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M.Sc. 

ABSTRACT 
:0 

Glenn J., L1dret 

lABORATORY EVALUATION' OF INSECTICIDES AS A,POTENTlAl 
CONTRqL OF WH ITE GRUBS. PHYLlOPHAGA SPP. 

(COlEOPTERA: SCARABAEIDAÊ). 

Entomology . 

Laboratory insecticide bioa-ssay têsting was con"ducted 00 field~ 

co11ected Phyllophaga spp. during 1978 and 1979., . Adu1t Phyllopha,9a spp. 

were shawn ta be hi~hly susceptible" to, cypermethrin ..and fenvalerate. Six.' 

insecticides: isofenphos, carbofuran, ~iazinon, fensulfothion, fànofos'~,l1nd 
, i" ~\ '(\, 

chlorpyrifos were used both as contact insecticides and incorporated into' 

muck; sand t .cl ay and sandy-loam so11 s for contro 11 f n9 Phyl 1 ophaga spp. 1 aryae. 

Chlorpyrifos was the mast effect; ve, of' the si x tested, in c6ntro 11'1n9 larvae 

b d '1 . . ~ oth as a contact an 501 insectlclde • .F0nofos, except when. inèorporated 

~ muck 'soil, a1'so provided good co~tro1. Two methods eva'luated 'for , 
1 

assessing white grub mortality in bioassay testing. showed mortalitfes based . . 
on 1ack of reflex movements to be a more accurate indication of insecticide 

....- toxi citi es. ~ 
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Des tests bfoassay furent effectuê~ en laboratoire sur Phy110phaga 

, spp. recueillis dans le champ au cours de.s ann~es 1978 et 1979. Phyllophaga' 
, 

spp. adulte a démontré une grande susceptibitit~ a la cypennéthrine et au 

fenvalerate. Six insecticides:' fsofenphos, carbofuran. di azïnon, fensul-

fothion, fonofos et chlorpyrifos ont été utilisés comme insecticides de ~ 
, 

contact et incorporés dans ~es sols organiques, sableux, argileux et sab1eux-

limoneux pour contrBler les larves de Ph'yllophaga spp. Chlorpyrifos fut le .. 
plus efficace des six insecticides pour le contr6le des 'larvès en tant qu'in .. 

secticf de de con~act et incorporé au sol. Fonofas mont~un bon contrOl e~ 
e)(cept~ lorsqu'incorporé dans 'un sol organique. Deux m'éthodes êvaluées,pour 

estimer le taux de mortalité des vers blancs dans 1 es- tests bioassay, :nontrent 

que' le taux de mortalité bas~ sur 1 • inexistence de réflexes est une indication 
1 ~ 

plus exacte de la toxicité des insecticides. 
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I. GENERAL INTRODUCTION 

June beetles, Phyllophaga spp., are minor defoliating pests of 
J ' C ~ 

deciduous trees such as elm, willow and oak. The lmmature 1arvae, common1y 

known as white grubs. are major soil~dwel1ing pests of su~h agricu1tural 

crops as grass, hay, pasture, corn '0 potatoes, strawberri es and young nursery, 

trees (Metca1 f !l !l., 1962). 

The most common species, and consequently the one causing the heav

iest losses in the province of --,,~~~f.et', is Phy'lophag~)lnXia (LeConte)(Ham

mond, ,1940; ~ et al., 1979). Despite sail treatment with chlordane. crop 

lasses' ta whhe gru: have been reported in the Nicolet area for potatoes 

(Morr;son. 1971). strawber.ries (Anonymous, 1981a), and widespread white grub 

infestations have been observed in Quebec pastures. At present, no chemica1 
" . ! 

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

1981b}'i preventative cultural and mechanica1 practices are recommended for 

'" farmers instead. Chlorin~ted hydrocarbon insecticides such as BHC, aldrin, 

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

ear1y 1970's, and generally provided good protection of crops (Hammond, 1947, 

1949, 1952,1960; Shenfe1t and Sinkover, 1951; Pass, 1964; Fowler ,and Wilson' 
, 

1971b. 1974). However, many of these persistent chemica1s have since been 

de-registered for agricultural use, 'and studies have shawn several cases of 

the deve10pment of white grub resistance ~ ch10rinated "hydrocarbon insecti

cides (Frankie ~ !l .• 1973; Teetés !973, 1975; Fuchs ét ~., 1974; Pike ~ 

li., 1978). 
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Hence, interest. 1s current1y focused on finding 1ess pers; stent alter

native insecticides, mainly in the organophosphoros and carbamate groups, for 

white grub control (Fr~nkie et !L., 1973; Teetes, 1973,1975; Fuchs ~~., 

1974; Rivers et aL, 1977; Pike et a1., 1978; Reinert, 1979): The research __ __ 1 

described in this st~dy was undertal.<en to test several potentia1 insecticide·s 
... 

on Quebec populations of white grubs,. in order to supplement local crop pro-

tection recommendations wtih a chemica1 control. 
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'11., LITERATÙRE REVIEW 

White grubs of the genus Phyl10phaga have caused losses in agricul

tural crt'ps since before the turn of the century (Pike tt ll. t 1976). Although 

Phyllophaga ~ is by-far the most abtmdant species in Quebec (Harrmond, 1940; 

Lim et al., 1979), this rev1ew fncluded information on other species of 
-,-- . 

Phyllophaga, common1y known as white grubs or "hannetons" ta Quebec farmers. 

A. TAXONOMY 

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

- species ofeconomic importance,. Jhe comman J~ne beetl,e, Phyllophaga~_ 
-. 

is natfve to North America (Hammond, 1948; Ritcher, 1949"; Neiswander, 1963), 
" ' ·'1'" '" 

and isJone of 152 species of Phyllophaga found there (Luginbill and Painter, , 
.., 

1953). P. anxia was first described by LeConte (1850), anc! until à revision --
by Glasgow 1n 1916, Lachnosterrfa was ~sed' as the gen,us name. At Uîis t'tme 

lachnosterna was found ta be- synonymous with Phy110phaga Harris, 1827, and , 

was therefore rep1aced. Jhe following 1s a list of syno~s for l. anxia 

provided by Luginbill .and Painter (1953). 

Lachnosterna ~ LeConte 1850 

Ancy10nxcha brevico11is Blanchard 1850 

Ancylonycha puncticollis Blanchard 1850 .. 
Lachnosl:erna cepha11ca LeConte 1856 

AncylonaYcha uninotata Wa lker 1866 
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1966) : 

" 

Lachnosterna ~ Smith 1889 

Lachnosterna insperata Linell, 1897 
, . , 

Phyl10phaga ~ Glasgow 1916 

4 

/' 
! 

The taxonomie position of P. anxia.'(LeConte) 1S as follows (Ritcher, -- , 

Order: Col eoptera 

Subofder: Po1yphaga 
, 1 

- '. 

Superf~mily: Scarabaeoidea 

Fami1y: Scarabaei dae 
p 

Subfamlly: 'Me101onthfnae 

Tri,pe: Melo1onthini 
r 

Genus: Phy110phaga 

Subgen,us: Phyl 1 ophaga 

Species: anxia -
Original keys were based on externa1 morpholo"gical -characters such 

as the form of the tlypeus, antennae, pronotum, spur and the hfnd tibia of 

males"and the structure of the abdominal sterna (Nairn'and Wong, 1965). 

Further taxonomie work used the structure of the male and female gen1ta1ia 

(L~ngS~; Ritcher, 1940; Bovi ng, 1942 i L,ugfnbi'11 and Pa; nter, 1953> .• 

Keys for i denti fi cation of white grubs of PhYlloehaga have consf derable over-. 
l~ps and variations within species, making positive 1dentifica~1on d!fficult -(Bov1ng, 1942; R1tcher, 1940.1966). Although the insects in the following 
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work werè field collected in' areas where Phyllophaga a,nxia ~/as the predomi

nant species (lim et & .• 1979). large scale identifications of individual 

insect9 were not made. , . t...;.' " ' 

B. LIFE CYCLE OF PHYLLOPHAGA ~ 

Phyllophaga ~ has a ~evelopment period of three years in eastern 

Canada (Forbes, 1916; Hammond, 1931. 1940,.194Ba; Hammond and f·laheux .• , 1934; , . 

Jarvis. 1966). The adults 'emerge from the soil about thè middle of ~1ay a.nd 

f1y'at dusk to neighbouring trees where feeding and,mating take place. The 
. 
daylight period is spent hidden in the s?i1 or beneath ground COMer, and this 

di u ,:,n al pattern of aet; vi1;y eônti nues over a period of up to two months. with 

pe'ak.flight activity oecurring in June (Criddle.1918i Maheux and Gq.ùthier,' . , 

1944; Hammond, 1948; Sutton and Stone, 1974; iim et !l., 1979). 'Eggs are, 

laid in grassy areas at a depth of approximately,.,10 Cm in. the soil. sorne ten 

days after mating~h.a..s taken place (Maheux and Gauthier, ',944). First-Jnstar 

grubs emerg~ about 30 days 1 ater and consume d;c~ng organ-i~ -~atter and 

srryall roots (MaheUi, and Gauthier, 1944; Hammond. 1948). ,Moulting to the sec

ond-instar larva occurs 6 ta 8 weeks later, and thereafteY' grubs feed on 

1 i ving plant, roots exclusi velYe As soi l tempe ratures decrease (September

OctQbe.r). the second-instar 1arvae migrate to various depths in the soil ta 

overwinter (Hammond. 1948). Duri ng ear1y spri.ng of the second year, the 

second-instar grubs return ta the surface to feed for a short period, and 

the final larval moult inta the third-lnstar occurs in July. It 1s this 
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-&ival stage (second-year,' th; rd-instar grubs) wh; ch causes rnost damage to 

crops, for the grubs are voracious feeders ti1l the'comillg·fall (Hammond, 

1948). Little feeding is' done in the third year of deve10pment because the 

grubs remain relatively inactive. Pupation occurs in mid-July and emerged 

teneral ,adults remain in the soil till spr'ing of the following year (Hammond, 

19~; Lim II !l.',' 1979). 

C. OCCURRENCE, AND DAMAGE 

White grubs are amongst the most destructive of soil in'sects. In

fe~tat;ons may go undetected until the situation is beyond corrective co'ntrol 
--.. . ~ 

because larvae .live in the soil and' the adults fly at nighb. 

White grubs have been reported to attack a variety of agricu1tura1 
, 

crops. Oats (8igger and .Flint, 1939), wheat (Fenton, 1939; Burkardt, 1955; 

Daniels, 1971; Teetes, 1973), grain sorghum (Danie1s, 1971; Teetes, 1973), 

and sugarcane (Fuchs et al.,·1974) have suffered,economic lasses to white ,-- , 

grubs in the United ~ates. Bluegrass pasture in the south, and rough pas-

turê, hay and turf crops in_ Quebec,J support heavy infestations of white grubs, 
. , ~~ 

resu1ting in widespread deterioration of grass and pasture (Graber et .2l., ) 

1931; Fl uke et al., ,1932; Fuelleman and Graber, 1937; Burcalow et al., 1940; -- --
Pass, 1964). White, grubs are a major concern in corn in'the United States 

(Fuelleman and Graber, 1937i Bigger and Blanchard, 1955; Rivers ~.2l., 197.1, 
~ 

Corn fields attackéd by grubs appear patchy, with plants 
..... 

less th an 2 feet (60 cm)(Metcalf !t ~., 1962). Potato 
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" roots,lare consu~ed by white grubs,_and hales measuring fro!f17. to 14 mm deep 

are made in the tubers (Anonymous, , 1979)-. Lasses ta potato grawe~ in the 

United States (Hodgs,on ~.!l .• ,1974) as well as in Quebeç (Morrison, 1971 i 
, 

P~rron, 1972), have" necessitated the deve10pment of ne,w control measures. 

Strawberries and sugar beets are also attacked in the Province of Quebec , 

(Anonymous, 1977,"981a), strawberries showing symptoms similar to those .' 
caused by drought candi tions. 

, 

White grubs consume the smaller roots of red pine (Fow1er and Wilson, 

1971a, 1974) and eventually gird1e the l~rger anes, reducing growth, weak

ening, and finally killing th~ young seedling. Rècommendations to avoid 
~ ." . 

pl~nt;ng pine seed1ing in areas having more than 0.5 grubs per square foot 

(900 sq cm) indicate the severrty of the pest. Watts and Hatcher (1954) 

reported white grub damage in plantations in the Caro1inas. Young hemlock, 

in the state of New York, progressively yel10wed and died within a month 

when attacked by as few as 3-to 4 second-year grubs per tree (Schwardt, 1942). 

Massive root girdling may also kill shrubs and saplings when infestations 

are heavy (Hammond, 1960)'. 
,-

AS adults ;'Phyllophaga spp. have been reported ta defol i at,e oak in 

Wisconsin (Fuelleman and Graber, 1937). Other deciduous trees such as elm 
, ,'~ 

(Davis, 1916; Hammand, 1947), wi110w (Chamberlain ll.ll., ,1938; Travis and 

Decker, 1939; Sanderson-, 1944), hickory, ash (Davis, 1916; Sanderson, 194ft), 

and popl ar are favoured diets of th",e adult beetles-. ·Shrubs' and bushes such 0 

as li1ac, rose, pecan, ,walnut, butternut, chinese elm. wild p1um, blackberry, 
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and' apple are also fed upon (Ritcher; 1940; Sanderson, 1944; Hamtnond, "948). 

In the past, eastern Canadian producers have suffered toss~s amount

ing to several hundreds of thousands of dollars (Hafllllonc1. 1960) •. A survey 

~f 45 farms conducted 'in the pro'vince of Quebec in 1935, showed an estimated 

1055 caused by white grubs, to be at approximately $216 per farm. An out-

break of grubs in eastern Ontario and \'/estern Quebec in 1933, caused an 

average 1055 of $188 per farm (Harnmond, 1940). White grub jnfes~at ons of 

78 farms in the Eastern Townships, Quebec. caused damages estima,te ,at $108 

per farm in 1938 (Maheux ,and Gauthier, 1944). 

White grubs are more abundant iri lJght so11s such as sand and sandy

loam and are cornmonly found 1n pasture f1elds with large dl110unts of tfmothy 

~(Anonymous, 1981b). Hanmond (1940) reported white grubs to be of economic· 

importance in large areas of agricultural land in Quebec south of Montreal. 

These 1ncluded the counties of Hunt1ngton, Chateauguay. St. Jean, Ibervi11e, 
. , 

Rouville, Shefford, Brome, and Missisiquoi, and l1ght so11s in Jacques 
1 / 

Cartier, lava1, ~wo Mountains, western Terrebonne counties were a150 infested. 

Infestat.ions contln~ed eastward along the St. lawrenee, River through the 

St. Maurice. Champlain, and Portneuf counties. More recently" outbreaks in 

potato fields in Nicolet county were reported to Macdonald College (r·lorrison, 
~ c 

1971). Perron (1972) stated that white grubs were a prob1em 1n potataes and , 

corn 1n" Quebec. wllite grub damage was found by the author in the Mirabel 

reglon fn 1978 and 1979, fn grassy fields grown for sOd production. Also 1n 

the Nico1et ~iion. a strawberry field was total1y destroyed in 1979 by third 

i nsta r grubs. White grubs were found in adjacent patata fi el d,s as well as 

, ' 
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in other .strawberry fields in the area (C. Ritchot. personal communication). 

D. CULTURAL CONTROL OF WHITE GRUBS 

Oamage by white grubs to suscepti ble agri cul tural crops such as 
, o;p 

potatoes ~ corn. ~trawberries. and nursery stock (trees) can be avoi ded by ~ 

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

1930; Hammond, 1940; Fowler and Wilson, 1971a; Sutton and Stone;"197~; 
~ ) 

Anonymous, 1977, 1979; 1981, a, b, c, el. 

Ploughing of infested fi'e1ds followed by repeated cultivations using 
o 

a disc-harrOw has been shown to reduce population levels of white grubs 
, 

(Davis, 1916; Cridd1e, 1918; Drake!!.!l., 1932; Hammond', 1933, 1940, 1948, 
. ' 

1960; ~laheux and Gauthier, 1938, 194'4; Bourqui !!.!l., 1950; ~odgson et !l., 
1974), but timing of the operation is critical for maximum effect. Oestruc-

.. 
tion of first-year grubs is best done during the pe.riod from late July to 

late September -(Davis, 1916; Hammond, 1933, 1960; Hodgson et al. 1 1974). 
-~ 

destruction from ear1y 
h 

Second-year grubs are most susceptible to mechanica1 
\ 

May to ear1y July (Hodgson !!. .!l.:' 1974). and Maheux and "Gauthier q 938) 

found the most suscepti b1e period to be durfng the pupation period from mi d-. 
June to ear1y Ju1y of the third year. During thes'è periods~ the grubs are 

living sufficiently near the soil surface to be kil1ed ,1»' a combination o~ 

physical injuries and exposure to adverse climatic conditions and natural . , 
enemies. 

Cr.op r~ has been recommended for the control of white grubs. 

pavis (1916) noted that crop rotations based on a knowledge of the life 
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cycle of Phyllophaga, coul d be effective in protecting crops from damage. 

A rotation of corn or clover and sma] 1 9fai ns was one recommendati on; the 

c10ver or corn being p1anted during a flight year (Davis, 1918). Plan~s 

resistant to grub dâmage, such as white c1over, red claver, and alfalfa have 

al~;o been recommended for growing during f1igft year's (Hammond, 1940; 

Chamber1in and F1uke, 1947). Pasture fields of grass, when planted in com-

bination with sweet c1over, red c10ver or alfalfa, demonstrated sorne repe1-

lent effects to adults, and reduced oviposition (F1uke ~!!.., 1932;Fuel1eman 

and Graber, 1937). 

E. 

AttelJ! since the 1930'5 to find an eff~ctive chemical 
. 

control bs and June beet.les. Initially, control was direé:'ted'at 
,;' 

on fo1iage during the spring. Trees preferred by , 

. the beetles such as elm, wi'll'Ow, and'oak were sprayed with inorganic insec

ticides includi~g lead arsenate, calcium arsenate. sodium f1uosilicate, and 
) 

tJa~is gre~n (F1uke and Ritcher. 1935; Trav1s 1936; Andre and Pratt, 1936; 

Andre 1937; Travis and Dec:ker, 1939; Hammond, 1940). Lead arsenate provided 
'-. 

better control of the adult 1n most cases, and fts ef·ficacy 'against white 

grubs also led to its recommen'dation for use on turf (Luginbi11 and Chamber1in. 

1938; Neiswander, 1951). When lead arsenate was mixed with sand. protection 

of strawberries was achieved with 1ittle phytotoxicity (Kerr, 1939, /11940,1941. 

Hammond, 1940i Marshall, 1951). A similar mixture provided control of white 
" ,~ ~ ... 

grubs in young hem10ck plantations (Schwardt, 1942), 
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Control of Phyllophaga spp. grubs using soil fumigants was studied 
,-

as a possible alternative to lead arsenate. 
1 

Fumigants such as dichlorethyl-

ether, methyl bromipe, ethylene dibromide. carbon disulfide. chloropicrin. 

and paradi chlorobenzene were used on turf and ln nurseries (Johnston and 

--j---
, i 

1 
\ 

i 
} 
, 
1 
} 

~J 
Eaton, 1942;' Ritcher and Jewett. 1942'; Schwardt t 1942i Hammond t 1945. 1946). ~ 

, ~~ ; 
Chloropicrin provided good grub control but ~ts ~o_st and phytotox,icity ~ 

, .. - - ----= - . 
it unfavorable ~~EL_Ul46-).(.-pa-raâfch~e ffto~apply. J, 

- - - - -- - .. ,. - ----------- \ 

- ----~-----butreacllin_ti-me-s---weresîOWeri:: n and Eaton, 1942). The de~elopment ---------- " -------- --of be-nzene hexachloride (BHC) and DDT as insecticides in the '1940's saw a new 

series of studies usjng them as fol i ar, sprays t~---thé-adul-fs,and al 50 -~jJlSe-C-t-i-c-hte-Saga~b •. Both'chemicals. when applied ta t.he ._-----. ' 

follage independently~ provided good beetle control (Hammond, 1947, 1952; 
1 

f~arshall J 1951). Control of white 'grubs in pasture, using BHC. was achieved . 
" ~~ 

in studies conducted by Hammond (1947, 1949). However, S~il~~ria-l-S--~ 

Switzer1and on cockchafer grubs p-rQ.duced-owos:fteres~l" ' 
'- - , ----~ --

____ .---.- ----19 • ,Aldrin was used successfully ~o control grubs in b1uegrass law't 

" .v- ,--- ~ .- • __ .. _-- - -

(P,~s. 1964,) and red piJle nu:series (Fowler and Wilson. 197'lb, 1974). Other 

ch~rinated hydrocarbon in~eétièides such as diel.drin, heptachlor and endrin 

were also found ta be effective on bluegrass lawns (Pass , 1964) and wheat 
-

(Burkardt, 1955; Daniels,· 1966.1971). Chl.ordane was first used ag~inst , 
. , 

white grubs in 1948, but was found to be ineffective in various 50115 (f1ar-· 
\ 

shall, 1951; Hammond,,1952). 
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Recent 1egislative restrktions on the use of persistent ch10rinated 

, 

hydrocarb9n insecticides for crop protection have reduced the number of 

chemicals availab1e for white grub control, and testing of alternatives has 

bee~ mainly with carbamate and organophosphoros insecticides. Certain orga

~noPhosRhoros insecticides used by Pass (1964) showed cqmparable con~ro1 

effectiveness to sQme of the better chlorinated hydrocarbons. Diazinon, ------

( 

when applied to c1ay-lo~m p1anted with wheat and grain sorghum, show~d a- -
--------~ 

10wer c.Qntrol level than the chlorinated hydro'carbon in_sectiêides (Daniel, 

~~971). Contrary to the se finding~ Frankie ~_ll. (1973) recommended 

the use of diazinon in a g,ran~lar fÔr!!lU!at-fôri':-io;White grubs in lawn infest

ations •. Effec~ive C2.!l~~:J:::'-W~ in Igrain sorghum and wheat using app-
,'--~ 

--'~ 

, li~~_tj9ns:::o7~fe~su1~othion" diazinon and carbofuran (Teetes, 1973). Chlordane 
____ -,;::::::------- i 

and heptachlor were not effective, possib1y due ta a degree of resistance 

ha'ving developed (teetes, 1973, 1975). A new te~hnique deve10ped by Fuchs et 

ll. (1974) for ~eterm1ning insecticide eff1cacy against white grubs, 

Ph,Yllaphaga crinita, ind1cated effective control using fensulfothion, diazinon, 

fonofos à'nd carbofuran. An experimental organophosphoroate, CGA 1-2223, was 

reported to be the most effective insecticide lin greenhouse testing by Rivers . ' 

et al. (1977).1 .,Rike et>'al. (1978) demonstrated resistance oOf white grubs ta -- ---' .... ~ ~ 

chlorinated nydrocarbons and showed carbofuran to be the most toxie soil in-

secticide test~d against second and third- insta~ grubs. Recent fi eT d wo rk , 
on Bermuda grass in Florida, by Reinert (1979), sho~ed consistent control of 

t~ 
..... white grubs' with carbofuran, fonofos and fsazofos. Lim ~~. ('ft980) found 

l See appendi x N. 
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fensul fothion, foflofos, i sofenphos and WL 2401~ to be most toxie 0 thi rd-

i nsta r grubs. Phlll aphaga s PP. 1 Fensul f+hl on. app 11 ed ta e~ta 1 shed fescu. 

and, Kentucky b1uegrass fol' contro' of European chafer (Rhizotrogus majalis), 

control1eël populations 100% the first ,year and between 70 and lOO%,the follow-

.ing year (Tashiro et aL. 1981). Diazinon. though no~ significant1y diffe

rent fro~ the fensulofothion tre~tm~nts. reduced populations by 89%. 

F. PRESENT CONTROL RECO~'~ENDATIONS IN EASTER~ CANADA 

Both Quebec and Ontario Ministries of Agriculture presently recom-
, , 

, . 
mend the use of preventlve measures to avoid heavy losses c;aused by white 

grubs. Producers are warned not to plant vegetab1es on , and that has been , 

in grass sod for two years or more t especi a11y 1n the year foll owing a fl i ght 

year (AnQ11ymous. 1979, 19B1a, b, c. d. e). Th~ostatement made by the Q4ebec 

government (Anonymous, 19B1a). that there is potentially no damage ta st~w-

\ berries nor a need to treat fields previous1y worked over and used for a cul-

tivated cropt cou1d be mi~leading. A case reported by Kerr (1940) showed the 
" 

presence of·a white grub infestati on (Ph.)") ophaga sPP.) in strawberries wh; ch 

had been pl anted tin a fiel d previously used ,for a ·numbefl' of crops planted 
- . 1 

in rotation for two years. White potatoes t sweet potatoes and wax beans were 
,.! 

pl.anted with a caver crop of rye prior to the strawberries. Severe damage ta . ,) 

corn planted in two fields which conta1ned soybean the prev10us year. and also 
oJ 

a' fiel d that had been pl anted in corn two consecuti ve years. was caused by 

whfte grubs in Illinois {Bigger and Blanchard, 1955}. A local case occurred 

See appendi x N. 
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during the summer of 1979, at Pierreville, 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 e9g5 were laid in 

fi elds other than those with a grass cover. 

Ontario presenotl Y recommen'ds the application of chlQrdane, a broad~ 

cast application at a rate of 5.6 to 9.0 kg AI/ha, if vegetables must be 

planted in newly ploughed land (Anonymous, 1981e). Higher rates are required 

in heavy soil or when populations are higher. How~ver, chlordane may not be 

'';..J effective especial1y in heavy infestations, ,as l'las the case in many straw-, 
" . 

berry fields in the Pierreville reglon during the ~ 1979. Chlordana 

had been app1 ied as recommended by the Quebec goverr.ment fo~ the protection 

of strawberries at a rate of 9.0 kg AI/ha a few days prior to planting and 

imme~iatel'y 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 AI/ha, or 2.2 kg 

AI/ha of ch1orpyrifos are recommended agai nst white grubs i n turf. 
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II!. FI ELD COLLECTION OF ADUL TS AND GRUBS OF PHYLLOPHAGA SPP. 

A. INTRODUCTION 

Large numbers of test organisms of maximum uniformity are requi'red , 

for conducting accurate bio1ogical assay (bioassay). where the potency of / 

a stimu1 us 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 cycle, laboratory culturing of large, 

uniform populations for bioassay is difficult and lar~ely impractical. At

tempts at rearing white grubs individually in the field 'and in the 1aboratory 

have al1 given poor results (Miner, 1948, 1952;Oesai and Patel 1 1965;Ritcher, 

1940; Reinhard, 1946;'Toohey, 1977 unpubl. thesis). Consequent1y, the large 

number of specimens needed to carry out the experiments described in the fol-

lowing chapters had to be collected from \:Iild field populations. , 

B. CQLLECTION OF WHITE GRUBS FRarli TURF FARMS 

, 
Ph,"lophaga grubs are found to occur sporadically in areas of pasture 

and abandoned farm land, where they feed on the roots of grasses. Randomly 

over-turni ng of sods and anali zi ng of the roots and, soi 1 ta a depth 0 f aPPr:ox

imately 10 cm, in an attempt to col1ect sufncient 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 ·in the summer of 1977 (Lim, ~!l. 
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1979.) • A t ractor-mounted pl ough was used to ove r.:.turn the sod on a fi el d 
~ 

~ . 
known to be infested at Nicolet, but lt was found that the plough destroyed 

or mut; 1 ated many grubs and exposed' them to. sun 1; ght and predators in the 

period bet~een ploughing and çollectfng. This greatly reduced the number of 

healthy grubs that could be'~collected u·sing this method • 

. SurveYing fO'r' adu1.t beetles using light traps distribpted in the ~lon

treal area during the spring of 1978, revealed the presence of large loca1ized 

populations of June beetles, and further investi gation of the soil s of several 
fi' 

large. turf f~nns in the Mi rabel regioQ revealed infe~tations of second ... instar 

white grubs in fields ~ot treated wH? insecticides. Large numbers of"arvae 

were easily eollected without in jury as they were exposed'by~a mechanical turf' 

èutter (Figures l' and 2). as it eut and rolled the top 4 cm of sod and soil. 

The grubs were collected by hand and plaeed in a cooler- to protect them from 

excessive, heat and direct sunlight. This technique was found to have the fo1-

low1ng advantagep and ~sed for collecting grllbs early in the summers of 

1978 and 1979. 

1) Si nce white grubs are found in sporadi c groupings.-lJtrottgfiout lany 

particular field when infestations are moderate (Lim, 1979), the mechanized 

removal of turf over large areas exposed pockets of grubs, wh; ch mi ght not 

have been located using random digging. 

2) The' turf was eut just above the level at which the grubs were feed-
. 

1ng and was rolled up meehanically', thùs expos1ng uninjured grubs on the fresh 

soil surface (Fi gure 2). 
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FIGURE 1: A small turf cutter used at Mirahel. 
" 

, 

FIGURE~: A field 'at t1irabel where white grubs were collected .",-

as turf was removed. 
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3) Large numbers of grubs (approx. 300-400/day) cou1d be collected 

by only tW? worker~. and few~r grubs were destroyed·than with a plough. 

4) The turf cutter advanced at a pace sl i ghtly faster than one coul d 

walk. making ft possible to collect the grubs as they were exposed. thereby 

reducfng the time they were in direct sunlight. 
\ 

5~~f grass is norm,all Y irrigated during periods of dry weather to 

ensure 'that it is in good condition for easy cutting, and also to sUSta;n it 

in de1ivery. This provides an idea1 environment for white grub survival near 

the surface. 

c. 

cated 8 km n 

year thi rd

mel , Agr. h 

.. 
COLLECTION OF WHITE GRUBS IN STRAWBERRY FIELDS 

the summer of 1'979, a 1.0 ha strawberry field (Figure 3) 10-

of Pi er:revi 11 e. Quebec. was found to be infested with seèon,~ 

r white grubs (persona1 communication, C. Ritchot and C. Tur

he hand-pu11 ing of strawberry pl ants revealed the presence of 

as mal')y as 6 !Jrubs feedi!1g on each plant (Figure 4). A visual comparison bet-

, w~en healthy pl ants (Fi gure 7) and those attacked by white grubs (Fi gure 8), 

showed a scorching of the leaves. the absence of the many secondary root}. 1 

and in advanced cases. loss of the mai n root and crown whi ch caused the' death 

of the plant. Grubs were found in the top 10 cm of soi1 and were easily turn .. 

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

placed in soil-filled flats and kept in ,a cool place untl1 transferred to 
•• 

boxes for transportati on to the l aboratory. 
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FIGURE 3: The strawbérry field at Pierreville where white grubs 

were collected in 1979. 

• .t 

FI'GURE 4:. As many as six third-instar white grubs we~ found 

feeding on the roots and crowns of strawberry plëtnts. 

Pierrevi1\r.1979. 
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FIGURE 5: Grubs were uncovered lIsing cult i vators and fork-spades. 

FIGURE 6: Grubs wére placed in flats and covered with sail ta 

prote ct them from t~sun during collection. 
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FI GURE '7: A hea 1 thy strawberry plant.' 

L 

FIGURL8: A strawberry plant showing heavy damage caused by 

feeding of third-instar white grubs. 
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D. COLLECTION OF AOULT JUNE BEETLES 

1 

Blackl i ght traps were use'd to collect adult June beetles. Ward' s 

4-baffled insect traps (Ward's Natural Science E~tablishment, Inc., Rochester, 

N.Y.), were fitted with 8 watt blacklight fluorescent tubes. A galvanized 

steel collecting funnel (upper dfamèter: 30 cm, funnel opening: 3.5 cm) was 

attached, to the 'base of the collecting trap and ~ cone was t1ed to the top ta 

prevent rain frQm entering (Llm, 1979). A nylon bag was attached tajthe fun

nel base to col'lect the beetles ï'alive.' The traps were suspended at app-roxi

mately 1 ln from the ground when fil operation. In 1978, traps were located in 

the Ste. Anne de Bellevue area, and in 1979 traps were operated in the county 1 
of Nicolet. The bags were removed every Morning and pla~ed in a cool place 

till removed to the 1 aboratory. 

} 

1 

~-l 

1 
i 



( 

1 . - , 
\ 

. \ 
7 

J , 

1 
IV. INSTALLATION AND CALIBRA nON OF A POTTER SPRAY TOWER 

1 

INSTALLATION 

A Potter spray tower was'" purchased from Burkard Manufacturing Co., 

Ltd., Rickmanworth, Herts. 1 Englaner, for laboratory screening of insecticides. 

Installation and operatiooômethods we~ studied during a visit to the $oil 
f 0 \ 

Laborat~ry, P,esti ci de "Research Institute, Agri culture' Canada, London, Ontari 0 

in 1978\by kind arrangement with Dr. C.R. Harris. The tower was installed 
\ 

within a fume hOGd (Figure 9) ta remove taxic spray and fumes given off du-

ring operation. The apparatus' was set up for use according to the instruc

tions of its designer (Potter, 1952). J\djl15tments were carried out to level 

and centralize the spray tube, spray table, and.atomizer, to performance spe

ci fications of the makers (Oiagram 1). 

~dies by p~ttet (1952) showed the apparatus capable of rePfatedl Y 

giving a~ ;ten distribution of spray deposit over a target 9 cm in)iameter, ., 
usi.ng both distilled \'1ater and a light petroleum oil. Similar tests were 

carried out, and minor adjustments made periodically ta calibrate and check 
. 

for unfform di~tri bution of insecticide on the surface exposed below the tower. 

~ central compressed air line was connected ta the tawer's air cylinder and 

atamizer, and line pressure was faund to be relatively constant,(80 :!: 0.5 cm 

merc~ry) measured with an open-end mercury manometer and 'à pressure gauge 

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

1 



FIGURE 9: Patter spray tawer installed in a fume hood ta remove 

toxic ... spray and fumes when the tower \'Ias operated. 
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DIAGRAM 1: p~tter ~pray Tower. 
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was reduced twice using needle valves, from line pressure of 80 cm of mercury 

to approxfmately 40 cm and final1y' ~o 28 cm (nozzle operatfng pressure) as 

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

made~ to ensure a constant, reproducible pressure when spraying. The platform 

cylinder"s air line was separated From the nozzle Hne ta prevent a 51 ight 

drop in pressure occurr;ng when the spray table was raised. Ah on-off toggle 
, , 

valve ~as also installed in the atomizer line (Diagram 2) to provide a rapid 

releas~ of air and thereby r~duce any gradual b~ild-up of,pressure when spray

ing sta'rted, which could chan'ge-the droplet spectrum emitted . 

.... 

B,. CALIBRATION 

The ai r pressure level was set at 28 cm of mercury (approximately 5 

PSI). The, test fi ui d was measured usfng a 5 ml pi pette iota the reservoi r of 

the atomizer. The spray table was lowered and a 9 cm diameter Petri dish con-
. ~ 

taining 4- 2.56 cm diameter cover slips was placed on it and returned to the 

spray positi on'. The atomi zi ng ai r stream ~/as turned 'on usi ng the toggle val ve t 

and the fluid was sprayed down the cylinder. When all hàd been atomized, the 

compressed air was turtied off and the table lowered t'o remove the cover slips 

after 15 seconds had elapsed. The position of the individual cover slips was , 

rècorde,.d, and t~e weight of deposited fluid was calcûlated by subtracting the 
, " , t .. 

. weight of the preweighed caver slip from the total. Standard errors ,(St~el 

\Jd Torrie. 1960) were calculated on each single deposit. mean of the deposits 
1 
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DIAGRAt4 2: Pressure 1 ine supplying tower. 
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DIAGRAM 3: Bottom view of tower. 
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on-off valvè air cylinder 

'0' ·'·101' ----- 80 cm . _ . 
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filter 

air inlet,80 cm ... Hg 
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to mOrlO ml?ter 

. \ 

.--:=:=--to atomizer ' 

• 

28cm,Hg " 
pressure gouge 

to manomete'r 

ta nozzle 
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ODIFICATION 
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1 needle valve 
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pressure gouge 
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~t one positiO~t and of the rnean of the deP9sfts in one test. Values were 

obtained using distilled water and also a ~1xture of olive 011 and acetone 

in a ratio of 1:1. In the case of olive oil and acetone, the weights ob

served were that of the ail deposit on1y because of the rapid evaporation of 
4 

the ace'tone. The standard errors were acceptably low (less than 5 percent), 

indicating that deposit uniformi,ty and reproductibility were within the spe

ci fi cations recommended by Potter (1952). and were consistent with both water 

and olive oil-acetone. Positional we1ghts as well as calcul.ated standard 
1 

errors are given in Tables il ta 5. 
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- TABLE 1: Distribution of deposit using water. 
J o 

• r1easured by obtaining the weight of water deposited on 2~6 mm cover slips 
j 
J 
( , 
l pl aced in a 9 cm gl ass Petri dish. Gap. 1.25 CI11I. 5 ml of wate\" sprayed at 

a pressure of 48 cm of mercury. 
l 

,. 

/ 

Position of cover slip / 

Test number Rear Right front le~ front Centre Hean (mg) 
, 

l 3.4 3.1 2.6 2.7 2.95 

2 3.1 2.7 3.0 4.1 3.23 

3 3.4 3.8 3.0 4.0 3.55 
{ , 

4 3.6 3.0 4.1 3.6 3.58 

5 3.4 3.8 3.3 3.2 3.43 

Means 3.38 3.2~ 3.20 3.52 3.35 -
. 

Standard ~rror (S.E.) 'of a single deposit • 0.10 • 3.,07% of mean. 

S.E. of the mean of five deposits at one position 8"0.07 • 2.06% 

S.E. of' the mean of four deposits on one test • 0.12 = 3.49%. , 

,\ 
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TABLE 2: Distribution of deposit us;ng water. 

Measured by obt~ining the weight of water deposited on 256 omm cover slips 
.' ' 
~ 

'p1aced in a 9 cm gla~s Petri d1sh. Gap, 1.25 cm, 5 ml of'water sprayed at 

a pressure of 48 cm of mercury. 

Position of caver sl i e 
Test Number Real" Ri ght front ' Left front Centre Nean (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 3.4 3.8 3.43 . 
(, 4 3.4 3.5 2.9 4.1 '3.48 

5 2.6 3.5 3.9 4.1 3.50 

6 3.9 3.1 3.1 3.9 3.50 

~ 3.62 3.15 3.45 4.00 3.56 

( S.E. of a single deposit • 0.29 • 3.07% \ 

S.E. of the mea" of six deposits at one 'position = 0.12 • 4.98% 

S.E. of the mea" of four deposfts on one test • 0.10 • 2.82% 
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TABLE 3: Dfstr1 butfon of deposit using water 

. Same 'conditions as de~crfbed in Tabl è~ l and 2. 

'1 
.. - , 

Position of caver slfp 
1 , 
1 , 

Test number Rear Ri ght front left front Centre Mean (mg) 

1~ 3.4- 2.5 3.4 3.4 )~.18 
2 3.1 2.4 2.8 3.2 2.88' 

~ 

3 2.8 2.7 2.5 3.2' 2.80 

4 2.9 2.7 2.6 3.4 2.80 

( 
5 3.0 2.4 2.6 li' 3.4 2.85 

6 3.4 ~ 3.0 3.5 3.30 

~ 3.10 2.67 2.82' 3.28 2.97 

S. E. of the me~n of a s1ng1e. deposft • 0.07 • 2.49%. 

S.E. of 'the me'an of six deposits at one position • 0.14 • 4.6~%. 

S'.'E. of the me an' of"four deposits on one test;: 0.09" ;: 2.97%. 
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TABLE 4: Dist~ibution of 'deposit usi~g water'. ' ' 

, ~. 

~'easured by obtafning the weJght o~ water deposited !ln cover slips placed 

·1n a 9 cm· gl~ss Petr,i dish. Gap, L2S cm, 5 ml of water sprayed a~ a' 

pressure of 25.5 cm of mercury. 

" 
Position of cover slip 

39 . 1 
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, Test number Rea .. ' Right front Left front Centre r1ean (~g) 

1 >" 11.6 10.5 12.3 12.;1-.-- .' 11.78 

2 12.1 11.8 ' 10.9 1r.2 11, • .15 

3 12.1 11.6 11.4 .12.5 11.90 

4 12.6 12.1 11.5 12.3 12.13 

5 11.8. ·10'.5 11.9 13.0 11:.80 

6 11 .8 11.3 1l.Z '12.1 11 ~,60 

1 12.1 1'1.0 12.2 12.4 12~08 

8 12.3 11.6 11.4 12.7 12.00 

9 1 a.. 2 11.3 11.8 12.9 12.05 
• 

10 12.1 12.1 12.3 13.2 ' 12.43 ' .. ' 

!1!!!l! ' 12.13 11 .38 11.69 i 12.6 
'~ 

S.E. of a single deposft • 0.1 0 • 0.84%. 

S.E. of the,mean of ten deposits at one position • 0.27 • 2 .. 22%. 

S.L of the mean of, four deposits on one t~st • 0.08 • 0.63%. 
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TABLE 5: Distribution of deposit usin~ acetone and olive oil. 

Measured by obtafning the wefght of olive ail, {applied in a 1:1 ratio with 
.' . 

acetone} deposlted ori 25.6 rrm caver slips placed in 'a 9 çm glass Petri dish.· 

Gap. 1.25' cm. 5 ml of solvent sprayed at a pres,sure of 27 cm of mercury. 
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v. CO'NTACT TOXI CITY OF INSECTI CI DES TO FI ELO":'COllECTED 

JUNE BEETLES 

A. " . INTRODUCTION 

Early attempts to control white grubs were directed at the adult 

'stagè, or June beetle. Andre (1937) demonstrated that, in field applications.' 

Paris gteen caused higher mortalfties of beetles than did acid lead arsenate, 

ca1dum arsenate, and sodium fluosilicate. Evidence was found by Fluke and 

Ritcher {l935} that lead,arsenate sprays provided protection from defoliation 

of oak in Wisconsin. Th1s was substantiated by 1aboratory tests using 1eaf 
, .., 

sandwiches containing lead arsenate (Travis, 1936). and later fn field tests 

conducted by Travis and Decker (1939). where lead arsenate appl1ed to fol1age 

caused an 80% mortality compared to 30% with calcfum arsenat~. Hammond (1947) 
" 

stud1ed the effectiveness of DOt: sprays and dusts, BHC, and a combinat{on of 

DDT and BHC applied to both the so11 and foliage. DDT sprays were shown to 

be the most effective. Contrary ta observati;~s by Andre and Pratt (1939), l 
ind1cating a hfg,her susceptibf1ity in males, Hammond (1947) found no diffe- '{ 

1,' 

rences in mortalfty with the sexes~ Further tests by Ha~nd (1952) showed 1 
BHC was effective 1n elfmfnati ng fi rst-year white grubs when appl1 ed ta the 

5011 near and under trees,' at a raté of 20 pounds per acre. , ~ 

/ - • J 
Recent restrictions on the use of chlorfnated hydrocarbon insectici-

des have ~timu1ated efforts to fftid alternative control1ing chemical s. However, 

41 
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the fE7asibility of controlling June beetles is questionab1e due, to their wide 

range of food sources (Clark and Hove1and, 1'938), and their low population 

densities (H. Tashiro, persona1 communication). Recent work by B1ndra and 

,Sin,gh (1971) on Holotricha conquinea, an oriental species c10sely related to 

the genus Phx,.llophaga. showed carbaryl at 0.1 and 0.2%, and fenitrothion at 

0.05 and 0.1%, to be effecti ve ~ontro1 agents when appl i ed to fa li age. Lack 

of information concerning the toxicity of other current1y available insecti

cides on Phyllophaga prompted the present investigation, which'included the 

adult stage for completeness. . , 

AI" 

B. M~TERIALS AND METHODS' 

Two experiments were conducted in the summers of 1978 and 1979 using 

June beet1es. The beetles were trapped a1ive using a modified Ward's 1ight 

trap (Um, 1979) and were store,d at SoC until sufficient numbers of insects 

were accumul ated ,,"or a test to b~ made. 

Experiœnt 1: Adult stage Phyll ophaga SP~l1ected in the area 

surrounding Ste. Anne de Bellevue, Quebec, dur; ng the fi rst weeks of June 1978. 

The beet1es were refrig~rated at soC then transported by air in a cooler by 

the author ta the Sail L~ary 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 h~ ov.ernight at 21~C. 

The 14 premium grade technical insecticides 1isted in Table 6 were disso1ved 

, 1 
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in a mixture of acetone-olive oil (19:1) and applied topically using a Patter 

Spray Tower (Harris and tlazurek, 1961). Two repl.~cates of 5 June beetles 

were sprayed with 5 ml of a 0.01% wei ght;Vol ume solution of each insecticide 
- -' 

at a pressure 'ef 48 cm mercury. Dup1 i cate control s of acetone-ol ive oi l only 

were included in the test. Treated insects were placed in cardboard cartons 

and held 24 hour.s at 270 C, ,65 :!: 5% RH an.d 24 hours of light. Each beetle was 

inverted, placed·under a bright light and prodded gently with pointed forceps, 

and any showing a movemen~.response o,f any appendage, was counted as alive. 

Experiment 2: Beetles were collected during the last week of~'ay and 

the first week of June. 1979. in Nicolet county, Quebec. The accumulated 

beetles were stored in t-rre same manner as descri bed for experiment 1. The 

beetles were sprayed June ~ at Nacdonald Campus using a Potter Tower at a " 

pressure of. 28 cm mercury. Four repl icates of 5 insects were sprayed ~th a 

series of five, concentrations of diazinon. fenvalerate, and cypermethrin as 

well as an acetone-ol i ve oil control. The concentrations used were 0.005, 

0.1, 0.2, 0.4 and 0.8% weight/volume. 

Nortal ities were determined at 24 and 48-hour post-treatment (Appen-
.J 

dix A and B), and values were corrected for natural mortality in the controls 

us i ng Abbott' s formul a (Abbott, 1925). Because June beet1 es fei gn death, 

only insects that attempted to grasp or push away a probing instrument were 

considered alive after exp,osure for 3 minutes under a ,150 watt incandescent 

1 amp. 
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C. RESULTS AND DISCUSSION 

On1y 5 of the 14 insecticides tested on the adult stage in 1978 pro

duced mortalitiès greiter th an 60% at a concentration of 0.01% weight/volume 

(Table 6). The experimental chemica,l WL 43775 killed 100% of the test beet1es 

after 24 hours. The insecticide CGA 12223 a1so produced a high morta1ity of 

87.5%, but has since been withdrawn frOfil the market. Fensulfothion and ch1or

pirifos showed similar contact toxicity (75%) and the remainder of the chem;,,:, 

cals showed l'ower toxicities at the 0.001% concentration tested. Determination 

of LO 5-0 values could not be made in the 1978 test due to insufficient numt& 

of beetl es. 

Natura1 mortalities in treatments were corrected using ,AbbotUs formula . 
(Abbott, 1925) and a régression line for each chemical tested was calculated. 

Hean 1 etha1 doses of LD 50 were cal cul ated with fi duci al 1; mits at the 95% 

co{tfidence level. The mortal ay response was plotted on probft log-dose paper. 

Probit ilnalys'i s was carried out with the ai d of a computer program avail abl e 

from Statistical Analysis Systems at the rlcGill Computer Centre. Using data 

obtafned from bioassflY tests, the program' generated the equation of the best 

l1ne, giving the slope and Y intercept (example: Appendix Land M). 

Within 15 minutes after treatment, beetl"es sprayed with the pyrethroids 

(Table 7) showed'accelerated mov~ment and regurg1tation. Results from topical 

application of diaz~on, cypermethrin, and fenvalerate pro~uced significantly 

large Chi-square values for heterogeneity. It 15 believed that the variable 

! 
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TABLE 6: Percentage morta1ities produced by 14 insecticides tested at a 

concentration of O.U w/v on June beetles. 'Ph.rl10phaga spp •• 24 

hours post-treatrnent. 1978. 

Insectf cf de % rnortalftya Insecticide % mortal ftya 

WL 43775 100.0 Terbufos 25.0 

CGA 12223 87.5 Fonofos 25.0 

Fensul fothion 75.0 Isofenphos 25.0 

Chl orpyri fos 75.0 Diel drin 25.0 

Oiazinon 63.5 Nl 41706 25.0 

WL 43467 50.0 Permethrfn ..--- 12.5 

Chlorfenvinphos 37.5 !4l 24073 O~O . 
JI 

10 

a average morta1fty of two rep1icates. corrected according to Abbott's 
~-

formul a (Abbott. 1925). 
'?'- l, ' 

(Re~r to Appendix N for chernieal structures and trade names) 
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response ta standardized treatment shawn by the beetles . (Appendix A and a), 
o 

·whiéh infJated the Chi-square valuès. was possibly caused by several factors. 

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

fecting their physical condition. feeding status prior ta capture, age, and 

sexe Because of the erratic response, variances were multiplied by a hetero": 

, geneity factor. Results of this expedment are questionable because of. the 

large Chi-square value~. A larger population of beetles tested against a 

braader concentration range of chemicals/would be required to distinguish the 

causes of the heterogeneity. 

The adult population used in 1979 was highly susceptible ta al1( three 

chemicals testedj LD 50 values were calculated where possible. B~cause of' 
1 

high toxicity 1evels produced by cypermethrin, an accurate LD 50 value could 

not be ca1culated. However, LD 50 values were determined for iazinon and 

fenvalerate at 0.1 and 0.04% respective1y (Figure 10), and co centrations re-

qui red ta ki 11 95% of the popul ation using 

proximatelyequa1 (Table 7). This c1ear1y 
~ 

a re very e ffecti ve in k i 11 in g Phyll ophaga 

diazinon and fenv erate were ap
l' 

shows that ~hJse new pyrethroids 
1 

spp. adu1ts.: Results'48 hours post-

treatment showed variabi11ty in mortality respons~, and consequently higher 

Chi-square values. éalculated LD 50 values 48 hour:s post-trea'tment showed a· 

decrease in the dosage required to control the adults (Table 8). 

The feasibility of controlling June beetles il smal1 due to: 1) large 

feeding range; 2) var1ed, hast preferences; and 3) low population de,nsities. 
~ 

As shOl'tn by the results obtained by this experiment, the, three insecticides 
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FJGURE 10: Log-do'se/probit lines for topical appl ications of 

diazinon and fenvalerate to adult beetles 24 ho urs 

post-treatment (1979, see al so Table 7). 
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TABLE;. 7: r10rtality date on PhyllophaQç spp. sprayed with 3 insecticides diluted with acetone-olive' 

ail and applied using a Pottér spr;y tower at a pressure of 28 cm olmercury, 1979 . 
.» 

(Refer ta Appendix A and B) 

Insecticide Period Chi -squar-e df Probe Slope LD 50 
HOURS % eone. 

Fenvalerate 
. 

24 5.599 3 0.133 1.180 0.04 

t = 1.96 

Oiazinon 24 3.144 3 0.370 1.626 0.1 0 . 

t • 1.96 

. Cypermethri-n 24 37.642 3 0.0001 0.854 0.02 

t = 3.18 .;P 

H • 12.55 

Prob.: Probability greater th~hi-square. 

t = value used ta compute fiducia1 limits -at 95% confidence level. 

( H· heterogeneity factor. 

1 

"'" 

Fiducial limits LD 95 
Upper Lower % cane. 

0.08 0.02 1.09 

0.16 0.05 1.03 

. 1.78 
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TABLE 8: LD 50 values calculated from date:on sprayed adult 

PhYll ophaga • 

(Refer to Appendix A and B) 

Insecti cide 

Fenvalerate 

Diazinon 

" 

Period 
HOURS 

24 

48 

24 

48 

Chf -square 

5.599 

8.666 

3.144 

10.6'44 

LD 50 val ues 
% conc. 

0.044 

0.003 

0.100 

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 cypennethrin lower con

centrations, would-permit a more accurate dose-mortality response determina-

• tion. 
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( VI. LABORATORY EVALUATlON OF éANOIDATE INSECTICIDES FOR CONTROL 

OF SECOND-INSTAR WHITE GRUSS 

A. 1 NTRODUCTION 
,--

laboratory and field insecticide studfes have been conducted in the 

past ta assess the efficacy of arsenfcals and organochlorfnes agafnst, various 

white grub populations (Kerr, 194t; Ualll11ond. 1949, 1952; Marshall. 1951; 
/ 

Burkardt. 1955; Fow1er and Wilson. 1974). Apparent resistance of certain 

Phyllophaga spp. to ch10rinated hydrocarbons has been demonstrated (Teetes" l' 

" 
1973.1975; Fuchs et aL. 1974; Pike et al., 1978). Env1ronmenta1 persistence -- ----
of chlorinated hydrocarbons and the development of resistence. has resulted fn 

their removal from the registration 115t ,for wh1te grub ~on~rol in crops. 
" 

Little research has been done on white grub control using organophosphoros , , 

and carbamate insecticides. Field testing in ~orghum and Wh~t, conducted bl c 

Teetes (197l. 1975), showed diazinan, fensu1fothion and carbofuran to be effec

tive in reducfng grub populations. Artiffc1al infestations fn sugarcane plots 
, " 

, 

were used by Fuchs !l!l. (1974) ta d4!!termine the activity ~f several sail 

insecticides. In addition to diazfnon and carbofuran. the',y found fonofos -ef

fective in eo"ntrollfng grubs. Relative toxfcfty tests of so11 Jnsecticfdes " 

on white grubs showed carbofuran to be the most toxie to second and third-1n-' 
-

tar grubs (Pike tt.!l .• "19.78). AppU cation of carbofuran, fonotos and fsazo-
" 

fos to Bermuda grass recluced population levels in a white grub complex' tested 

in Florida ,(Reinert. 1979). 
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Top;cal toxicities do 'not riece's-sarily reflect insecticidè activity 

in 501.15. The influence o(so;l type and moisture on the toxicities of in-. -
sect; cides applied to so11 5 wasèemonstrated by Harri sand Mazurek (1966); 

Harris (1972). Further studies demonstrated a genera1 reduction of a ch,erni

ca lis acti vit y when appl i ed to the soil. as opposed to di rect contact ac'tivi ty 

(Harris and 11azurek, 1966). These differences in efficacy are studies by 
J " 

comparing topica1 and ,soil applications. The,assessment of the activity of 

ca~didate materia1s in the soil can provide information towards choosing an 

effective insecticide for the control of white grubs under different field 

conditions. 

B. MATERIAlS AND METHODS 

I. Fi~st Year, Second instar white grubs. 

Fi rst year, second instar grubs were collected from a sad fiel d in 

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

seeded with the collected grubs by perforaUng the root mass witll a sharpened 

st; ck and dropping a wh; te grub in each hole. This procedure ,was undertaken 

to maintai n heal thy grubs for ~esting •. The grubs were, removed from the mi cro-
lL-.. 

plots using a soil sereen and were then moved ta the 1abarat~ry for tes"ting. 

a} Topical application 

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

" , ' 

of the following insecticides: diazinon. isofenphos. ,fenvaleratc. fensulfo .. 
,*, 

thion, azinphosmethyl and permethr1n. The sol vent u~ed was a mixture of 

o i , 
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oliveooil and acetone in a ratio of 1:19. Because the technicàl grades of"-
, 

th~ various insecticiçles aval1a,ble were not of -consistent purity, equivalent 

proportions of stock insecticides were used te ensure a 0.1% w/v con'centra-

P tion of active ingredient. Healthy insects were selected for testing; ten 

white grubs were placed in a 9 cm Petri dish lined wi\h a filter paper, and 

sprayed under a Patter spray tower. Fi ve ml of 0.1% sol ut10ns were sprayed 

on each dish at a pressure of 28 cm of mercury. Mortality counts, using re

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

b) Soil incorporation 

Upland s~nd was treated w1th 50 ppm of the fol1owiJlg insecticides: 

diazi non. i sofenphos, fen valerate. fensulfothi on, azfnphosmethyl and perme

thrin. The insecticides were dil uted in a sol ve~t containing pentane and 

acetone in a ratio of 1:1. The insecticide was pipetted onto the soil sur,

face of 50 9 of sand contained in 400 ml glass jars and tumb1e mfxed for 5 

min. (Harris and Mazurek, 1966). The jars were allowed to ventilate for r 
o 

hour to prevent morta1ities caused 'by solvent vapors. Ten grubs were then 

added ta the soil and allowed to burrow down. The soi1 soil moisture level 
. 

was maintained at lO%Cby weïght. Mortality counts were made 24,48 and 72 H 

post-treatment (Table '10). 

II. Secon d~yea r, second- instar white grubs. 

J 
J 
; 
" . 
1· 

• ! .. 
l . 

, ~ , , 

Second-year, ,second-instar whi te grubs' were collected fram a"sod ' ç 
, , 

o • 

f1,eld in Mirabel in the spring of 1979. Due ta -the small number o'f grubs 

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

.. 
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TABLE 9: Martaliti es of second-i nstar grubs treated with 

insecticfdes app1ied using a Patter spray tower. 

Percentage mortality of both replfcates comb1ned 

(20 fnsects). 

In sect1 cf de 
Period' (Hl 

% Mqrtal i ty a 
. 24 48 

Fensu,l fothion 40 87.5 

Azi nphosmethy1 30 62.5 

Fenva1 era te 3i. 47.3 
,.Jo l 

Diazinon 15 25.0 

Isofenphos ç-' 10 12.5 

Permethrf n '5 0 

a Mortalities çorrected usfng Abbott's formul a (Abbot t, 1925) 
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TABLE 10: Mortalities of second-inst~b. treated with 
i 

Insecticide 

insecticid~s applied to the soil (sand) containing 

10% moisture. Two replicates of 20 grubs, soi~ 

cantaining 50 ppm. Percentage mortal ity of both 

rep1icates combined. 

% :1orta1 ity a 
Period {Hl 24 48 72 

Fensul fothion a 15 42.1 

Az i n phosmethyl a 25 36.8 

Fenval erate a 0 
, 

0 

Di az; non 5 20 36.8 

1 ~o fenpplos 0 5 26.3. 

Permethri n a 0 0 

a Morta1ities corrected using Abbott's formula (Abbott. 1925) 

''0 
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Two rep1icates of five white grubs each were sprayed with dfazinon, 

. fensu1fothion, fonofos and chlorpyrifos. Three concentrations'were app1fed; 

0.01, 0.1 and 1.0%. The techni cal grade insecti cides were dU uted with a 

mixture of olive oil-acetone (Ratio 1 :19). Morta1ities were obtained 24 and 

48 H post-treatment (Table 11). 

Diazinon and fensu1fothion were sprayed on late second-instar grubs 

using the concentrations indicated in Table 4. Lethal dose 50 values were 

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

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. On1y after a period of 72 H did fensulfo

thion kill more grubs than the other treatments. A test using fensulfothian 

in sand by Lim (1980), showe,d a similar reduction in activity. Azinphos

methyl was two times more effective than diazinon when applied directly to 
, . 

the grubs, however thefr potencles were similar. 72 H post-treatment when 

applied tQ the sand. Fenvalerate, although control1ing approximately 50%Î~ 

the test insects when used as a contact insecticide, was de-activated when 

when applied ta the sand. Isofenphos was the least effective of the four 

organophosphates tested on second inst~r larvae. Permethrin was ineffective 
/ 

on second-instars both as a contact and soi1 insecticide. 
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TABLE 11 : Mortalities of second-instar grubs treated with diazinon, 
" 

.fensu1fothion, fonofos and ch1orpyrifos. Two 'replic~~es 

of 5 insects each sprayed with 5 ml of sol utfon using a 

Potter spray t0(fr at air pressu~e 28 cm of mercury. , 
Insecticide 

Di azinon 
Fensul fothfon 
Fonofos 
Chl orpyri ~~ 

Di az;non 
Fensul fothion 
Fonofos 
Chlorpyrtfos 

Di azinon 
Fensul fothion 
Fonofos 
Chlorpyri fos 

Di az; nan 
Fensul fothjon 
Fonofas ' 
Ch 1 a rpyrHo s 

Di azinan 
Fensul fothion 
Fonefos 
Chl erpyri fos 

Di azinon 
Fensul fothion l Fonofos 
chl orpyri fos 

Period 
HOURS 

,j4, 

24 

48 

48 

48 

Conc.% 

0.01 . , 

1~ 
0.01 

0.1 

1.0 

1 

% Mortal Hy a 

12.5 
a 
a 
o r 

25.0 
62.5 . 

Q 
37.5 

87.5 
100.0 
37.5 
75.0 

5.2 
o 
5.2 
o 

36.B 
68.4 
21.0 
68.4 

100.0 
100.0 
68.4 

100.0 

a Mortalities cor,rected using Abbott's formula (Abbott, 1925). 

Control mortality'24 hours :.20.0%. 

Control mortality 48 hours = 36.7%. 
) 
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Contact testing lJsing 1at~ second-instar (second year), agai" showed 

fensul fothion to be the most effecti ve (Tëlble 11). On1y diazinon showed f n-
I 

sect;c; dal acthity at the 0.01% conc~ntration 24 H post-treatment. Chlor

pyrifos at 0.1% was more effective than diazinon but at 1.0% diazinon 's effi-

caey was greate,r. This trend continued 48 H post-treatment, howe-ver at the 

1.0% concentration, 100% mortality was achieved usirig both. Fonofos showed 

no acti vit Y 48 H post-treatment at the 0.01 % level. Approximately 70% of the. 

grubs tested using a 1.0% concentration, were killed •. 
(l • 

The hi gh contact toxi city of fensul fothion agt'eed with results report .. 
i 

, 
ed by Pike et,!!.. (l978J and Lim~!!.. (1980 shown to be 

an effective soil insecticide • 1973; Fuchs 

et !l., 1974). Control using fensul fothion required a longer period of time 

compared to the other e ffecti ve organophosphates te~ ted. 
" \ 

Letha 1 dosage 50 values were calcul ated for di az; non and fensulfothi on 

24 H post-treatment using them as contact insecticides on 1ate second-instar 
, 

grubs. 'The lD 50 for fensu1 fothion, 0.09%, was three times less that Of dia-
. , 

z;non. The LD 95 value for fensulfothion was six times less that of diazinon 

(Table 12). The LD 50 val ue for fensulfothi on 48 H post-treatment remai ned 
i 

relatively unchange'd, however thEt LD 95 decreased. A delay in toxic action 

was apparent, supported by the decrea~e in LD 50 ta 0.07% and LD 95 to 1.02% 

Compari sons of mortal Hies caused by 0.1 % cûiH:entrat1ons of diazfnon 

and fensulfothion between first and second-year, secor'ld~instar grubs, showed 
~ 

\ 

\ 
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TABLE 12: Morta1 ities of 1 atè second-i nstar grubs. Two repl icates of 

10 late second-instar grubs were sprayed with each concen-

tr'ation usi,ng a Potter spray tower at 28 cm of mercury. Five 

ml of solution were used in each treatment. Diazinon l'las 
~ 

'apPlied\ato.05, Dol, 0.2,0.4,0.8% (w!v). Fensulfothion l'las 

app1ied at 0.025,0.05,0.1.0.2,0.4% (w/v). 

Inséctici de ,period lD 50 Upper Lower LD 95 
HOURS \ % cone.' Limits (LD 50) % conca 

Diazinon 24 ,0.31 2.09 0.13 8.44 . 

Fensul fothion 24 0.09 0.20 0.04 1. 39 

Oiazinon 48 0.07 0.36 _ 0.01 u ' 1.02 

Fensul fothion 48" 0.07 0.03 0.03 0.82 

\ 
1 , 
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( first-year grubs slight1y more susceptib.1e to fensulfothion than diazinon, 

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

THIRO-INSTAR WHITE GRUBS 

A. INTRODUCTION 

Early thi rd.instar white grubs are voraci ous feeders and are respor

sible for extensive damage ta crops. Because of their increased size from 

that of second-instar gruos, a study was undertaken to determine the; r sus-

ceptibi11ty ta several insecticides presently used for soil insect treatment. 

B. MATERIALS AND METHODS 

Third-instar la'rvae we're co11ec::ted using fork-spades in a strawberry 

field approximate1y 8 km north of Pierreville, Quebec, during the hst week 

of August and the fi rst week of September, 1979. The white grubs were 

placed in cordbo.rd boxes w1th a large proportion of sofT token fro~he 
fielcf. Because of the aggressive nature of third -instar 1 arV3f:, numbers of 

gr\Jb5 in each box were kept 10\1 to reduce mutilation a.nd f'Jrther 10s5 of spe .. 

cimens to di sease. The boxes were transp~rted to the, l aboratory and stored 

at 50(; in order ,to slow the metabolic rate of the grubs and e1iminate feeding. 

Mortalities caused by disease were also reduced usfng' thfs method. The sail 

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

popul ations of grubs. 
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the boxes were removed from col d storage approximately one hour prior 

to treatment (Figures 11 and 12), and hea'lthy .. looking grubs (free from in jury) 

and externa1 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

Ment temperature (ca. 200e), becoming active in a matter of minutes. 

a). Topical Ap'pl1cation of insecticides 

Healthy insects were se1ected a,t random and p1aced 5 to a 9 cm Petri 

dish for treatment using a Potter spray tower (Figure 13). Technica1 grade ,1 
, \\ 

insecticides were used in formu1ating the concentrations, and each fonnula

tion contained the same relative amount of active lngredient. Concentrations 

of 0.5, 1.0 and 1.5% were appl ied to four rep1icates of 5 insects ea~h. The 

insecticides were diluted in a solution of re-distilled acetone and olive 

oil (19:1) on ~ we1 ght/vol ume bas1s. Five mHl11iters of insecticide were 

atom1zed at 28 cm of mercury (air pressure) onto each Petri dish containing 

the 5 grubs. The 1nsects were transferred te 400 ml glass jars conta1n1ng 

100 9 of sand (Figura 14) hav1ng a 5% water contant (the % water based on. 

oven-dry wei ght of soi1 after 24 H at lOSoe)., The jars we~ covered with a 

glass plate and held at 200e for post-treatment observations at 24 and 48 H 

per10ds (Figures 15 and 16). Six insectic1desi fensulfoth1on. fonofos, dia, 
zinon, 1sofenphos, chlorpyr1 fos and carbofuran 1 were sprayed at three concen-

trat1ons. J 

/' . , 
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FIGURE 11: Third-instar white grubs being sorted from soil after 

} storage at soC. 

FIGURE 12: Healthy white grubs selected for .toxfcfty tes~s • 
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FIGURE 13: White grubs sorted into Petri dishes for spraying in ';o-

the Patter tawer. 

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

5% mofsture content after be1ng sprayed. 

Insecticide incorporation into sol1s ~re conducted 
.J 

using the same type of jars. 
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FIGURE 15: . Standard form used for retording morta 11 ti es, • 

. . ' 

r 

FIGURE 16: White grubs were removed from soi 1 'for mortal1ty 

determ1 na,t1 on. 
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b). Soil Incorporation of Insecticides 

Insecticide activfty in three soil/types, Upland sand',Ste. Rosalie 

clay anc( muck, was assessed by procedures similar ta those used by Harris 
/ 

and Mazurek (1966) •. The insécticides listed above were disso1ved in dis-

ti11ed n-pentane and pipetted onto 500 9 of sail contained in 910 mL Mason 
r 

jars. The quantity of insecticide applied depended on the requfred concen-

trati,on, and additional pentane rias added ta each t'reatment to ensure that 
~ .. , ... 

each received the same vol ume of sol,vent. Concentrations of 25 1 50 and 1 bo 
~ 

ppm were used in the sand and clay tests; 50, 100 and 200 ppm were applied to 

the muck 5011. The jars were hand shaken for 5 rninuteS'1. One hundred grams 

of treated sail were transferred to 400 ml jars and allowed ta ventilate for 

one hour ta avoid mortality due to a fumigant effect of the solvents'present 
';. 

in the sail. The moisture 1eve1s of sand, clay and muck (aven-dry weight) 
) 

were ca. 10,20 and 40% respective1y. Five healthy white grubs were p1aced 

in eac'h jar and allowed 'to burrow into the sail. Grubs that fa il ed to bU,rrow 

within 0.5 hours were replaced. The jars were covered to prevent moisture 
1 

1(1SS. Mortalities were recorded 24 H post-treatment. 

In both experiments, grubs were removed fram the jars and exposed -- . 
- -' ~ ( 

for 3 minutes to an fnc'andescent lamp (150 watts) to facilitate mortality 

detennination of grubs. Grubs were 'considered dead if they failed to: 
• op 

1) move about freely and, or 2) demonstrate reflex aelion towards the abdo-

!'1ina1 region wheh touched with forceps. Controls comprised of solvent

treated soil sand grubs exposed to the Sàme handHng and holdi ng procedures. 
c } 
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c.) - 'RESUL TS AND CONCLUS IONS 

,J 

a). Topical App.}ication of Ins,qcticides 

, Based on mort,alities 'produced by the topical application of six 

insecticîd~s on the thil"'d-instar white grubs (AppendiX C and D), fensulfo-. ) , 

thi~n l'las the most toxic with a LD 50 of 0.65% after 24 hours (Figure 21, 

Table 13). Hhite grubs reacted,\o diazinon and ch1orpyrifos in a simi1ar 

manner. a,s shown by the slapes of the regression lfnes (Figures 17 and 19) 

and co~rab1e LD 50 values of 1.21 and 1.28% respective1y (Table 13). Al-
I 

though fonofos l'las on11 slightly less toxic than either of the above. the 
1 

shallower slope (Figure 18) indicated a lowp.r mortality r ponse ta dosage 

increases. The shallow slope of the l ine representing the response of the 

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

bofuran caused a 50% mgrtality at a11 the"concentrations tested 24 hours 

post-treatment. 
1 

\ 

Mortalities 48 hours post-treatment, u~ing fensu1fothioR, were too high 

ta ,enab1e th~ calculation of a LD 50 (see Appen(fix 0). ,Although the LD 50 
• 7 . 

value of diazinon l'las not the lowest after' 48 hO,urs (Figure 22. Table 13), the 
, . 

slope l'las the steepest of a11 those cal culated, resul ting in a higher percent-
\ " 

age mortalities at lower rates th~n occu'rred with,the remàining chemica1s 

tested. Both carbofuran and chlorpyrifos (Figures 24 and 25) had similar LD 50, [--2::::x 

values, 0.58 and 0.56% respect1vely as well as slopes 2.16 and 2.57 respec

tively. fonofos l'las onTy slightly less taxie than càrbofuran and eh1orpyrifos 
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-
(Fi gure 23). having a LD 50 of 0.83%. Isofenphos was the least toxic~ to thé' 

white grubs t caus.lng only 25% mortal ity at 1.5% conc~ration 28 hours post

treatment (Apperidix D). 

In conclusion. the six chemica1s were effective in controlling third 

instar white grubs, when applied topically, in the following order: fensu1-

fothi on >di azi non>carbofuran and chlorpyr~ ~os >fonofos >1 sofenphos. 

b). Sail Incorporation of Insecticides 

Harri sand Mazurek (1966) demonstrated the infl uence of sail types on 
," 

insecticide actiVities. In this present study. the application of fensulfo

thion to sand ~howed a marked de1 ay in activity ; n relation to the other five 

insecticides screened (see Appendix E). A concentration of 100 ppm caused 

only 15% mortalfty ;A. the gptlbs tested. Chlorpyrifos and diazinon were the 

most toX]C materials at'24 hours post-treatment, when app1ie~ to s'and. having 

LD 50 values of 17 .and 14 ppm respective1y (Table 14). Although. bot~ isofen

phos and fonofos showed similar morta1ity to dose responses. indicated by 

their slopes (Table 14). fonofos ~ ... as the more toxic having a LD 50 of 68 ppm 

compared ta 108 ppm of isafenphos. 
t· 

Carbofuran was the 1east toxic of the six 

insecticides tested. with an LD 50 of 250 ppm 24 haurs past~treatment and a 

f1na'1 perc~.ntage !11orta1ity of 56% (co~rected using Ab,bottls fonnula (Abbott, 

1925) after 48 hours w.hen treat~d with 100 ppm. Variability in· the morta1i~ 

ty response of carbofuran applied to sand supported results obta1ned 1n the 

~~~OPi"ca1 app1 ica~ion indicating he~erogéneity in 

/ Oùè to the h;gh morta1lly rate 'at an the doses 

the pop~lation to carbofurao. 

tested. lD 50 values were not 
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TABLE 13: Topical application of insecticides ta third-instar white 

grubs us 1ng a Potter spray tower at ai r pressure of. 28 cm 

of mercury. Five mL of solution were applfed to each repli-

cate. 

(Refer ta Appendix C and rl) 

. Insecticide 

Di azinon 

Fonofos 

Ch1 orpyri fos 

Fensul fothion 

Isofenphos 

Diazinon 

Fonofos 

Ch 1 orpyri fas 

Carbofuran 

Period 
HOURS 

24 

24 

24 

24 

24 

48 

48 

48 

48 

LD 50 
% Cone. 

1.2-1 

1.45 

1.28 

0.'65 

9.84 

0.82 

0.83 

0.56 

0.58 

Upper Lower 
limits (LD 50) 

1.01 

1.01 

1.05 

0.45 

2.08 

0.67 

0.54 

0.19 

0.25 

1~53 

12.35 

1.78 

0.82 

0.98 

1.13 

0.77 

0.78 

Fiducia'l ·limits (95% confidence level) calculated using T • 1.96 

.'-
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FIGURE 17: Morta1ity response of third-instar grubs sprayed 

with Diazinon. Probit-log dose regression line 

generated by computer from observed martal Hi es. 

indi cated by dots on the graph (refer to Table 1, 

Appendix C'and ~). 

(24 HOURS) 

Regression 1ine 
Chi -square 
Degrees of freedom 
Chi -square probabil ity 
Log LD 50 
LO 50 

Fiducial limits 
(t • 1.96) 

y = 4.589 + 5.074X 
0.7276 
l 
0.3937 
0.081 
1.2.1 % 

1.53% Upper 
1.01 % Lawer 

F~GURE 18: Mortal ity response of th-ird -instar grubs sprayed 

with fonafas. Probit-1og dose regression line 

generated 'by computer from observed mortalities, 

indicated by dots on th'e graph (refer to Table 1.. 

Appendix C and 0). 

(24 HOURS) 

Regression l ine 
Chi-square , 
Degrees,of freedom 
Chi -squaN! probabi1 ity 
Log LD 50 
LO 50 
Fiducial limits 

(t· 1.96) 

y = 4.652 + 2.163X 
0.0479 
1 
0.8268 
0.161 
1.45% 
12.35% Upper 
LOU Lower 
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FIGURE 19: Morta1 ity response of third-fns tar grubs spraye? 

with chlorpyrifos. Probit-1og dose regression 1ine 

generated by compute r from obs~ rved morta li t i es. 

, ; ndi,cated, by dots on the graph (refer to Table l, 

Appendi x C and D). 

(24 HOURS) 

Regression 1 ine 
Chi -square. 
Degrees 0 f freedom 
Chi-square pro.babil ity 
Log LD 50 
LD 50 . ~ 

Fi ducia l lim1ts 
(t • 1. 96) 

y : 4.544 + 4. 32 3X 
0.2527 
l 
0.6152 
0.1055 
l .28% 
1 '.78'% 
1 .05% 

Upper 
Lower 

FIGURE 20: Mortal ity response of th1rd 4'!star grubs sprayed 

with isofenphos. Probit-log dose regression 11n9 

generated by ~olilputer from observed mortal i ti es. 

ind1cated by dots on the graph' (refer to Table l, 

Append1 x C and D). 

(24 HOURS) 

Regress ion 11 ne 
Chf-square 
Degrees of freedom J 
Ch1-squa re pro ba Mfi ty 
Log LD 50 
LD 50 . 

Fi ducial l imfts 
(t • 1. 96) 

, 
, 

, i 

y • 3. 732 + 1 • 277 X 
0.0019 
l 
0.9653 
0.993 
9.84% 

------ Upper 
2.08% Lower 
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FIGURE 21: r10rta 1 fty response of th; rd -1 nstar grubs sprayed' 

\: 
',. 

~ 
\ 

with fensul fothion. Probit-log dose regression line 

generated by .computer fram observed mortalities. 

indi cated by dots on th~ graph (re fer to Table 1. " 

Appendix C and D). 

(24 HOURS) 

Regression 1 ine 
Chi -sqùare 
Degrees of freedom 
Chi-square probability 
Log lD 50 
LD 50 

Fiduc1a11imits 
(t • 1.96) . -

y • 5. 71 0 + 3. 850 X 
0.7403 .-

'''- 1 
0.3896 
-0.184 
0.651: 

0.82% Upper 
0.45% lower 
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FIGURE 22: Hortality respon~e of third-instar grubs sprayed 

with diazinon. Probit-log dose regression line 

generated by computer from observed mortali ties 1 

indfcated by dots on the gr:aph (refer to Table l, 

Appendi x C and 0). 

(48 HOURS) 

Regress i on li ne 
Chi -square 
Degrees .of freedom 
Chi-square probabil1ty 
Log LD 50 
lD 50 

Fiducial limits 
(t· 1.96) 

~- , 

y • 5.434 + 5.092X 
0.0284 
l 
0.8663 
-0.085 
0.82% 

0.98% Upper 
0.67% lower 

IiIGtJRE 23:' Mortal ity response of thfrd-in~tal" grubs sprayed 

wfth fonofos •. Probit-1og dose regressfon line 

generated by computer from observed mortalities, 

indicated by dot-s on ,t'he graph (refer to T~ble l, 

Appendi x C and D). 

(48 HOURS) 

Regression line 
Cht-square ' 
Degrees of freedom 
Chi -squar~ pro ba bi 1 i ty 
log ~D 50 
lD 50 

F1ducial, 1 imits 
(t = 1.96) 

y • 5.234 + 2.795X 
1.5603 
1 
0.2116 
-0.084 
0.83% .. 

1.13% Upper 
. 0.54% lower 
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FIGURE 24: 110rtality response of thi rd-instar grubs sprayed 
r-

with chlorpYr.ifos. Probit;-log dose regressfon ~ ine 

generated by computer from observed mortal itfes. - ""-

fndi cated by dots on the graph (refer to Table 1, 

'Appendix C and D). 

(48 HOURS) 

" 
Regression Hne y = 5.651 + ,2.570X 
Chi -square 1.3187 
Degrees 0 f freedom- ) , , ' , 
Chi -square probab.i l fty 9.:2508 "-log lD 50 ' -0.253- ~ , 

LD 50 0.56% ' ' 

Ffducia l 1 i mi ts 0.77% Upper 
Ct : 1.96) 0.19% lower 

" , ' 

FIGURE 25: Morta1 fty r:esponse of thi rd-instar grubs sprayed 

, 
,1 

" 
with c:arbofuran. Probit-Jog dose regrt;~S1'Dn Une 

. generated by cQIIIPuter from observed morta litfes. , ,"'. 

ir1d1cated by dots on the graph ,(refer to Table 1, 

Appendix C and D). 

(48 HQURS) 

Regre ssi on 1 tne 
Chi-square 
Qegrees of freedom 
Chi -square probabi 1 ft y 
Log LO 50' 
LD 50 

. .Fi ducfa1 1 imits 
(t • 1. 96) 

( , 

y = 5.660 + 2.760X, 
8.3648 
l ~ , 
0.5458 
.0.239 
0.58% 

0,.78% Upper 
0.25% A.ower .. 
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-
Insecticides applfed 

values calculated 24 

'j 
to s~nt'ini 
hours p'ost-treatment 

;, k' 

unless 

.. 
u 

1 

~D 50 
1 

i ndicated 

Fiducfal limits calculated US~g T • 1.96 

a Because Chi-square '(P<; O.lO} T value ~f 1~.7l used to calculate , 
fi duc1 al limi ts • 

8~ 

, 
~ 

~ 

) b ~D 50 values calculated using observations 48 hours post .. treatment. 1 ) 
l 

.&,1 l 

. ' 

'.; 

l, 
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\al cula~ed- for diazinon, chlorpyrifos and fonofos. - ~~nsu1fothion. though 

slower in k111ing the grubs, was effective 48 hours post-treatment with ,a 

85' 

LO' 50 of 35 ppm. Isofenphos was only s 11 ghtly active ~4' hours post-ireat~ent 

but increased in efficacy after 48 hours, surpass1ng fensul foth1on w1 th an - , 
LO 50 of 35 ppm and a steeper slope of regression line (Table 14). 

, . 
Comparisons made witf:1 diazinon, chlorpyrifos and fonofos to the other 

chemi cal s at 48 hours post-treatment were b'ased on .the percentage mortal ity 
" 

obtained using 'the three concentrations of chemi cal s. Chl orpyri fos was the 
. , ' 

most active in sand, causing 89% mortaHty in test grubs 'at a concentration . ~ 

of 10 ppm. Oi~zinon was slight1y less toxic at the same concentrations con:.. .. 
tro 11 ing 73% of the popul ation tes,ted. Fonofos, though superi or to fensul fo- , 

1 ~f f 

thion, i's!,fenp,hds and carbofuran, showed only a 30% control' at 10 ppm. ~t 
.... 

rates of 50 and 100 ppm, diazinon t chlorpyri fos and fonofos pr-oved to be very . , 

tbxi Ct kil l i ng, ~5 ta 100% of the test grubs (see ApptWldix F) • 
.. 

The effect of adding the chemicals to sand as oprJosed to direct con

tact appl.icat.fon can be 'shown by the change in order of tox~city to white 

.1 

~ 
i 

~f ~ 

1 

l' 
~ 

\ 

grubs: chlorpyri fos >di a~i non >fono'fos >i sofenphos >fensul fot~ion >carbofuran: i 
When applied to clay, 'chlol"pyrifos, diazinon and fonofos were foun~ tQ. 

have. very similar LD 50 values after 24 hours (see Ta~.1e 15). O.n ,considering J 

the slopes however,' chlorpyrifos had a greater ~ortal ity/dose respons~ fol1owed 
\' 

by-diazinon and-fûnofos. 
, - Carbofuran was more/effective.in clay than in sand, 

havi ng an LP 50 of 50 ppm' 24> hours post-t~eatment. How~ver, as jndi cated by 

the large Chi-square value, variability in susceptibility. or a possi'ble 

) 

.' , 

-________ -- ............. -~--.--I ... ~ -_ 
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T.ABLE 15:., Insect(c1des app1Jed to clay so11 cO,ntaitiing 20% water. , . 
lD 50 values ,calcu,lated 24 hours post-treatment. 

(Refer to Appendix è) 
\ -

Insecti ci de 

,C 

Diazi non 

Chlorpyri fas 

'Carbo furan 

Isofenphos 

,Fonofos 

Fensul fothion 

. 

( 
Chi-square 

0.3207 

0.6069 

3.3762 

0.0003 

0.1738 

1.8093 

Slope 

2.11 

2.71 

2.49 

0.92 

1.62 

0.61 

LI) 50 
(ppm) 

,25 ' 

26 

50 

11260 

21' 

113 

.9' 

o 0 

Fiducia1 limits calculated using T value of 1.96. 

. \ 
'/ 

. r 

Upper Lower 
Limits (ppm) 

S9 1 

37 7 

--
'90 

38 --" 
,2 

86 

r, 

.-

l' 

, . 

l 
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1 
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TABLE 16: Insecticides a~p1ied to muck soil contain1.ng 40% water. 

LD 50 values calculated 24 hours post-treatment. 

(Re fer' to Appendix H) 

"ffInsecti ci de 

Di az; non 

Chlofpyri fos a 

Carbofuran b 

Iso~enphps 

Fonofos a 

Fènsu1 fothion b 

~ 

Chi-square Slop~ 

2.7291 2.64 

2.4874 

~.4336 
" 

2.3735 

2.84 

3.33 

5.94 / 

LD 50 
,(ppm) 

-... -
,70 

140 

104 ' 

59 

Upper Lower 
limits (ppm) 

--, 

225 

71 

--- \ 

105 

....... 

46 

a Because Chi-square :(p< 0.10),T và1ue of 12.71 used-to calculate 

fiducial limits. \ 

b Chi-square small~ (p > 0.10), fiducial limits c~lcJ1ated using T 

val'ue of 1.96. 
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incf ~ien; re,fs.t~nce t~' the 0 chemfc.1 .~ reduced ft, re'1at(eifffcacy and 
, ~ 

88 

, re 1 i a bi\' Hy fo r fi e 1 d cont rO 1 pu~.~. ~bse ~vat f 'ons m.de 48 ho urs po, t-

treatment, showed carbofur.an ta control only 80% of the grubs when treated 

with 100 ppm. After 48 h?urs chlorpyrifos caused 100% kill ât 25ppm. Dia

zinon and fonofos, at the s,ame rat~s, gave'good' control (seè Appendix H). 
, ' 'V' 

At ~OO ppm, diazinoo, 'chlorpyrifos and fonofos gave 100% controL 
~ 

'Aft~r 48 hours the arder of efflcacy of'the chemicals tested 'with 

clay soU ,was as fa 11 ows : chlorpyri fos>di azfn~n and fonofas>carbofuran 

i,safenphos>fensul fo'thi on. 

~nsecticides applied to muck, s011 generally show if decrease in acti-
~ \, ' v 

.vity (Harris and Mazurek', 1964). Oiazino,n was al,most totally inactivated in 

muck soi1. At "a concentration of 200 pp~, only 25% -of tlYe' fnsects î'reated 
, t." i , 

were ki1Jed after' 48 hours. This would indicate a s.trong adsorption of dia .. 

~, zino~ in muçk,soils. Isofenphos showed no insecticidal activity at concen

'trations 19~,er than 200 ppm .. Carbofuran and chlorpyrHos LD 50 val ue's showed' 1 

,a dec~a~e in e'fficaey of three tfmes wh'en comp~red to values obtained with 
~ , , , 
elay (TabJe 16). Fonofas was five times more.toxie in clay'than in muck. 

Fensulfothion showe'd greater effi4ac,y in muck sail than in clay." A, concen-, 

tration of 190 ppm was'" adequate to prod,uce~ a 95% morta1'ity in test grub~. 
t!;=" / 

Chlorpyr'ifos gave/the highest control. 94% at 50 ppm after 48 hours. Varia .. 

bility in mortality respo.nse. indfcateq by the hig'h values of Chi-square t 15 
) l , ~ 

thought ta have bee~ causedby a d~ .. act; vation of the chem1 cal by the muck 
, . 

sail; affecting the availab,ility~of the ,chemi.cal to the grubs .• 
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CBased on the fact that' low concentrati ons of chl orpyri fos were effec-. , . 
, tive in all the tests and so11s used here, ft was cons'idered the most toxfe 

, ' 
, ., 

to third instar white grubs. Although diazfnoQ was as effèctive as chlorpy-

rifos when applied directly to the grtJbs, its· inactivation, i", orga~fe so11s 

would limit its 'application to·sons containing low percentages of organic 
. , 

matter. Insecticiqal. activity of carb~furan on the population of white grubs 

tested,' showed varia~,tl ity in response, which may be an indi cation of inci

pient resistence ,wlthin the population studied. Fonofo5 gave consistent re

sults in all 5011 types; however ~oncentrations needed to obtaln, a hi gh mor .. 
/ . 

tality were greater, based on the response rates of the tests. Fensulfothfon 
~ ;),) , ...... 1 "., • 

, was the most toxie as a contact insecticide 'and shoWed gooet activlty in-muek 

'sail. ItS' actfvi,ty however in sa~d was S10~n'd H' was, a"'/IlOst de' .. a2t?vated 

i~ 'Cl ay. j 

These experiments t although some~hat approxima,te in- that LD 50 val ue~ 

were determined on a smal1~ population s-ample, in.di-cate the general hightoxi-

city.leve" of the inse~t1c1des tested, and also th~t ehlorpyrifos followed bY 

,fQnofos, should be considered for further testing .under field conditions as 

possible insecticides for white grub control. 
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VII I. lABORATORY BIOASSAY O~\ SOIl INSECTICIDE FORMULATIONS USING FIEL~- .~ 
, ' 

COLLECTED WHITE GRUBS , 

A. 
)\ 

1 NTROOUCTION 
\ , 

. Increastil~ prOblems-with resfstance-deve'lapment' and mounting con~ern 
over residues of chlorinated h~drocarbo'ns present in foodstuffs ana 'the envi - 1 

, . ' 

ronment. have produced a "need tr extensive testfng of al~ernatfve materials 

for white grub contro'l. Recent
i
, field test1ng of fnsecticides in grain sor

ghum and wheat (Teetes. 1973,1975) and on Phl110phaga infes~atfons of Ber-
/ . 

muda grass (Reinert. 1979), have not estap.11shed the efficacy of several in-' . " 

sect1cfdes and their formulations when appl1eato newly cultivated fields. 

Consequently, the mfcroplot technique developed by Tashfro and Kuhr (1978) 
, 

was ut111zed in this series of tests, whereby interference due to variations, , , 

in soil types,sod penetration and wea.~her are el1m1nated. A more represen-
~ 

tative evaluation of t~ efficacy of both granular and emuls1f1ed insecd. 

c1des as potential chem1ca1 contr,ol agents of white grubs in the field should' 

be,achfeved usfng this technique. 

The susceptf bi11 ty of whi te )grubs to 1 nsect1 ci des has beén asses~ed 

us1ng a var1ety of criteria for the determ1nat1on of death 1n' white grubs.. 
, ' 

Pike !i!l. (1978), in tests,involving topical toxic1ty to fhld-collected 
, 

~hyllophaga spp.. based mo,rtit 1 i ~y-asses sment on th~ ~vement response ,of 

the grub to thorac1c tactile stimulus·. Grubs were consfdered 'dead' if 
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lncapable of 
" 

~aterally tw1sting ~he he ad and. foret'egs towards the stimuluf' 

In btoàssay t,ests on the European chafer conducted by TaslÏiro and Kuhr ,A.. 

(1978), it was considered that"any movement, regardless of the degree of , . 

mobflfty, was an fndicatfon of a 'lfve} grub. In this present work, mor

talities due to so11 treatments,. using .two formulations of four insecticides, 

were assessed using both' these criteria, ,to détermine which woul~ evaluate ' 

the toxicity of insecticides more reliably. and lead to a more accu rate 
, l ' 

Î 

selection of chemical formulations for practical field application. 

, B. ~tATERIALS AllO t1ETHODS 

,Second-year, third-instar white grubs were col1ected from a straw

berry field located 8 kilometers north of Pierreville. Quebec, using fork-
J 

spades to gent1y turn over the top 15 cm of sail. The grubs were tra~sported 

in boxes conta1n1ng lfberal amounts of soil taken from the field, to reduce 

losses due to 1njury caused by cannibalism. The boxes were·stored at soC.' , 
• 

a ternperature leyel which immobl1 i sed the grubs and el fm1nated the need to 

. prov1de them with fo'od, when kept for short periods of t1me. 
, ff 

A sandy-loam 5011 conta1ning 1.3S organic matter was passed throùgh 

a 0.625 cm rœ!ih screen and allowed to air driby spread1ng out on the labora-
, JI' , 
'tory bench f~r several days. The moi sture level was determ1ned by ,wei ghing 

100 9 samples aftér oven, .. drying at 1050C for 12 hours. The difference in 

we1ght divided by the oven-dry weight multiplied by 100 gave the percentage 

soil mofsture content. Thereafter. the ,soil moi sture leve1 'Kas, ma.intai ned 
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.. , 

at 15% throughout each expe riment by the ,addition of cal cul ated amounts of 
~ 

distîlled water, to prevent des1ccation of the grubs and to provide,moisture 
, 

for grass seed germinaÙon. The soil was contained in mieroplots s;onstructed· 

of wood and measuring 25 by 25 cm with a depth of la cm (fnside mea~urements) 

and waterproofed with an acryl1c paint (Tashiro. personal cOl1l11unication). 
. ~ 

Two formulations of ehlorpyrffos, d1az1non, fonofos and isofenphos 

were incorporated by hand-mixing into 4.5 kg of sandy-loam to provide a eon

centrpt! on of 5 ppm of oct! 've ! n gred! ent per treatment;J,.he, octuol fonnu la

tions used are given in Table 1. Granular fonnulations were sprinkled direct-
fi , 

ly o~ the sol1 surface and 50 ml of;water ~re added to each treatment before, 

1t was hand mixed and placed in a microplot. Liquid formulations were di1uted 

in 50 ml of water and added to the so11 surface prior to mix1ng. During the 

preparation of each treatment', 5,0 9 of pre-soaked grass see'd were added as il 

source of food for the grubs. The mixture contai ned Kentucky 81 uegrass. creep-

. hg red feseue and ryegrass. Pre-soaking of the seeds ,was don~ ta reduce any 

moisture 1055 from 50115, and to accelerate gerro1 nation', Control treatments 
1 

\ 
received only 50 ml of water to bring the mo1sture content to 15%, and the 

\ 
1 

50 9 of grass seeds. Each insectiddè formulation treatment was repl1cated 
\ , 

thre~ ti/œs. The microplots' containing the· treated soils "were ~llowed ta 

stand overni ght in a control1ed environment 

. humidity of ca. 90% to allow any difference 

" \ 
chamber at 270C and relative

\ 
in so11 mo1stu~e to equl1ibriate • 

After~'grubs were added. ~he microplots were held < under these con·ditions for 

, 1 
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the remainder of the experiment. The weights of the .microplots were recorded 

daily and distilled watet' was added ta maintain the 15% moisture level. , . 
White grubs were brought ta room tempe rature , and on1y active, 

healthy-looking grubs were selected for the test. The m1croplots were each 
~ .. "} ~ 

i~fested with 15 field-collecte~ third-instar grubs placed on the sail sur-
, 

face. Grubs that failed to burraw down from the surface,\within 30 minutes ' 

were replaced (Tashi ro ~nd Kuhr J 1978), The mi cropl ots were returned to thè 

controlled ~nvironment for the remainder of the experiment. 

'Ear1l indications of poisoning were shawn ~y the return of grubs ta 
\ 

the soil surface. Horta1ities Were determined using both criteria of Pike'-
\ 
\ 

.ll!!'. (1978) and Tashir.o and Kuhr (1978), and were recorded" 72, 120 and 168 

hours past-treatment. Grubs were remaved fram the sail by hand extract10n • 
. 

and fol1owed by visua1 examination after exposure ta an incandescent lamp for 

3 minutes prior ta counting (Figure 26). 

C. 
~ 

. -

RESULTS AND DISCUSSION 

Grub mi gration to th~ sail surface .of the mi cropl ots gave an ear1y 
, 

indication of poisoning (Figure 27). Mean migrations of three rep1içates 

a're given in Table Ù. Chlorpyrifos 15 G, isofenphos 6 E and fonofos'lO "G 

showed a signi ficantly greater number of migrations than the other formula-

tians or the controls.. This di fference however gave no indication of repre

sentfng the relative toxicities of the chemica1s tested (Tables 18 and 19, 

see al sa Appendi x K), and cannat t~fore be accurately used as a means 
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4 
\.lhite grubs were removed f~om_ soil i.n, microplots -and 

e~posed ta a brfght 1 i ght prior to being probed for .. 
reflex response. 

\ ( 

• 

. , 

Il, ~ 1 

FIGURE 27 ~ Whfte gr~bs that burrowep up to the surfac.e, an e~rly 

symptom of p01sonfng. 
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TABLE. 17: tlu,mber..,of white grubs on soil surface after 72 hours. 

$andy-1oam 50;1 with a mo;sture content of 15%, treated. 

with 5 ppm of acti ve i ngred i ent. 

" '1 

Chemi.ca 1 and 
formulation 

Means l, 2 

Lorsban 15 G 7.67 a Basudin 5 G 3.00--ge 
Chlorpyri fos , Diazinon 

" 
Amaze 6 E 7.33 ab Basudin 50 EC 3.00 de 

Isofenphos ,r- Oi azinon . 
w 

Dyfonate la' G 6.00 abc Amaze 15 G 1.67 de 
Fonofos Isofenphos 

Dyfonate 4 E 4.33 bcd Control 0.33 e 
Fonofos . 

3 00 de Dursban 2 E o.bo e 
.~ 

Chlorpyri fos 

1 t1ean~ in colums not followed by same letter are' s;gnificant1y 
di fferent (p : O. 05) by Duncan 's mul ti pre range>.. test (Steel and 
Tordes, 1962). 

2 _Anai ys1's' of varia'nce indicates signi ficaot di fference of means 
of treatments at 0.05 and 0.01 level. Q 

96 

Chl orpyri fos : 
Dursban 2 E: 

O,O-diethy1 O-(3,5,6-trichlbro-2-pyridyl) phosphorothioate 
2 lb. AI/gal •• emulsifiab1e concentrate ' 

Lorsban 15 G: 15% of weight AI, granu1es_. 

Djazinon: 

Basudin 
Basidin 

Isofenphos: 

O,O-diethyl O-(2-isopropyl-4-methyl-6-pyrimidyl) 
phosphorothi oate. 

50 EC: 50% of 1iquid AI. 
5 G: 5% of weight, AI. . . 

l-methylethyl 2-[[ethoxy (l-methylethyl) amino phosphin= 
othioyl]-oxy]benzoate. 

Amaze 6 E: 6 1 b. AI/gal. 
Amaze 15 G: 15% of w~1ght AI. 

Fonofos: 
Dyfonate 
Oyfonate 

also known as Bay 92114, Bay sra 12869, Oftanol. / 

O-ethyl s~phenyl ethylphosphonodithioate 
4 E: 4 1 b. AIl ga 1-
15 G: 15% of weight AI. 

l' 
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of evaluating efficacy. This reaction mi.ght h.owever; be useful in increasing 

total effectiveness in a field control situation. 

Observed mortalities, using both methods, are given in Tables 18 and .. 

19. ',1o'rtalities ~ased on lad of reflex action (Table 18) sh.owed a signifi-

cant di fference in the means of the treatments. After 72 hours 1 the granul ar 
1 .. 

formulations, except that of isofenphos showed higher toxicities than the 11-

qui ds when appl ied ta the- soi 1. , t1.ortal Hies 120 and' 68 hours post-treatment 

indicated similar activity of diazinon 5 Gand 50 E~" chlorpyrifos '15 Gand 

2 E, and fonofos 10 G. Both formulations .of diazinon and chlorpyrifos gave 

100% control at 5 ppm. Fonofos 10 Gand isofe'nphos 6 E reduced microplot,<. 

populations by 90%. Based on the rapidity of control, the' insecticides dia-
" 

zinon, fonofos, and ch'or-pyrifos) surpassed isofenphos. However, after an 

exposure of one week, no treatment tested showed a significant differenee in 
c 

effi caey. 

When comparing mortalities at the 72-h.our period based on absence of 

any movement (Table 19), bath formulations of fonofos were signi fi cantly bette,r 
" 

than al' the other treatments. No significant differenee was observed amongst 

the other treatments inc1 uding mortal ities in the controls. HortalHies based .. 
on absence of movement after 120 and 168 hours post-treatment showed no signif

icant d1fference in chemical efficacy, regardless of the formulation. 

Lasses in the control treatmegts (less than 25%) were similar using 

either criteria for determining death. -The mean values of dead grubs were 

significantly different from the insectieide-treated mean values when mortality 

r 0 

1. 
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TABLE i8: r1ea~ number of white grubs found dead in mfcroplots treated 

with insectici des based on an absence of refl exes (3 rep1 i ~ .;; 

cates of 15 iQsects). Concentration: 5 Ppmi sail type. 

, sandy-10am; moisture content 151. . 

c 

Chem; cal rfeans 1 U~orta1ftjes based on absence of 
Post-treatment , r.ef1.exes'. P1~e ll!l .. 1978) 

72 ho~rs 2 120 hours 2 l68 hours 2 

Basud1n 50 EC 12.7 a 13. 7 ~ 15.0 a 

"" 
Basud1n 5 G 12.7 a 14.0 'a 15.0 a 

1 , 

Dyfonate lOG 11 .7 ab 11.7 ab 14.0 ab 

Dyfonate 4 E 11.3 ab 12.7 a 11.7 b 

Lorsban 15 G '10.7 ab 14.0 a 15.0 a 

10.3 b 
. 

Dursban 2 E 13.0 a 15.0 a 

Am:1ze 6 E a 10.0 b 10.3 b 14".0 ë:b 

5.3 c 10.0 b 
. 

12.7 ,ab' Amaze 15 G 

Control 3.0,d 3.7 c 5.0 c 

3.0 d 
, 

4.3 c 4.7 c 

1 Means in a col~mn not followed bY the same'letter aré, s1gnificantly 

different (P • 0.05) by Duncan's mu1ti Plj'range test. 

2 ~nalYSiS of ~ar~ance 1ndicates Signl;1~nt d;fferen~e' in mean~ of 
..; 

treatments at 0.01 level. 
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TABLE '19: i1ean numb,er of \'1hite grubs. found dead 'in microplots treated 

with insecticides based on absence of any movement ,(3 

replicates of 15 insects). Concentration: 5 ppm; sail type, 
~ " 

, ' 

sandy-10am; moistur,e. content 15%. 

Chem; ca,l 

Dyfonate 4 E 

Dyfonate lOG 

'Basudin 50 EC 

Amaze 6 E 

Lorsban 15 G 

Dursban 2 E 

Amaze 15. G 

Basudin 5 ,G 

Control 

f.1eans 
post-treatmeni 

72 hours 2 

8.7 a, 

6.0 ab 

5.0 bc 

4.3' c 

4.0 c 

4.0 c 

, 3.7 c 

'3.3 c 

3.0 c 

3.0 c 

), 

, 
Ji ; 

(Morta li ti es based on a,bsence of 
any moveme~t, Tashiro and Kuhr, 
J <)78). 

120 hours 3 

7.q a 

6.0 a 

6.0 a , 

6.7 a 

5.7 a 

a 6.0 
\ 

6.7 a 

a 6.3 

3.0 a 

3.7 il 

§ • 
"l'68 hours 3 

8;3 a 1 

8.0 a 

8.0 a 

9.7 a 

7.3 a 

7.0 'd 

6.7 a 

,8.3 a -

4.7- b 

4.7 b 

1 Means in ëO'lumn,Jlot' ,followed by the samè letter are significantly 
'ù(l 

different (P : 0.05) by Duncan's multiple range test. 

2 Analysis of variance indicates significa~t difference in means of 

treatments at 0.05 level. 

3 Analysis of var;~nce indicates n~ significant difference in means of. 
, , 

treatrnents. 
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was based on the lack'of reflexes. White grubs from the con~rol treatments 
, , 

clearly showed a different response between de ad _ and heal thy ind1v1 duals. 

When exposed ta t~e li ght and gently pr'Obed. i nsects demonstràted a reflex 
• fi> 

movement or no movement at al1. Intoxicated grubs showed an 1nability to 

react to the stimul us: This demonstrates that the reflex action may be a more 

reali'stic and accurate criterion for representing ~hemical toxicfty than~ould 

lack of movemen1;.. Grubs capable of only slight movement and showing advanced 

intoxication, would be unlikely to recover in the fjeld. It fs desjrable 

that'the .eff1cacy of a chemical be determined while control IltOrtalities are 
~ . 

l6w, am:! the use of lack .of reflexes permits earlier evaluation. 
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IX. SUMMARY ANDeCONClUSIONS 

) 
Adult Phylloph~ga Spp. we~e captured' using blacklight traps located 

in areas of Quebec. west of Montrè'al in 1978, and Nico1et in 1979. 
, , ' li , 

Topfca1 a~plfcations of fourteen insectcfcdes, using a POtter spray 

tower, in London'. Ontario, in 1 ~ showed adu1 ts to be highly susèeptibl e 

to WL 4j775~ fen~ul fothfon an~ cMirpyrif~S .1,Adu1t~ treated in 1979, at Mac-
r 

.. 1 1 ... 

dona1d Campus of McGf11, show~d a high susceptibility to pyretbroids cyper~ 
\ 

methrin and fenvalerate. Such a control strategem under fiead conditions wou1d 
" ' 

, 'however have questfonab1e vafdè due to -low population densities and a varfed 
1 

host range of the ladults. 

Second-instar wh1.te grubs were collected near Mirabel, Quebec in 

1978, and third-instar grubs were collected'from both Mirabel and Pierreville 

in 1979. Specimens 'were maintained -in humid 'soil and ,stored' at' SoC untfl 'used . " 

for biological testing o'f insecticides to avoid .cannabalfsm and need for 

feed1,ng. 

A short bioassay on second-instar white grubs, uSing six insecticides 

showed fensul fot,hion ,as both a contact and 5011 treatment,. to cause the hi gh- _ 

, est mortal1ty. ' 
", 

80th contact and soil incorporation tests using fsofenphos, cârbo-
J '. -

furan, dfazinon, fen~ul fothion. fonofos and c,h10rpyrifos, were' con'ducted 'on-' 

l S,ee appendfx N. 
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" 

, third-fnstar larvae in arder ta ~stablish relative toxicity levels. Values', ' 

for L~ 50 of each in~cet1cide wer,e determined when possi~le for contact 
" 

~ activity, and when fncorporated in sand, clay and muck so11s. 

Mortalitfes obtained with third-fnstar larvae when 'treated topfcally 
'" < • " ' 

showed fensul fothion }dfazinon )chlarpyri fo~ and carbofuran > fonofos )isfen':' 
1 • 

phos in eff1cacy, 48 hour.s post-treatment. When incor~orated into sand, 

chlo~yrifas w~s most taxie ta th1rd-fns;tar 1arvae, 'followed by d'futnon 
& ;{~ , '1 

fan%s isofenphos carbofuran. In clay, chlorpyrifos rèmained the most , . 

toxie-, followed by: diazinan and fanafos)carbofuran)1sofenphos)fel1sulfo-
, 1 

thion. Chlorpyrifos was a1so the most'effective in much sail, contra',ing 

94% of the test population at 'a rate of 50 ppm. 

Ch1orpyrifos proved the Most effeçtive insecticide for controllfng 

white grubs in the different'tests and soil types that were used. Fonofos, 

_to a lesser degree. consistently controlled white grabs in al1 but ,much 

sail s. • 1 

Two methods of assess1ng whfte grub mortal1ty were eval uated us1ng' 
1 

microplots f1l1ed with sandy-19am' soil ·and held under laboratory conditions. 

Granular and liquid formulations', at a conce~tration of 5 ppm of ~'orpyri

fos, isofenpnos, fonafos and d,iatinon were fncorporated ànd comeared. ,Mor:ta

'1itY .. det~rminat1on bilsed on a 1 ad of reflex action was found to' be a more , 
, ' , 

• 
accurate rnethad for a'ssèssi ng i nsecUcf dal taxi city to white gtubs, Granular 

~ - ~...... 
• , ' ~ ? 

, formulations appeared ta produce a faster control of wh'l te grubs in so11. 
< • 

~azinon, fonofos and chlorpyrifos showed a more rap~d control effect than 
-. _ J -

- j 

\ 
" ) 

1 

. 1 
! 
? 
\ 

isofenphos: No insecticide or, formulatio,n, at the conce/nt'ration tested, ' . . ' 

provfded a, superior control aft_er one week •. . - , 
,1 
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APPENOIX A 

Adu1 ts (June beet1es) sprayea with 5 ml of insecticide solution uSing a 

Potter spray tower at a pressure of 28' em of mercùry, 

Insecticide 

Fenvalerqte 

Cypermethri n 

Di az'i non 

Fenva1erate 

Cypennethri n 

Diazinon 

Fen va l erate 

Cypermethrin 

Di azi non 

'Fenvalerate 

Cypermethrin 

Diazinon" 

Fenvalerate 

Cypermethri n 

Diazinon 

CONTROL 

Cone. 
% 

0,005 

0,005 

0.005 

-O. l 

O. l 

O. l 

0.2 

0.2 

0.2 

0.4 

0.4 

0.4 

0.8 

0.8 

0.8 

0 

P~riod 
HOURS 

24 

24 

24 

24 

24 

24 

" 

* 'Mortal iti es corrected using Abbott 's 

, 

Number 
Treated 

20 

.. 
~ 

20 

20 

20 

.! 

20 

80 

1 

% Dead * 

15.4 

33.5 

'3.3 

57.7 

87.9 

51.6 

87.9 

81.8 

57.7 

75.8 
\, 
100.0 

81.8 

100:0 

100.0 

100.0 

17 .3 

formula (Abbott. 1925) 
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APPENDIX B 

Adults (June beetles)spr.ayed with 5 ml of insecticide solution using a 

Patter spray tawer at a pressure of 28 cm of mercury. 

Numbèr 
> 

Insecti ci de Corte. Period _ .• :f. Dead * 
% H8lIRS Treated ) 

.' Fènva,lerate 0.005 48 2Q 57.0 

'Cypermethrin 0.005 57.0 

Di azi nan 0.005' 14.5 

Fenvalerate 0.1 48 20 ·68.0 

Cype rme thri n 0.1 100.0 

Diazinan 0.1 68.0 
~" 'Ir >~~ 

Fenva 1 e rate 0.2 48 20 89.0 

Cype nne th ri n 0.2 89.0 

Di az; non 0 •. 2 46.5 

Fenva 1 erate 0.4 -48 20 68.0 

Cypermethrin 0'.4 100.0 

piazinon 0.4 89~O 

Fenval erate 0.8 48 20 100.0 

Cypermethrin 0.8 100.0 

Diazi nan 0.8 100. Q' 

CONTROL 0 48 20 33.0 

* rlortal ities corrected using AHbott's formula (Abbott, 1925) 
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APPENDIX C 

Insecticides applied to third instar larvae with 5 ml of solution usir'lg 
/ 

a Potter spray tpwer at a pressure of 28 cm of mereury. 

Insecticide 

Fensu1 foth.1 on 

Chl,or,pyri fos 
< ' • 

Diazinon 

Fonofos 

Carbofuran 

Isofenphos 

Fensul fothion 

Chl orpyri fos 

Diazinon ~ 

Fonofos 

Garbo,furan 

Isofenpho~ 

Fensu] fothion 

Chl orpyr; fos 

Di az; non 

Fonofos 

Carbofuran • 
I,sofenphos 

CONTROL 

Cone. 
% 

" 0.5' 

0.5 
-

0.5 

'0.5 

0.5 

0.5 

-
1.0 

1.0 

1.0 

1.0 

1.0, 

1.0 

1.5 

1.5 

" ~ 5 . '\ 

1.5 

1.5 

1.5 

0 

" 

Peri od' 
H1)URS 

24 

24 

. 24 

24 

,Number 
Treated 

20 

20 

r' 

20 

45 

% Oead 

35.00 ' " 

20.00 

10.00 

, 30.00 
< 

45.00 

5.00 

70.00 

40.00 . " 

50.00,,-

45.00 

40.00 

10.00 / 

95.00 
! 
1 

1'0.00 J 
i 

70.00 l 
Î ' 

,; , 
. 60.00 .1 , 

1 
45.00 \{ 

) -
1 5.00 ~. 

i 

16.00 l. 
f , 
l 
·1 
1 

_ ....... ..-,"" _ ... ~.....,M __ ~ ....... _J 
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APPENDIX 0 
"\ 

"' Insècticides applied to third instar iarvae with 5 ml of solution using 
"', ," 

a Pottèrspray tower .at a pressure of 28 cm of meréury. 

-
Insecticide Conc. ' Period ~umb'er % Dead ' ," 

, 

% HOURS Treated 
'" 

~ 
~ 

Fensul fothion 0.5 48 2'0 60.00 1/ , J J 
Chlorpyrifos 0.5 70.00 1 
Diazinon' 0.5 50.00 

: 

, c. ' ': 
Fonofos 0.5 60.00 

J /" Carbofuran 0.5 45.00 
f i 

Isofenphos 0.5 20.00 ~ 

J Fensul fothion 1.0 48 20 95.00 

Chl 0 rpyri fos ' 1 .0 ' ~ 80.00 
i" 

Di azinon 1.0 80.00 

Fonofos 1.0 70.00 
.: 

Carbofuran 1.0 .. 70.00 

Isofenphos l .0 o 20.00 0 

Fensul fothion 1.5 48 ,20 95.00 
, 
i , 
J 

Chlorpyrifos 1.5 95.00 
~ 
J • 
} 

v 

~ 
Oiatinon 1.5 95.00 , 

" 1 .5 l Fonofos 90.00 
1 

, Carbofuran 1.5 90.00 1 \ 
1 sofenphos 1.5 25.,1>0 , i 

, 0 CONTROL 0' 48 45 42.00 ~ · i ' 
.~ 1 

~ 
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APPENDI X' E (Refer to,Table 14) 
, 

Moisture' content • Insecticides applied ta sand. 10%, third instar • ... -- ... 

second year wh; te grubs. 
\ 

~ 
:: ; 

Insecti cide Cone. Period Number % Dead , 
PPH HO~RS Treated {J 

~ 
Fensul fothion la 24 20 lO.OO 

l' 
J 
'~ 

Diazincm 10' .~ 45.00 ~ 
tf 

Chlorpyrifos ' 10 40.00 
~ 

/ 
, { 

" ... 
'\ fonoros 10 5.00 

.f , 
Carbofuran 10 0.00 

~ 

Isofenphos 10 5.00 t 
" 

Fensul fothion 50 24 20 5.00 

Diazinon 50 80.00 

Chlorpyri fos 50 85.00 

Fonofos 50 4~ ,DO 1 

Carbofuran 50 ~2.22 

Isofenphos 50 20.00 " 1 
~~ 

/II, -Fensul fothi on 100 24 20 ' '" 20.00 

Diazinon 100 85.00 r c'-

Ch1 orpyr; fos . 100 72.22 1 

" ~ , 

Fonofos ·100 65.00 ( , .. 

Carbofuran 100 ) 30.00 ) 
oP 

\. 
:"1 ; 

Ii&renphos 
, , 

j 100 5-5 .• 00 ':0-' 

( ! • 

CONTROL p 0 24 80 6.67 
] 

? (1 
" , CJ 

, j 
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APPENDIX F -(Refer to Table 14) 
~ 

Insecticides applied ta sand.' Moisture content:: .10%, third instar, , 
~ . ..... . 

1 
" ' second year whtte grubs. , 

Insecticide Conc. Peri od Number % Dead -
{l 

" -
PPM HOURS -Treated , 

-1 , 
"- ~ 

-1 

Fensu1 fothfon 10 48 20 '1. 20.00 

Di~zinon 10 75.00 
,L 

" 
,.} 

. " Chlorpyrifos 90.00 
f 10 t 

~ • - : 
Fonofos 10 35.00 '\ 

" 

, 

Carbofuran 10 15.00 j . 
lsofenphos 10 20.00 -~ 

t 
Fensul f,othfon 50 48 20 45.00 ~ 
Diazinon, 50 95.00 

or, 

, 
Chlorpyri fos 50 95;00 

("-

Fonefos 50 , 00.00 ' 

Carbofuran 50 72.22 

Isofenphos .5Q 65.00 , 

? -~ 
Fensul fothion 100 48 20 80.00 " 

d 
:Ç , ,J 

Diazinon ,100 95.00 

f tr, Chlorpyri fos ' 100 .100.00 
~ 

Fonofos 100 100.00 j ,] 

~ n J ç , 

Carbofuran 100 60 .. 00 .~ ., 
._ €l-. ~ 

f, 

l so'fenphos 100 85.00 , 'i . 
(~' 

. , 
" -1 

CONTROL 0, 48 80 8.00 ~.\f , , . 
t 

D 

1 ~ , 
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APPENDIX G (Refer to Table 15) 
" 

~ Insecticide~ app1ied ta clay soi1. Moi sture content - 20%~ thi rd instar, 

se cpnd yea r white grubs. 

1 • ,~ 

l'n~cticfdé. - Conc. Period 'Number -\> % Dead 
PPM HOURS Treated 

1 
t 

Fensul fothi on 25 24 15 13.33 ;, 
. 
Di azinon 25 <60.00 

Ch1 orpyrf fos 25 53.33 

Fonofos 25 60.00 

Ca'rbofuran 25 26.67 
" 

Isofenphos 25 26.67 

Fensul fothi on 50 24 15 26.67 
, 

Diazinon 50 73.33 " 
! 
1 
j 

Ch1 orpyri fos , 50 _ 86.67 
'( 

Fonofo~ 50 80.00 

Ca'rbofuran 50 73.33 '. 
lsofenphos 50 33.33 

, Fensul fothi on 100 24 15 20.00 
': 

Di azinon 100 93.,33 
Q • 

'Chl orpyri fos 100 93.33 

Fonofos 100 , 86.67 

"' 
Carbofuran 100 73.33 

l'50 fenphos 100 40.00 
( 

CONTRO~ .0 24 60 15.00 
, ' 
l 
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APPE'NDIX H ' i 
• .. q 

l , 
app1ied to clay soi1. Insecticides t10i sture content "' 20%, third instar, 

1 

- , i 
second year white grubs. o i 

't 
'. -i 
r 
J 

Ins'ectic; de Conc. Peri od Number % head 
. ., 

o ' }.' 1 

PPM HOURS Treated , 

e-
~ , 
l 

Fensul fothion 25 48 15 26.67 
\ 

Oiazinon 25 86.67 

Ch1 orpyri fo~ , 25 l OO~'OO i . 
Fonofos 25 86.67 

Carbofuran 25 40.00 

Iso fènpho's 25 66.67 
1 
J 

Fensul fothi en 50 48 15 46.67 If 
~ 
:i . 
l -- Di azinon 50 86.6? 
'f 

_Ch1 orpyri fos 50 WO.OO 4 

r- I 

Fonofos 50 80.00 
'; 

Carbofuran 50 86.67 
, J 

Isofenpho~ , ~50 60.00 
, 

Fensul fothi ot:'! 100 48 15 40.00 
, 

1 

Diazinon -100 100. 00 

! Chl orpyr; fos lOO 1 00 ~ 00 

Fonofos 100 0 100.00 

Carbofuran 100 86.67 

Isofenphos 1 QO 86.67 
i 

CONTROL a 48 60 27.27 
IJ 
;' , 

1 
k 
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\'. , 

( 

) , , 
1 • 

\ 

\ f . 
APPENDIX 1 (8efer to Table 16) 

Insecticides app'i~d 'to'muck soil. Moisture content • 40%, third instar~ 

second year white grubs. 

Insecti ci des Conc. Period Number % Dead 
PPM HOURS Treated. 

"* 

Fensul fothiol'l 50 24 20 35.00 

Diazinon 50 10.00 

Chlorp'yri fos 50 45.00 

Fonofos 50 25.00 

Carbofuran 50 20.00 
"'" 

Isofenphos 50 10.00 

Fensul fothion 100 24 '20 95.00 /) 

D'; azinon 100 10.00 

Chlorpyri fos 100 55.00 

Fonofos 100 35.00 

Carbofuran 100 25.00 

Isofenphos 100 0.00 

Fensul fothion 200 24 20 100.00 

Diazinon 200 15.00 

Chlorpyri fos 200 95.00 
, 

Fonofos 200 90.00 

Carbofuran 200 75.00 

Isofenphos 200 35.00 

CONTROL a 24 .80 5.33 

.. 
, 

.; 
~ 

l , 
" -S 

f 
J , 

} 
1 

1, 

t 
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f 1 
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APPENOIX J 

, 
_ ~ (Refer t~" 

Insecti cidès applied to muck sail. ~10fsture content: 40%. third instar. 

1 
. ' 

secpnd year whi te 'grubs. 

1 1 l 
~ In sect i ci de Conc. Period Humber % Dead ~ 

PPM_ 'Treated l 

Î 
Fensul.fpthion 50 48 20 75.00 f 
Diazinon 50 35.00 1 

• 1 

Ch 1 orpyri ,fos 50 95.00 i 
Fonofos 50 

.. 
, 45.00 l -

, Carbofuran 50 25.00 ( 

, 

Isofenphos 50 20.00 / 

Fensul fothion 100 48 20 90.00 

Diazinon 100 25.00 

Chlorpyrf fos 100 100.00 

Fonofos 100 70. cfa " 
Carbofuran 100 65.00 

Isofenphos 100 .. 10.00 

Fensul fothfon 200 " 48 '20 100.00 

Diazinon 200 40.00' 

Chl orpyr1 fos 200 100.00 

Fonofos 200 95.00 

~ '? Carbofuran 200 
4' 

85.00 
1 

Isofenphos 200 50.00 ·l ( , 
\ 

.' CONTROL 
1 

0 48_ 80 20.00 1 

j 
1 
1 
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APPENDIX K (Refer to Table 17,18 and 19) 
J 

.. . 
',ficroplot experiment: three replicate~ contai l'ling' "5 grubs' wer-e treated with 

the following insecticides (5 ppm) and held for one week. 'The moiSture con

tent was kept constant at 15%. 

Insecticide Period "$ showing ##'5 showing avg. % mort. avg. %mo'rt. 
HOURS no movement no reflexes no movement no reflexes 

, .. 
"-Amaze 6 EC 72 5 12 a 28.9 ,66.7 

, 

2 . 10 -
'f 1--,,--/- . 

~ 

6 8 
. , 
, 

15 G , 
, 5 5 24.~ 35.5 

3 5 

3 6 0 

6 EC - l~ 8 9 A4·f 68.9 . 
,1 

5 '~ 11 1 

?-

7 11 1 '. - le. 
d • 

15 G 7 11 ' 44.5 . 56. '1 i 
" l ~ 

, 1 

4 '9 1 

- ~ 

1 9 10 .' , 

6 EC 168 1 10 14 64.5 93.3 , 

9 15 ' \ 
, 

. , 10 13' , , 
) -

15 G 7 /15 44.5 84.4 
" Os 11 

7 12 
1 . 

1 - ) 

1 

, , , 
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"APPE}lDIX K (continued) 

Insectfci de 

Basudin 50 EC 
" 

. 
5 G 

50 EC 
~ 

" 0 

5 G 

, 

50 EC 

1 

5 G 

0 

, 

Peri ad #' s shawing 
HOURS no movement 

12 8 

2 

5 

4 

1 

5 

120 8 

3 

7 

.8 
. 

~ 4' 

7 

168 10 

6 

8 

10 

6 

, 9 

1 

, 

/ 

N' S showing 
,no reflexes 

12 

14 

12 

14 
0 

12 

12 

12 

14 

15 

15 
r 

13 

14 

15 

15 

15 

15 

15 

, 15 

. 
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avg. % mort. 
no movement 

33.3 
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22.2 
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42.2 

, 
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APPENDIX K' (continued) 
b 

/) 

Insecti ci de Period~ #'s showing #'5 showing avg. % mort. avg. % mort. 
HOURS no movement no refl exes no movement no l'efl exes 

Dursban 2 E ~ 0) 72 2 10 26.7 68.9 
\ 

& 3 11 
, 

7 10 

lorsb;n 15 G • 4 10 26.7 71 • 1 "\". 

5 10 
c 

3 ./ 12 

2 E 120 4 13 40.0 86.7 
, 5 13 

9 13 

15 G c 4 14 37 8 . 93.3 
1 

9 15 

4 13 

2 E 168 4 15 
~ 

46.7 100.0 
, 

6 15 -
11 15 

. 
15 G 5 15 48.7 100.0 

(' 

9 15 
0 

8 15 

1 
7 ( 

'r 

,1 

. , 
! 

. " t , 

l 
t 
,S 
" 
.' 
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APPENDIX K f (continued) 

.. 9 

Insecticide Period HIS showing HIS showfng avg. % mort. avg. 0% mort. 
HOURS no movement no ref1exes no movement no ref1exes 

~fonate 4 E 72 6 11 57.8 75.5 

7 11 
'V .. 13 12 

10 G 6 12 40.0 77.8 

, 6 12 

6 11 

4 E 120 6 11 46.7 84.4 

1 
8 15 

7 12 

10 G 6 12 40.0 77.8 , 

6 12 

6 11 

4 E 168 6 9 55.5 77.8 

11 0 14 
0 

8 12 

lOG 
\ 

6 15 53.3 93.3 

,- 12 15 
, 

6 12 1, 

r 
.,. 

1 , 

~ 

" " ~ 
'~ 
( 
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APPENDIX K (continued) 

Insecticide Period #15 showing #IS showing avg. % mort. avg. % mort. 
HbuRS~ no movement no ref1exes no movement \ no ref1exes 

Control 72 3 3 20,0 20.0 

5 5 

2 2 

4 4/ 
2 2 

( 
2 2 

120 3 3 22.2 26 . .7 

6 6 

4 5 

( - 3 5 

2 3 

'1 

2 2 

16'8 6 6 31.1 " 32.2 

7 7 

4 5 

6 6 

2 2 

3 3' 
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ÀPPENOIX N 

Ch1orfenvinphos: 8ir1ane® iii 2 .. chloro-1~2,4-dich1orophPn'y1) vinyl 

Ch' orpyri fos: 

'cGA 12223: 

Diazinon: 

Die1drin: ' 

Fensul fothi on: 

Fonofos: 

Isazofos: 

Isofenphos: 

Perlne~brin : 

Terbufos: 

WL 24073: " 

\il 41706: 

'I~L 43467: 

WL 43775: 

. ' 

diethy1 phosphate., . 

lofsban®, Dursban®. O,O-diethyl O-{3,5.6-tr1chloro-
2-pyrfdyl) phosphoroth1oate. 

0- (5-chl oro-l-isopropyl-l ,2 ,4 ... triazo 1-3-y1 ) 
phosphorothioate. ' 

Diazinon®, Basudfn® • O,O-diethyl O-{2-fsopropyl-4-methy1-
6-pyrimidyl) phosphorothioate. 

1 ,2;3,4,lO.'O-hexachloro-6.7-epoxy-l,4,4a-S,6,7,8a-octa
hydro-l,4-endo-exo-S,8-di-Methanonaphthalene. 

Dasanit® • O,O-diethyl O-[p-(methyl-suffnyl) pheny1] 
phosphorothfoate. 

Dyfonate® • O-ethyl s-phenyl ethylphosphonodithioate. 

O',O-di ethy1-0 .. (5-ch1oro-l-f so-propyl-l ,2 ,4-trizo 1-3-y1 )-
phosphorthfoate. ' 

Amaze®. l-methylethyl 2-[ethoxy (l-methylethyl) amino} 
phosphinoth1oyl. ' 

Ambush® • 3-phenoxybenzyl ,(!) cis, trans-3-(2,2-
dichlorov1nyl)-2,2-dimethy1cyclo = propanecarboxy1ate. 

Counter® • $- [ter't-butylthio methyl] O,O-diethyl 
phosphordithioate. 

o-2f-chloro-l-(2,5-d1chlorophenyl} viny'] O-methyl
ethyl phosphorothioate. 

IJnknown~ 

ll-cyano-3-phenoxybenzy'-2.2-dimethyl-3-2~{2.2-
dichlorov1nyl) cyclopropane carboxy.late. 

ll-cyano-3-phenoxybenzyl 2- (4-chlorphenyl )-3-methyl 
butyrate. " 

: ( 

," 

1 
1 

l 
J -, 


