showed in-
secticidal activity at the 0.01% concgntrétion 24 H post-treatment. Chlor-

pyrifos at 0,1% was more effective than diazinon but at 1.0% diazinon's effi-

_cacy was greater. This trend continued 48 H post-treatment, however at the

1.0% concentration, 100% mortality was achieved using both. Fonofos showed
ﬁo activity 48 H ;;ost-treatment at the 0.01% Tevel, Approximately 70% of the.
grubs tested using a 1.0% concentration, wer;z killed.

The high cont}act toxicity of fensul fothion agheed with results report-

It has also/bden shown to be

ed by Pike et al. (1978) and Lim et al. (1980
an effective soil iﬁsecticide for controlling P. ¢rinita\(Téete§, 1973; Fuchs
et al., 1974). Control using fensul fothion required a longer period of time
compared to the other effective organophosphates tefted

Lethal dosage 50 values were ca]cu]ated for diazinon and fensulfothion
24 H post-treatment using them as contact insecticides on late second-instar
grubs. ‘The LD 50 for fensul fothion, 0.09%, was three times less that of dia-
zinon, The LD 95 value for fensulfothion was six times less t'ha\t of diazinon
(Table 12), The LD 50 value for fensulfothion 48 H post-treatment remained
relatively unchanged, however the LD 95 d;creased. A detay in toxic action
was apparent, supported by the decrease in LD 50 to 0.07% and LD 95 to 1.02%

Comparisons of mortalities caused by 0.1% concentrations of diazinon

and fensul fothion between first and second-year, second-insta‘r grubs, sho«“wed
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TABLE 12: Mortalities of late second-instar grubs. Two replicates of é
10 Tate second-instar grubs were sprayed with each caoncen- ?
tration using a Potter spray tower at 28 cm of mercury. Five i
4
, mL of solution were used in each treatment. Diazinon was ot §
{ ‘ 4
‘appliedat 0.05, 0.1, 0.2, 0.4, 0.8% (w/v). Fensulfothion was ;
i
applied at 0.025, 0.05, 0.1, 0.2, 0.4% (w/v). ]
' ;
¢
| !
Insecticide . Period LD 50  Upper Lower LD 95 i
HOURS : % conc. Limits (LD 50) % conc. ;
Diazinon 20 - 0.31 2,09 0.3 8.4
Fensulfothion 24 0.09 0.20 0.04 1.39
Diazinon 48 0.07 0.36 . 0.01 .- 1.02
Fensulfothion 48 0.07 0.03 0.03 0.82 :
{
\ z
.> j
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4

first-year grubs s1ightly more susceptible to fensul fothion than diazinon,

4s

and the reverse with second-year grubs.
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VII. LABORATORY EVALUATION OF CANDIDATE INSECTICIDE FOR CONTROL OF

THIRD-INSTAR WHITE GRUBS

A. INTRODUCTION

!
.

Early third-instar white grubs are voracious feeders and are respon-
sible for extensive damage to crops. Because of their increased size from
that of second-instar grubs, a study was undertaken to determine their sus-

ceptibility to several insecticides presently used for soil insect treatment.

B. MATERIALS AND METHODS

Third-instar larvae weYe collected using fork-spades in a strawberry
field approximately 8 km north of Pierreville, Quebec, during the last week
of August and the first week of September, 1979. The white grubs were l
placed in cardboard boxes with a large proportion of soil taken from ghe
field® Because of the aggressive nature of third -instar larvae, numbers of
grubs in each box were kept low to reduce mutilation and further loss of spe-

L

cimens to disease. The boxes were transported to the laboratory and stored

* at 50C in order to slow the metabolic rate of the grubs and eliminate feeding.

Mortalities caused by disease were also reduced using-this method. The soil

was kept relatively moist to avoid desiccation and other stresses in the stock

populations of grubs.
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The boxes were removed from cold storage approximately one hour prior
to treatment (Figures 11 and 12), and hea1thy-lookin§ grubs (free from injury)
and external signs of di'sease) were selected, Acclimatization was kept to a
minimum to reduce the period of contact between grubs and thus reducing inju-
ry due to cannibalism. The.grubs responded quickly to this increase in am-

bient temperature (ca. 20°C), becoming active in a matter of minutes,

a). Topical Application of insecticides

Healthy insects were selected at random and placed 5 to a 9 cm Petri
dish for treatment usiqg a Po%ter spray tower (Figure 13). Técﬁnica] grade
insecticides were used iq formulating the concentrations, and each formula-
tion contained the same relative amount of active ingredient, Concentrations
of 0.5, 1.0 and 3.5% were applied to four replicates of 5 insects ea&h. The
insecticides were diluted in a solution of re-distilled acetone and olive /}/
ofl (19:1) on a weight/volume basis. Five milliliters of insecticide were
atomized at 28 cm of mercury (air pressure) onto each Petri dish containing
the 5 grubs. The insects were transferred to 400 mL glass jars containing
100 g of sand (éigura 14) having a 5% water contant (the % water based on,
oven-dry weight of soil after 24 H at 105°C).v The jars weée covered with a
glass plate and held at 20°C for post-treatment obsérvations at 24 and 48 H

~

perib&s (Figures 15 and 16). Six insecticides; fensulfothion, fonofos, dia-
f

zinon, isofenphos, chlorpyrifos and carbofuran, were sprayed at three concen-

trations, \//”

S
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FIGURE 11: Third-instar white grubs being sorted from soil after

+ storage at 50C,

b

L 5

FIGURE 12: Healthy white grubs selected for _toxfcity tests.

k%

P
—

o e e R,

bow e

D

Mt e has e b



65

s g TR g%»%‘ ;
. e o R ALE TR

B S TP -
gy

e N BT LN

T




R T e b e s A TR .

FIGURE 13: White grubs sorted into Petri dishes for spraying in

the Potter tower.

FIGURE 14: White grubs were placed in jars containing sand with

5% moisture content after being sprayed.

Insecticide incorporation into soils were conducted

usiﬁg the same type of Jjars.

U
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FIGURE 15:

-

FIGURE 16:
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.Standard form used for retording mortalities.

_‘J .

n

White grubs were removed from soil for mortality

determination .
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b). Soil Incorporation of Insecticides

Insectigide activity in three soil types, Upland sand,|Ste. Rosalie
clay and muck, was assessed by procedures similar to those used by Harris
and Mazurek (1966). The insécticides 1is£ed above were dissolved in dis-
tilled n-pentane and pipetted onto 500 g'of soil contained in 910 mL wason
jars. The quantity of insecticide applied depended on the requ;red concen-
tration, and additional pentane was added to each treatment to ensure that
each received the same volume of solvent. )Concentr;tions of 25, 50 aﬂd 100
ppm were used in the sand and clay tests; 50, 100 and 200 ppm were appliéd to
the muck sofl. The jars were hand shaken for 5 minutes’, One hundred grams
of treated soil were transferred to 400 mL jafs and allowed fo ventilate for
orie hour to avoid mortality due to a#fumigant effect of the solvents‘preseny
in the sbill The moisture levels of sand, clay and muck (oven-dry weight?
were ca. 10, 20 and 40% respectively. Five heglyhy white grubs were placed
in each jar and allowed ‘to burrow into the soil, Grubs that failed to burrow
within 0.5 hoqrs were replaced. The jars were covered to prevent moisture
1oss. Mortalities were recorded 24 H post-treatment.

In both experiﬁents, grubs were removed from the jars anq_eqused
for 3 minutes to an 1nc&ndescentxlam§f(150 wat%s) to facilitate mortality ~
determination of grubs. Grubs were considered dead if they failed to:

1) move about freely and, or 2) demonstrate nefiex action to;ards the abdo-
minal region when touched with forceps. Controls comprised of solvent-

treated soils and grubs exposed to the same handling and holding procedures.
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C., - RESULTS AND CONCLUSIONS
2 .
a). Topical Application of Insecticides '

. Based on mortalities produced by the topical application of six

i?seciicides on the third-instar white gr'tibs (Appendix C and D), fensulfo-

2
4

), .
thion was the most toxic with a LD 50 of 0.65% after 24 hours (Figure 21,
Table 13). MWhite grubs reacted to diazinon and chlorpyrifos in a similar

manner, as shown by the slopes of the regression lines (Figures 17 and 19)

© et e S

and com@rable LD 50 )values of 1.21 and 1.28% respectively (Table 13). Al-
though fonofos was on13' slightly less toxic than either of the above, the

shallower slope (Figur; 18) indicated a lower mortality redponse to dosage
increases. The shallow slope of the 1ine representing the\response of the

grubs to isofenphos (Figure 20) demonstrated poor control performance. Car-
!

bofuran caused a 50% mortality at all the concentrations tested 24 hours

H

post-treatment. N

Mortalities 48 hours post-treatment, using fensul fothiofl, were too high
to enable the calculation of a LD 50 (see Appeniﬁx D). Although the LD 50
value of diazinon was not the lowest after 48 hours (Figure 22, Table 13), the

slope was tP\\e steepest of all those cafculated, resulting in a higher percént-

s

age mortalities at lower rates than occurred with the remaining chemicals

tested. Both carbofuran and chlorpyri fos (Figures 24 and 25) had similar LD 50 l“w\

i

]
i
!

values, 0.58 and 0.56% respectively as well as slopes 2.76 and 2,57 respec-

tively. Fonofos was onTy slightly less toxic than cdrbafuran and chlorpyrifos

>
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(Figure 23), having a LD 50 of 0,83%. Isofenphos was the least toxic. to the
white grubs, causing only 25% mortality at 1.5% concestration 28 hours post-

treatment (Appendix D).

In coﬁc1usion, the six chemicals were effective in controlling third

instar white grubs, when applied topically, in the following order: fensul-

- . a My - - .y
T Mt 1, oot A S Bk R AR b s P e 2 e

fothion:>d1azinon:>c5rbofuran and chlorpyrifos >fonofos >isofenphos.

b). Soil Incorporation of Insecticides N
Harris and Mazurek (1966; demonstrated the influence of soil types on i
insecticide activities. In this present study, the application of }ensulfo-
- thion to sand showed a marked delay in actiQity in relation to the other five
insecticides screened (see Appendix E). A coﬁcentration of 100 ppm caused
only 15% mortality im the grubs tested. Chlorpyrifos and diazinon were the
most toxic mdterials at 24 hours post-treatment, when app]ieq to sand, having
LD 50 values of 17 and 14 ppm re;pective1y (Table 14). Although both isofen-
phos and fonofos showed similar mortality to dose responses, indicated by
their slopes (Table 14), fonofos was the more toxic having a LD 50 of 68 ppm é
compared'to 108 ppm of isofenphos. Carbofuran wgﬁ the least toxic of the six f
insecticides te§ted. ﬁit; an LD 50 of 250 ppm 24 hours past-treatment and a |
final percentage mortality of 56% (corrected using Abpqtt's formula (Abbott,
1926)) after 48 hours when %réated with 100 ppm. Variability fn" the mortali- ;
ty response of carbofuran‘applied to sqnd.supported results obtajned in the -
~__ itopical application indicating heterogéﬁeity in the popqlatiog to carbofuran. j

Due to the high mortality rate‘at‘alj the doses tested, LD 50 values were not

AT, 4 ottt s § i it T ARG e A el e
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TABLE 13: Topiéal app}ication of insecticides to third-instar white

| grubs using a Potter spray fower at air pressure of 28 cm
of mercury. Five mL of solution were applied to each repli-
cate.

(Refer to Appendix C and D)

s e

HOURS % Conc, Limits (LD 50)
Diazinon 24 1.21 1.01 1.53
Fonofos 24 1.5 1.01 12.35
Chlorpyrifos . 24 1.28 1.05 1.78
Fensul fothion 24 0.65 ., 0.45 0.82
Isofenphos 24 9.84 2.08 --
Diazinon 48 t 0.82 0.67 0.98
Fonofos ag 0.83 C0.54 . 1.13
Chlorpyri fos 48 9.56 ) 0.19 0.77

Carbofuran 48 0.58 . 0,25 0.78

Fiducial limits (95% confidence level) calculated using T = 1.96

73

- Insecticide Period LD 50 Upper Lower v
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FIGURE 17:

FIGURE 18:

Mortality response of third-instar grubs sprayed
with Diazinon. Probit-log dbse regression line
generated by computer from observed mortalities,
indicated by dots on the graph (refer to Table 1,
Appendix C'and D),

(24 HOURS)
Regression line Y = 4.589 + 5.074X
Chi~square 0.7276
Degrees of freedom 1
Chi-square probability 0.3937
Log LD 50 0.081
- LD 50 . 1.21%

Fiducial limits 1.53% Upper
(t =1.96) 1.01% Lower

Mortality response of third -instar grubs sprayed
with fonofos. Probit-log dose regression line ”
generated 'by computer from observed mortalities,
indicated by dots on the graph (refer to Table 1,
Appendix C and b).
(24 HOURS)
Regression line

Y =
Chi-square 0.0479
Degrees of freedom 1

0

Chi-square probability .8268

Log LD 50 0.161

LD 50 1.45%

Fiducial Timits 12.35% Upper
(t = 1.9) 1.01% Lower
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FIGURE 19:

FIGURE 20:

»

Mortality response of third-instar grubs sprayed
with chlorpyrifos. Probit-log dose regression line

generated by computer from observed mortalities,

> indicated by dots on the graph (refer to Table 1,

Appendix C and D).

(24 HOURS)

Regression line Y = 4,544 + 4,323X
Chi-square, 0.2527

Degrees of freedom 1

Chi-square probability 0.6152

Log LD 50. 0.1055

LD 50 1.28%

Fiducial limits 1.78% Upper

(t = 1.9) 1.05% Lower

Mortality response of third-instar grubs sprayed
with isofenphos. Probit-log dose regression 1ing
generated by computer from observed mortalities,
indicated by dots on the graph’ (refer to Table 1,

Appendix C and D).

(24 HOURS) C
Regression line Y » 3,732 +1,277X
Chi-square 0.0019
' Degrees of freedom 1
Chi-square probabiTity 0.9653
Log LD 50 0,993
LD 50 ° 9,84% .
Fiducial limits = ===e-- Upper

(t = 1.96) 2.08% Lower

N =
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FIGURE 21:

Mortality response of third-instar grubs sprayed
with fensul fothion. Probit-log dose regression line
generated by computer from obs/ehrved mortalities,
indicated by dots on the graph ‘(refer to Table 1, .

Appendix C and D).

(24 HOURS)

Regression line Y= 5710 + 3.80X
Chi-square 0.7403 -

Degrees of freedom : 1

Chi-square probability 0.3896

Log LD 50 -0,184

LD 50 0.65%

Fiducial limits 0.82% Upper

(t = 1.9) 0.45% Lower
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FIGURE 22:

FIGURE 23:

i e aam e T Al ] st
»
K \‘
“

Mortality response of third-instar grubs sprayed
with diazinon.' Probit-log dose regression line
generated by computer from observed mortalities,
indicated by dots on the graph iref'er to Table 1,
Appendix C and D). ; ‘

(48 HOURS) k - !

Regression line Y= 5,434 + 5,092X

Chi-square 0.0284

Degrees .of freedom ] \
Chi-square probability " 0.8663

Log LD 50 ) -0.085

LD 50 “ 0.82%

Fiducial Timits 0.98% Upper

(t = 1,96) ' 0.67% Lower

‘

" Mortality response of third-instar grubs sprayed

with fonofos. Probit-lo.g dose regression line
generated by computer from obser;ve;i mortalities,
'!ndicated by dots on.t'he graph (refer to Table 1,
Appendix C and D). ‘

(48 HOURS)
Regression 1ine Y = 5.234 + 2.795X
Chi-square ‘ 1.5603
' Degrees of freedom o]
Chi-square probability 0.2116
Log LD 50 -0.084
LD 50 0.83%
Fiducial. limits 1.13% - Upper
(t = 1.,96) -0 0.54% Lower
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FIGURE 24: Mortality response of‘ third-ir}giar grubs sprayed

.»Qu

with chlorpyrifos. Probit-log dose regression line C o -

generated by computer from observed mortalities,
- A

_indicated by dots on the graph (refer to Table 1,
‘Appendix C and D).

]

(48 HOURS)
Regression line ’ Y = 5.651 + 2:570X
Chi-square . o 1.3187
Degrees of freedom ° o
Chi-square probability .' (.2508 -
Log LD 50 © -0.2537 T -
LD 50 0.56%
Fiducial limits 0.77% Upper
(t =1,96) 0.19% Lower

FIGURE 25: Mortality response of third-instar ér&bs sprayed
with carbofuran. Probitv-lc;g dose ;‘egrq;.si'on line
-generated by computer from observed mortalities,
1‘nd1cated gy dots on thre'mgraph‘ D(r’efer: to Table 1,
Appendix C and D).
| (48 HOURS)

| 2 . o .
: Regression 1ine Y = 5,660 + 2,760X.
Chi-square 0.3648
Degrees of freedom =~ 1 ’
Chi-square probability 0.5458
Log LD 50" -0.239
LD 50 L 0.58%
. Fiducial 1imits .- 0.78% Upper
: (t =1.96) 0.25% _Aower
il
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ABLE '14: Insecticides applied to sand containing 10% water', LfD 50

values calculated 24 hours post-treatment unless ‘indi‘cated

(refer to Appendix E).

2

N O L —
Inseci\:icfde Chi-sq\uar‘e Slope LD 50 ljpper Lowe;*
e . { Limits (ppm)
Diazinon 0.1634 '1.5‘8”’ 14 27 © 3
Chlorpyrifos 2.  3.3624 1.08 17 e -
Carbofuran \ 0.1793 1.54 250 335 109
Isofenphos 1.243 2.37 108 386" 72
' Fonofos 0.1790 g.ﬁ & 18 46 \ -
Isofenphos b 0.0089 2.09 B 53 /21
Fensulfothion'®  1.5444 .83 49 86 30 .

Fiduycial 1imits calcu}ate& ustgg T = 1.96

a Because Chi-square (P < 0,10] T value of 12.71 used to calculate
A\
fiducial limits,

b LD 50 values calculated using observations 48 hours post-treatment.

3
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\;alcu]ated for diazinon, chlorpyrifos and fonofos. Fensulfothion, though
slower in killing the grubs, was effective 48 hours post-treatment with a
LD 50 of 35 ppm. Isofenphos was only slightly active 24 hours post-freatrhent

but increased in efficacy after 48 hours, surpassing fensulfothion with an
- ] ‘.

LD 50 of 35 ppm and a steeper slope of }'egression line (Table 14).

Comparisons made with diazinon, ch'lorpyrffos and fonofos to the other

chemicals at 48 hours post-treatment were based on the percentage mortality
obtained using the three concentrations of chemica'lls. Chlorpyrifos was the
most active in sand, causing 89% mortaiity in test grubs at a concentration §
of 10 ppm. biqzinon was slightly iess "toxic at the same concenvtrations con=

4
trolling 73% of the population tested. Fonofos, though superior to fensulfo- .

L U VIS WY

thion, isofenphds and carbofuran, showed only a 30% control at 10 ppm.\ A\t
rates of SO%and 100 ppm, diazipon. chloorpyri fos and fonofos proved to be very
toxic, killing 95 to 100% of the test grubs (see Appemdix F). |
ﬂfhe effect of adding ‘thegchem-icals to sand as opposed to direct con-
tact application can be shown by the change in order of toxz’c»i ty to white
_qrubs: chlorpyri fos>'d1azinon'>‘fono’fos>1sofe;1phos>fensu1 fothion >carbofuran, \
~ whe!\ applied to clay, 'chjorpyri fos, diazinon and fonofos were found ta ‘

have very similar LD 50 values aftgr\24 hours (see T.iPJe 15). On .considering

R U

the slopes however, chlorpyrifos had a greater rﬁor,tah‘ty/dose response followed
. : Y ‘ o t g
by “diazinon and -fonofos. Carbofuran was more effective.in clay than in sand,

having an LD 50 of 50 ppm'24 hburts‘ post-treatment. Howgver, as indicated by

At e e i h

the large Chi-square value, variability in susceptibﬂity or a possible

o
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TABLE 15: Insecticides applied to clay soil contairing 20% water.
LD 50 values calculated 24 hours post-treatment, - /
(Refer to Appendix G) / ° .
Insecticide Chi-square Slope  LD50  Upper  Lower -
- (ppm)  Limits (ppm)
Diazinon 0.3207 2.1 25 . 89 1 f
Chlorpyri fos 0.6069 2. 2% 37 7 ]
- . & . :
. Carbo furdn 3.3762 2,49 50 . - -~
Isofenphos . 0.0003 0.92 11260° -- ‘90
Fonofos 01738  1.62 21 38 - :
Fensulfothion . 1.8093 . 0.61 13 - 2 :
Fiducial 1imits calculated using T value of 1.96. SR
. ’ L
2 » ?
% f} -
. 3
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TABLE 16: Insecticides applied to muck soil containing 40% water.
LD 50 values calculated 24 hours post-treatment, - ) ~
. S (Refer to Appendix H) : \
* —— - S =
‘{‘Insecticide - Chi-square Slope LD 50 Upper Lower
. * (ppm)  Limits (ppm)
Diazinon L e o mees ——- I
Chlorpyrifos @ °  2.7291 2.64 70 - . |
. o !
Carbofuran P 2.4874  2.84 140 225 105 i
Isofenphos —m———— ceem e —=- e
Fonofos 2 \3\.4335 3.33 108 aem e 3
Fensul fothion b - 2,373 - 5.94 , 59 - 1N ‘4'6
- ‘l
— |
4 Because Chi-square (P < 0.10) T value of 12.71 used to calculate i
’ fiducial 1imits. . . L,
-~ o . o N . 3 - N
b chi-square small (P > 0.10), fiducial limits calculated using T R
value of 1,96, - | ' ’
' . ‘ §
- > - i ;
‘ !
i
' i
i
' . Y
d 4
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mciplent reswtence to’ the chemical, reduced its relative efficacy and
rehabﬂity for ﬁe]d control purp . (ibservatmns made 48 hours post-
treatment , showed carbofuran to control only 80% of the grubs when treated
with 100 ppm. After 48 hours chlorpynfos caused 100% ki1l at 25 ppm, Dia-
zinon and fonofos, at the same rates, gave’ good control (see Appendix H).

At 100 ppm, dlkazmon, chlorpym fos and fonofos gave 100% controf,

s

* -After 48 hours the order of efficacy of the chemicals tested with

clay soil was as follows: ch10rpyrifos>d1‘azinon\ and fbnofos>carbofuran ) g
o 1sofenphos>fensu1 fothion, ‘ |

Insectic1des applied to muck soﬂ generally show a decrease in acti- . ;
vity (Harris and Mazurek 1964). Drazinon was almost totaHy inactivated in

mUCk soil, At a concentration of 200 ppm, only 25% of th‘e insects treated
K were kﬂled after 48 hours. This wou]d indicate a strong adsorpt'lon of dia-
N\ ‘ < zinon in mug:k‘soﬂs. Isofenphos showed no insecticidal activity at concen- \
*trations lgwer than 200 ppm. - Carbofuran and chlorpyrifos LD 50 values showed '
',a decrease in ed‘fioacy of‘three times when compared to values obtainedlwith

\clay \(Tab]e 16). Fonofos was five times more toxic in clay than in ‘mu‘ck.

Fensulfothion showed greater efficacy in muck soil than in clay. A concen-

tration of 100 ppm was’ adequate to produce a 95% mortality in test grubs . i

e 0 g S stk e

Chlorpyrifos gave.the highest contro1 94% at 50 ppm after 48 hours. Varia-
bﬂity in mortality response, 1ndicated by the high values of Chl-square, is
thought to have been caused by a de -activation of the chemical by the muck

7 Y
»

- soil, affectmg the availability of the chemical to_the grubs.
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‘Based on the fact that Tow concentrations of chlorpyrifos were‘ effec-
“tive in all the tests and Soils used here, it was copso'dered the r,nost“ toxic
to third instar white grubs: Although diazinog was as effective os chlorpy-
rl fos when applied directly to the grubs, its' inactivation in organic soils
would limit its app‘hcation to"soils contaming Tow percentages of organic
matter. Insectici dal act1 vity of carbofuran on the popu]atwn of white grubs
tested, showed variability in response, which may be an indication of inci-

( p1ent resistence within the popuIation studied Fonofos gave consistent re-
sults in all soﬂ types; however concentrations needed to obtain a high mor-
tality were greater, based on the response rates of the tests., Eensulfothion
” was the most toxic as a contact insecti cide and showed good activfty in-muck
soﬂ Its activity however in sand was slov\l/ond it was almost de~ac¥fvated

ln clay. .
Those experiments, although somewhat'approximate in tohat LD 50 val ues
were determined on a sma]l population sample, indicate the genera] hi gh toxi-
city level of the insectiddes tested, and also that ch]orpyri fos foHowed by
,fo,nofog. should be considered for further Vtestmgaunder field conditions as

possible insecticides for white grub control,

5
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VIII. LABORATORY BIOASSAY OFi SOIL INSECTICIDE FORMULATIONS USING FIELD-
. T - >
/ COLLECTED WHITE GRUBS N
. \ R
i A

'
L

A. U 1nTRooucTION

ey

" Increasing prob]emrwith resistance- developmen€ and mounting concern
over residues of chlorinated hﬁdmcarbons present in f‘oodstuffs and the envi-
ronment, have produced a need ﬁ)r extensive testing of alternative materials
for white grub control, Recent . field testing of insecticides in grain sor-
ghum and wheat (Teetes, 1973\. 1975) and on Phyllophaga 1nfe/stat10ns of Ber_-
muda grass (Reinert, 1979), have not esi:a;mshed the gficacy of several in-
secticides and their formulations when apnplied’to néwly cultivated fields,
Consequently, the microplot technique developed by Ta;hiro and Kuhr (1978)
was utilized in this series of tests; whereby interferenge due to variations_‘
in soii types,sod penetration and weather are eliminated. A more represen-

4

tative evaluation of the efficacy of both granular and emulsified insecti-

cides as potential chemical control agents of white grubs in the field should:

be.dachieved us;ing this technique. )
" The susceptibility of whjte Jgrubs to 1nsécticides has been asses5ed

using a variety‘of criteria for the determination of death in white grubs.

Pike g_t_l'l;. (1978), in tests, involving topical toxicity to field-collected

Phyllophaga spp., based mortality-assessment on the nipveuhent response of

‘the grub to thoracic tactile stimulus, Grubs were considered 'dead’ if

90
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~1nc§pa'51e of laterally twisting the head and foreYegs towards the st‘imul\i.
In bioassay t’ests'on the Europear; cﬁa_fer conducted by Tashire and Kuhr 7%
(1978), 1t' was considered that®any movement, regardle;s of the degree of
mobi1ity, was an indication of a 'live! grub. In this present work, mor-
talities due to soil treatménts,. using two formulations of four insecticides,
were assessed using both these criteria, to determine which would evaluate -
the toxicity of insecticides more n;.liab‘iy, and lead to a more accurate |

, \
selection of chemical formulations for practical field application.

"B. _ MATERIALS AND METHODS

lSec;)nd-year,_third-instar white grubs were collected from a stwr{aw- '
berry field located 8 kilometers north ;)f Pierreville, Quebec, using fork-
spades to gently turn over Ehe top 15 cm of scoﬂ. The grubs were trar!spolrted’
in boxes containing 1iberal amounts of soil taken from the field, to reduce
losses due to injury caused by cannibalism. The boxes were.stored at 50¢,. .
a “temperature level which immobilised the grubs and eliminated the need to
- provide them with fo'od; when klept fgr short periods of time,

A sandy-loam soil containing 1.3% organic matter was passed through
d 0.625 cm mesh screen ;md allowed to afr “dryj by spreading out on the labora-
‘tory bench fp{ several days. The moisture level was determined by weighing
100( g samples aftér oven-drying at 105°C for 12 hours. The difference in
weight divided by the oven-dry weight multiplied by 100 gave the percentage

soil moisture content. Thereafter, the soil moisture level was maintained

» .
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© at 15% throughout“e'ach experiment by the .addition of calculated amounts of
’ .

distilled water, to prevent desiccation of the grubs and to provide,moistﬁre
for grass seed germination. The sofil was contained in microplots sonstructéd.
of wood and m;asuring 25 by 25 c¢m with a .depth of 10 cm (1nsi,de measurements)
and waterproofed with an acrylic paint; (Tas@hiro. personal communication).

Two formulations of chlorpyrifos, diazinon, fonofos and isofenphos
were incorporated by hand-mixing into 4.5 kg of sandy-lbam to nprovide a con-
centrgtion of 5 ppm vof acti’ve ingredient per treatment. /The actual formula-

tions used are given in Table 1. granular formulations were sprinkled direct-

—

1y o\r‘v the soil surface and 50 mL of:water were added to each treatment before

it was hand mixed and placed in a_microplot. Liquid formulations were diluted
in 50 mL of water and added to the soil surface prior to mixing. During the
preparation of each treatment, 50 g of pre-soaked grass seed were added as a

source of food for the grubs., The mixture contained Kentucky Bluegrass, creep-

Aing red fescue and ryegrass. Pre-soaking of the seeds was done to reduce any

moisture loss from soils, and to accelerate germination, Control treatments
received only 50 mL of water to bring the moisture conte\pt to 15%, and the

1
50 g of grass seeds. Each insecticidé formulation treatm\ent was replicated

three times. The microplots containing the treated soils .were allowed to

stand overnight in a controlled environment chamber at 27°\C and relative-
|

-humidity of ca. 90% to allow any difference in soil moisture to equilibriate.

'

Aftér"érubs were added, the microplots were held “under these conditions for

~
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the remainder of the experiment. The weights of the microplots were recorded
daily and distilled wate»: was added to mailntain the 15% moisture Tevel,
White grubs were brought to room temperature, and —only active,
healthy-1ooking grubs were selected for the test. The microplots were each %
infested with 15 field-collected third-instar grubs placed on the soil sur-
face., Grubs that failed to burrow dc;wn from the surface within 50 minutes

were replaced (Tashiro and Kuhr, 1978). The microplots were returned to the

£ e bt i

controlled environment for the remainder of the experiment.

‘Early indications of poisoning were shown by the return of grubs to 3

N

the s0i1 surface. Mortalities were determined using both criteria of Pikew
! !

\
et al. (1978) and Tashiro and Kuhr (1978), and were recorded’72, 120 and 168

hours post-treatment. Grubs were removed from the‘soﬂ by hand extraction,

TR Nl ARah T e aan £ il T

and foliowed by visual examination after exposure to an incandescent lamp for

3 minutes prior to counting (Figure 26).

C. RESULTS AND DISCUSSION - . ]
i ' ;

Grub\migrati'on to the soil surface of the micro‘plots gave an early

indication of poisoning (Figure 27). Mean migrations of three replicates

are given in Table 17. Chlorpyrifos 15 G, isofenphos 6 E and fonofos 10 G

i

showed a signi ficantly greater;number of migrations than the other formula-
tions or the controls. This difference however gave no indication of repre-
senting the relative toxicities of the chemicals tested (Tables 18 and 19,

see also Appendix K), and cannot therdfore be accurately used as a means

'
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FIGURE. 26"

 FIGURE 27:

1

White grubs were removed fr_'om_éoﬂ in microplots "and

exposed to a bright light prior to being probed for

*

reflex response, S

!
i

-

-

White grubs that burraowed i;p to the surface, an early

“symptom of poisoning.

()
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.
TABLE.17: MNumber of white grubs on soil surface after 72 hours.
Sandy-loam soil with a moisture content of 15%, treated g
with 5 ppm of active ingredient.
Chemical and ;gé
formulation | ¢
Means 1» 2 3
Lorsban 15 G 7.67 8 Basudin 5 6 3.00-4e _ :
Chlorpyri fos . Diazinon .
Amaze 6 E 7.33 b Basudin 50 EC 3,00 de
Isofenphos ~ Diazinon
Dyfonate 10 G 6.00 abc Amaze 15 G 1.67 de
Fonofos Isofenphos
Dyfonate 4 E 4,33 bed Control © 0 p.33¢
Fonofos
Durshan 2 E " 3,00 de / 0.00 ©
Chlorpyrifos "
1 Meanc in colums not followed by same letter are significantly
different (P = 0.05) by Duncan's multiple range test (Steel and 4
Torries, 1962) ;
2 Analysis of variance indicates significant difference of means 3
of treatments at 0.05 and 0.01 level. .
Chlorpyrifos. 0,0-diethyl 0-(3,5,6-trichToro-2-pyridyl) phosphorotmoate

Dursban 2 E: 2 1b. Al/gal., emu1s1f1ab1e concentrate
Lorsban 15 G: 15% of weight AI, granules.

Djazinon: 0,0-diethyl 0-(2-isopropyl-4-methyl-6-pyrimidyl)
phosphorothioate,
Basudin 50 EC: 50% of liquid Al.
Basidin 5 G: 5% of weight.Al

Isofenphos: 1-methylethyl 2- [[ethoxy (1-methylethyl) amino phosphin=
othioyl] -oxy]benzoate.
Amaze 6 E: 6 1b. Al/gal.
Amaze 15 G: 15% of weight AI.
also known as Bay 92114, Bay sra 12869, Oftaanol\ Vs

Fonofos : 0-ethyl s-phenyl ethylphosphonodithioate

Dyfonate 4 E: 4 1b. Al/gal. '
Dyfonate 15 G: 15% of weight Al.
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of evaluating efficacy., This reaction might however, be useful in increasing
total effectiveness in a field,cont?d1 situation.

Observed mortalitie;, using both methodg, are given in Tables 18 and
19. Mortalities based on lack of reflex action (Table 18) showed a signifi-
cant difference in the means of the treatments. Aftér 72 hours, th? ggénu]ar
formulations, except that of isofenphos showed higher toxicities than the 1i-
quids when applied to the soil. 6 Mortalities 120 and 168 hours post:treatment
indicated similar activity of d1azi:z:45 G and 50 EC, chlorpyrifos'15 G and
2 E, and fonofos 10 G. Both formulations of diazinon and chlorpyrifos gave
100% control at 5 ppm. Fonofos 10 G and isofenphos 6 E reduced microp]otl
populations by 90%. Based on the rapidity of control, the insecticides dia-
zinon, fonofos, and ch1onpyrifo§ surpassed isofenphos. However, after an

i

exposure of one Qéek, no treatment tested Showed a significant difference in
efficacy.

When comparing mortalities at the 72-hour period based on absence of
aﬂy movement (Table 19), both formulations of fonofos were significantly better
than all the other'freatments. No significant di fference was observed amongst
the other treatments including mortalities in the controls, Mortali}ies based
on absence of movement after 120 and 168 hours post-treatment showed no signif-
icant difference in chemical efficacy, regardless of the formulation.

Losses in the congrol treatmepts (less than 25%) were similar using
either criteria for determining death, .The mean values of dead grubs were

significantly different from the insecticide-treated mean values when mortality




TABLE 78: Mead number of white grubs found dead in microplots treated
with insecticides based'on an absence of reflexes (3’rep11-

cates of 15 insects), Concentration: 5 ppm; soil type,

' sandy-loam; moisture content 15%. . ‘ .
Chemical rhan; 1 (Mortalitjes based dn absence of
- Post-treatment reflexes, Pike et al., 1978)
72 hours 2 © 120 hours 2 168 hours 2
Basudin 50 EC 12,7 2 13,7 @ 15.0 2
Basudin 5 G IRTRE 1woa T 1500
Dyfonate 10 G 11.7 ab 11,7 ab 14.0 ab
Dyfonate 4 E 11.3 ab 12,72 11.7b
Lorsban 15 G - 10,7 b " 1802 15,0 @
Dursban 2 E 10.3 b 13,02 15.0 3
Amize 6 E .00 10.3 b 14,0 &b
Amaze 15 G 5.3 ¢ 10.0 0 "12.73b°
Control 3,0.4 3.7¢ . 5,0€
3.0d e3¢ . agc

1 Means in a colyumn not followed by the same letter are.significantly
qiffbrent (P = 0.05) by Duncan's multiple range test. _
Z pnalysis of variance indicates signifiyézt difference in means of

v
treatments at 0.01 level, : . e
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TABLE'19: llean number of white'grubs found dead 'in microplots treated
- _ with insecticides based on absence of any movement (3
h replicates of 15 insects). boncentration: 5 ppm; soil type,
sandy-1o0am; ;zistﬁne-cbnteﬁt 15%, . \
« - “
Chemical Means ! . _ (Mortalities b;sed on absence of
. . post-treatment any movement, Tashiro and Kuhr,
1978).
72 hours 2 120 hours 3 o 58 hours 3
Dyfonate 4 E é.? a. 7.0 @ g.3 4
Dyfonate 10 G 6.0 ab 6.0 2 8.0 2
' “Basudin 50 EC 5.0 be 6.0 3 8.0 2
Amaze 6 E 4,3 € 6.7 2 9.7 2
Lorsban 15 G 4,0 ¢ 5.7 @ 7,314
Dursban 2 E 4.0 ¢ 6.0 @ 7.0% -
Amaze 15.6 3.7 °¢ R 6.7 2
Basudin 5 -G 3.3 € 6.3 2 8,32 -
Control 3.0 €, 3.0 @ 4.7-b
' 3.0 € ERE 4.7 b

1 Means in ¢olumn, not fo]lowed by the same letter are significantly

d1fferent (P = 0.05) by Duncan's mu1t1p1e range test.

2 pnalysis of variance indicates significant dlfference'in means of

~ treatments at 0.05 level,

A

3 Analysis of variance indicates np significant difference in means of .

treatmentsl
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was based on the lack of reflexes, White grubs from the control treatments

100

clearly showed a different response between dxe'ad~and healthy individuals.

whén exposed to the light and gently probed, insects demonstrated a reflex
moéemer:;: or ho movement at all. Intoxicated grubs showed an 1nab111t;/ to
‘react’to the stimulus? This demonstrates that the reflex action may be a more
realistic and accurate criterion for representing cﬂhe(mical toxicity than%would
lTack of movement. Grubs capable of only slight movement and showing advanced
intoxicatién, would be un]ike]y to recover in the field. It is desirable
that the efficacy of a chen:ica'l be determir)ed while ccmtro]l morta]ities are -’

10w, and the use of lack of reflexes permits earlier evaluation,

3
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IX. SUMMARY AND‘CONCLUSiONS

k] K +
¢ . E 3 ' . - 4 e .

\
f/// Adult Phyllophaga spp. wece captured'using black1i§ht traps located

in areas of Quebec, west of Montrea1 in 1978, and Nicolet 1n 1979.

. Topical applications of fourteen 1:sectcicdes. using a Potter sﬁray

tower, in London, Ontario, in,1 showed adults to be highly susceptible -

" to WL 43775, fensul fothion and ::i;l

donald Campns of McGill, showed a high suscep£1611i%y to pyrecbroids cyper- -

methrin and fenvalerate. Such a control strategem unde#lfieid conditions would

" however have questionab]e vafie due to low population densities and a varied

-%

host range of the adu)ts :
Second-instar white grubs were collected near Mirabel, Quebec in’
1978, and third-instar grubs were collected’ from both Mirabel and Pierreville
in 1979, Specimens were maintained - 1n humid 'sofl and stored at“5°c until used
for biological testing of insecticides to avoid cannaba1ism and need for

feeding. .

A short bioassay on second-instar white‘crubs. using six insecticides

showed fensulfothfon,as both a contact and soi1 treatment, to cause the high- .

- est morta]ity

Both contact and soil incorporation tests using 1sofhnphos, carbo-

7

furan, diazinon, fensul fothion, fonofos and ch10rpyr1fbs were conducted on- >

]Sée appendix N, | , i
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pyrffos.IAdu1t§ treated in 1979, at Mac-
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~ thi;'d-i“nstar larvae in order to establish relative toxicify ‘Iev.els Values'
’ | for LD 50 of each insceticide were determined when' possib'le for contact |
‘activity, and when fncorporated 'in sand, c1ay and muck soils. " ‘
Mortalities obtained with third- -instar Tarvae when ‘treated topically
showed ferysul fothion)diazinon)ch1orpyri fos and carbofuran ) fonofos ) sfen-
phos in efficacy, 48 hours posc-treatment. When incorpdrated into sand,

¢ ch1okpyr1fos was most toxic to third- 1nstar larvae, followed by diazinon

{

fono fos 1sofenphos carbofuran. In clay, chlorpyrifos remained the most
toxic, followed by diazinon and' ?oryofos) carbofuran}isofenphos ) fensul f‘q-
_thion. Chlorpyrifos Qas a'1so the most 'effective in iuch soil, controlling
94% of the test population at a rate of 50 ppm. o )
Ch]orpyrifos proved the most effective insecticide for control'ling
white grubs in the different’ tests and soil types that were used. Fonofos,
' , | .to a lesser degree, consistently controlled u!hite grabs in all but much
‘ soils. . ‘ L , .
Two methods of assessing white grub mortath were eval uated ‘using’
’ . microplots filled with sandy-1pam soil-and held under 1aboratory conditions.
_ " Granular and Hquid formulations, at a concentration of 5 ppm of c‘h1orpyr1-
R . fos, isofenphos, fonofos and diazinon were incorporated and compared. Morta-
th-—determination based on a Tack of reﬂex action was found to be a more
‘ accurate method for assessing insecticidal toxicity to white gi'ubs, Granular
k formulations appeared to produce a faster control of wh"ite grubs 1n soil. |
. gi-azinon, fonofos and ch1orpyrifos showed a more rapid control effect than ~
isofenphos. ’Nojnsecticide or. formﬁ]atiqn, at the concentration tested,

t
Y ' ‘

provided a. superior control after one week. .
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( APPENDIX A ‘ , . ,

v Adults (June beetles) sprayed with 5 mL of insecticide solution using a

o Potter spray tower at a preééure of 28 cm of mercury,

k-
§ 3
Ry
g
)
&
By
§

. A
— = — s - 5
Insecticide - Cone, Pariod Number % Dead *
% HOURS Treated . ;
/ )
| : ;
Fenvalerate 0.005 24 20 15.4 ‘
Cypermethrin | 0,005 ) " 33.5 ,
. - 1
Diazinon 0.005 3.3 '
~ !
Fenvalerate 0.1 24 20 57.7
A
Cypermethrin 0.1 ‘ 87.9
Diazinon 0.1 ‘ 51.6
‘Fenvalerate 0.2 - 24 20 87.9 | »
Cypermethrin 0.2 ' 81.8
- Diazinon 0.2 l " 57.7
"Fenvalerate 0.4 24 20 175.8
‘ K . \
Cypermethrin 0.4 , 100.0 ;
Diazinon" 0.4 ) | 81.8 - -
. Fenvalerate 0.8 24 20 100.0 !
. I
; .. Cypermethrin 0.8 , : 100.0 ?
Diazinon - 0.8 | 100.0
i
CONTROL 0o 24 80 17.3 i
. LS . - - i D ;
(‘ " * Mortalities corrected using Abbott's formula (Abbott, 1925) i
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APPENDIX B ‘ ’ < 4 »

o

Adults (June beetles)sprayed with 5 mL of insecticide solution using a

Potter spray tower at a pressure of 28 cm of mercury.

»

. ’

Insecticide ~  Conc. Period Number  .°% Dead *
% . HOURS . Treated . :
Fenvalerate 0.005 8. 20 57.0
‘Cypermethrin 0,005 , .o 57.0
Diazinon 0.005 , o 14.5
Fenvalerate 0.1 4§ ) 20 " 68.0
~ Cypermethrin 0.1 . 100.0
Diazinon 0.1 ' 68.0
. ,
Fenvalerate’ 0.2 48 20 89.0
Cypermethrin 0.2 ‘ 89,0
Diazinon , 0.2 . 46.5
Fenvaleyate 0.4 48 , 20 . 68.0
Cypermethrin 0.4 . 100.0
Diazinon 0.4 ~ ' 89.0
Fenvalerate 1 0.8 ) 48 v 20 100.0
Cypermethrin 0.8 | , .- 100,0
Diazinon 0.8 100.0
CONTROL 0 - 20 ! 33.0 .

* Mortalities corrected using ABbott's formula (Abbott, 1925)
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APPENDIX C LT | L

Insecticides appl 1éd to third instar larvae with 5 mL of solution using

t

- v

a Potter spray tower at a pressure of 28 cm of mercury.

A N

a

Insecticide Conc. Period Numbe r % Dead

' % HNURS _Treated |

Fensmfothjon ~0.5 * 24 20 3,000 E
Chlorpyrifos | 0.5 o 20.00 ;
Diazinon | 0.5 - - ‘ 10.00 - i
Fono fos ) ‘0.5 é 7'30.00 ’
Carbofuran | 0.5 . , s.00 o
Isq fenphos 0.5 5. 00
Fensulfothion | 1.0 24 20 . 70.00

Chlorpyri fos 1.0 ' | 40.00 IR
Diazinon 1.0 ‘ ‘ 50. 00wy, | i
Fono fos ] 1.0 45.00

Carbofuran | 1.0, ' , - 40.00 |
Isofenphos 1.0 t - 10.00 ./
Fensulfothion | 1.5 24 20 95.00 :
Chlorpyri fos 1.5 " 1 , 70.00 3
Diazinon R 5 ’ g : 70.00 |
Fono fos 1 1.5 - . 60,00 3
.Carbofuran\ P 1S ' | . 45,00 " . ﬂ \ﬁ‘s*i,
Isofenphos 1.5 ‘ 15,00 , I

CONTROL 0 24 45 16.00
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Insecticides applied to third instar larvae with 5 mL of solution using »

a Potter spray tower at a pressure of‘28 cm of merédry.

Number

Insecticide Conc, - Period % Dead
. % HOURS Treated

Fensul fothion | 0,5 ° 48 20 60.00
Cffﬂorpyri fos 0.5 . , 70.00 °~)
Diazinon’ 0.5 ~ . 50.00
Fonofos 0.5 : 60L).k0.0
Carbofuran 0.5 | " 45,00 \
Isofenphos 0.5 20,00
Fensul fothion 1.0 8 , 20 95.00
Chlorpyrifos 1.0 0 N | 80.00
Diazinon 1.0 o ~ ao’oo
Fonofos “ 1 .'0 - ‘ 70.00
Carbofu;'an' 1:0 ‘ , \ . ) 70.00
Isofenphos 1.0 . 20,00, -
Fensulfothion | 1.5 ° 48 20 95. 00
Chlorpyrifos 1.5 o 95,00

. Diazinon 15 . o 7 85,00

| Fonofos 1.5 « : L 90.60
Carbofuran 1.5 \ " 90.00
Isofenphos 1.5 ' ¢ 25,00 .
CONTROL 0 48 45 42,00
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APPENDIX 'E (Refer to.Table 14)

Insecticides apph’eﬁ to sand. Moisture content = 10%, tﬁird instar,

i

second year white grubs.

Number

!
!
]
N
)
¥
{
H

Insecticide Conc., Period % Dead
. PPM HOURS Treated
Fengui fothion 10 é4 20 10,00
Diazinon 10 - 45,00
Chlorpyrifos 10 40,00 o
Fonofos 10 E 5,00 , %
Carbofuran 'I 0 0.00 %
Isofenphos 10 ~5.00 %
Fensul fothion 50 24 20 5.00 K
Diazinon 50 80,00
Chlorpyrifos 50 ° 85.00 :
Fonofos 50 45 ?00 !
Carbofuran 50 “22.22 ;
Isofenphos ' 50 20,00 é
.
Fensul fothion 100 24 20 20.00
Diazinon 100 85.00 ;
Chlorpyrifos - | 100 72.22 ‘;_5
Fonofos 100 o 165,00 )
Carbofuran . - | 100 30.00
1§-fenphos 100 ‘ 55.,00 3
0 80

CONTROL

24

6.67

A
4
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APPENDIX F (Refer to Table 14)

- ‘ B
Insecticides applied to sand. - Moisture content = 10%, ph1rd instar,

second year white grubs.

— §
Insecticide  Conc. Period Number % Dead
" PPM . HOURS - “Treated

 Fensul fothion 10 48 o ¢ 20,00
Digzinon 10 N 75.00

: Chlorpyri'fos | 10 ) . 90.00
Fonofos 10 | 35,00
Carbofuran ' 10 o ’ 15,00
Isofenphos 10 - 2000

Fensul fothion - 50 - 48 20 45,00
Diazinon . . 50 ‘ 95.00
Chlorpyrifos 50 . ) 95,00
Fonofos 50 ) X 100,00 °
Carbofdran " 50 . 72,22
Isofer_wphos »50 ) | . 65.00
Fensulfothion "100 48 .20 80,00
Diazinon 100 95.00
Chlorpyrifos 100 | | ) . 100.00 ]
Fonofos 100 ' 100,00 “
Carbofuran 100 ' . - .. s0.00
Isofenphos . 100 ) 85.00
cNTROL - O B 80 8.00
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APPENDIX G (Refer to Table 15) '
—  Insecticides applied to clay soil. Moisture content = 20%; third instar,

~

second year white grubs.

Ihnsfctibid'e.‘ Conc. Period | ‘Number -+ % Dead
‘ PPM HOURS ~  Treated 9 |
Fensulfothion 25 : 24 15 13.33 . | , g'
f)iaz%non , 25 k 60.00 :
Chlorpyri Fos 25 N 53.33 | 3
Fonofos R '60.00
Carbofuran 25 ‘ , - 26.67
Isofenphos 25 - 26.67
Fensulfothion 50 24 15 26,67
“Diazinon 50 . 73.33 ;
Chlorpyri fos . 50 . 86.67 %
Fono fos 50 - 80,00 .
Carbofuran 50 73,33 ‘ . ‘
Isofenphos 50 . o 33,33
. Fensul fothion 100 24 15 20,00 ‘
Dlazinon - | 100 ‘ | 93,33 5
C ‘Chlorpyrifos | 100 - - 93,33 '
Fonofos | 100 - 86,67
i . Carbofura‘n 00 - ‘ : 73.33 I
I'sofenphos . 100 .. h ’ 40.00 , | 2
( - :

CONTROL 0 o 60 5.00




APPENDIX H
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Insecticides applied to clay soil. Moisture content = 20%, third instar, :

second year white grubs.

!

Bp Ot neer ATRALAS e T R

Ry
.

LA

LN Py
.

Insecticide  Conc, Period Number % Dead
PPM - HOURS Trea\teq - %
Fensulfothion | 25 48 15 26.67 :
Diazinon 25 86.67 ] §
Chlorpyrifos « | 25 . 100,00 i
Fonofos - 25 86.67 ‘ ’
Carbofuran 25 40.00 ;
1o fenphas. 25 66.67
Fensu1foth1‘enl 50 . 48 15 46.67 ’%
Diazinon ' 50 86.67 g
. Chlorpyrifos 50 1.00.00 f
o
Fono fos 50 80.00 .
Carbofuran - 50 86.67 ’
Isofenghos . | ~ 50 60.00
Fensul fothion 100 48 15 40.00
Diazinon 100 » . 100,00 g
Chlorpyri fos 100 100.00 i
Fonofos 100 a 1’00.00 |
Carbofuran 100 86.67 :
Isofenphos 100 86.67
27.27

T N

CONTROL ) 0 . 48 60
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APPENDIX 1 (Refer to Table 16)

Insecticides applied ‘to muck soil. Moisture content = 40%, third instar,

second yea'r white grubs, ¢

e : » -

Insecticides / Conc. Period Number % Dead

PPM HOURS Treated. ' .

Fensul fothion 50 . 28 20 .00

Diazinon | 50 10.00

Chlorpyrifos 50 - 45,00

Fono fos 50 o 25,00 L .

Carbofuran 50 B 20.00 :
" Isofenphos 50 10.00 }

Fensul fothion 100 24 20 9%5.00 ,

Diazinon 100 10,00 §

Chlorpyri fos 100 ' 55,00 ?

Fono fos 100 3,00 :

Carbofuran 100 25.00 5

Isofenphos 100 ’ 0.00 %’

Fensu'llfothion 200 . 24 20 100.00 )

Dniazinon L 200 ‘ , 15.00 %

Chlorpyri fos 200 ° : ‘ 95,00 , §

Fonofos 200 ‘ 90. 00 | ,

Carbofuran 200 - ' - 75.00 i

Iso fenphos 200 ', 35.00 .

CONTROL 0 24 .80 : 5,33
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" (Refer to~

Insecticides applied to muck soil. Mofsture content = 40%, third instar,

second year white grubs.

K

Lam o

Insecfi cide Conc. Period . Number % Dead
. PPH._ Treated )
Fensulfothion 50 ‘ 0;8 20 75.00
Diazinon 50 ) 3.00
Chlorpyrifos 50 95.00
Fonofos 50 ¢ '45.00 B
" Carbofuran 50 25,00
Isofenphos 50 20,00 ¢
Fensul fothfon 100 48 20 90,00
Diazinon 100 25,00
Chlorpyri fos 100 100.00
Fonofos 100 70.0’0
Carbofuran 100 65.00
Isofenphos 100 10,00 ’
Fensul fothfon 200’ .48 ‘20 100,00
lj'laz1non 200 40,00
Chlorpyrifos 200 100.00
Fonofos ‘200I 95.00
Carbofuran 200 Q 85.00
Isofenphos 200 50.00
CONTROL 0 ¢ 48 80 20.00
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APPENDIX K (Refer to Table 17, 18 and 19)

*

Microplot experiment: three replicates containing 15 grubs’ were treated with

the following insecticides (5 ppm) and held for one week. "The moisture con-

tent was kept constant at 15%.

=

Insecticide Period #'s showing #'s showing aQ'/g. % mort., avg. % mort.

HOURS no movement no reflexes no movenlegt no reflexes
Amaze 6 EC | 72 5 2. \ 28.9 .66.7 | 1
¢ - 2 10 ’ |
R § 8
15 6 5 5 24,4 3.5
3 5
3 6
6 EC| 130, 8 | 9 44.? 68.9
5 ; n |
. 7 _x w S / ” |
15 6 \ 7 " 4.5 66.7
. . )/ ,
¢ 9 10 ‘ -
6 EC | 168 10 14 64.5 93,3
9 15 ' ‘ §
10 13 o g
15 6 7 is 4.5 8.4
‘6 1 ‘
7 12
L )
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'APPENDIX K (continued)

Insecticide Period #'s showiﬁg #'s showing avg. % mort. avg. % mort.
HOURS no movement no reflexes no movement  no reflexes

Basudin 50 EC| 72 8 12 33.3 o844
o 2 14 -
5 12
5 6 4 1w 22,2 84.4
RV "
5 12 i
50 EC| 120 8 By 42.2 93,3
. A | 3 4 " : '
. 7 15 o
56 | | 8" 15 o ‘
" | - ¥ “ 13 ﬂ " -
| 7 1 ’ J , |
50 EC | 168 10 15 53,3 " 100,0 -
6 ’ 15
8 .15
56 _ 10 | 15 55.6 ~100.0 j
6 15 '
’ . | 9 .15

el e et vt Y
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APPENDIX K * (continued)

=

_/ -7
» s e
K

Insecticide Period~* #'s showing #'s showing avg. % mort. avg. ¥ mort,
HOURS no movement no reflexes no movement no reflexes

Dursban 2 E |, | 72 2 10 26.7 68.9 ¥
. 3 "1
7 10
Lorsban 15 6 [ 4 [N 26,7 7.1
5 10
3 - 12
2E| 120 3 ERE 40.0 86.7
5 13
9 13 {
\ 15 G 1 14 37]8 933
| 9 15
4 13 -,
2E | 168 4 15 46.7 ~ 100.0 %
6 15 : |
n 15 .
56 5 5 48.7 100,0 N
1 9 15 )
8 15 “
o ‘ :
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APPENDIX K / (continued)

a

Insecticide Period #'s showing #'s showing avg. % mort. avg.;% mort .
HOURS no movement no reflexes no movement no reflexes

3

Qyfonate 4 E | 72 6 N 57.8 75.5
7 % i
- 13 12 5
10 G 6 12 40,0 77.8 {
6 12
6 1
4 E | 120 6 1 46.7 84.4
) 8 15 : I
7 12 '
10 6 6 12 40.0 . 71.8
6 12
6 1
4 E 168 6 9 55,5 77.8 ‘

Mmoo 14
' 8 12

10 G ‘6 15 53,3 93.3
12 15 o
6 12 . ’ :
| |
;
‘ ;




APPENDIX K (continued)

Insecticide Period #'s showing #'s showing avg. % mort. avg. % mort.
HOURS” no movement no reflexes no movement | no reflexes

Control 72 3 3 20.0 < 20.0 t
5 5 “ -
2 2
4 4/
., ' 2 2
g 2 2 i
120 3. 3 22.2 26.7 i
6 6 :
4 5 o
o 5
2 3 )
" 2 2 :
168 6 6 311 “32.2 Lo
7 7 ;
o
4 5
6 6
’ 2 2 'I
. 3 3 i
¢ ‘ig
¥
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ITERATION INTERCEPT SLIPE ) STGMA
s 0 £.50959132 $,79237304 0.0266648% 0.1 2nenn
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APPENDIX N -
Chorfenvinphos: Birlane® = 2-ch10ro-1~(2 4- dlchloropheny1) vinyl
diethyl phosphate.,

Chorpyrifos: Lorsban®, Dursban® = 0,0-diethyl 0-(3,5,6-trichloro-
2-pyridyl) phosphorothiocate,

! f I

CGA 12223: 0-(5 chioro-1-1sopropyl-1,2,4-triazol-3-y1)
phosphorothioate. :

Diazinon: Diazinon®, Basudin® = 0,0-diethyl O-(2-isopkopy1-4-methy1- f
6-pyrimidyl) phosphorothioate. ‘

Dieldrin: 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4 ,42-5,6,7,8a~-octa-~

. hydro-1,4-endo-ex0-5,8-di-methanonaphthalene,

Fensulfothion:  Dasanit® = 0,0-diethyl O-[p-(methyl-sufinyl) phenyl]}
phosphorothioate. ,

Fonofos: Dyfonate® = 0-ethyl s-phenyl ethylphosphonodithioate.

Isazofos: 0,0-diethyl- 0-(5 chlor~1-iso-propyl-1,2,4-trizol-3-y1)-
phosphorthioate.

Isofenphos : Amaze® = 1-methylethyl 2-[ethoxy (1-methylethyl) amino]
phosphinothioyl. '

Perfiethrin: Ambush® = 3-phenoxybenzyl ‘(%) cis, trans-3-(2,2- \

. dichlorovinyl)=-2,2-dimethylcyclo = propanecarboxylate.
Terbufos: Counter® = s-[tert- butylthio methyl] 0,0-dfethyl
’ phosphordithioate,

WL 24073: 0-2[-chloro-1-(2,5-dichlorophenyl) vinyl] O-methyl-

' ethylphosphorothioate. )
WL 41706: Unknown,, ‘ |
‘WL 43467: cx-cyano-3-phenoxybenzy1-2;2-dimethy1-3-24(2,2-

‘ dichlorovinyl) cyclopropane carboxylate,
WL 43775: « -cyano-3-phenoxybenzyl 2-(4-chlorphenyl)- 3-methy1
butyrate.



