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DENSITy'~DAMAGIi RELATIONSHIPS ~ND CHEMICAL CONTROL OF . . 
" " , 

·THE NO~THERN CORN ROOTWORM, Diabrotica barberi 
• _ - i' • 

',.. ,! 1 

. \. (COLEOPTERA: CHRYSOMEUDAE), IN QUEBEC . 

'" • 

., Economic in jury levels (E.Il) I()f nor.;t~r.n corn rootworm ~Ne-R) 

: Diabrdtiça barber'j stages, in greenhouse conditions, were calculated as 
'. -

5~-76 eggs, '15-19 fir'st-instar larvaevand 9-12 aduHs per plant. EIL and 

econornic thres~o)d un~er Quegec field conditions were calculated âs 11-
o 

14 and .8-10 larvae/plant, respectively: A significant (p~ 0.Q5) reduction 
r- - l . '" 
in grain yield occurred at a mini~um ~sity of 150 eggs,' 60 first-instar 

l~;~'~ and 21 adults' per ~lant: • ~" 1 

• , Among several i.nsecticides tested by direct contact and in soil 
1 

bioassays, PP993 (a new pyrethroid) and terb4fos were th~ most effectivl!' , , 

. against NCR larvae. LD50's of PP993" fonofos and chlorp~~ifos against 
• 

< ' 
'1 • 

second-instar NCR larvae were calculated as 0.197, 0.883 apd 0.661 ppm. , , 

Res i dues occurri ng i Q 'soi l, duri ng peak 1 arva l popul at 10n averaged 0.21, 
, , 
3.4 and 2.65 ppm respecti~ely. PP993 proved very comp~tit2ve with 

fonofos and chlorpyrifo's' in ;ts effectiveness against' NCR'1arva~ .in the '" , 

. fi el d. Fi fty per cent ~f the parent PP993, fonofos and ch l orpyri fos' in 
. . . ' 

sôiJ had di'ssip.ated in ~9, 12 and 11 weeks respectively, and on)y ,20-30 
Q 

per c.ent pers i sted through to th~ end of the growi ng season. • 
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,-Les, relations den~jté~dotnmage et le contrôle,chimiq\le d,e' 

l~ chrysomèle '(es ~acines du mais, ~Diabrotica. barb-eri " 

_ ' (coleop)er4\:cnrYSOmel idae), au,éQuébec. ,~ 
• 1 Iif " \ h 

On évalua le n'iveau d'i:mpact économique (NIE) des trois stades de 
, 

la chrysomèle des- 'racinès~d~ mài~s (CRM), .'Diilbrotica barben' à 58-26 
- ' , 

, .' 

oe~fs, Is~IS larves de premier stade'et 9-12 adultes par.plante en serre. 
• L .1 

On èalcuJa que le NIE et le seuil économique sur le terrain au Québec . , . .. .... -

étaiel1t de 11;t14 et de 8-10 larves/plante, re~spectivement. Un'e réduction 
.~ 

significativerde rendem~nt de grain' (p < 0.05) 's'e pro,duisit à une.densité 
, 

minimale de 150 çeufs, de 60 larves de premier sta-de'.et de 21 adultes par 

pla'nte. 
" 

, ' ~ , 

Parmi les divers inse)t~cides ~xpériment~s par .conta~t direct ou en 
/ 

presenc~ de, s'o 1; PP99~ (un" nouveau pyréthri ne synthét i que) et terbufo~ 

~urenJ les plus effic~ces envers les l~r:ves d: la CRM,. Le ;JDLSO dues au 

PP99j, au fonofos et C~lOrpyrifos.envers. les larves de deuxième stade de. 

1~ CRM ont été calculées comme étant 0.197, '0.883 et O.661ppm. Les 

rés; dus se trouva~t darls '1 e sol pendant le pi que de l J a populat; on l ar-
· , )9 

vaire éta-ient en m9yenne de 0.27, 3.4 et 2'95 ppm respectivemént. PP993 

s' est avé~é: trè.s compét it if par rapport à - fono?os : et chl orpyri Fos dans 

stJ~ effi.cacité contre lès larves de la CRM s,ur le terrain~ Cinq~ant.e p~ur 

cerri- des produits mères PP9~3, fono,f'Os . et chlorpyrifos se sont dissipés ~ 

dans le sol en 9, 12 et 11· semafnes respectivement, alors que 20-30 pour 

cent on persisté ju"squ'à la fi n,de 'J.a saison de croissance.. .. 
• ,< 
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• CLAI" TO ORIGINALITY 
, 

1. Economie injury levels (EIl) of NCR eggs and larvae on corn plants 

were defermined under greenhouse conditions. 
~ 

'2. EIl of NCR adult§. on corn,plants was determined under field 

micro- plot conditions.· 

3. EIl and economic threshold (ET) levels of NCR larvae on torn plants 

were dete,rmined for the first time i'n Quebec cornfields. \ 
'" ' 

. 4. Efficacy of PP993 (a new pyrethroid) and fon'ofos MS in c6~trol1 ing 

NCR larvae were tested for the first time in'Quebec and compared 
.~ . , 

with sev&ral recommended soil insecticides. 

5. A new method for residue analysis. of PP993 using agas chrom.atograph 

fitted with Ni 63 electron-~apture detector'was developed . 
• 

6. Residue levels of PP993 ;fonofo~ and chlorpyrifos found in soils 
, 

dur'ng the larval peak.in Quebec cornfields were determined, compared 

"" with their lOSO's, and recommendations for opti~izing their rate of 

application were mad~. 

7. Persistence of PP993* fonofos, and chlorpyrifos in cornfield soils 

throùgh to the end of the growing season were determined. 
, 

8. L050's of sever al insecticides against second instar NCR larvae were 

) cal cul ated by 1a~atqry bi oassay. 

9. Effects of 'insecticide placement and applicatiqn time in controlling 

NCR lar~ae were determin~d . , 

10. Possible phytotoxicity associated with the use of disulfoton at 
;1 

cultivation time was demonstrated. 

'l'il 
, r 

V 

,. . , 
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Il. A model for factors affecting NCR populations, EIl 
, ,. 

and' ET was 
J . 

\ 
developed. 

, ... . 
12. Methods for artificially infesting cnrn roots with NCR eggs and 

• • , .. 
). " 1 arv'ae were 'He~e l oped. cl ' .. .- , 

13. 'A new design of cage fÔ'r, trapping emerged adults from potted corn 
'-r- , 

o plants infested w.tth NC~ eggs and larvae was used. 

14. A l1ew design of cage for artificially infesting corn plants with NCR 
~ 

adults in field micro- plots wâs used. ' , 

15. Minimum density, levels of NCR eggs, larvae and adults that caused 

- : signlficant reductions in grain yield""were deter:-m~ned. 

,.) 

1 

" 16. New r~collll1endations for' NCR co.ntrol decision-making were formulatJKr 
o 

fr,om the above mentloned findings. 

• '. 

\ 

"' . 



/ 

. '/ 
.. ' 

LIST OF-TABLES 
Il 

Table Page 

1. Analysis of variance procedure'for greenhouse and 

propagat; on' room egg dens i ty experi ments ..... '. . . . . . . . . . . . . . . . 54 
• 

2. Mean plant height, yield, volume and root damage ratings 

of Macdpnald greenhouse and St. Jean propagation room 

experiments in 1985 ................... :.................... .... 55 

u3. Mean plant height, stem circumference, adults emerged, yield, 

volume and root damage ratings of'Macdonald greenhouse 

-experiment (1986) ..•.......• ~ .•...•....... ~ .............. t..... .... 56 

4. Cost of chem;'ca 1 cont ro 1, econom; c damage and average· 
, 

economic in jury levels (EIL) of greenhouse and propagation 

room eg9 density experiments (1985-1986) .......••............. 68 
1 

5. Duncan's multiple range test of the means 01 plant height, 
o , 

'- -! 

:- Stem circumference, yield and root damage ratings, obtain~: 

~ 

'ô ... 

from seed farm egg densit:y·experimEmt .. :: .... :~ .... , ....... · .... '73 
, l 

6. Duncan's multiple range test of the means of p1ant height, 
. . 

stem circumference, grain yierd, root dam~e 'rat 1 ng"s an~( root 

volume for five larval densities of greenhouse infestation 7~ 

"/7. Cost of chemical control, economic damage an~ economic 
~. .. 
in jury levels (EIL) for the greenhouse larval density 

èxperi ment (1986) ............................. ~ .••....•.•.. , . . • 82' 

81 Dunc~n'StmultiPle range test of the means of root damag~ 

ratings for seed fann larval density experiment ••••...••...•• 86 . 

9. Duncan's multiple range test of the means' of root damage 

ratings obtained from seed farm adu11 densit1es 

experfment (1985-86) ••••••••••••••••• ~ ••• ~ ••••••••••••••••••••• ~ 90, 

ix 

,,- -



, 
" . . 

.... 

.. 

..... 

.-

• 

râble . 

List 'of Tables (cont'd) 

, 
" . 

. ,"', .~ -... ' 

10 .. Mean~ of plant height, ste"m circumference, yield and ... root 

• 
Page 

damage ratings of seed farm adult de~sities.experiment(1986) ... 92 

Il. Cost of chemical control, econom1c damage and econom1c 

in jury level s tEll) of seed farm aduH densities 
• CL 

, experiment (1985-86)' .............. ,..................... ..•..... 96 

12 Inter- and inter- generation changes of NCR at~St. A~toine 
• • J 

-
Abbe'{SAA), Pike River, Ormstown and St: ~ean 

-
between 1984 and 1986 ...... ................................... ~ .. 108 

" . 
13. Mean, standard error of the mêan, variance, mean c~owding 

and Morisita's index for spring e~~ population in 

southwest QlJebec ..................... " i , •••••••••••••••••••••••• 

14. Mean, standard error o'f thl! mean, variance, mean. crgwding, .. ' .. 
K of negative binomial distribution and M9rtsita's index 

for NCR larval and pupal populations'in·southwest Quebec 
, " 

.. • • ..,. '1· 
15. Cost of chèmical control}...efficiency of insectfcide" 

1 f., .. • 

economic damage; economic in jury level (EIl) and'èconomic 
. . 

t\hreshold (~T) of Ormstown cornfield NCR l arval popùlation 
\ 
1 •• _ 

\ 
109 

113 

experiment (1985) .. ~ .. " ........................ ' '.~~. . . . . . . . . . . .. 119' . -, , . 
16. ~ Co st of chemical control, efficiency of insec~ièide,. 

" 
economi c damage, economi è~rnj ury l eve 1 (E 1 L) and economi c 

~. 

threshold (ET) of Pike River~cornfield NCR larval population 
, • v 

exper.1 ment (1985) ............................................. 120 . .,,' .. 
17. Mean, standard error of the mean, varian~e, mean c~~wding, - .. 

K·ro.f'the~ negative binomial distr:'ibut1on, and Morisita"s -. "' '-.~ .• 
index, for adul t popu·l ation estimates iO' sout~west Quebec .•.. 123 

x 

---..... 

) . 

'1 

\ -.,' 



1 

" . 

., 

n 

," 

,. 

\ 

, Table page 

'. 

• 

~ ~ 

18. Operating conditions for 9as chromatographie analysis , '. 
~:'of PP993, fonofos and chlorpyrifos ... ~ .......... -............... 14'7 . ..... 

19. Results of topical application of eight insécticides to 

first-instar NCR larvae using a potter spray tower .~ ......... 149 . 
20. LDSO' s of six insecticides to seconed-instar NCR larvae, , . 

" 

expressed as concentrations in soil (ppm) ••••••••• '1' ............. 151 
4 , oP 

21. Analysis of variance, procedure for the dependent variable, 

yield, obtained from insbcticide trials experiment 

; n 1985 ...................................................... 154
51 

22. -Analysis of vari'ance procedure for the dependent variables, 

yield, la~vae and rool dam~e rattngs, for field insecticige 
". . 1 

t r l-a" 5 ~ 1985) ............. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 155 . . , 
23. Mean yiéld; larval population and root damage rat~ngs 

for ,Ormstown insecticide trials (1985) ....................... 156 
l' 

24. Mean yield, larval population -and root da~age ratings 

for·Pike River insect;eide tr,ial s (1985) ......... : ....... '.: .. ~ .. 157 
'/. 1 

25 .. Ana).ysis of vâf'iance procedure for insecticide dosage 

. 'experiment at Pike River (1986) .......... :,..t' ................. H 163 , , ' 
26. Mean larval dens1ty, plant height, stem circumference, yield, 

and root damage ratings, of insecticides dosage experiment 

at Pike River (1_986) ..••....••••......•......••.•.........•..• 164 

27. Analysis of variance procedure for fonofos MS and disul-

foton Le applied at èultivatton t1me at Pike River (1986) •.... 166 

xi 
" . 

~ . \. - o _ 

... ' . , 

,,< ... , 

... 

• 



" 

'-' . ' ... 

, , 

.. ~ 

,', 

, " 1', -:'-,o .. ~;.,~""",-~:p::~~"F.~~;,> ~"'.--.~ ~ 
~. , , 

, ; 

• 

List of ~bles (cant'd) 

" 

. -. 
, . 

~ 
" 

28. Mean larval density per plant, heigh't, s.tem circum~erence, 

yield and root ~amage ratings of insecticide tr1als 

. -

page 

, , 

~t cultivation time (1986) ..................................... 167 

29. Persistence of PP993, fon~fos, and chlorpyrifos in 

• Ormstown cornfield soil (1985) ............................... 
. 

30. PP993, fonofos, and chlorpyrifos residues in t~e soil 

as ,percent age of initial concentrations 

\ 

, , 

, .. 

xii 

o et +, 

........................ 

" 

. ' 

c ' 

l '" 

, . 

170 

., 

171 

" 

, " 

r 



a 
... 

/ " -

" 

LIST OF FIGURES 

l ' Distribution of"Diabrotica barberi ........................... 
Page 

16 

2 Distribution of"Di-abrotica barberi in Quebec .... '............. 18 
, 

3, Water di sp 1 acement techn i que for determi n i n9 root volume· . . . . . 42 
. 

4 Emergence trap for NC~ adul ts' ....... _ .......... .-. . . . .... . . . .. .. .44 

S (Data from Macdonald greenhouse egg density èxpefiment; 1985) 
/ "- 0 • . . 
Sa Regression for root damage rating vs. rate of artificial 

, .. 
i nfest~tion of NCR egg density per phnt •..... '"" . . . •.. . . . . .. . 58 

5b, Regression for corn yield per plant vs. root'damage rating ... 58 
" 

~ (Data from St.Jean propagation room egg density experiment;1985) 
, 

6a Regression for root dam~ge rating vs. rate of artificial 

infestation of NCR. egg. de~sity per plant. •..........•......... 60 

6b Regression for corn yield per ~lant vi. root damage rating .1. 60 
CI 

7 (Data from Macdonald greenhouse egg.density experiment; 1986), 
1 

'~I' 7a' Regression for corn y1eld per plant vs. rate of artificial 
ft 

infestati.on of NCR egg density per plant ..................... 63 
, , 

7b Regtessio,n for flOOt damag.e ~ating vs. rate of art1f1c1al 
," 

infes,tat1ori of NCR dens1ty per plant .~.... ................... 63 

'7c Regression for NCR adults emerged p~er plant vs. rate of "-
. 
artific1al infestation of NCR egg dens1ty per plant........... 63 

8 (Data from ~acdonald greenhouse egg d~nsity experimerit; 19~6) .. 
8a Regression' for co'rn yield per plant vs. roo' damage r~ting /65 

Sb Regression for NCR adults emerged per plant vs. root 

,damage fat 1 ng .....•.....•••......••.....•..........•......... 65 
. 

Sc Regression for corn yield per plant vS.,NCR adults', 
. 

emerged per' pl a.nt .•...... .". .............................. ,..... 65 

· xiii 

'. 



• ' 

.... 

c 

" ] . 

,.. . 

,List of Figures (eont'd) . 
Figure Page 

f 

9 Effects of control cost/corn priees ratio on the economic 

in jury level of NCR emJs .......... ~ ........•.. :............... 70 

10 (Data from Macdonald greenhous~ larval density experiment) 

IDa Regression for corn yield pe~ Plant' v~. rate of artificial 

infestation of NCR larval .density per plant ..•...•........... 77 

lOb Regression for root damag~ ~ating vs. rate of artificial 

infestation of NCR larvae per plant.......................... 77 . . 
lac Regression for adults emerged per plant vs. rate of 

artificial infestation of NCR larvae per plant .•.•......•.... 77 
• 1 

Il (Data from Macdpnald greenhJu~larval density experime~t) 
lIa Regression, fo,{'corn yield per plant vs. root damage ratings ... 79 

lIb Regression for NCR adults emerged per plant vs. root 

damage rat i ng -..... :; ..................... " ................. et' 79 

Ile Regression for corn yield per plant vs. NCR adults emerged ~ 

.. 
1 

, 

. 6 

. • 79 " per plant ..•.......•.•••..•........•.....••• : ..•••........... 

12 Effects of control cast/corn priees ratio ôn the economie 

injur:y level of the NCR 1 arvae ............................... 83 
" .~ "\ 

13 Regression for root damage rati~g vs. NCR )arval density 
. 

per pl ant (seed farm larval density experiment) ............ 0.. . 87 
~ 

14 . Regressio,", for· root damage rating YS { NCR adult density 

. per plant (seed farm adult density experiment; 1984/85) .•..... 91 

15 (Data from Macdonald seed farm adult.density experime~t) , 

lSa Regression for corni~ield pe~ plant vs. r.fe of art1f1c1al 
. , . 

infestation of NCR adults per plant .................... "...... 94 

15b Regression for root damage rating vs. rate of artjficial 

xiv 
l' 

, . .zN~. 



, 

.' 
, , 

.. 
.. . 

,t 
~ . 

List' of ffgures (cotit'd) 

Figure Page -
1 1 • 

1 nfe~ ta t 1 on '()f NCR adu 1t pe~ plant .................. io • • • • • .. • • 94 
1 , 

ISe Regressipn for corn yield per plant ys. root damage rating 94 .. 
16 Effects of control cast/corn priees ratio on the economic 

i njury 1 eve 1 of NCR aduH;s ................................... 97 
\ 

17 Behavio~al heat extractor for extracting larvae from 

pl ant root ................................ . -.................. ,103 

18 (Data from Ormstown cornfield) 
\ 

, .. 18a Regression for corn yield per plant vs. roof damage rating ... 115 

18b J Regression for NCR 1arva~ densi,ty per plant vs'.~ root 
. ~ 

damage rat i ng .......... 4' ••••••••••• '.' • • • • • • • • • • • • • • • • • • • • • • •• 11~ .. -~-

19 (Data from Pike River cornfield) " 

19a Regression for corn yield per plant vs. root damage rating 117 

19b Regression for NCR larval density per plant vs. root . 

d~mage rat 1 ng ..................... t •••••••••••••••••••••• ~. • • •• 117 -

20 KCR adult populat'ion trends af Pike River ~uring 1979-1986 ... 1t5 

21 Mo~el for factors affecting economic in jury level ...•.......• 127 

r' 22 NCR ad~1t feed1ng on silks .•...•...•••.•...........•...•..... 131 .. 
23 Partially barren ~ars, rfsulted from 1ncomplete pollinat10n, 

due to adult feed1ng on sflks ......•.•.•.•••..•..•••.••...... 133 
, . 

:;. c 24 Comparat ive dee 11 ne rate of PP993, fono~os, and ch 1 orpyr1 fos 
) .' 

as pereentage of the i~1t1al amount ~easured at ~pp11eatjôn 
~. .~ 

t i mel .•.•.. Il • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 172 
'. 

25 ~as chro~atog~ams (on 31 Ov-I7 column) of extracts of 

ehlorpyr1 fos, fQnofos and PP99j -treateds $011 a~ 
.. 

" app 11 cat 1 on t 1 me ...•••••...•.......••..• -..••.• ~ •..••..•.. ~ • .. 173 
.' 

xv 

• 
_ .. --~._-_ .. '" 

• 1 



· ',-

", 

; 

i 

.r 

Cl 

\ 
J'. GENERAL INTRODUCTION 

~ : , 

." \ 
'. '-

.J -
~ 

'.' 

\ " 

-----

'. 
~ .. 

C 
0 

" 

Mt '. 



• 
\ 

l 

\ 

.Î 

GENERAL 'INTRODUCTION 

The northern corn rootworm· (NCR) , Diabrotica barberf, Smith. and 

Lawrence, a native pest of North America, was first lollected by Say 

(18~4) in Colorado. It .. \las first cited in thé Montreal, Quebec, area by 

Cha'non (1938) and since then it did not appear in the local literature 

• . until it was re~orted by G~bord' (1976) on c~rn (z •• ~Ys. L.) in ~,ier. 
" ville,. NCR is "th~ only species of the genus Diab~o~ica occurring in' 

Queb,c thiü c'auses a seri ours threat to corn ~rowi,ng ~ In Ontari 0, however '. }. 

~ the NCR and the western corn rootwo'rm (WCR) , Diabrotica virgifera vir

gifera (L~1onte), pose a chronic pro~lem to corn growers and both 

species are esent throughout a11 of .the southwest (Bereza 1972; Ontario 

Ministry"of ri culture and Food 1974; Tyler and Ellis 1975; 'Fott and 

Timmins 1977; Smith\1979). 

The NCR and WCR are v,ery similar in their seasonal development 

cyc1 e and both spec i es overwi nter as eggs in the so il. These hatch in 

late spring, 'and the larvae actively feed on the roots of corn, which im-
, . 

pairs water and nutri~nt uptake by the plant. ~evere infestation prunes 
. ,f" , 

root structures to the extent that a plant lodges in strèng wi nds and 

'rainstorms. As the plant contInues to\row., d exhibits '. c~ar.c~eristic 
'goose necf(' appearance. Thi s 1 odgi ng and crooked growth cause many of 

the se plants to be' missed by mechanical harvesters. The adult beetles are" 
, 

active in cornf1elds 1n late,summer. They feed on ears, silk, and pollen 

and severe infestations can interfere with normal pollinat10n . . 
-' 1 
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The total area under' corn in the Un,ited States and Canada con, 
stitutes ca. 30 million and 1.5 million ha, respectively (DeVault 1986; 

. JI 

Metcalf 1986; Clutton 1987). In the U.S. alone', corn rootworms are. 

responsible' for insecticides being routinefy applied to 12 - 16 million 

ha of corn~ costing American farmers ca. 0 $250 mi 11 ion (US) in i~sec

ticides and $750 million (VS) in crop losses (De Vault 1986; Metcalf 

19.86). However, studies based on a real istic economic threshold (ET) in-. 
Q 

dicate that only 10 to 19 per cent of the treated cor~ acreage had root-

worm Popul~ons above the ET (Turpin and Maxwell 1976; ~uckman 1978). 

r 

. , 

Crop rotation has been widel~ recommended for corn rootworms' (CRW 
1. 

J 

/ 
control> in the U.S. and Canada. However, rece~J studies (Krysan et al. 

1986; Ostl ie 1987) 1ndicate that about half of the NCR egg popula~ ion 

laid by adults from 'cornfields rotated a~nually diapaused for two years. 

Moreover, cont i nuo~s crop rotat i on may perpetuate the deve 1 opment of 

'resi~tant strains. For this reason a two-y~ar crop rotation, with two 

non-host plant'S, was recommended (DeVault' 1986; Krysan et a7.1986; 

Olkowski 1~86). However, more recent evidenc~ of~a three-year diapause of 
\ 

NCR eggOs {Ostlie 1987)"suggest that this tactic islnot infallible. 

Appl icat10n of granul ar soil insecticides i s generally made as a 

narrow band (18 cm) over the row at planting time with light incorpora-
1 

tion provided by the planter press wheel or. a cHain dragged behind the 

planter press wheel. Chem1ca~ control 1s also possible at cultivation 

2 
j 
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time with liquid "formulations directed at the base of the corn plant and .. 
o 

covered lightly with so~l but no' insecticides are pre.sent1y registered 

for thi suse in Canada. ' 
'\ 

Chemical control has been considered the main management strategy 

for CRW since the successful use of chlorinated hydrocarbons in ~he late 
r , 1 

1940s (Fulton 1946; ~i11 et a7.1948). However, both NCR and WCR deve10ped 

resistance to the cyclodiene soil insecticides throughout most of their 

distribution in the 1ate 1950s and ear1y 1960s (Bigger 1963; Pate1 and 

Apple 1966). Due to, the prob1em of resistance and de-registration of most 

chlorinated hydrocarbons, organophosphate and carbamate soi1 insecticides 

have been used si ncè. However, these have not proved as :successfu1 or 

con~istent as the cyclodienes, probably because the newer compounds h.ave 

limited persistence and are more readily ~egraded in the soi1. For CRW 

control, a mOderately perststent insecticide is recommendeCf (Harris 

1972). 

Insecticide applicati~n for CRW control is further complicatêd by 

the recent development of CRW ~esistance to sorne organophosphate and car

bamate insecticides (Caro et al. 1973;~illiams et al. 1976; Ball 1981, 
, 

DeVault 1986), in addition to' ttieir adverse effects on non-target or-

ganisms, and to environmental contamination. These problems necessitate 

the development of realistic economic threshold data and the rotation of 

insecticides from one class to' another, along' with crop rotation. 

The objectives of th1s study'were to: 
, 
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1) Determine the relationship bétween a ran~e'of de~sities 

~f different stages of NCR and damage ca4sed to corn plants. 

2), Develop' an economic in jury level fot stages.of NC~ tn 
, . . 

greenhouse and f.ield miéroplot experiments. 

3) Estimate the populations of different stages of NCR in several 

cQmmerc i al corn fi el ds in southwe,st Quebec' t~ <jetermi n~ the 
" 

wa'rious factors affe~ting NCR populations; to establ is'h 

economic injure level (oEI,L) and economic thresholq tET} for 
, . 

the damaging lar-val stage, to mèdel factors affecting EIl and 

predict densitiés and damage-potentlal. 

. ' 

. 
4} Determine the susceptibil~~y of NCR.larvae tb several . 

insecticides by laboratory bioassay. 
o • 

\. , 

5) .Determine the field efficacy of the most promising 
\ Q • 

insecticides tested in the laboratory: 

c ' • 
6) • Determine the influence pf insecticfde ~pplication time on 

NCR larval control. 
o 

7) Determi ne the, i ~fl uence of i nsect ici ~e p lacelllent at di fferent 
" depths in soil on NCR larval control. 
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8) Deter~ine the im~act of different doses of PP993 ( ~ ne~ 
pyrethroid insecticide) on NCR larval control and to compare 

its effectiv~ness with several recornmended soil insecticides. 

9) Determine if insecticide residues, sufficieht to exceed 

.raboratory-determined larval LDSO val~es, persisted in corn-

IO} 

, field soils at the time of peak larval hatch. 

Determine 

cornf.ields 

... 

, . ,1 

.' 

if insecticide residues persisted in the 
. 

through to the end of the growing season . 
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LITERATURE . REVltw .. 

• 1 

.. In thts rev'iew, p~rticul al" emphas; s ;s g;ven to aspects bf north-
... • .;. l 

ern corn rootworm (NCR) Diabrotica barberi, Smith and Lawrence, which are . . 
relevant to this praject,"up to 1987. 

. ~ 

• 
... 

1'AXONOMY 

, Cl assification 

f 
Northern corn rootworm (NCR), Di abrot i ca barberi Smi th and 

'Lawrence, ;s classifled as follows '(Bofrer et al. 1976; Krysan et al. 

,'" ,. Order. 
\ Coleoptera 

1 

Sub Order Polyphag~ 

Superfami ly Chrysomel oi dea . ( 

Family Chrysomelidae' • 
Subfamily Ga 1 eruci rtae 

1 
1 

lr1bê Galerucini 

Genus : Oiabrotfca 
'. \'J ~ 

Species b'arberi Sm; th and la~rence 1967 . 
" . 

The northern corn rootworm Di abrot i ca barberi,. was fi rst descri bed 
\ 
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by Thomas Say (1824) as Galleruca ·longicornis from specimens he obtained . , 

on wild çucurbits in t~e mountains of Arkansas. The species was later in-
, 

cludeq in the genus DiaQrotica (Chevrolat 1837). However, the remarkable 
, . 

geographic varht10n in the possession of cei'tain structures led. Stnith 

and Lawrence (1967) to recognize two ,subspéci~Si Say's speciesi as D. 

longicornis longicornis and a new subspecies, as 'D. longJcornis barber;. 
:- ... 

~ . '. 
-Bas~a ,'on fi,e 1 d and 1 aboratory' stud i es of rn~t i ng be.hav i our, sex ph,eromone 

response, habitat choice, morphometric analysi~ and geographical varia

ti~n rn cal or", Krysan e,t al. (198~) elevated both subsp~cies to speci.es 

rank. They,'determined that D. barberi.smi,th
o 

and Lawrence an~ D. lon-

,.gicornis (Say) are distinct species whose ranges overlap in the central 
• "t. ,. 

plains of the U.S. p. longicornis is normally col'lected from cucurbits 
• d 

whil e D. barberi, known as the northern corn rootworm (NCR"), i s most l " 

commonly collected from cornfi.elds (Krysan et al. 1983) . ' .-. ~: , 

? 
MORPijOLOGY AND IDENTIFICATION' 

... 
r 

" 

\ 
1 _ 

.. 

... 

Based on 1nformat.1on provided by Smith and Lawrence (1967). whuè' 
.' , 

(1969) and Krysa~ et .1. (1983), adult specimens of D. long~nfs (sa~) 
, . . '. 

and ~rberf Smith and Lawrence cln be d1st'ng,U1.~~ed, ftY.~ .• followtng 
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key: 

1. Antennae (except pr:,oximal segments), clypeus, tibiae and tarsi 
.. ~ ~ .... 

~fuscated"often shiny piceous; elytra variable ..........•....... 2 , 

"Antennae, clypeus, tibiae and tarsi "yellow' or t~taceous; elytra 

b,)~i th humera l spots often ab'sent. Humera l v"i ttae rare l y pre~ent, -

usually weakly colored ..... . D. barberi Smith .and Lawrence(in part) ." " -

2.' Scutellum usually piceous, Nebraska, Texas and Tamaulipas to 

Arizona and Chihuahua ..•..............•. " .•... D. ,longicornis (Say) 

Scutellum yellow or testaceous, Pennsylvania and Quebec to Vermont 
\ . 

ànd Massachusetts (in Georgi~ and South Carolina, scutellum may be 
6: 1 

ptceous) 
, .... .................................. 

J~ 

~. barberi (in part) 

The pupa is of the exarate type, creamy white in color and with a 

mean length of 4.93 DIlI. The brownish '-eyes of the forming adult can be 
't , 

seen through the skin as well as a pair of brownish horny curved hooks 

at the tip of 
$ 

ttle abdomen. Two wh i te erect ha i rs are vis; b 1 e betwee'n 
, . 

the antennae, with another pair above and between the eyes. Spfr'acl es 
\ -

~;~~~, be ~l~arly seen ,,\s. SXa11 ~air~d brown rings on each of the first 

eibht seginênts of .th~ abaomen, but, are less visible on the remaining 

thr~ê posteri~r segments (Forbes 1920~ Domi~qUe 19B3). A ~air of well-
• ~ Q 

- developed papillae on the venter near the apex of the abdomen distin

gufshe~,t~~ femaJe papa from the male (George and Mintz 1966). 

B " 
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Boving (1927, 1929) published a detailed morphological description: 

of the 1 ârvae of the southern (SCR), ,Di abrot i ca undecimpunctata howardi " ~ 

.. 

.. \ . ...,.., ~ 

- Barber, and northern corn rootworms (NCR), Diabrotica barberi Smith and 

Lawrence. Mendoza and Peters (1964) prdvided a key for the mature larva 

of northern" southern and western corn rootworms (WCR) , Diabrotica vir

gifera virgefera Le Conte. According to MendQza and Peters, the anal 

plate or pygidial shield on the ninth abdominal segment 1s very useful 
o 

in separating the speci,es. The head capsule t is more elongate and with 

straighte,r, sides in NCR as compared with the ovoid out11ne of the- SeR. 
1 

D9fflinique and Yule (1984) ~sed capsule width as an 1ndicator of NCR lar-

va l instar. They noted that the range of head capsul e wtdths of the 
1 

first, second and third larval instars were 219-276, 300-398 and 400-479 
~ , 

\ 

\ , 
\ 
\ 

Um"respeçt ive 1 y, .( 
... . 

Electrophoretic,~nalys1s of soluble 1sozymes 1s a rapid'and useful 

method for d1st1nguis'h1ng closely related spec1es of- a var1ety of or-
~ 

ganisms (Avise 1979; Jacobson and, Hs1ao 1983). Piedr\hita et g, 
(985), using horizontal -starch gel-electrophoresh, reported that second 
'/ ' 

and, th1rd larval 1nstars of NCR and WCR spec1es could be a~curately 1~!n: 

t1fied w1th isoc1trate dehydrogenase (IOH) and estera se (EST) ënzymes. 

\ 
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The eggshell patterns of- rootworm species are characterized by a 

network of 601ygons (primarily hexagons) coverin~ the entire egg: Atyeo 

et al. (1964) showed that the eggshell thickening,within interpoly gonal 
. 

areas (secondary ridges) differs From one species of Diabrotica t~ . . 
~nother. The eggs of the WCR are lacki ng se~ondary ~idges, whereas NCR 

and SCR can be identified according to the number of pits within a given 

polygon (Atyeo et al. 1964; Rowly and Pet ers 1972; Krysan i9S6). Krysan 

(1986) noted that the number of pHs per polygon ranges From .6-12 1.n' NCR 

and 14-20 in SCR. 

BIOLOGY 

The biology of the northern corn rootworm complex in Illinois was 

studied by Forbes (1982), who concluded that the species diapaused in the 

egg stage and had a univoltine l ife cycle. The eggs are deposited 

singly or in chains in moist cracks in the soil of cornfields, between 
. , 

late August and mid-September, and begin to hatch about mid-June of the 

following year (Dominique and Yule 1984; Hein and To11efson 1985) . . . 
Forbes (1915), found .t~t, hatching of NCR eggs in Illinois beginS' about 

la June and the larval stages continue up to 25 August. Variable hatch-
.. " .. 
ing dates for NCR eggs in different geographical areas have been 

reported by several researchers (Britton 1937; Chiang and Sisson 1968; 

Bereza 1979, 1983; Dominique and Yule 1984). Some final instar larvae 

la 
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were observed '~n Ontario cornf1elds up to the second half of July, and in 

Quebec cornfields up to the end ,of July,' respectively by Bereza (1979, 

1983) ,and Dominique and Vule (1984). NCR larvae start to pupate in the 

soil by mi d -Jul y ~nd pupa t i on i s usua 11 y compl ete by 12 September 

(Forbes 1915), In 6ntario the pupal stage starts in the first hal f of 

July and i's -Dver by the second half, of August (Bereza 1979, 1983). In 

southern Quebec, pupation takes pl ace f.romj:.h!Lla.st week of June to about· 

2a August (Dominique and Vule 1984), 
" 

. ' 

• The threshold temperature for NC~ egg development has been det~r

mined as 9.70C in southern Quebec, 9.SoC in Wisconsfn and 11.10C in Min
o 

nesota by Dominique and Vule "(1983a), Patel and Apple (1967), and C~iafl9 

and S'isson (l968) , respectively. Thermal constants for egg development 

in the rhi zosphere and based on ~i r temperature have been determi ned 

~ , respectively ag, 304 DO and 533 DO (Apple et al. 1971), 340< DO and 42J -431 

DO (Dominique and Yule 1983a), This variation Jn the thermal requ1rement 
f ~ • 

for eclosion may be due to differences in shading of the eggs (Sechriest 

'1 1969;. Chiang and Sisson 1968), ge09raph1cal area (Wilde et al. 1972) 

and pre-conditioning of the eggs (George .and Hintz 1966). Un der 

laboratory conditions, a pre-r,.hill per10d of ~"O to 15 days at room tem· 

perature i s requ1 red ~y the 
• 

embryo to develop suffic1ently to undergo 

normal diapause development (Dominique and Yule 1983bi George 1972; . 

Jacobson 1985; Fi sher et' al. 1986). ~owever, sorne eg9s showed post· 
~ -

/ diapause characteristics without pr10r exposure to cold (Krysan 1972). 

Patel and Apple (1967) predicted that some NCR eg95 could hatch- in 
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the same year in·the field, if the autumn is warm and prolonged. In con-" 
o , 

trast, Chiang (1965) in Minnesota found that approximately 0.3 per cent 
, 

of the eggs diapaused fo~ two years. Subsequently, Krysan et al. (1984) 

~ in st~dies in South Dakota found that about 40 per cent of the eggs that 
, 

/ 

hatched were in, di apause for two years. Krysan et al. (1986) èonfi rmed . ' 

that more than '50 per cent of D. barberi eggs di apausef for two ye-ars in 

fields where corn was rotated aRnually ~hereas only n~one per cent of the 
Q - ~ 

eggs diapaused for two years in fields where corn was planted without 
l 

.rotation, thus demonstrat~ng local population adaptation to culturt, 

practices. ~ 

Chiang et al. (1972) reported that hatching of NCR eggs increased .. 
with an increase in chi11 düration at SoC but decreased with an increase 

in ch,i'll duration at OO'C and -SoC. Dominique (1983) 'noted that the egg 
t~1 t 

viabi1ity of the Quebec population of NCR remained high, ranging from 65 

to 90 per cent; when he1d ~nder cool conditions for extended periods of 

220 days at 5°C, but lost viabil ity as the temperature "decreased and 

dur.~tion of chil1 period increased. 

Adult NCR emergence, in mid-July, was first noted by Forbes (1915) 

in - 1111 nol s. .Ortman et al. (1974) observed that adult emergence ranged 

from late June ln MissourJ to mid-Ju1y in South Dakota. In Canada, NCR 
, J> 

adults emerge in late July 1n Ontario (Bereza 1983) and in.mid-Ju1y in 

southern Quebec (Dominique and Yule 1984; Matin 1983). Ca1kings et a1. 

(1970) stated that both NCR and WCR adult populations peaked in early 

12 
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" September and suggested: that if farmers harvested thei r crops before 1 

September they would face lower rootworm populati-ons in the following 

year. Musick et al. (1980) reported that adult population peaks of NCR 

and WCR depe~ded ori the time of corn sowing. They ~bserved that popula-

tions of beetles from cornfields planted in May peaked later ,in ___ the 

s~asôn, occurred over a longer period and d~clined at a slower rate than 

adults from corjJplanted in'late April. In Quebec, adult populations of 

D. barberi ,peaked in mid-August. Then, during the second week of Oc

tober, all NCR,beetles died\as a result of frost (DominiqUe;"d Yule-

1984; Matin and Yule 1984a, b; Matin et al. 1984). 

Q 

Dominique (1983) concluded from laboratory studies that the pre

oviposition period of-D. barberi 'ranged from Il to 19 days, with a mean 

of 14.9 days. The mean number of eggs per beetle in laborat~ry tests was 

70 and 176.8 in 1979 and 1981 respectively. He also found tha1 adul t 

longevity ranged from 33 to 63 days, with an average of 45 days. He at-

~ tributed the diffeten'ce in fecundity to' fewer beetles per oviposition 

cage and better egg extraction techniques used in 1981. Kuhlman (1970) 

showed that D. lopgicornis has a pre-o'viposition per10d of 24.4 days, 

deposits 79.2 eggs per fema1e and has a 10ngevity of 86.2 days. 

Hum1d1ty,-tem~rature, sail mo1sture, soi1 type, 5011 surface con· 

ditions and perhaps certain chemica1 substances ,affect the location of 

ov1position and the num~er of eggs laid (Richardson 1925'; Kirk ft .1. 

1968; Dominique et.1. 1983; Matin 1983). Dominique ft.7. (1983) ob'· 
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served that local Quebec farm soi1 with natural cracks was preferred Qver 

.mechani cally-di sturbed soil for ovi position. However, Kuh1111an et a 7. 

(1970) stated. that, in Illinois, mois-t 100sened or distprbed soil was. 
, 

more suitable for egg laying ~han compacted soi1. 

~ REARING 

Rearirlg of corn rootworms has been improved by severa1 workers 
\ \ 

since Howe and George (1966) first deve10ped a te~hnique for .rearing 

NCR, WCR and SCR. (Branson et a7. 1975; Jackson and Davis 1978; Dominique 

and Yu1e 1983b; Jackson 1985, 1986). Rearing of adults on 'natura1 food 
1 

o 

provided satisfactory results in terms o~ egg ~umbers, egg viabi1ity and 

subsOequent establishment of, the 1arvae. However, the us~ of an artifi

cial diet greatly reduced the"~cost and allowed for easier hand1ing 

(Jackson 1975). Dominique and Yu1e (1983b) modified Jackson and Davis's 

(1978) rearing technique (eggs were hatched in water, and soi1 was added 
, 

to the rearing box during .pupation) , thereby increasing the survival rate 

from first-instar larva to adult from 35 to 65 per cent. 

" 
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DISTRIBUTION 
o 

The NCR, a native pest of North America, was first discovered by 
--

Say (1824) in Colorado. Harrington (1894) collected NCR specimens from d 

the central U.S. plains. Webster (1901) showed that the NCR had spread 

from the central plains to th~ north~aster~ states. Webster (1908i and 

Krysan (1983) considered NCR to be a prairie species and that the 

population in Illinois and Missouri changed its ho st affinities to maize, 
_ D ~ 

thus expanding its range. There is evidence of a discontinuous range of 

expansion related to agricultural practices (Krysan and Branson 1983; 

Chiang 1973; Witkowski and' Owe~s 1979). Climate is cons1dered to be the 

limiting factor in the spre"dd of the NCR (Krysan 1986). 'The ra~ge of D. 

barberi (Fig. 1) extends from Arkansas to Quebec (Krysan et al. 1983) 

The NCR was first cited in the Montreal area oJ Quebec by Chagnon' 

(l938) .. ~ Since then it hadn't appeared in the local literature ,untll it , 

was reported by Guibord (1976) i(Nap1erville. Ritchot et a7. (1976) men-

tioned that th~ ,population of NÇR appear~ ta _ be spreading 1n southern ~ 

Quebec and its potential as a serious pest)was great. By 1986, Ritchot 

'reported that the range of the NCR extenëf'ed ta Sa i nt Espr1 t, j- . 

L'Assomption, Saint Davis and Lennoxville (C. Ritchot, Pers. COnln.; P. 

Martel, Pers. Comm.) (Fig. 2). In Ontario, the NCR is present throughout 

the southwest (Bereza 1972, 19a3; Ontario M1n1stry of Agriculture and 
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FiQure 1. Distribution of Oiabrotica barberi. 
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Figure 2. Distribution of Diabrotica barberf in 'Québec . 
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" t 
oFôod 1974; Tyler and Ellis 1975; Foot.t and. TilTl1lins 1977; Snlith 1979). 

Bereza (l~83) ,mentioned that the NCR is of less economic importance in • 

eastern Ontario and is found at a very 10w density' east of Kingston: . 
o' • 

HOST RANGE 

Forbes (1882) and ~ainter (l~I) reported' that 
t 
corn was the only . . 

known host plant for NCR 1arvae. Metca1f et al. (1951) also mentioned 

that ~CR larvae were known to attack on1y ~orn, though they'wou1d some

times feed on certain unnamed native·grasses. Branson and Ortrnan (1967b', . 
197.1) noted that the NCR are able to complete their immature stages on 

14 grass speci es other than corn. Al though corn was probab1y the most 
, 

favorable host for larval development, th~y showed that viable eggs were 
D 

'7J also ·laid by beetl~s reared as larvae on yellow foxtail, winter wheat, 

tall wheat grass, slender ~heat grass and weeping lovegrass. 

""" ForbE\s (1883, .. ' 1927) stated that NCR adul ts feed on th~ po 1- . 

len of Chrysant"-emum, alfalfa, red claver, ~quash,- pumpkin, sunflower 

thistle, ragweed, golden rod and several Compositae. Similarly, Çhitten

den (1905) showed that the ,ad~ts feed on pollen of thist~e, ragweed, 
. , 

gol~en rod and severa1 Compositae. Ciner!!ski and Chjang, (l9~), study-

i ~'g the pattern or mdvemen~ of NCR adu1 ts .1ns i de ,and outs 1 de of 

cornfields, d1.scovered that they feed ori pollen of plant. spec1es belong-
, 

ing to 'Graminaceae, Compositae, Legumi nasae and. Cucurb1taceae. Within 
(J 
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. . 
D. barberf i5 commonly colle.cted i'n ,. the corn rootw~ com~ 1 ~x. 

cornfields where~f sympatric O. 

cucurbits (Krysan et al. 1983). 

longicornfs 1s collected. mainly from 
.. 

NATURE OF DAMAGE 
)1' 

The nature of in jury caused by NCR l arvae to the corn root systerTl 

has been reported by several workers (Forbes 1885; Webster 1915; Howe 

and Britton 1937; _ Metcalfo:-and Flint 1962; Palmer 1968; Apple and Patel 

'1963; Allemann 1979; Dominique 1983; Dominique and Yule 1984; Branson 
~ 

.. 19à6). They concluded that the newly-hatc~ed lh-va begins to feed on 
v--

root hairs and the outer cortical t~sue'of young adventitious roots' of-

t 
... 1 

corn plants. After two or three days, the larvae· burrow into the corti~ 

cal parenchyma. Tunnel ing then occurs in the stele; the 1nner core of 

tissues contai ni ng the vascul ar bltnd~ es. As soon as the soft cortex of 

the roots grows to a tough Hgn1fied exodermis, the laryae leaye thèse 

roots and .ttack fresh, younger ones. The 1 aryae show a sequence of . 
progressive movements at about weekly fnterval s toward new growth of 

.root whorls (Dominique 1983; Branson 1986). 
~ 

The larval feeding activity impairs water and nutr1ent uptake by 

tHe plant and the root system, ,mak1ng the plant susceptible to lodgJ.ng in 
1 1) ç -.-

strong winds and storms (Palmer 1968). Lodged plants are charatterized by 

"g'oose-neck1ng" \nd m~y ~e mfssed 1,y mechanical>' harvesters. lodg,1ng 11s0 

:? ,r H. 
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results in delayed g~owt~ which c~us~s .these plants to be out of cycle \ 
d· 

and resu1ts in lncomplete ferti11zation (Palm~r 1968). 
. . 

.. r . 
• 'It 

The adverse effect on po,,, i nat; on that may bè cal;lsed by adult 
~ ' .. 

feeding depends on the time of corn fertH.iz~·tion and on beetle densi(y .. 

Scott ,(1946), stlJdyfng the effect of adult beetles on fertilization in 
, .' 

north central TerfTlessee, concluded that in several heavily infested 

plant i ngs (100 adu lts/p l ant) on l y 50 per cent of the, kerne 1 s were fer

tilized. Bereza (1983) ~ported that, if feeding by adults takes place 

,prior to pollination, partiapy barren ears result. He mentioned that .. 
in Ontario most of the corn is pollinated before the aéu"t population 

r 
l ' 

pëaks and thus ear damage i s not CORmon. However, if corn i s' Ifl anted 

late, or if a late-mattring hybrid is used and a large number of.beetles 

, , are present, economi c damage Ç.oul d occur. 

.' 

Beetles prefer to feed on the younger, more suc~ulent ears a~d silk 
\ 

't '. 

} 

branches of corn silk, corn leaves and corn roots. 

When the corn silks dry out, adult beetles disperse to surro~nding 

. fl oweri ng plants, feed on poll en and' 7 then return to the cornfiel d to 

oviposit (Dominique 1983). 
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\ SAMPLING 

Population estimates can be c1assified as absolute estimates, 

population intensity, relative estimates and population indices 

(Southwood 1978). Most field sampling research on the corn rootworm ha\ 

been . of the population intensity type expressed as number.s per p1~nt 

(Fisher and Bergman 1986). 

~ 
Morri s (1955) ment i oned three basic considerations for designing an 

insect sampling program: ,~ 

(i) select i ng the uni verse: t.1f be s amp l ed; 
" 

( ; i ) chbosing the sample unit; 
~ 

(iii) determfning the optimal strat i fi cat ion and distribution o"f 
j) 

. the sampling units. Samp1ing methbds of all the stages of D. barberi in 

southern Quebec have been developed intensively by Matin (1983), Matin 

and Yule (1984a, b) and Matin et al. (l984). 
, .. 

( 
NCR eggs are cOtmlonly sampled by soil cores of var1ed diameter 

. , 
taken at ,d1fferent 4epths and in a number of spatial patterns with1n the 

l / 

selected field (RueSink 1986). Gunderson (1964) ~nd Chiang et ,1. 

(1969) proposed the use of a golf ~up cutter for NCR e9g samp11ng. Patel 
( , 

and Apple (1967) used two types of çores: . i 2 cm d 1 ameter x 23 cm deep . , . 
auger and a 5 cm d 1 ameter x 10 cm deep golf cup eut ter. 

h 
Howe and Shaw 

23 

• 

1 

; ri 

\ 

\. 



.. 

~ 

c 

,. 

o 

(1972) suggested' a trowel method in which two subsamples w~re taken on. 
\ 

either side of the corn stalk. Ruesink and Shaw (1983) and Ruesink 

{1986} intro$iuced a gasoline-powered trencher:' a 10 cm x 2 m trench' is4' 

cut ' ta a 30 cm depth and one or, more 0.5 L samp l es are taken d~~m each . 

trench. 

! 

Matin (1983) studied extensively the spatial distribution of NCR , 
egg populations in southern Quebec fields and concluijed that, for deter-

, 
mining the total eggs laid for the season, 48 (5 x 10 x 15 cm deep) soil 

s~,:iiple should be taken in late October or' after the first Frost but 
• fi 

~efore p~owing. A 5 x-l0 x 20 cm deep sample, taken by the end of May, 

is recommended for estimating the overwintered egg population (Matin and 

Yule 1984b). 1 

Larvae and PUDae 

, 
, Since NCR larvae are intimately associated with cor~ roots, direct 

counting of rootworms in the soil and roots is the most appropriate way 
, 

of estimating dens1ties (Matin 1983). The -' most cOlIITIon types of soil , 

units uged to sample larval and pupal rootworm populations in the field 

are: 

(i) plant area soil samples; 

(ti) soil cores; 1 

(i i i ) soil cubes or,blocks. 

Chiang et al. (1969) estimated the larval population using a 10 cm 

/l' 1 
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diamete~x 20 cm deep core. Ovèr 90 per cent ~f the larval population is 

l 1 ~ '" 

_ )i~ ) _ 

found within 10 cm around thé plant base an~ to a depth·of 10 cm 

(S"echriest 1969; Bergman et al. 1981). Musick and Fairchild (1971) and 

Gould (1979) sugge~ted a core sample with the corn p~ant i.~th~ middle. 
-

Apple et al. (1977) recommended a sample unit/plant of 18 x 18 x 10 cm 

for estimating the larval population. Matin (1983) observed that 50 per 
. 

cent of the larval and pupal population is found in a 20 x 20 x 10 cm 
" ---, . 

deep samplEf'-unit ~Hh the 'corn stalk in the centre of the 20 cm square. 
-f' 

\ 

Adult population estimates during the oviposition period are -

r~commended for making larval control decisions for the following year 

, (luckmann 1978; Pruess et al. 1974). Adult counting procedures are widely 

accepted and utili~d in integrated pest management (IPM) programs 

(Michael and Mayo 1983). The method o'f sampling NCR adults by direct 

counting on the corn plant was proposed' by Chiang and Flaskard (1965) . 
.-

\ 

Adult counting techniques on the entire plant are sholn by Matin et al. 
, . 

(1984) to be a more economical and less time-consum1ng gmethod than the 

use of emergence traps. Horeover J, who 1 e plant cOtlnts a~e found to be 

"1ess variable than beetle counts from plant ears (Steffey et .7. 1983). 

J 

Matin and Vule (1984a) noted that by the second week of August 1n 
southern Quebec cornfields, 40 per cent of the bee-tles were found in-

1 

side the ax1ls of leaves and from 40 to 50 per cent 

t1ps. They also reported-that beetle,counts taken 

25 
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, 
randomly selectjS plants gave a re~sonably accurate estimate of thei r 

field_'s. popul'ations, with a standard error of less than 10 per cent of 
, 

the mean. To help minimize the cost of sampling, Foster and Steffey 

(1982) , Stanvn et a 7. (1985) and McAus l ane et. a 7. {1987 r suggested the 

use of a sequential sampling plan for corn rootworm adults. 

Various cage designs erected a few days to a week before adults 

are first observed in the field have been utilized for monitoring adult 
p 

emergence (Branson and Ortman 1967; Pruess' et a7. 1968; Musick and 

Fairchild 1970; Short 1970; Hill and Mayo 1974; Ruppel et a7. 1978; 

Fisher 1980; Matin and Yule 1984a;. Hein and Tollefson 198J; Hein et al. . . 
.ft 

1985; Tollefson 1986). It appears to make little difference whether the .. 
cages cover the who lep l ant or the plants are eut off at ground l eve l 

b~fore being caged (Fisher 1984). The use of unbaited Pherocon AMR 

pheromone traps and ear-level cylindrica,l s\icky traps for NCR adult 

monitoring and larval damage prediction has been shown to be as effec

tive as the standard adult counting·procedure (Hein and Tollefson 1984, 

1985b-j Karr 1984; Tollefson 1986). However, Matin et al. (1984) 
r ( 

demonstrated that yellow vinyl sticky tag traps are suitable for detect-

~n.g and monitoring beetle emergence and activity but not for ab.lute 
, 

population estimation. 

.... 
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\ECONOMIC THRESHOLD AND ECQ80MIC INJURY LEYEL 

DeveloDment of the Concept 

/' 
A number of ser;~us problems have arisen w1th widespread and in-
. . 

discriminate use of pesticides: residues, resistance, pest resurgence, . 

secondary pest outbreaks and envi ronmenta l poll ut ion. To he l p manage 

these problems, Stern et al. (1959) developed the concept of economie • 

threshold (ET) to serve as a means for more rational use of insecticide. 

Some of the ideas of ET, as well as those of economic in jury level 

(EIL), were first put forward by Pierce (1934) when he posed the 
1 

questions: Is all insect attack> to be computed as assessable damage? If 

not, at what point does it become assessable? Is control work warranted 

when damage is below that point? Shotwell (1935) was probably the first 

to answer Pierce's first question by establishing a relationship-between 

the density of grasshoppers and ~otential crop damage. He designed a 

rating system of five categories based on density: normal, 11ght, 

moderate, heavy and very heavy and pointed out that the damage threshold 
. 

dens1ty' was· in the moderate category. This concept was not developed, 

however, unt1l Stern et al. (1959) restated and emphasized the relation 

to damage as an econom1c threshold. They defined ET as the denslty at 
J 

which control measures should be determ1ned (1nitiated) to prevent an 1n-

creasing pest population from reaching the economic 1njury level (EIL) . 
• 
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This 1at;er term was defined by them as the lowest population densky 

that causes economic damage (EO). Final1y, economtc damage was defined 

by Stern (I 966) as the amount of i njury that wi 11 just Hy the cost ?f 

control. From an economist's point of view, Head1ey (1972) defined E1 as -, 

the level to which a given pest population shou1d be.reduced to achieve 

'the point where marginal revenue just exceeds marginal cost. 

Severa 1 authors i ntroduced new express ions such as "act ion 

threshold", "action level", "action threshold leve1", "dynamic 'a<:tion 
, 

threshold level", "inaction threshold", "control threshold", "insect in-

jury thresho1d", "critical in jury threshold", and "critical population 

threshold" for ET and EIL (FAO 1966; Sylven 1968; Cancelado and Radcliffe , 
1979;' Sterl i ng 1984; Wa 1 genbach and Wyman 1984; Yencho et al. 1986). , 
Smith (1969), Ba-angood and Stewart (1980) and Pedigo et al.. (1986) 

,-ana lysed these terms and, though they agreed ta some. extent with the 

name chan~es proposed, they concluded that ET and EIL should
o 

be easily 

understood and in common use. 

PedigQ. et al. (l986) stated that, while Stern et al. (1959) had 

been able to develop a theory for pest management bas~d ô~ ecological 

principles, they cou1d not describe economic damage mathematica11y in 

• 

, ~ 

terms of its components. "fhis inadequate definftion of EO delayed the \ 

calculation of ET and EIL for a decade af~r the original paper of Stern 
" 

et al. (1959). Headley (1972): Stare and Ped1go (1972), Ogunlana and 
, 

Pedigo (1974), Norton (1976), Ch i ang (l979, 1982), Mumford and Norton 
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(l984~ and Pedigo et al. (1986), provided formulae for the practical ca1-
t>-

culation of. ED, ET and EIL . 
. , 

, 
Economie Threshold and Economie ln jury Leve] of "CR . 

Raalistic ET aRd EIL are very i~PQrtant parameters in control 
• 

decision-making., They vary accdrding to changing climatic conditions, 

economics of crop production and marketing, cultural practices and con-
. 

trol costs. luckmann (1978) noted that in Illinois in 1974-75, of the 

57 to 67 per cent of total corn growing area treated with ~oll fnsec-
• ticides to control CRW, on1y 11 to 19 per cent of the acreage had root 

• 
damage above the ET. In Indiana in 1972-1974, 40 per cent of the corn 

growing area was treated with granu1ar insecticides at planting time, yet 

less than 10 per cent required treatment (Turpin and H~well 1976). With 

a treatment cost of $10 (US) per acre, Hetca1f (1982) showed that, in the 

corn belt in 1980, a saving of $100' million (US) could have been 
, 

achieved by observlng a realistlc ET. 

Damage to "corn by CRW larvae 1s mainly evaluat~d by the extent of 
~ . 

lodging, reduct10n in yield, root damage rating, root vo1um, and plant 
, , 

pull resistance. Maya (l986)- analysed these me.thods of evaluation and 

concluded th~t root damage rating has been accepted as a standard method 
) - , 

of damage and insecticide evaluation. Apple et a7. (1977) 1'eported that" 

11.6-22 larvae/plaht caused 7.5-25.5 per cent reduction 1n y1e1d. Pimen

tel et .1. (1978) noted that a mean de~s lt~ ng fr~.. 0.4· j. 0 

./ 
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làrvae/p-lant resulted in 7 to 22' peri cent y~eld 10ss in New York State. 
L. ' 

In southern Ontario, Smith ~(1979) e~timated a yield 10ss of 2.5 per cent 

per one NCR l\.arva. Apple (1971) in Wisconsin reported a reduction in 
, 

yield.Qf 0.86. per cent per one NCR larva. Petty et al. (1969) in IJ-
. 

]1nois worked out a regression equation for NCR: 10ss (per cent) = 0.001 

+ 0.765x, where x .. number of larvae/plant. In foowa, an ET of la 
NCR/p 1 ant has 'been accepted by most of the researchers (Peters 1~63). 

Where a normal yield was 125 bu/acre -1n Iowa. Hills and Peters (1971) 

reported a reduction in yield of 5.8 bu/acre for every adjusted root 
" ;., . 

damage r~ting unit on a l,to
/
6 scale. 

'Q 

An ET of 1.0 to 1.15 NCR and WCR adults/plant has bêen calculated 

by Pruess et al.(1974); Shaw'et al. (1~7s); luckmann (1978); Stamm et al. 

(1985). Anonymôus (1982) provided a survey of field corn insect pest 

thresholds from around the U.S. In this study it was stated that the ET ,-
of corn rootworm for the following season was five NCR beetles/plant in 

Georgia, Inciiana, Illinois, Kentucky, Missouri and Pennsylvania. It was 

also noted in the same paper that, in Indiana, the average number of NCR 

beetles l"ikely to produce an economic larval population the following 

season ranged from 1 to 2.8 NCR adults/plant. Recel1tly in the .U.S-. ~nd' . 

Canada, several authors have mentioned the importance of establi~hing a 

practical ET which suits local conditions (Metcalf 1980, 1982; El'lis 

1982; Stamm et al. 1985; Ritchot 1985, 

Olkowski 1986). 

_ 30, 

-.* ft" 

1986a, 1986b; \Krysan et al. 1986; 
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CONTROLS MEASURES 

--Corn, root~orms are effectively contro11ed by soi1 insecticides and 

crop rotation. 'Other cultural practices such as p10wing, time of sowing 
" .. . . 

and use of res i stant var; et i es wi 11 affect the CRW popul at i on but are 

not intended primarily to control it. Ot~er control s, such as bio1ogical 

management, pheromones and sterile male re1ease are not presently ut;l

ized with CRW (Luckmann 1978). 

. ~ . , 
Cultura4 and Biologieal Control 

<1 

-
Forbes (1882) suggested that crop rotation would control NCR be-

, 

cause thè pest has one generation per y~ar, overwinters in the egg st~ge. 

and the 1arvae are re1ative1y immobile and have a very narrow host range. 
J ~ 

.Gi11ette (1912) recommenëfed crop rotation aso a method for controlling 
,'- ' ~ 

CRW. However, Bigger (193"2') reported that crop rotation failêd to con-

trol NCR. This method was not. employed again until the 1940s when CRW 

reappeared as a potential pest· on irrigated maize in Kansas and ~ebraska 
, 

(Hill et. al. 1948; Krysan and Branson 1983). 

Recently, with increased awareness df insecticide- problems, crop 

rotation is again recommended by several . .authors f.or CRW control 1n the 

U.S. and -Ç,anada" (luckmann 1978; Bereza 1983; Felsot and Steffey 1985'; 
. \ 

Ont. Min1stry',~of Agriculture and Food 1985; De Vault 1986; Krysan et al. 
, fi 
~ . 

1986; Mayo J986; Olkowski 1986; Ritchot 1985, 1986a, 1986b). However, 

1 .' 

( 

-
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, . 
Kaufman (1986, cited by De Vault 1986) arg~ed that ~CR eggs laid in 1985 

, , . 
might hatch, not in 1986 when say beans were alternated with .com, bùt· 

in 1987. Kry~an et al. (1986) confirmed Kaufman's hypothesis by showing 

that one-half ·of the 'egg population of D. barberi laid .by adults in 

cornfields rotated annually diapaused for two years, 'whereas only nine 

per cent of eggs collected from a~.lts where corn is planted without 
, -

rotation diapaused 'for two years. ~t appears that crop rotation could 

perpetllate 'the selection of two-year biotypes of corn rootworm. To avoid 

this problem" De Vau~t (1986), Kry~an et a7. (1986) and Olkowski (1986) 

suggested a twp-year, with two non-host plants, crop' rotation. However, 
\ ' 

d 

evidence of damage 'bi NCR ta, corn pl ant from a three-year di apaus~ eggs 
o 

suggest that this approach is not infallible (Ostlie 1987). 

Graham' and Tate (1944) found that CRW damage was significantly 
, 

less in plots plowed in the fall than those plowed in the spring. Chiang 
. 

et al. (1971) and Chiang (1973) noted that any tillage practices that 

woulâ increa~e exposure of the,soil to winter cold would reduce rootworm 
" , 

popul~tions in the follow'ing season. Matin and Yule (19&~ab observed 

that fa 1" pl owi n9 of a cornfi el d caused some direct- destruct l'on of the 
\ 

. 
newly-la1d eggs, but by the following'spring the overall effect of fall 

l , 

plowing had significantly increased survival. Calkins and Kirk (1969) , . 
showed that, when wintj!r precipitation is plentiful, fall or spring 

plowing had no effect on the NCR and WCR population in 
'f.~, 

the next season. 
~ , 

Chiang et al. (1971) 'state~ that, in a minimum tillage field, placing 
j . 

corn rows mioway between the.rows of the preceding year may reduce lar-.. 
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val survival and rootworm infestation . 

. Chiang (1970) reported that without added manur~, mites were 

responsible for a 20 per cent' reduction. in the CRW infestation. With, .,..., 

manure added, the reduction \ in populati-on waS' 63 per cent. The par.asitic 

nematode, Neoplectana carpocapsae (- Steinef'1lëma fe7tiae) , has a wide 
, ~ ... . 

host range, including the larvéle of Diabrotin' "(Pdinar 1.979). POinar 

.. 

J .. ~ •• 

(1983) and Thurston (I987) demonstratetl Hi' fiei"'d studi es lhat N. carl 

pocapsae significantly reduced larval populations of the CRW. In 

1 aboratory test i ng, Kuh 1 man (1970) and Wil de (1971) found that tachn i nid 

larvae, Ce7a'tonia diabrotica, were very effective against NCR and WCR. / 
"" 

Some experimental corn hybrids showed sign; ficantly reduced CRW 

larval damage. Deep-rooted corn .1ines with the abi1ity'~o pr-oduce 
/ 

regrowth roois would w.ithstand CRW damage better than shallow ·.rooted 

corns (Wilson' and Peters 1973; Owens et al. 1974; Welch 1977;' Sutter et 

al. 1981; Bransol'het al. 1983; Branson 1986). 

Chem1 cal Con,trol 

~ In the pa~t, chem1cal control has been the major man~gement. 

strategy for suppresS1ng corn pests (C~iang 1978). Chlor1nated hydrocar

bo~ 1nseçticides such as DDT and B~irst app11ed by Fulton (1946) 
. ... 

'and Hill et al. (1948) against SCR and WCR, respectiv~ly. Hunwna et -,1. 

(1949} introduced·the use of toxaphene to the above-mentioned reconwnen-. 
-

.' • ~ # • .JO. y;. .... . . 
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dations. The clclodiene insecticides, aldrin, chlordane and heptachlor, 

were also effèctive éRW larvicides (Ball and Hill 1953; Ball.and Roselle 

1954) . However, i t soon became appa.rent that cont i nuous , (9 

rel i ance 09 

thes~ pers}stent, related chemH:al materials was m~Plac'ed, the 'en~ 
result being the development of insecticidé resistance~ environmental 

. . 
contamination (Roselle et al~ 1959; Weekman 1961; Ball and Weekman 1962; 

Bigger 1963) . 
• <' 

F • . . 
Thus the chlorinated hydrocarbons were replaced by organophosphorus 

and carbamate insecticides. Roselle et al. (1961) suggested tbe ·use of . 
di~zinon for~CRW control. Weekman and Ball (1963) noted that band treat-

• l 
ment of diazinon and phorate in, granular formulations gave the most 

promi s i ng resul ts. Several other organophospha'te and carbamate i nsec-
- ) 

ticides, bux-ten, carbaryl, fensulfothion, fonofos t chlorpyrifos, disul-

foton, terbufos and carbofu;an, were~found to be very effective for lar-
\ ... 

val corn rootworm control, (~960, 1961; Pet ers 1964,1965;. Musick and 

~airchi1d 1967; Apple et al. 1969). Hpwever, othe'r similar trials showed < 

that diazinon, ~h~rate, carbary1, bux-ten, terbufos and carbofuran we~e 
, 

less effective in soils that had been pre-conditioned with repeated ap-
~ 

plications of these chemicals (Caro et al. 1973; Williams et al. 1976; 

~lsot et al,. 1981, 1985; Kaufman et al., 1981; Ball .1981; De Vault 
4-

1~86; Olkowski 1986). The gene~ically-base~ r;sistancé of CRW to sorne 
/" " .. w 

organophosphatll and carbamate insecticides necelsitates~ the rotation of . . 
\. these chemicals. luckmann (1978) stated that t~~ rotation of a carbamate . . . 

wi tt9.1n organophosphate del ayed the sel~c~jpn 'of resistance. El 1'1 s (1982) 
1. fJ-A; 
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and E11 i 5 and Be a t t i e (l98~)', b lamed .).Y of t~~ fa'il ure 5 of gr an u la r 

insecticides on the inadequate calibration tof applicators, failure to 

use spreaders, fa il ure to use wi nd gtJards, anif poor incorpora t i on i nto 

soil s. 

Metcalf (1980) ~mphasized that the observation of realistic ET's~ 

reduction of application rates, and environmental safety, are the most 

important ,factors for pesticide managemen~. Recently, with the develop

ment of IPM strategies, research has begun to focus on factors such as 

selectivity and enviror;lmental safety of chemica-ls. Eder and van Keyser-
• lingk (1985)~ mentioned that pyrethroids have a very promising future in 

insect pest management. Levine (1985) and Oleson and Tollefson (1985) , 

reported that a pyrethroid (PP993 1. 5G) appl ied at the rate of about 
, 

0.142 kg J(AI/ha) significantly reduced larval damage. 
'\ 

Ap.plication of chlorinated hydrocarbon insecticides at a cost of 
L 

~5.5 (US')jlia provided a return of $4.25 (US) for every dollar expended~ 
\. . 

(Olkowski 1986). Metcalf (1980) noted that, with the average priee of 

corn at $2.20 (US)/bu and carbofura" cos~ing $21.6 (US)/ha, the benefit Ij 
ï . 

t 

/cost ratio of insecticide use 15 $3.12:1.00 (US). However, Headley 

(1975) emphJsized t~at, by including o~her 50c1'a1 costs for pesticide 
l 

usage, the true benefit/cost 'ratio would be reduced greatly. 
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INSECTICIDE RESIIOUES 
• 

T~ physicochemical properties of an insecticide are of 'major im-
- l' , ' 

portance in determining ,its eff~tlven~ss in the soi1. Harris (1969) 

c1assified insecticid~s into three groups-according to their persistence: 

i.e. sl ight1y, moderate1y and high1y residua1. Most arganoch1arjnes are 

high1y p&rsistent, where~ granu1ar formulations of organophosphorus and 

.càrbamate insecticid/s are ~n1y moderately p~rsistent in most soi15. CRW 

·control.reqwires a maderate residua1 activity of an 'insecticJ~e so that 
, . 

it remains bia10gically active through the peak 1arva1 population 
. 

(Harris 1972: Luckmann 1978; Fe1sot et al. 1985; Mayo 1986). 

The ayerage time.for degradation of DDT in soi1 was estimated ta 

be 10 years, fo110wed by die1drin at eight, chlordane at four and a1drin 

at thr~e (Edwards 1966). Harris (1969) noted that the insecticidal ac

tivity of diazinon, parathion, chlorpyrifos and phorate disappeared 

within two to four weeks after appl ication to a standard soil. On the 
9 0 

\ 

other hand, carbofuran, fensulfothion and Bay 27289 remained active for 

16 weeks. Fonofos, carbofuran, terbufos and ch10rfenvinphos appear ta be 
• 0 

relatively persistent in the so11 (Beynon et a1. 1968; Read ,1969). 
l ' 

Several other author~, confirmed' the moderate persistence of granu1ar 
-

formulations of Many organophàsphorus and carbamate 1nsecticides (Raw1ins 
, • ~ 0 

1966; Onsager and Rusk 1969; Williams et al.. 1976; Miles and Harris 
, 1 

1978; Gorder et a1. 1980, 1982). 
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The persistence of insec~icides in,the soi1 depends on the1r 

physicochemica1 properties, soi1 type, temperature, moi sture, dosage, 

method of application and mi~ro-organilm.s present in the soil (Harris 

1964, 1966, 1967, 1972; Harris and Lichtenstein 1961; Burkhardt and Fair-
. Ij 

child 1967; Campbell et al. 1971; Suett 1971;' Belanger and Hamilton 

1979; Be1anger et a7. 1982; De Vault 1986). Belanger"et al. (l982~ found 

that, fo 11 owi ng the growi ng se as on ,. 40 to 48 per cent of the fonofos ap

plied had been retained by an'organic soil. Mathur et al. (1916) es

timated that about 60 per cent of the fonofos and more th an 90 per cent 

.' °of the carbofuran lnitially app1ied was 10st from the soil within 125 ... 
, days. Saha et a7. (1974) reported that 33 to 35 per cent of fonofos ap-

, 

,plied as granules remained in the soil four months after application, 

whereas about 38 to 41 per cent remained From an emulsifiable con:'-.. 
centrate. Only three to 10 per cent of the/fonofos was retained by the' 

... 
soil for 29 months. ctllorpyrifos a,nd dialinon applied as granules to 

soil 0 persisted for about a month (Tashiro and Kuhr 1978). Carbofuran 

resi'dues in soil persis!ed from four to 10 we'eks after application (Goder 

et al. 1982). However, rapid .degradat,ion of carbofuran was d.s..tected in 

so11s that were exposed to repeeted appli.cations (Caro et Il. 1973; Wil

liams et al. 1976; Talekar et a7. 1977; Felsot et .1. 1981; Harris et ,7. 

1984; De Vault 1986). 

The 11terature concerning the,·gnalys1s of the netter pyrethrofds, 

espec1allj in soil, fs_rather 1 imited 'compared to that avaf1 able for , 

other classes of,1nsect1c1de (Papadopoulou-Mourk1dou 1983). Kaufman et 
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" a7. (1977, cited by Williams and Brown 1979) and Belanger et a7. (1979) 

found that permethrin persÙted intact in the sail for an initial 28 

days and then slowly dec1 i ned for the rèst of the season. Wi 11 iams ari?'\ 
.... 

. ~ 

Brown (1979) obtained si'!1ilar r;-esults with permethrin persistence in 

another soi l . 

" 

" 
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111. DENSITY-DAMAGE RELATIONSHIPS 

A. EXPERIMENTAL ASSOCIATIONS 
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1. INTRODUCTION 

The quantitative relationship between NCR density and reduced lorn 
, 

yield is essential to establishing an economic in jury level, ~hich is 

considered basic for any successful management program. During 1985-1986 

studie~ were made in a greenhouse and at the seed farm of Macdonald Col

lege and in a propagation room at the Agriculture Canada Research Station 

in St~ean-sur-Richelieu. This was to study the effects of larval damage 

ta corn roots and yield resulting from artificial infestation with dif

ferent densi{ies of NCR eggs, larvae and adults. 

,J. 

2. MATERIALS AND METHODS 

1. GREENHOUSE AND PROPAGATION ROOM EGG DENSITY EXPERIMENT 

1985' Experiment. In 1985 J an experiment was conducted in the greenhouse 

and duplicated in the propagation room
o 

ta study the effects of larval 

damage on corn roots and yield resulting from inoculation of differef)t 

densities of NCR eggs. 

'The study consisted. of four levels of infestation, 0, 10, 50 and 

39 
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~ 
100 NCR eggs/pl ant, repeated five t imes in a randomized complete block 

design (RCBD). H~brid corn Pioneer~ 3994 seeds were planted in 16 L pots 
" 

on 4 March, 1985 and in 12 l pots on 26-February, 1985, respectively, at 

the Macdonald College greenhouse" and St. Jean propagation room. Plants 

were grown under a photoperiod regime of 14 L: la 0 and at approximately 

25°C (Shaw 1977; Jugenheimer 1985). Plants were watered twice per week 
• 

and fertilized weekly. with a ct.i1ute solution of 20:20:20, NPK. The eggs , 

were obtained from adults collected iri the sUlIII1er of 1984 in cornfields 

at Pike River and St. Antoine Abbe'. Eggs were collected in 8.5 cm petri 
, 

.... dishes half-filled with sifted moist soil (60 mesh) (Dominique and Yule 

1983b), then kept at room temperature for 10 days, washed with tap 

water through a series of 20, 40 and 50 mesh sieves. Eggs were finally 
1 

, 
stored in 5 cm petr; di shes fi 11 ed wi th ster; 11 zed di st ill ed water and 

1 

kept at SoC for more than 120 days, to. break diapause (Branso" et al . 
." 

1975). ~verwintered eggs were pre-1ncubated for la days prior to in-

oculation in a dark incubator held at 23±20C and ont y healthy-looki'ng 

(opalescent) eggs were ûsed 1n this study. Infestations were done on 01 
o 

April at the Macdonald College ~reenhouse, and 18 Harch, 1985 at the St. 

Jean ,propagation room. Potted plants' were inoculated with each specifie 

egg density using a pipette together with a glass rod for perforat1ng 

the s011. 

Corn pl ants were pol1i~àted dally dur1 ng the s11 k1 ng per10d by 

hand shak1ng of the stem, unt11 al1 s11ks had dr1ed. Mature plants were 

harvested on 29 May and 5 July, 1985, at the propagation 't'oom and the 
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greenhouse'Jespectively. At harvest1ng t1me, plant ~eigh1( W'~s measured 

froJ'the first node above ground to the base of the taJsel. The ears 

were harvested separately and oven dried at 6SoC until constant weight -

was obtained. They were then shelled and the weight of kernels was re

corded. Harvested pl ants were ,eut down at) the base and the root system 

was washed with a water jet. Root volume was determined by a water dii

placement techn i que (F i g. 3), and the ex~~ of 1 arva l damage to the 

roots was evaluated throùgh the root damage rating technique developed bye 

Hills and Peters (1971). ~ 

/ 

1986 Experiment. A similar experiment, with only slight modifications 

trom the 1985 égg densit)' study, was carried out at the Macdonald gol-

" 1ege greenhouse in 1986. 

Hybrid corn Pi onee,Ai) 3925 seeds were sown i n ~6 l pots O~25 1 
c 1 

February, ,1986, and harvested on 26 June,1986. In this ~xperiment, high 
7 

densities of infestation, 0, 50, 100, 150 and 200 NCR eggs/plant, were 

repeated five t1mes in a ReBD. The e99 handl1ng procedure was the same 

as in the 1985 experiment except that the e99s were stored in Limbr3R 

Tissue Culture mul\.~-well' plates fill~d with &terilized distilled 4ter. , 

Inoculat1(n took place in two equal dosages on 16 and 23 Harch, 1986, to 

simulate the egg hatching patt~rn in·cornfields (Dominique 1983). Emerg

ing adults were trapped in a fibreglass net erected around t,he base of 

the plant and fitted'w1th an 1nverted vial at the top (Fig. 4). The 
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vials wer designed to allow entry but prevent ~scape of the ad~rts. 

Wor:-ing ~dult emergence, cage~ were observed daily and adults found in 

the vials were counted and removed. 

At_harvesting time, stem circumference at the first node above 

ground and plant height' were 'recorded. Harvesting and roo~ processing 

. procedures ~ere the same as in the 1985 experiment. 
/ ~ 

Egg densities, grain }Meld and root damag~ rating are expressed as 

linear regression functions iln the result section. Data were analysed by 
.. 

means of th~ analysis of variance procedure (ANOVA) of the statistical 

analysis system (SAS) (SAS Institute, 1979) in the mainframe computer at 

Macdonù~d Col1ege. Duncan's multiple range 

C significance of differences, between mean 
, 

different infestation densities. 

-
, t 1. SEED FARM EGG DEHSITY EXPERIMENT 

'. 

tests were used to determine 
r ' 
1 

yiel,ds and root ratings at 
\ \:- ' 

A field test of the effects of naturally-occurring infestations ~f 

NCR on corn y1eld was made at the Macdonald CoHege sèed farm dur1ng 
. \ 

1985 and 1986. 
. 

<.. Before pl-owing on 18 October, 1985, 18 so11 samples were taken 

from around the ba~ of e1ght plants selected ·~t random to a depth of 5 
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~~re 3. Water displacament technique for de~~rmining root volume. 
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Figure 4 .. 
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Emergence trap for NCR adults. 
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c~ from' an Ormstown cornfie.ld, iiihere an average popul ation of seven , 
"~dults/plant had occurred earlier in the :fall. Samples were brought ta 

the laboratory in double p.1astic bags, stored at 5°C, the'n transferred 
-' 

to the seed farm in mid-November, 1985. Single, double and triple soil 

samples were spread in an __ area of 160 x 75 cm on 1 x 2 m plots at the 

seed farm. They were then' turned oyer with a shovel to a depth of 15 cm 

in arder ta give an egg population the same as, do~ble, and triple, the 

actual field. population found at Ormstown. Each plot was isolated with a 
1 

sheet of plastic buried ta a depth of 50 cm to prevent laryal dispersal 
, 

between plots. _ Check plots were similarly treated and treatment and 

check plots were replicated three times in a RCBD. 
j.. 

Three soil samples (5 cm diameter, 15 cm deep) were taken from 
D 

each plot on 1 May, 1985, using a golf cup cutter to determine t'~e, 

(relative) number of egg5 per sample. Pioneer® 3925 corn hybrid·seeds 

were planted in the plots}5 May, 1985 and thinned ,to eight plants after 
() 

emergence. The experimental units were hand-weeded, and after height and 

stem circumference measurements had been r~corded, all pl ant-s were har-. 
/yested i.n early Oc;tober, 1985 and their root systems were dug out (20 x 

20 cm and 20 cm deep) for root rating evaluation. 
, . 

Data were analysed through the ANOVA and general i inear method 

(GlM) procedures of,.. SAS. Duncan's multi,ple range tests were 'used to 

~etermin-r significance of differences. between ,mean . ~ root rat~ings and 

grain'Ylelds at diff~rent egg densities • 
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11\. GREENHOUSE LARVAL DENSITY EXPERIMENT 

A ~tudy was conducted in 1986 at tI( Macdonald COI~ greenhouse 

ta determi~ the quantitative relationship between differ~t densities of 

NCR larvae and root damage and resultant yield. ' 

The study consisted of five levecls of infestation, 60, 30, 15" 5 

and 0 NCR 'larvae/plant, repeated five times in a RCBD. These densities 

were selected sa that the highest would exceed the full range of field 
, ~ 

densities found a~ the St. Antoine,Abbe' cornfield during the 1984 season 

where !!xtens i ve corn damage was seen ta occur {mean 1 arva l dens i ty 

13.7jplant; highest,larval density, SO/plant}. 

P10neer9 3925 hybrid corn was planted in 16 L pots -on 1 March, 
• 

1986. These were waterlld twice per week and fertilized weekly with a 

dilute solutiow of 20:20:20 NPK. Plants were grown under a photoperiod 

of 14 L:'lO 0 regime at approximately.2SoCL 

On 7 March, 1986 and a week later, approximately 2400 NCR eggs, 

previously surface-steril ized in 2.5 per cent Alconox@ detergent for 

five minufes, were incubfted il1 five limbro@ Tissue Culture multi-well 

plates filled with stertlized d1·stilled water and held in a dark in

cubator at 23±20C. Using a moist 12 camel's hair brush and a glass rad 
, . 

J 

ta perforate the s011, the corn ro~ts were infes~ed during the fi~ two 1. 

'weeks of April, 1986 in five equal batches ta simu1ate ttle ti~ range , 
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over whi ch e99s hatch, and the rate 
/ 

at which larval infestation takes 

pl ace in the cornfields of southwest Quebec (Dominique 1983). After the 
" , . 

last infestation had been carried out, all plants were caged individually 

with fibreglass net'ting fitted with a vhl on the top to ,trap emerging 
. 

adults. Cages were checked daily after the first adult was observed a~d 
• 

trapped adults werê counted and removed. 

'" 
After stem ci rcumference at thé fi rst node above ground and pl ant 

height measurements were taken, the ears were harv~sted on 26 June, 
, 

1986. The root systems were 'tiash~a clean and root volumes determined 
, 

uSing a water displacement technique (Fig. 3). The root masses were ex-
" 

ami ned for 1 arva 1 feedi ng, and damag~d roots were graded on a one-ta-six 

scale (Hills and Peters 1971; w~on 'and' Peters 1973) .. 

l 

Data were analysed using ~ 
the ANOVA procedure of the SAS Institute 

(1979). Duncan's multiple range test was used to determlne significance .. 
of differences between mean yielas, root ratings and number of adults 

that emerged from each larval density plot. 

iv:"SEED, FAU URVAL DENSITY EXPERIMÊNT V 

This study was undertaken in field microplots at the . Macdonald 

Coll E1ge seed farm to assess damage caused by NCR 1 arvae to corn roots 

, under ~emi-field conditi ons. ". 
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pio,neer® 3994 hybrid Corn was planted in la x 18 cm' pressed peat 

pots in the greenhouse at Macdonald Co11ege on la May, 1985. Plants were 

sown and infested indoors to allow the establishment of NCR 1arvae in 

the roots, and to avoid the possibi1ity of the mite or ant' predation 
• 11 

that had been observed by Matin (1983) at the seed farm microplots in 

ear1ier trials. Using ~ moist, fine came1'j ~~ir brush, the roots of the 

corn p1ants,- were infes~ed with three de~ities (20, la and 0) 1ate first 

instar NCR larvae/p1ant. Infe~ation took place over a period of 10 days 

ending 24 June, 1985. A week 1ater, after·the 1ast infestation had been 

made~, all pl ants were transferred to outdoor fie'let. r1l'ierop10ts. The 

.treated plants were rep1icated five times in a RCBo. 

. ' 

Due to below-average rainfall in the ~ummer of 1985, supp1ementary 

irrigation was neeessary. On 27 September" 1985, the plants were eut off 

atoground leve1 and the root systems were dug out and examined for lar-

val damage. a 

A regression formula was ca1culated for 1a~val density and root 
" 

rati~g. The data were analysed using the ANOVA proced4re of the SAS In

stitute (1979), and Dunean's multiple range test' was used to .det;.ermine 

significance of differenees between mean root ratings at different 1arval 

densiti'es. 

r 
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c v. SEED fARM AOULT DENSITY EXPERIMENT 

Thi s study was conducted at the Macdonald CoJ/ege seed farm to 

evaluate the effect of different densities of adult NCR on the follow-

ing season's corn crop. 

1984-1985 Experiment. Nine field microplots (1 x 2 m), planted with corn 
o 

on 21 May, 1984, were caged with fibreglass mosquito netting ta a height .. 
of 1.5 m on 5 August, 1984. NCR beetles collected from cornfields at Pike 

River and st. Antione Abbe' were released in the cages in mid-August, 

1984. Infestation rates were designed ta provide three density levels 

(35, 7 and 0) of NCR adults/plant, reflecting the range of adult popula-, 
t ions found' in southwest Quebec cornfi el ds" ,i ~ _ the summer of 1'984. The 

• 1 • 

treatment plots were replicated three times in a RCBD. Following the 

death of the beetles in October 1984 after a frost, the cages were , 
, 

removed, plants were harvested and the plot soils were turned over with a 

shovel to simulate routine fall-~lowing. 
1 • ' 

The fi el d mi crop lots were sown l(Ii th Pi oneer® 3994 corn on 20 May, 

1985, and thinned after plant emergence to ·15 plants pe,r plot. Due ta 

the dryness of that summer, supplementary itrigation had ta be provided. 

A 11 plants were har.vested on 10 October'; 1985 and the root damage caused . ., . 
by the resultant larval population was assessed. 

50 



.. 

, , 

1985-1986 Experiment. The adult density experiment was repeated in the 
, 

summers of 1985 and 1986 with sorne modifications from the 1984/85 stud~ .. 

In this experiment (1985-86), 15 cages (30 x 20 x 20 cm) were infested 

on f2.'August, 1985 with five densities (35, 21, 14, 7 and 4) of field

collected NCR adults/plant. The cages were kept in an incubator main

tained at 23±20 C, 65-70 per cent RH, and LD 16:8 photoperiod (Dominique 

and Yule 1983b). Beetles were fed immature corn ears, silks and an ar-
" ... 

tificial diet (Sutter et al. 1971'). Eggs collecte~ from each cage were 
( 

kept at room temperature for 10 days then stored at SoC in petri dishes 

" filled with sterilized soil (Branson et al. 1975). 

In mid-November 1985, the eggs from each of these specifie den

sities were inoculated at the seed farm into strips 160 x 75 cm and 15 

cm deep in 2 x 1 in .plots. The plots were repljcated three times in a 

RCBD. On 15 May, 1986, each plot was planted with PioneerR 3925 corn 

hybrid and later thinned ta eight plants after emergence. Each plot was 

i sa lated wi th a '50 cm deep sheet of pl ast i c ta prevent la rva l mi grat ion 

'between plots. ,By early October all corn ears were hand-harvested aft~ 

plant height and stem circumference measurements had been taken. Three 

plants from,each plot were chosen at random for root rating evaluation. 

A regression formula was calculated for adult density and-" yield, 

and root rating. The data were analysed us1ng the ANOVA procedure of the 

SAS Institute (1979), and Duncan's multiple range test was used to deter-
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mine s1gnificance of differenées between mean yield~ and root ratings as-

sociated with different adult densities. 

( 
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3. RESULTS AND DISCUSSION 
, , 

i.a. RESULTS OF GR~ENHOUSE AND PROPAGATION ROOM EGG DENSI~ EXPERIMENTS 

Resul ts of the ANOVA tests for the Macdonald greenhouse and St .. 

Jean propagat i on room (1985), and the Macdona l-d greenhouse (1986) egg 

density experiments, are given in Tables la and b. In Table la results 

show that, in the 1985 experiments, there is no significant (p > 0.05) 

reduction in yield whatever the egg density. However, ~hen higher den

sities were include~ in the 1986 experiment (Table lb), a signif~cant (p 

S 0.05) reduction in yield resulted. The data in Tables la and b also 
1f 

show that the rOQt damage rating was significantly (p < 0.01) influenced 

by the treatments. Neither ~f the 1985 treatments lhowed any significant 

change in plant height or root volume, whereas in the 1986 experiment; a 

signifieant (1) < 0.05) difference in -root volume was obtained. The 

results in Table lb demonstrate that stem circumference and adult emer-

gence from treated plants were sJgnificantly 

p < 0.01 respectively; 

different at p < 0.05 and 
/il 

00 

The results obtained from Dunc~n's multiple -range te$t at p S 0.05 

of the means of'different variables, 'are given in .Tables 2 and-3 for the 

-1985 ,and 1986, experiments, r~speétively. In agrreement with the ANOVA 

test 'for 1985 experiment , there w,as no significant difference in corn 
o ' 
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,) TABLE 1 

ANALYSIS OF VARIANCE PROCEdURE FO~ GREENHOUSE AND 
. PROPAGATION ROOK EGG OENSITY EXPERIMENTS 

(a)- 1985 .. 

LOCATION SOURCE VARIABLE . D.F. F-VALUE Q PR > F 

s 

Macdonald Treatment Heiqht ~ 0.13 0.,9421 
Yield 3 1.65 0.2176 
Volume 3 0.82 0.4994 
Root ratinq 3 23.10 0.0001 ** 

~ 

~Jean Treatment He.1qht 3 1.00 0.4200 
Yield 3 1.72 0.2038 
Volume 3 2.49 0.0973 
Root ratinq 3 26.81 0.0001 ** 

(h) 1986 # 

Macdonald Treatment He:lqht 4' 0.47 0.7549 
Yield 4 3.58 0.0235 * 
Volume 4 3.15 0.0368 * 
Root ratinq 4 31.69 0.0001 ** 
Circumference 4 3.23 0.0338 * 
Adults " 4 36.86 0.0001 ** ... 

* Significant at p - 0.05 
1 

at""'p -** Significant 0.01 
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,TABLE 2 

MEAN PLANT HEIGHT, YIELD 1 VOLUME AND ROOT ·bAMAGE RATING , 
OF MACDONALD GREENHOUSE AND ST. JEAN PROPAGATION ROOM 

EXPERlMENTS IN 19lt5 

Eqgs/p1ant Height ""cm) Yield Cg) 

.-
Macdonald St.Jean Macdonald St.Jean 

0 205 a 155 a 99 a 94 a 

10 199 a 150 a 96 a 95 a 

50 203 a 162 a 91 a 89 a 

100 206 a 157 a 89 a 84 a 

Eqgs/plant Volume (ml) Root damage ratinq 

Macdonald st. Jean Macdonald ~t.Je~n 

c 

~ 0 337 a 319 1. 0 a 1.0 a 

10 325 a 315 a 1.2 a 1.2 a 

50 307 a 277 a~ 2.6 b 3.0 b 

100 301' a 276 a 3.6 c 4.8 j 

Meana tollowad by the same letter in the same 'column are 
not aignitica~tly different (p > 0.05: OUncan's ~ultiple 
range test). 
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TABLE 3 . " 

MEAN PLANT HEIGHT" STEM CIRetiMFERENCE 1 ADULTS EQRGED, YIELD, 
VOLUME AND ROOT DAMAGE RATING OF MACDONALD GREENHOUSE. 

-EXPERlMENT (1986) 

Eggs/ " Height Circ- Adults Yield Root Root 
plant (cm) ume emerged (g) volume damage 

(cm) (ml) rating -

"f' .. 0 212 a 1.4 a 0.0' a 109 a 316 a 1.0 a 

50 213 a 7.3 a 3.4 b 107 ab 313 a 2.0 b 

100 210 a 7.1 ab 6.2 c 104 abc 298 ab 3.4 c 

150 206 a 6.7 ab 10.8 d 96 bc 277 b 4.0 cd 

200 207 a 6.4 b 11.4 d 93 c 274 b 4.4 d 

, , ~ 

Means fol1owed by the same letter in the' same co1umn"are not 
significantly different CP > 0.05; ,Duncan's multiple range 
test). 

.." ... , , 
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yield regardless of eg~ density' a~d therefore the d~fa were not subject 
....... 

to further analysis. In the 1986 experiment, a significant reduction in 
) 

yield ,~'resu1ted at 150 and 200 egg~/plant· From the check and 50 
l " 

eggs/plant. Ther~ wâs no Si9~ificant reduc~ion, in ,Yi;Jd between 100 and 

150 eggs/plant or 150 and 200 eggs/plant. ,~ 
Significant root damage was obtained with as few as 50 eggs/plarit. 

l.. 
Significant differences in stem circumference and.root volume were 

detected at 100 eggs/plant and 200 eggs/plant, respectively. 
1 / 

'î • 

h Data relating the dependent variable (egg density/pl'ant) with the 
1 .e. 

independent variables (yie'ld and root damage ra~,ing) and within the in,:-

dependent variables are expressed as linear regression functions ~nd are 

shown in Figs. 5 and '6, respectively, for the Macdonald greenhouse and 

St., Jean propagation room experiments. Figs. 7 and 8 show the relation

ships between othe dependent variable and the independent variables 
, . 

(yield, root damage rating and e~er~ing adults) and within the'~ndepen-

dent variables that resulted From the Macdonald greenhouse eXReriment in 
, ' 

~1986. Coefficients of determination (r2) were all indicative of sig: 
,\, 

nificant relationships (Steel and Torrie 1980,; Zar 1984) between the ,. 

above-mentioned variables. 
1 . 

- ' ) 
The consi·stency in the F-values (Table 1) indicate that root damage 

, .. 

ratings are the most sensitive measurements in th~se studies. I~ the 1986 

experiment, adul,ts emerg,ed From the ;treated plants appear to be as "se~- ..... 

sitive a measuremént as the root damage rat1ng. Vield response appears 1 

o 
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'Figure 5. Data from Macdonald greenhouse ~gg density experiment (1985; 

df=18) . 

-a., Regr~ssion for root damage rating vs. rate of artificial 

infestation of NCR egg density per pJ_ant.,_' , 
A • 

,. 

, ' b. Regression for corn yield'per plant ,vs. root damage rating. 
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Figure 6. Data from St.Jean propagation room eg9 density experiment 

(1985; .df-lB). 

a. Regressioo for root damage rating vs. rate of artificial 

infestation of NC~egg density per plant. 

/ 

~. 

b. Regression for corn yield per plant vs. root,damage rating. 
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to be the thir:d most sensitive measurement in 1986, whereas in the 1985 

experiment yield was not signifioantly inf1ueneed b~ the trea,tment. This 
...J 

eoul,d be attributed to the fact that yield" responses were greater at (\ 

higher densities. Plant height, stem circumferenée and volumetrie 
(, 

measurement are 1iab1e to variation in ,relation to t'~e ~o~th of in

dividlJa1 plants. They hold particu1ar promise for eva1uating '. ~., 

phytotoxicity (Oleson and To11efson , 

et al. 1981). 

1985) ~nd varieta1 respbnses (Sutter 
( 

Ave~age yieTd 10ss estimated from ~6 eXpe(iment
o 

s<ho~ ~hat root 

damage ratings of 2, 3, 4, 5 and 6 caused a yield reduction of 4, 8,~13t ~ 

17 and 18 per cent, respective1y. These Iresulis, conform with those of 

Sut ter et al. (1981) who worked with. ·WCR. The nature of the' damage 

eaused by WCR is similar to NCR (Chia"" 1973; Krysan 19~). Sutter et 
. 

al. (1981) found significant yie1d reduction a'ti 100 "eggsjplant, whereas 

in my experiments 100 egg~jp1ant failed'to produee a sighificant reduc

tion in x~e1d. In som~es, particularly with insects not"attacking thè 

aetual crop product, very dense populations ean~be tolerâted witb no 
, 

sigriificant 10ss in yield (Southwood and Norton 1973). In th.is experi-

ment ·an egg "ensity of as 10w' as 150 eggsjplant resulted in significan.t .. ' 

yfeld redu~tion From the check, whe~eas Chiang et _al. (1980) di( not 
• y ~ 

deteet any significant yield 10ss at densities be10w 600 WCR.eggsjpjant .. 

. This discrepancy may be attributed to 'the difference in species, 

viabil ity ~f the eggs, , method of i nfestat i on, dro.ught cond i t i ons and 
li' 

'chemical residues in the field. It should also be noted that our inves.-..1 

1 • 

\, tigation on egg den~ity-dam~ge re-lationship was condûcted under green 

, 
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Figure 7. Data from Macdonald greenhous~ egg density experiment (1986; 

df=Z3) . 

a.' Regression- for corn yield per plant vs. rate of artificial 

infestation of NCR e9g density per plant . 
• 

. \ 

) '. 
b. Regression for root damage rattng vs. rate of artificial 

1 ~ 
infestation of NCR dep~ per plant: 

! 

, " 

c. Regression for NCR adults emerged p~r plant vs. rate of 

. art4ficial infestation of NCR egg density per plant. 
( 
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Figure 8. Datâ from Macdonald greenhouse egg density experiment (1986; 

Il 

-
df=23) . \ 

a. Regression for corn yield per plant vs. root damage rating 

b. 

1 

Regression for NCR adults emerged per plant vs. root 

damage rating. 

Regression for corn yield per plant vs. NCR adults 

emerged per plant. 
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a' house condi t ions. One might higher yield losses under variable 

field conditions of drought, rai fall, wind, soil type and soil fer-

" t il ity, as reported by Ch i ang Chiang et. al. (1980); Henry and 

Bereza (1979). 

i.b. DISCUSSION OF ECONOMIC DAMA~E AND ECONOMIC INJURY LEVElS CALCUlATED 

FROM RESULTS OF (a). 

The economi c damage to agi ven plant s tag~ i s the amoun't of damage 

requi red to cause enough monetary loss to offset the cost of us.i ng ar

tificial control measures (Stern 1966). Economic damage (Table 4) was 
. 

calculated using,the formula of Stone and ~edigo (1972) as follows:" 
,r , 

-EconOmic Damage kg/ha. Cost of chemical control CS/ha) . 
Wholesale value of corn (fit) 

, 

The average wholesale price of grain corn in Quebec from 1980 to 

1985 and for 1986-87 was $153 and $115 / t, respectiveJ! (Anonymous 1986; 
1 

Fultan 19~6; Irvine 1986). The cost of chemical control ranged from $39 -

to $50;ha (Table 4), depending on the type of insecticide', dosage and .. 
method of' app li cat ion (P. Martel, Pers. CO/ll11. 1987; G. Letendre, Pers. 

Comm. 1987). 

, 1 
Economic in jury Tevel (EIl) is the lowest population densi~ that 

l , ' 

will cause economic~amâge (stern et al. 19~9; Stone and Pe~igo 197~). 

Hl for the egg stage under 'reenhouse conditions (Table 4 ) was cal 
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TABLE 4 

COST OF CHEMtCAL CONTROL, ECONOMIC DAMAGE AND AVERA.GE ECONOm:C ' 
INJURY LEVELS (EIL)' OF GREENHOUSE AND PRO~AGA~tON ROOM 

EGG' DENSITY EXPERlMENTS (1985-1986) \: 

.. 
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eulated using the method of Ogun1ana and Pedigo (1974), by solvirig the 

regression equation as fo110ws: 

y ~ a + bx, or x • -(a - y) 

b 

where a is the expected yield at zero 1eve1 infestation and y 1S 

the expeeted yie1d be10w whie~~ the. value of the erop 10ss Ï!; greater 

than the eost of chemica1 control. The term (a - y) i s' the intercept 

minus'the expected yie1d, or the economit ~amage. Therefore, the EIL is: 

x = - (eeonomic damage) 

b (negative term) 

= Economie ~amage ~ 

Slope of regression.1ine (as positive term) 

" , 

Economie in jury 1eve1 cou1d also be calculated as followS: 

• Economie damage 

loss assoeiated with one inseet 
, 
l' ' 

Economie injury leve1 and. eeonomic threshold are 'dynamic 
" / - ... 

parameters. The most important factors invo1ved are, the ratio of control 
/ 

eost to the market value of the <crop, environmental conditions, aod pest 

and plant population den~ities. , 
, " 

/ 
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FIG URE 9. EFFECTS OF CONTROL COST /CORN PRieES RATIO , , 

ON THE EIL OF NCR EGGS 
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Table 4 and Fig 9. show that EIl was greatJy affecte4~ by the cost 

of control/corn prices ratio. B~sed'on this râtio, EIl varies fràm 50 to 
f , • 

63 'eggs/pl ant for the 1980-85 period and from 68 to 84 eggs/pl ànt for 
,.. 

the 1986-87 period. Up to now, there has bee~ no EIl established in the 
1 •• 

li terature for the NCR egg stage to fac i li tate compari son. How'ever, th i s 

range corresponds ta 2.4 to 3.2 root damage ratings in the 1 to 6 scale 
, , 

.dève l oped. by Hi 11 sand Peters (1971), Wh,i ch i sin ge'fra l agreem,ent wj th 

Sutter et al. (1980), ,ho found that three units of root damage 'ratings 

are consjdered as the Ell. 
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11. SEED FARM EGG DENSITY.EXPERIMENT 

~ 
ANOVA of the results indicateq that root damage rating wa~greatlY 

affected (p < 0.01) by the Itreatment (Table 5). Plant height, stem cir

cumference and yield showed no significant effects due to trea~ment. The 

results obtained from Duncan's multiple range test at p = 0.05 of the 

means of different variables a~e shown in Table 5. Root damage ratings at 

level two (6.1 eggs/ sample) egg density are significantly different from 

the check plot. A significant difference was also detected between the 

means of level three (7.8 eggs/sample) and level two. 

Th? main reason for the lack of significant effects of egg den-
'-

sities on yield (Table 5) might b~ due to the adverse effect of below 

-normal minimum temperature (Appendix 1) during June and July 1986. 

Dominique and Yule (1983a) observed that 340 and 421 to 431 accumulated 

degree" days above the threshold temperature for development (9.7°C) are 

required by NCR eggs in the rhizosphere and air temperatures, respec-
~ 

tively, for first eclosion of NCR eggs in southwest Quebec. They noted 

that un der normal weather conditions in this area, the thermal require

ments for hatching are usually met by the first week of June. In 1986, 

the thermal requirements for the eclosion of eggs were met only on 5 JU1\ 

1986 ~Appendix l)~ From the weather data collected at Macdonald seed farm~ 
. 

(Appendix 1), one might expect that either the prolonged chill period af
( 

fected the hatchabil; ty of the eggs (Chfang 1965; Pate 1 and Apple 1967; 

Dominique and Y'ule 1983b), or by.the time larvae started ta hatch (5 JLFly 
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TABLE 5 
/ . 

eONCANts'MULTIPLE RANGE TEST OF THE MEANS OF PLANT HEIGHT, 
STEM CIRCUMFERENCE, YIE~_~O ROOT DAMAGE RATINGS OBTAINEO 

FROM SEEO FARM EGG OENSITY EXPER~MENT. 

Treatment Height 
~ (eg9s/sample~ (cm) 

Control' 
(0.4) 

Level 1 
(2.4) 

Level 2 
(6.1) 

Level 3 
(7.8) 

157 a 

151 a 

150 a 

, 
149 a 

stem Circum. 
(cm) 

7.5 'a 

7.2 a 

7.0 a 

7.4 a 

Yield 
(g) 

127 a 

130 a 

Root damage 
rating 

1.1 a 

1.3 ab 

125:) 1.8 b 

121 a 

Means follewed by the same letter in the same,.:column are net 
sig~icantly differ...ent at ( p > 0 •. 05; Duncan'· s multiple 
range test). \ 

~---' 
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1986), corn plants were old enough to resist their attack or to provide 

adequate nutrition to NCR. 

The significant relationships between yield reduction and insect 

numbers play a partioularly important' role in establishing EIl. Because 

of no significant effect of egg densities on corn yield in thi~ èxperi

ment, no EI~ could be determined. 

.' 
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11t. 6REENHOUSE LARVAL DENSITY EXPERIMENT 

'Root damage rat i ngs, stem ci rcumference and, adults em~rged From 

treatedtplants'were ~ll affected by the larval density tr~atments. 
~ 

was significantly affected (p • 0.0278)'by larval damage. Neither .. . 
height nor root volume shawed any significant change. 

Yield 

plant 

In Table-6 the significance of differences obtained with Duncan's 

multiple range test at p - 0.05 of the mean'S of severa1 variables are 

shown. Adults emerging From treated plants, ro~t damage ralings, and stem 

circumference, were great11 affected by different 1arval densities. S1g

nificant reduction in yie1d was detectecr at an infestation leve1 of 60 

1arva'e/p1ant compared with the check and five larvae/p1a,nt. Medium den

sities (15 and 30 larvae/p.lan~) failed to produce~any significant reduc

tion in yiel,d From the check' or From 60 larvae/plant. Plant height and 
• 

root volume remained unchanged at different 1arval densi~ies. 

---....". ,!JI 

Data relating the 1arva1 densities with the dependent variables 

(y;~fd,- root damage ratlngs and emerged adults) and within the dependent 

variables are 111ustrated in Figs. 10 and 11. Based on the regression 

line g1.~en in Fig. 10a, one larva/plant Js responsible for a 10ss in 

yield of 0.3669 per plant or 0.273 per cent. 

Economie damage and economiG ill~ury levels were caleqlated using 
r, ~ 

the f~rmula of Stone and Pedigo (1972) and Ogunl~na and 'Pèdigo (19f4), 
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TABLE 6 

DUNCAN'S MULTIP~ RANGE TEST OF THE MEANS' OF PLANT HEIGHT,STEM 
CIRCUMF;ERENCE, ~IN YIELO t ROOT DAMAGE RATING AND R,OOT VOLUME 

FO,R FIVE LARVAL DENSITIES OF GREENHOUSE INFESTATION 

L 
Treatment Height stem Circ- Adu1ts Yie1d Roet Reot 
(larvae/ (cm) umference emerqed (g) damage volumé 
p1~l1t) (cm) ratinq (ml) 

0 223 a 7.6 ab 0.0 a 115 a 1.0 a 313 a 

5' 218 a '7.7 a 0.4 a 116 a 1.2 a J'ro a 
/ 

15 213 a 7.1 bc 2.4 b 109 ab 2.2 b 305 a 

30 211 a . 6.6 cd 5.0 c 102 ab 2.8 b 298 a 

60 209 a ~3 d 9.2 d 95. b 4.2 c 286- a' 

q. , 

Means fo11owed by the sama 1etter in the same co1umn are not 
significant1y different ( p > 0.05; D).tncan' S multiple 

, ranqe test) • 
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Figuré 10. Data From Macdonald greenhouse larval de~sity experiment 

(df-23). 

~ 
a. Regression for corn y,.ield per plant vs. rate of artifictal 

i,nfesta~ion of NCR lar.val density per plant. 

o ) 

• 

. . 
. " 
•• 0 . , 

• 0 . , 

b. Regression for root damage rat.tng vs. rate of artificial . 
infestation of NCR larva"e per plant. 

'" 

c. Regression for adults emerged per plant vs. rate Qf 

artificial infestation of NCR larvae per plant. 
J 
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Fi gure Ù. Data. from Hacdona 1 d gr~enhOuse 1 arva 1 dJ!ns i ty experi ment 
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\\ 
a. Regression for cdrn yielod per plant vs. root damage ratings 

,b. Regression for NCR adults emerged per plant v~. root 

damage rating. 
.. 

.' 
c. Regressjon for corn yield per p'ant vs. NCR adults emerg,d 

per plant. 
/ 
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respectivelY;. as described,"'in section III.A.3.i.b. Table 10 shows the 

calculated EIl's "for different types of insecticides for 1980-85 and 

1986-87 periods. The market value of grain corn in Quebec was ca. $153 

1 

(Anonymous 1986) for 1980-85 and $115 (Fulton. 198'6; Irvine 1986) for I~}' 
g ,'1 

1986-87. The present cost of chemical control is given in Table 7 (G. 

letendre, Pers. Comm 1986; P. Martel, Pers. Comm. 1986). Table 7 shows • 

< tha~ the EIl vary from 13, to 16 and 17 to 21 larvae/plant, respectively 

for the period. between 1980-85 and 1986-87. Fig.12 shows that the EIL's 

for NCR 1 arv.ae were .greatly affected by the control cost/corn price 

rati~ 

Root damage rating and adultr emerged ftoi treated plants are the 
" 

most sen~itive patameters for evaluating the effec~ of larval damage on 

corn plants. However., adults emerged from treated plants may not be as .. 
good a.s· 'rO'ot damag/ rating at a h:fgher rate of infestation. This is due 

\ 

lo the phenomenon of compeJition between the larvae observed by Chiang 

et. al. (1980) and Sutter et al. (1981). Moreover, due to a shortage,"of 
(i! " 

cracks in the soil surface under greenhouse conditions, one might expect 

a lower ratio of emerged adults as compared·w~th.field conditions. Root 
, 

damage ratings are consistent and less time consuming than fdot volumé 
.. 

measurements. Also, 'it is difficult to apply volumetrie measurements in 

field conditions due to the Jarge volume of ~oiJ sample required and the 

resultant" breakage of sorne roots. 

• 

"-~ ~i' . ./ '\:. 
, 

Yield is the most practical but least sensitive criterion for 
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TABLE' 7 

COST OF CHEMICAL 
LEVELS 

CONTROL/ElNOMIC DAMAGE AND ECONpMIC INJURY 
(EIL) FOR E GREENHOUSE LAW\ l,. 
DENSITY EX- ER~MEN'l' (1986) .., .. , ~; 

Cost of Ec'onomic damage EIL 
Insecticide chemical (kg/ha;grain. 10ss) \l!arvaejplant) 

control -------~--------. ---------------4 , ... 
$/ha 1980-85 1986-87 1980-85 1986-87 .. 

PP993 
4 

. 50..00 327 435 16 21. 2 
(1G) .r- '" '--

ch1orpyrifos 49.00 320 426 16 21.0 
(Lorsban 15G) .. 
fonolos '39.70 259 345 13 17.0 
(Dyfonate-,20G) 

terbufos 39.38 2§7 . 342 13 17.0 ~ 

(Çounter 20G) ')<lI 

• • 
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FJG (tH E 12. EFFECTS OF. CONTROL,. COST /CORN PRICES RATIO 
ON THE EIL OF NCR LARVAE " • 
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measuring inspct-p~ant relationship". Mayo (1986) reported that·yfeld dif-

ferences ml'st exceed 30 to 62.5 bushels per ha b€fore statistically 

significant effects can be detected. In this experiment, Yleld .was si9-

r'lifi-cantly decreased only at the 60 larvae/plant density . 

.. 
Economic in jury level varie~ from 13 to 16 and 17 to 21 first-

in"star larvae) respectively, for the period between 1980-85 and 1986-87. 

variation ... in economic in jury lev(ls within the s'ame period is due to the 

cost of control; varl at ion between the two peri ods i s a result of mark 
~ 

priees of corn. l3y adjusting econOmic injury levels to seco~d instar 

larvae, the values vary from 8 to 10 and 1-1 to 14 second instar larvae 

pér plant, respectively, for the 1980-85 and 1986-87 period. These 
• 

results are quite close to the level of 10 NCR larvae/plant reported by 

~eters (1963) in 'Iowa. 

~ ~ ~ 

o 
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• iv. SEED FARM LARVAl DENSITY EXPERIMENT 

Analysis of' variance of the results showed that root damage ratings 

- were highly significant. Data relating root- damage ratings to 1arva1 den

sity are illustrated in Fig. 13. This regression 1ine was 1inear and 

significant. Duncan's multiple range test at p=0.05 (Table ,8) shows 

that 20 1arvae per plant produced foot damage significant1y differe'ht 

from the check, whereas 10 1 arvae per pl ant fai 1 ed to produce any 

s~atistica11y significant root damage. Measurement of plant height, stem 

circumference and yie1d were unreliab1e in this experiment, due to ad-

verse weather conditio'ns, particularly drought, that prevailed during 
--

June and Ju1y,1985. 

. 
Ten and 20 1arvae/p1ant produced a root damage rating of 2.4 -and 

3.4, respective1y. -This range of root damag~ rating fa11s within the 

range of economic in jury 1eve1s (13 to 21 1arvae/plant) observed at the 

greenhouse 1 arva 1 dens/i ty experiment. These results are al so i na fa i r 

" 

" 
~ 

agreement w'i th the economi c i.nj ury 1 eve 1 s 6.Qserved by Sutter et a 7. y' 

(1980). Hi11s and Pet ers (1971) noted a 4.6 per cen~ reduction in yie1~ . 

for-every adjusted roo~ damage rating. Based on this percentage 10ss in 

yie1d one might expect under normal conditions 10 to 20 larvae/plant to 

produce 1ess than 9 to 14 per cent 1055 in yie1d from the check. 

'. . 

0' 
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TABLE 8 

DONcAN' S MULTIPLE RANGE TEST OF THE MEANS OF ROOT DAMAGE 
~ RATING FOR SEED FARM LARVAL DENSITY EX PERIMENT 

Treatment . Reet Damage Rating 
( larvae/plan't) 

o 1. 4 a. 

10 2.4 ab 

20 3.4 b 

Means follewed by the same letter in the same celumn 
are not significantly different (p > 0.05; Duncan's 
multiple_range test) • 
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v. SEED FARM ADULT DENSITY EXPERJMENT 

1984-1985 Exper1ment Analysis of variance indicated that root damage ., 
ratings' were highly affected by adult density. The result of Duncan',s 

\ , multiple ra,nge test of the means are shqwn in Table 9. The data show 

signific~rit dtfference in root damage at seven adul~s/plant compared to 

the check. There is also significant root damage difference between 36 

adults/plant and séven adults/ plant. The relationship between root 
( 

damage ratings and adult density is' ~llustrated in Fig. 14. The regres-

sion 1ine indicates that ~he, relationship is linear and the coefficient 

of determination (r2 = 0.638) i~ highly significant. 

Economic injury levels wer~ not calculated due to lack of yield 

data in this experiment. However, the 2.4 root damage rating resulting 

from seven adults/plant falls within the EIL's observed in the greenhouse 

larval density experiment in 1986 (Table 7). 

1985-1986 Experiment. Analysis of variance showed that'root damage rating 

was highly affected by adult densities. Though yield was the second most 

se~sitive parameter, it was not significantly (p - 0.1363) affected by 

~ the treatment. Plant height and stem ~ircumference were the least sensi. ) 

tive parameters. / 

Results of Duncan's multiple range test are given in Table 10. The 
1 
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TABIJ: 9 
t-

DUNCAN ,'S MULTIPLE RANGE TEST OF 'l1fE MEANS OF ROOT DAMAGE 
RATINGS OBTAlNED FROM SEED FARX ADULT DENSITIES 

EXPERlMENT (1985-86) 

Treatment 
(Aduits/p1ant 
plant) 

o 

7 

35 

No. of 
samples 

35 

35 

35 

Root Damage Rating 

1.4 a 

2.4 b 

4.9 c 
/ 

Means followed by the same letter in the ame column are" 
not significantly different (p > 0.05; Duncan's multibxe 
range test). 
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FIGUREr 1 4. RE:GRE~SJON FOR ROOT DAMAGE RA TING IVS. NCR, 
ADULT DENSITY PER PLANT. DATA OBTAINED FROM SEED' 
6. i FARM, ADULT DENSITY _EXPERIMENT (1 ~84/85) i 
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TABLE 10 
"\ 

MEAÎfs OF PLANT HEIGHT, 
~ i. \ 

STEM CIRCUMFERENCE, YIELD AND ROOT 
DAMAGE RATINGS OF S&ED FARM ADULT DENSITY EXPERlMENT (1986) 

Treatment Plant Stem Yield Root 
(adultj heiqht circum. (g) damaqe 
plant) (cm) (cm) rating ...-

... 0 160 a 7.6 a 126 a 
/. 

1.3 a 
\ 

4 159 a 7.3 a 125 a 1.4 a 

7 149 a 7.2 a ~a."7 ab 1.6 a 

14 151 a 6.9 a 115 ab 2.1 b 

21 154 a 7.0 a 109 b 2.7 c 

35 153 a 7.0 a 107 b 3.5 d 

Means followed by the same letter in the same column are 
not significantly different CP > 0.p5; Duncan's multiple 
ranqe test). 

/ 
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r~ults indicate that root damage rating was the most sensitive me~sure

ment for effects of level of beetle infestation: as few as 14 

adults/plant had a highly significant effect on root damage .• Seven 

adults/plant failed to produce any significant difference From the 

check. Significant reduction in yield From the check and four 

adults/plant was obtained at 21 to 35 adults/plant. Neither plant height 

nor stem ci rcumference showed si gn i fi cant di fferences at any of the 

levels of infestation used. 

The relationships between adult densities and the, dependent vari

ables (yield and root damage ratings) and within the dependent variables 
l 

themselves, are illustrated in Fig. 16. On the basis of the regression 

line, 4,7,14,21 and 35 adults/plant caused 1.1, 7.0,9.2,13.7 and 

15.5 per cent reduction in yield, respectively. 

Economic in jury levels based on the price of corn f,\om 1980 to 

1985 (ca. $153/t; Anonymous 1986) and 1986-87 (ca. $115/t; Fulton 1986; 
• Irvine 1986) and the present control cost ($39 ta $50/ha; G. Letendre, 

Pers. Comm. 1987; P. Martel, Pers. Comm. 1987), are given in Table Il. 
t. 

Economic in jury levels (Table 11) were calculated according to Ogunlana 

and Pedigo (1974) as described in section III.A.3.i. Fig. 16 shows ~hat 

the EIL's for NCR adults was greatly affected by the control cost / corn 

pri~e ratio. 

.. 
In the 1985-86 experiment, EIl varies from 7.9 to la and 10.7 to 

93 
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Figure 15. Data from Macdonald seed farm adult density experiment (1986; 

df-142) .. 

a. Regression for corn yield.p.er plant vs. rate of artificial 

infestation of ~CR adults'per plant. 

, 

, • 

b. Regression for root damage~rating vs. rate of artificial 

infestation of NCR adult per plant. 

o 

c. Regression for corn yield per plant vs. root damage rating 
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TABLE 11 

COST OF CHEMICAL CONTROL, . ECONOMIC DAMAGE AND ECONOMIC INJURY' 
LEVELS (~IL) OF SEED FARM~ADULT DENSITIES EXPERlMENT (1985-~6) 

Insecticide 
Cost'of 
chemical 
control 
($/ha) 

Economie damaqe EIL 
(kq/ha;qrain loss) (adults/plant) 

~------------------ -------------~--~ 1980-85 1986-87 1980-85 1986-87 

--~--------------------------------------------------------

PP993 50.00 327 435 10.0 13.3 
(lG) 
chlorpyr;fos 49.00 320 426 9.8 13.1 
(Lorsban 15G) 
fonofos 39.70 259 345 8.0 10.7 .-
(Dyfonate 20G) 
terbufos 39.38 257 342 7.9 10.7 
(Counter 20G) 

~----~----------------_._--.--------------~----------------
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FIG URE 1'6. EFECTS OF CONTROL COST/CORN PRICES RATIO 
ON THE EIL OF ~CR ADULTS 
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13.3 respectively, based on the 1980-85 and )986-87 priees (Table'll). 

fIIhe high EI~ may al_so have been du.e to adverse weather conditions 

prevailing during the exper..tment resulting in lower damage per adult 

_than would normally occur. An EIl of five adults/plant was established 

in Indiana~ Georgia, Illinois and several other lacalities (Anonymous 

1982). Whereas an EIl 2L 1-1.5 adults/plant was reporte~ bY/Apple et 

al. (1971); Pruss et al. (l~74); Shaw et 'al. J (1974); Luckmann (1978) 

and Stamm et a7. (1985). The reasons for the diserepancy are not fully 

_ understood. 
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1. INTRODUCTION 

\ 
-

Quantitative changes in the varfous stages of NCR population, 
J 

economic in jury l~el, economic threshold and factors affecting develop-

" ment Qf EIL were studied in cornfields at St. Antoine Abbe', Ormstown, 

Pike River and St. ~ean from the fall of 1984 to the summer of 1986. The 

sampling methods utilized in these studies were developed by Matin 

(1~83)., Th~ approximate area of the study fierds-in all locati.ons was 3' 

ha. All the fields have been continuously cultivated with co~n since the 

early 1970s. Only one of them has been treated with insecticide since 

then, that "being Pike River where carbofuran was applied once in 1977. 

The St. Antoine Abbe' field was rotated to wheat in 1985 so that the ex-

periments intended for this field were continued in Ormstown', a nearby 

field with a similar NCR p~pulation. 

2. MATERIALS AND MET~DS 

i. EGG POPULATJON ESTIMATES 

Fall Population. Thi s study was began on 1 October, 1984, in a 'St. An

toine Abbe' cornfield, after harvesting but before ~lo~ing, to estimate 

the total number of eggs deposited during the fall. The field was divided , 

into '24 strata, and two randomly-selected quadrat soil samples of ~O x 20 , . 
~ 

cm and 10 cm deep were dug out from each stratum (Matin 1983J. The 
, .. 
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sample~ were brought to the laboratory in plastic bags and stored at SoC 

pending extraction. Jo facilitate egg extrâction from the so11 s~mples, 
" . 

made up mainly 'of clay loam soi1s, a dispersing solution,comprising 180 

9 sodium hexametaphosphate and 20 9 sodium bicarbonate disso1ved in 4 L 

of water was used. After soaking the samp1es overnight, eggs were ex

traèted uS1ng a modified Ladell apparatus as described by Matin and Yule 

(1986), where soil is .agitated in a saturated solution of M9 2S04 and eggs 

were decanted through number 10 and 40 sieves and retained in a number 50 

sieve. Recovered eggs.were transferred ta a petrl dish using a plastic 

wash bottle with a satur'ated M9 2S04 solution. Eggs were identified f01-

lowing the desqription of Atyeo et. al. (1969) and counted using a 

pipette upder a dissec~ing microscope (Matin 1983). 

t 

\ 

Spring Population. This êxperiment was conducted in the St. Antoine 

Abbe' cornfield on 8 April, 1984 and in the Ormst6wn, Pike River and St. 

Jean cornfields in early April,' 1985. Fort y eight randomly-selected soil 

samples of 20 x 20 cm and 20 cm de~p were taken from each field. The 

procedures used fQr egg sampl ing, storage and extraction were the same 

as described for the fall egg population experiment . 

. 
Fall and spring egg populat ions were, estimated, and percent age 

, 
reduction in fall population due to winter mortalHy was calculated. 

Ove:"W; ntered egg population was related to the prev10us season' s adult 

population and subsequent larval popul-atjon. Mean crowd1ng (x*) (Lloyd 

1967~ and k value of the negat1ve b1nomhl distribution (Elliott 1977) 

100 
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were calculated. The data were analysed using the ANOVA and GLM pro.ce

dures af the SAS Institute (1979) and Duncan's multiple range test was , 
. 

used ta determine significance of differences between the mean popula-

tions af different fields. 

" 

ii. ~ARVAL POPULATION ESTIMATES. ECONOMIC INJURY lEVEl. AND ECONOMIC 

THRESHOlD 

A study was canducted duri ng the summers af 1984 and 1'985 to es: 

timate NCR l arval popul ation and to develop EIl and ET in several 

cornfields in Southwest Quebec. These were the same cornfields where egg 

population studies were made. Since larval and pupal stages af NCR in 
, 

\ southwest Qùebec cornfields averlap greatly in time (Dominique 1983), 

thus making it very difficult to estimate their populations separately, 

they were cons i dered together as a major immature stage. The l arlLa l 

stage peaks araund mid-July in southwest Quebec (Doftiinique 1983; Matin 

1983). Accordingly, samples were collected an 20 and 21 July, 1984 in St. 
). 

Antoine Abbe', and in 1985 at'Ormstawn, Pike River and St. Jean. 

Farty-eight pl ants ~ were selected at random fram the St. Antoine 

Abbe' carnfield in 1984, while 80 plants were taken from Ormstawn, Pike 

River and St. Jean carnfields in 1985. The selected plants were cut down 

at ground lev,el and soil samples af 20 x 20 cm with the corn plant at 

their centers were dug aut ta a d~th of 10 cm (Matin 1983). Samples 

were braught ta the laboratory in plastic bags (60 x 40 cm) and stared at 
• 
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!oC pend i ng exami nat i on. Samp les (sail an"tr roots) were hand- sorted a.nd 

examined vi sually far second and thi rd instar larvae, pre-p~pae and 

pupae. Sail particles were crumbled gently for possible pupal cells and 

roots were evaluated for larval damage by the root rating index of Hills 

and Peters (1971). After carrying out damage ratin~, the roots were cut 

off at the base of the nodes and peeled to inspect for possible boring 

1 arvae. Larvae found i ns ide the roots were added ta the prey i ous count. 

The roots were then collected in a wire mesh basket and held with a cloth 

at the top of a plastic contamer half-filled with water. The roots were 

exposed 1 under a behaviora1 heat extractor for four days (Hill 1969;' 

Kempson et al. (1963) (Fig. 5). Larvae fa11ing fj'om the sample due ta the 

heat gradient were collected and counted and their number added ta those . 
previously found by visuftl examination. 

. 
On 19 and 20 October, 1985, another 80 plants were seféc'ted at 

random from the same fields, harvested, and their root systems were dug 

out for root damage rating. Corn ears were labelled separately and dr1ed 
.... 

at 65~ until constant weights were obta1ned. They were then shelled and 
o • 

the kernel weight recorded. Grain yield and larval dens1ty per plant were 

regressed against root damage ra.ting, and an EIL and ET were calcuhted j-- -
by using the formula of Ogunlana and Pedigo (1974) and ~tchlua 1987; G. 

Soivin, Pers. comm. (1987) respectively. 

Larva 1 populations were est 1mated for all fields under stud)' and , 
their numbers were relited to the prevtous sprtng ,199 populltton ,nd sub 

~ , \-

102 



\ 
\ 

c 

... ' 

.. , -

.. ... 

1 

• 

Figure 17. Behavioral .xtractor for extracting larvae - ~, 

from plant roots . 
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sequent' adult' population. Mean larval dénsity (x), mean crowding (x-*) 
\ . 

(~loyd '1967), variance, standard error and ~ values~of the negative bi-

-nomial distribution (Elliott' 1977) were calculated. Data were analysed 

uSing 'the ANOVA and GLM procedures of SAS (SAS Institute 1979). Ouncan's 
o 

multiple range test was used to 'determine signifiçance of differences 

between the mean populations of different-rte4ds. 

ii;. ADULT POPULATION ESTIMATES 

A study was conducted during the summers of 1984-1986 to estimate 

NCR ~dult populations i~ several fields of grain corn in southwest 
,. 

Quebet. These were the same fields where egg an'd larval po"pulation 

studies were carried out. For t~e purpose' of this study, the sampl ing 

universe (ca. 3ha) was divided into four equal, parts. Twenty-one, 15 and 

20 plant samples from each section were selected at random from the fol

lowing locations respectively: St. Antoine Abbe' aFld Pike River (1984);

Ormstown, Pike River and St. Jean (1985); St. Antoine Abbe', Ormstown and 
; 

Pike River (1986). The sampling system was used as recommended by Matin 

and Yule (1984b), 1n mid-August, when 50 per cent ot'the silks had 

dried. 

Each plant sample was examined thoroughly from base to tip follow- . 

i n9 the techn 1 que deve 1 oped by Mat in (I 983). Th 1 s i'nvo 1 ved exami nat ion 
( 
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of: 

(i) the soi1 surface around the base of the plant 

(ii) stem leaves and leaf axils 

(iii) silks and eartips 

(iv) tasse1s. • 
o Beetle counts at all locations were started at about 05: 10 h and com-

pleted by about 06:20 h while the beetles were 1east active. Sunrise 

during this period took place at approximatelY·05:55 h. 

The mean, standard error, variance and ~ value of the negative bi

nomial distribution were estim~ted. Adult population estimates were re

lated to.the previous 1arva1 count and the folqowing spr-ing egg popula

tion. The effect of crop rotation at Ste Antoine Abbe' in 1985 on the 

NCR population was eva1uated in relation to the populations of other 

fields. The trends in NCR population change, that occurred during the 

study period were compared with previous population estimates made by 

Matin (1983) at Pik~·River from 1979 to 1982. These trends were.presented 

in graph form. Factors affecting population changes, [IL and ET were 
o 

presented in a descriptive model. The data were analysed using the ANOVA 

and GLM procedures of tbe SAS Institute (19"79), '. and Ouncan's multiple 

range t~st was used to determine sign.if1cance of'd1fferences'between thé 

mean populations of ~1fferent fields . 

. . 
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3. RESULTS AND DISCUSSION 

~_ 1. EGG POPULATION ESTIMATES 

NÇR eg9 ~QPul ation estimates for the fall and spring of 1984 and 

1985 are given in Table 12. The data show that egg population reduction 

d~~ to overwintering mortality was highly significant (78 per cent). 

However, the spring egg population at St. Atoine Abbe' in 1985 was sig

nificantly increased compared to spring 1984, by 58 per cent. In 1985, 

there was a significant difference in the spring egg population between 

the St. Antoine Abbe' and St. Jean cornfields, but neither the~Pike River 

nor Ormstown spring egg populations showed an~ significant differencé 

from those at St. Antoine Abbe' and St. Jean. 

The mean crowding (x*) of egg population in the fields under study 

was calculated (Table 13t usingoLloyd's (1967) method of solving the fol

lowing formula: 

x* • x + (s2 - 1 ) 

-x 

where s2 is the sample variance. The ratio of ,mean crowding to ,mean den

sity (x*/x), which was measured with Morisita's (1967) index, indicates 

the degree of departure from randomness. This ratio equals unit y in ran

dom (Poisson) distribution, U smaller than unit y in regular (uniform) 

distribution and greater than unit y in contagious (aggregated) distribu

tion. The ratio of mean crowding to the mean densities in a11 fields 
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TAB'LE 12 

IIITRA-, AND IMTER-' GENERATION POPULATION CHANGES OF NeR AT ST. ANTOINE ABSE' (SM), 
PID RIVER, ORMSTOWN AND ST. JEAN SE'l'WEEN 1984 AND 1986 , , 

Locatioo 

\. 
{T9841' 
su. 

Pike aiver 

(t9aS} 
SAA 
~tovn .U,. th,.,r 
St. J .... 

Eus,-aeducdon- LarvaeT Reduction Adul t/ . Reduction % decrease 
plant fra. fall plant fra. eggs plant ~rom larvae in adult pop. 

to .pring to larvae ' to adults fra. prev~ou8 

285 c 
(F.11 ) 
26 a 

62 b 
43 ab 
44 ab 
28 a 

eu pop. (%) (%) (X) season 

78 

13.7 a 

13.1 a 
13.8 a 
8.9 b 

47.3 

70.0 
68.6 
68.2 

-7.0 8 

7.7 a 

* 
6.9- a 
7.8 a 

.4.8 b 

49.0 

47.3 
43.5 
46.1 

1.4 

Cl 986) ~. --' - ... - ---- ----.~--- - ---- T 

SAA 0.9 d 
O~tOWD 2.5 c 
rite aiwer 2.0 c 

88.0 
63.0 
74.0 

fi 

Meaoe folloved b, the a.-e let ter in the 8a.e coluan are not significantly different (p ~ 0.05; 
Duncao' • .ultiple range test). 0 

~ • aotated to vt.eat .• ' .. ",·e 
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TABLE 13 

MEAN, STANDARD-- ERROR OF THE MEAN,. VARIANCE, MEAN CROWDING AND 
MORISI~A'S INDEX FOR SPRING EGG POPULATION IN SOUTHw,EST QUEBEC 

LocatIon No. of 
samples 

(1984) 

SAAI (Fall) 24 

(1985) 

48 

Mean±S.E. 
(eqqj 
plant) 

a 290±34 

b 62±10. 6 

Ormstown 48 be 44±7.J 

Pike River 48 he 43±7.6 

st. Jean 48 e 28±4.8 

V~rI
an~e 
(S ) 

27693 

5401 

2548 

2064 

1123 

Mean k of x* 'x 
crowd- NBD =! 
inq(x*) . 

384 3.07 1.33 

148 0.71 0.40 

101 0.72 2.28 

109 0.92 2.51 

67 0.72 2.39 

Means followed by the same letter in the same column are 
not signifieantly different (p > 0.05; Dunean's multiple 
range test) . 

• l ' Morisita's ~dex. 
st y Antoine Abbe 1 

\ 

\ 
\ 

" 

Q 
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varied from 1.33 to '2.51 and .IIndicated ttiat the dtstr1bution of, NCR eggs 

was contagious (aggregated). Southwood (1978) noted that Morisita's in-' 

dex has a great advantage over other method~ of distribution determina-

tion beca~se it fits for any number of samples. However, the k of nega-
~ 

tive binomial distribution (NBD) was widely used and suggested by several 

eçologists (Bliss and Owen 1958; Harcourt 1965; Southwood 1978) as an 

adequate measure of distribution for most contagious insect populations. 

According to Southwood (1978) the smaller the value of k, the greater 

the extent of aggregation, where~s a larger value of k (eg. 8 or more) 

indicates that the distribution_ is approaching the Poisson (random) 

series. During this study, the values of k of NBD vari-éd from 0.71 to 

3.07 and indicated that the distribution was greatly aggregated. Bliss \ 

and Owen (1958) and Harcourt (1965) reported that k of NBD for many con-

tagious insects fell in the range of two. The reason for this could be . 
o . 

that·oviposition sites in the fields were largely governed .by soil type, 

as observed by Dominique (1983). These results are in general agreement 

with Matin (1983) who reported that the value of k of NBD for NCR spring 

egg population at the Pike River cornfield varied from 0.34 t~1.32 . 

• " The highly significant reduction (ca. 78 per cent) in egg popula

tion at st. Antoine Abbe' over the winter of 1984-1985 was siml1ar to 

that observed by Matin and Yule (l984b) at Pike River. They noted a 63 

ta 87 per cent .reduct10n .. in spring e99 population From that observed ...... . 

before fall plowing. However, Chiang (1965) in W1sc~nsin observed a 10 to 
. 

40 per cent reduction iri MCR egg population over the w1nter. He noted 

.110 

( 

" 



c 
) 

c 

• 

1 
1) , 

that the main reason for higher overwintering mortal~y was due to either • 

direct destruction of the eggs, or to, adverse physiological effects 

caused by low temperatures. Patel and Apple (1967) observed that NCR egg 

- hatchabil ~ty was reduced to zero at a temperature of -23 0 C when the eggs 
r 

were 'exposed for 1.5 or more months. Even at -20C, there was a gradua l 
c 

reduct i on in hatchi ng as the durat i on of the ch i 11 peri od i ncreased. 

Dominique (1983) confirmed the 'findings of Pat~l and Apple (1967) by ob

serving that NCR eggs lost their viabil ity as the temperature dropped 

fr6m 50& and the duration of the chill period extended over 120 days. 

: ! 

~ ii. LARVAL POPULATION ESTIMATES. ECONOMIC INJURY LEVEL. AND ECONOMIC 

THRESHOLD 

Population Estimates. The data in Table 14 shows that the average larval 

plus pupal population _varied from 8.9 to 13.8 per plant at Pike River, 

St. Antoine Abbe', Ormstown and St. Jean cornfields during the 1984-85 

season. Dunca~'~ multiple range test (Table 16) indicates that there were 

no signif~cant differences of population means at any of the locations, 

except at St: Jean. 
o 

Reduction of the larval and pupal populations from the ~pring egg 

pop~latio~ ranged trom 47.3 to 69.5 per cen~, whereas both Matin and Yule 

(1984b}_in Quebec and Patel and Apple (1967) in Wisconsin reported 81 to 
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TABLE 14 

MEAN, - STANDARD ERROR OF THE MEAN, VARIANCE, MEAN CROWDING, 
K OF NEGATIVE BINOMIAL DISTRIBUTION AND MORISITA'S INDEX 
FOR NeR LARVAL AND PUPAL POPULATIONS IN SOU'l'HWEST QUEBEC 

Location No.ot Mean +S.E. Vari- Mean k ot X*4X' 
samp- (larvae/ an~e crowd- NBD -I 
les plant) (S ) ing(x*) 

(1184) " , 
SAA 48 a 13.7±1.8 156.5 24.1 1.3 1. 76 " 

(1985) 
Qrmstown 80 a 13.1+1.2 106.8 20.2 1. 84 1.54 

Pike River 80 a 13.8+1.1 102.6 20.2 2.12 1.47 
'Ill 

st. Jean 80 b 8.9+1.0 79.8 16.9 1.11 1.90 

Means fo11owed by the same 1etter in the same co1umn are 
not significant1y difterent (p > 0.05-; Duncan's multiple 
range test). • 

1* Morisita's Index 
st. Antoine Abbe' 

o 

/ 
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o 

97 and 81 per cent reduction. This difference in mortality rates could, 

be attr'ibuted mainly to the effeçt ofapro\onged low winter and spring , 

températures on the hatchability of MeR eggs at the time of testing, as 

explained above by Chiang (1965), Patel and Apple (1967) and Dominique 
~ 

and Yule (1983a). However, Matin and Yule (1984) suggested that the high 
~ 

mortality of larval and pupal populations could be~âttributed to the high 

mortality of newly hatched larvae .before they are ab}e to 
} 

encounter corn 

roots (Britton 1937), or else ~ predation, ego by ground beetles (Tyler 

and. E11 i s 1980). 

The larval population at Pike River was almost doubled (13.8) in 

the six years from 1979, when Matin and Yule (1984b) observed 6.7 

1 arvae/plant. Howèver, this population increase has not continued further 

due perhaps to below-average temperatures ·in June and July 1986 (Appendix 

2) severely affecting the NCR population in southwest Quebec. 

Economic Injury levels and Economic Thresholds. Data obta-ined from 

Ormstown and Pike River cornfjelds relating root aamage rating with lar-

val density and corn yield, are illustrated respectively in Figs. 18 and 

19. fIL (Tables 15 and 16) was calculated by solving the regression equa-
-, 

tl'ons given in Figs. 18 and 19 using. the formula of Ogunlana and Ped~go, 

(1974), as described, in page 153. fT for NCR larvae (Tables 15 and 16) 

were calculated by solving the following formula (Mi chaud 1987; G. 

Boivin, Pers. comm. 1987) as follow~,: 

ET = EIl x Efficiency of chemical control 
t 

The efficiency of insect.icides in controlling N~R larvae (Ta~les 15 and 

16) was obtained from insecticide trials at Ormstown a~d ii~e River 
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Figure 18. Data from Orm~town cornf ield ; -if:. ?-ca. 

a. Regression for corn .yield per plant Vs. root damage 
rating. 

, 

., 
" 

t 

b. Regression for number 'of larva, per ptant Vs. root 
damage rating.' 
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Figure 19. 

\) 

iil. 

" 

b. 

D'{from 
. 

Pike River cornfield 
J c4.f ~ 18. 

• !/II 

. Regression for corn 'yield per plant Vs. .root damage 
rating. 

Regresaion for number of larve. p.r plant Va. root 
damage rat1ng. 
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COST OF CHEMICAL CORTROL, 0 EFFICIENCY OF INSECTICIDE, ECONOMIC DAMAGE, ECONOMIe INJURY LEVEL 
(IlL) ABD lCONOMIC TRIlESHQLD (ET) OF ORMSTOWN CORNFIELD RCR LARVAL POPULATION E}(PERIMENT (1985) 

Insecticide 

1»P993 
(lC) 

fonofoa 

Cost of 
cheaical 

. control 
($/ha) 

50.0 

39.7 
(Dyfon.ter 2(0) 

c:hlorpyrifol " 
(Lorah.or 15G) 

49.0 

*Root d ... se ratins. 
() 

( 

'-

Insecticide 
efficiency 

(%) 

- 76 

70 

55 

EconOlllic damage 
(kg/ha;grain 108s) 

1980-85 1986/87 

E 1 L 
1980-85 * 1986/87* 

Larvae RDR Larvae RDR 
Iplant Iplant 

327 435 • 13.12.6 16.53.1 

2~9 345 10.8 2.2 13.q 2.9 

320 426 12.9 2.6 16.0 3.1 

ta 

'Il 

E T 
(Larvae/plant) 

1980-85 1986/87 
, 

10.0 12.5 

7.7 9.7 

7.1 8.8 

i 

~""\" 
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", TABL'I 16 

COST OF CREKlCAL CONTROL, EFFICIENCY OF INSECTICIDE, -ECONOMic DAMAGE, ECONOMIC INJURY LEVEL 
(BIL) ARD BCONOMIC THRESHOLD (ET) OF PIKE RIVER CORNFIELD NCR LARVAL 

POPULATION EXPERlMENT (1985) 

Insecticide 
Cost of Insecticide 

efficiency 
(l) . 

cheaical 
control 

($/ha) 

PP993 
(lG) 

50.0 

fonofo8 39.7 
(Dyfonat-er 2OG) 

chlorpyrifos 49.0 
(Lorabanr ISG) 

*Root daaage rating. 

.J 

"0 

'è 

76 

70 

55 

Economie damage 
(kg/ha;grain 108s) 
1986-85 1986/87 

~ 

327 435 

259 345 

~ 320 426 

~ 
1 

E 1 L 
1980-85 1986187 

Larvae RDR* Lar~aè RDR* 
/plant /plant 

12.0 2.5 15.1 2.9 

9.7 2.1 r2.6 2.5 

Il.8 2.4 14.7 2.9 

E T 
(Larvae/plant> 

1980-85 1986/87 

9.·.1 11.4 

7.1 8.8 

6.5 8.2 

(1 

0-
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cornfields (page 156). 

..,-

The data in Tables 15 and 16 show that the Ell for the larv~stage 

was greatly affected by the cost of chemical control/corn priee ratio. 

Based on this ratio, fIL at Ormstown and Pike River cornfields vary 

respectively from either 10.8 to 13.2 and 9\7 ta 12 or 13.7 ta 16.5 and 

12.6 to 15.1 NCR larvae / plant for the 1980-85 and the 1986-87 periods, 

respectively. Also in Tables 15 and 16, the ET levels were greatly af-
~ 

feçted by the efficiency of the insecticide in controlling NCR larvae. 

Based on these factors, the ET for NCR larvae at Ormstown and Pike River 

(Tables 15 and 16), respectively varies from either 7.1 to 10.0 and 6.5 

to 9.1 or 8.8 to 12.5 and 8.2 ta 11.4 NCR larvae / plant for the 1980-85 

and the 1986-87 periods, r~spectively. In the literature, an ET of 10 NCR 

larvae/plant has been accepted by most researchers in Iowa (Peters 1963). 

However, since this level was established 1n"1963, when corn priees as 

well as control costs probably differed greatly from present priees, no 

valid comparison can be made. 

Based 01) the observed EIL (Tables 15 and 16), calculated on the 

bases of 1986/87 corn priees (S 115/t; Fultan 1986; Irv1ne 1986) one 
g 

would sugge$t that NCR population (Table 12) observed during 1986 season 

at St. Ant01ne Abbe', Ormstown and\ P1ke River, were fir below the real 

EIl and therefore one would recommend that no control of any type should 

be applied untll the population approached that EIl. It should .150 be 

noted that corn priees are expected to decl1ne further than.the 1986/87 

prices, ta ca. S 90/t by the end of 1987 (Fultan 1986; Irv1ne 1986). 
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c 111. ADULT POPULATION ESTIMATES 
• 

The data in Table 17 show that the adult population at Pike River , 

and Ormstown remained unchanged from 1984 to 1985. There was no si9-

nificant difference between adult population means except for the st. 

Jean cornfield. In 1986, adult populations were reduced by 63 and 74 per 
j 

cent from the 1985 peak adult populations at Ormstown and Pike River, 

respect)vely. Reductions between peak larval population and peak adult 

population varied from 43 to 49 per cent duringathe,course of this study 

(Table 14 and 17). 

" The k of NBD and MorAsita's (1967) index (Table 17) varied from 12 

to 62 and 1.02 to f.08, respectively. This indicat~s that the distribu

t i on of thl:! adult popul at ion was random duri ng the samp li ng peri od. 

Variation in the degree of randomness between fields could be attributed 

to the low 'population in 1986, which to some extent was determined by 

the emergence sites of adults as well as any differences in sowing dates. 

Howev~r, these results were generally in agreeme~t with Matin and Yule ' 

(1984a) who observed K of NBD of 67.22 when more th an 50 per cent of 

corn silks had dried up. 

The adult population (Table 17) at Pike River was increased in 

1984 and 1985 by 38 per cent since Matin anJ Yule (1984b) observed a 

steady average of 5.5 adults/plant during the 1979-82 period at th~ same 

fjeld. On the other hand, in 1986, the peak adult population in ail 
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TABLE 17 

, 
l' 

\ 
MEAN, STANDARD ERROR OF THE MEAN, VARIANCE, MEAN CROWOING, 
K OF THE NEGATIVE BINOMIAL DISTRIBUTION, AND MORISITA'S 
INDEX, FOR ADULT POPULATION ESTlMATES IN SOUTHWEST QUEBEC 

Location \No.of 
samp
les 

Mean±S.E. Vari
(adul tsl an~e 
. plant) (s) 

84 a 7. O±O. 31 7.92 

Pike River-84 a 7.7±0.35 10.26 

(1985) 
ormstown 60 a 6.9±0.36 7.69 

pikë River 60 a 7.8±0.40 9.45 

st. Jean 60 b 4.8±0.32 6.29 

( l9 i 6 ) 
SAA 80 d 0.85±0.11 0.91 

ormstown 80 c 2.50±0.18 2.61 

Pike River 80 c 1.98±0.17 2.22 

Mean k of 
crowd- NBD 
inq(x*) 

7.13 53.3 1.02 

8.03 23.2 1.04 

7.0 62.6 1. 02 

8.01 36.9 1.03 

5.11 15.4 1.07 

0.92 12 1. 08 

2.54 51.6 1.02 

2.10 17.8 1. 06 

Means followed by the same letter in the .am. column are 
not siqnificantly diffarant CP > 0.05; Duncan'. multiple 
range test),. 

1* Moriaita's index 
st. Antoine Abbe' 

r • 
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fields was reduced. drastically by 74.4 per cent from the 1985 adult 

population. This steep decline in adult population could be attributed 

mainly to the below-normql temperatures prevailing during June and July 

1986. Dominique and Yule (1983b) mentioned that, based on air tempera

ture, 4?1 to 43~ degree days (DO) above the threshold level (9.7°C) are 

requ i red for the fi rst ec los i on of NCR eggs in southwest Quebec. They 

noted that, under normal weather conditions, the thermal requirements for 

hatching were usually met by the first week of June. In 1986, the thermal 

requirements for the eclosion of eggs were met only on 5 July 1986 

(Appendix 2). 'From the weather data collected at Ste. Clotilde (an 

agricultural research station .situated between the study fields) one 

mig~t expect that either the prolonged chill period affected the hat

chability of the eggs (Chiang 1965; Patel and Apple 1967; Dominique and 

Yule 1983b), or by the time larvae started to hatch (5 July 1986), the 

corn plants were old enough ta resist their attack or to provide adequate 

nutri t i on for them: 

Adult population trends during the study period are combined with 
o 

those observed earl ier by Matin and Yule (.l984b) at Pi-ke River in Fig. 

20. 
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FIGURE 20. NORTHERN CORN ROOTWORM ADULT POPUlATION 
TRENDS AT PIKE RIVER DU~ING 1979-1986 
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1v. MODEl FOR FACtORS AFFECTING ECONOMIC INJURY lEVEl 

An appropri ate anal ys i s of a 11 factors affect i ng NCR popul at; on, 

crop yield, ecosystem an~ marketing standards leads to the establishing 

of pract i ca l El l and ET, cons i dered to be bas ici n any pest management 

) program. Two main components affect the EIl and ET parameters: (a) corn 

economics (corn priees and management cost), and (b) crop loss per in

sect. Although these components are expressed through a simpl e formul a 

(Section III.A.3.ib; 'page 69), they depend on a number of complex inter

acting factors- (Fig. 21). 

a). Corn\Eeonom1cs 

Corn Priees. The market value of corn is one of the major components of 

EIl and ET. For this reason, market forces should be analysed to estimate 

expected returns from corn so that marginal revenue exceeds marginal cost 

(brea\even analysis). During, the six years between 1980-85, Canadian 

corn priees averaged $153/t (Anonymous 1986). However, during the 1986/87 

period, corn priees declined to an average of $115/t and the 1987 priees 
1 

are expected to drop even further to an average of $90/t (Fulton 1~86; 

Irvine 1986). The main reasons for this decline in, corn priees are: 

eeonomie policies (exports, imports and loans) and world competition, . , 

especially from the U',S., the LL{:. and Argentina (Fulton 1986; Irvine 

~1986). Tables 16 and 17 shows the effeets of corn priees on the fIL and 

ET. An updated analysis of corn priees should be made before any control 

deeision is undertaken. 
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Figure 21. ~odel for factors affecti~'economic in jury level. 
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1 Management Cast. Because chem1cal control of NCR 1s undertaken as a 

prophylactic measure during ~lanting time, with the same equipment as 

that used for seeding, the cost of control varies mainly according to the 
1 

type of insecticide employed. Tables 16 and 17 outlines the effect of 
, 

control cost on the EIL and ET. Another factor affecting ET is the ef-

ficiency of the insecticide (Tables 16 and 17). Therefore, in pest con

trol decision-making, consideration must be givel'! not only to~the co st 

of insecticide but also to the proper analysis (normative a~proach; Mum

ford and Norton 1984) of pesticide resistance, pest resurgence, effect 

on non-target organisms and the adaptation of micro-organisms for the 

rapid breakdown of insecticides, necessitating the rotation of these in-

secticides. 

b). Crop Loss Per Insect 

The density-damage relationship is the most complex factor in the 

determination of the EIL and ET. This relationship depends on interac

tions among a number of variables. Cold winter temperature is considered 

the key factor in the reduction of overwintering egg populations. Table 
,.f' 

12 and previous observations by Matin (1983) indicate that winter tem-

peratures in Quebec reduce egg populations by 78 and 63-87 per cent 

respectively. Moreover, Chiang et al. (1972) and Dominique (1983) report 

that overwintering eggs lost their viabil ity as temperatures decreased 

and duration of chill period increased. Degree days (DO) requ1red for 

e9g development are adversely affected by low spring temperature. It was 

obser~ed in 1986 (Appendix l, 2) that the DO requ1rement for egg develop-
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c ment.." was ful fi 11 ed one month 1 ate, early July rather than early June 
j ~ 

(Dominique 1983). ~n the other hand, low spring temperature and excessive 

ra i n can~-del ay the corn sowi ng date. Pendl eton d 979} reported that, in 

temperate corn-growing ar-eas, early planting is a key cultlH'al practice. :J 

It provides higher yields, ,shorter plants, longer days during the grain

filling period and a greater economic return from a given increment of 

nitrogen fertilizer than would Qfcur with corn planted later. Moreover, 

larval feeding has greater effect on more succulent roots, the result of 
• 

late planting, as opposed to wèll-established ;~oots from earlier plant-

ing. Another adverse effect of late planting is poor pollination due to 

adult feeding on fresher silks (Fig. 22), resulting i~ partially barren 

ears (Fig. 23). Varietal resistance and population intensity of insects 

and plants should also be considered in any evaluation of insect density

damage relationship. .. 

Severe i nfestat ion of NCR causes corn pl ants to lodge ,i n strong 

winds and storms (Palmer 1968). However, heavy rains, plowing and soil 
~ 

structure are other factors that affect pl ant 1 odgi ng. Another factor 

that may result in lodging is a deficiency of potassium (Mohr and Dickin

son 1979). For these reasons, lodging should not always be attributed 

solely to larval feeding without the se other factors being analysed a~ 

poss~ble contributors. Whatever the reasons, plant lodging itself con-.. : 
tributes to del ayed growth, thus causing the pl aflts to be out of cycl e 

i 
• 

and resulting in incomplete pollination {Palmer 1968l~~_ 

-. 
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Figure 22. Northern corn rootworm adult feeding on silks. 
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Figure 23. Partially barren ears, resulted from incomplete 

pollination, due to. adult feeding on silks . 
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1. INTRODUCTION 

/ 

Despite the problems of resistance, effects on non target orgaDisms 

and environmental pollution, pesticide use remains the main management 
/ 

strategy for pest control on corn in North America (Chiang 1978). Chemi-

cal insecticides are normally applied to corn in granular or liquid for

mulations. Granular insecticides are generally applied as a narrow band 

(15-18 cm) on the rowat planting time with,light incorporation into the 

soil. Liquid formulations can be applied at cultivation time, near the 

~base o~he corn plant and covered lightly with soil. 

In this parttcular study, susceptibility of NCR larvae to severat 

i nsect icides was assessed by direct contact, and in-sail bioassay. The 

efficacy of PP993 (a new soil pyrethroid insecticide), fonofos, and 

chlorpyrifos, were further tested in corn fields at different application 

ti'!les, placements and dosage (for pyrethroid only). Liquid formulations 

of fonofos MS (mi cro-encapsul ated) , and' di sulfoton lC were tested for 

their efficacy against NCR larvae at cultivation time. Res idues of 
" 

PP993, fonofos, and chlorpyrifos, applied as granules at planting time, 

were determined throughout the growing season. 

135 



; 

2. MATERIALS AND METHODS 

1. INSECTICIDE BIOASSAY 

Direct contact tox1c1ty. Susceptibilities of first-instar NCR larvae to 

eight soi1 insecticides were assessed using a Potter spray tower and the 

procedure described by Harris and Mazurek (1961). Insecticides used were 

technical grade with a mi nîmum of 92 per cent purity. The solvent used 

was a mixture of olive oil and acetone in a ratio of 1:19. Concentrai 

tions of 0.0001, 0.001, 0.01 and 0.1 per cent solution (w/v) were 

prepared for each insecticide. Three replicates of la larvae were' used 

for each concentration. larvae were pla~ed o~ moist filter paper in 9 cm 

petri di shes and sprayed with 5 ml of each concentrat i on. Checks were 

sprayed with solvent ,only. Roots of sprouting corn were added to each 

dish to serve as food for the larvae. Dishes were then sealed and placed 

in a dark incubator held at 23±20 C. Mortal ity counts, using reflex 

response to a probe, were made at 24 and 48 hours after treatment. 

So11 b10assay. Second instar NCR larvae were used as the test stage for 

this study. The rearing technique was slightly mod1f1ed from that used 

by Dominique (1983). Approximately 2500 NCR eggs were 1ncubated in 

timbroR multi-we1l plates fi11ed with dist111ed, ster111zed water and 

held in a dark incubator at 23±20 C until hatching occurred. Newly-hatched 

larvae were transferred to rootlets of sprout1ng corn 1n 9 cm plastic 

petri d1shes 11ned with moist f11ter paper. Fresh rootlets were added as 

/' 
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required.- The dishes were sealed tightly and placed in a dark incubator 
o , 

held at 23±2oC. Seven-day-old second instar larvae were used in 1his as-

say. 

) 

Assays were conducted using sieved (No. 1 mesh) clay-loam soil col

l ected from an Ormstown cornfi el d. The procedure for the soil bi oassay .. 
has been described by Harris and Mazurek (1966) and S~tter (1982). Five , 

concentrations (0, 1, 2, 4.and 8 ppm) of six ins~cticides were prepared 

in soil for each bioassay. The solvent used was a mixture of pentane and 
" 

acetone in a ratio of 1:1. The insecticides were pipetted on to the sur

face of 50 9 of oven-dried soil held in 400 mL glass jars and tumbled 

for five minutes. The jars were allowed to ventilate for one hour to 

evaporate off the solvent mixture. The sail moi sture content was ad

justed ta 10 per cent by weight and ten l arvae were added ancf' i ncor

porated into the soil by shaking the jar. Each treatment was repeated a 

minimum of two tirnes. Mortality counts using a reflex response to a 

probe were taken at 24, and 48 hours after treatment. 

1 

Corrections for· natural mortality were calcul~ted· using Abbott's 

formula (Abbott 1925). LOSO, fiducial l imits and Chi-square values were 

calculated for each insecticide. Significance of difference between el 

probit lines were determined using the analysis of covariance as reported 
n 

by Zar (1984). A chi-square test (Finney 1971; Hubert 1984) was 4sed to 

test the fitness of the probit lines. - -, 

\ 
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11. FIELD TESTS OF INSECTICIDES AGAINST NCR IN SOUTHNEST QUEBEC 

CORNFIELDS 
~ 

~ a). Insecticide Trial s At Planting Time 

Field tests were carried out in cornfields at Pike River ~nd 

Ormstown in the summer of 1985 to evaluate, the efficacy of PP993 (2, 3, 

5, 6-tetrafluoro-4-methylbenzyl ~-3-[Zr2-chloro-3,3,3-trifluoroprop-l

enyl]-2,2-dimethylcyclopropa~e-carboxylate) a new soil pyrethroid insec

ticide, fonofos and chlorpyrifos against NCR larvae. The study fields 

were most~y clay loams and had a history of high NCR infestation (ca. 

seven adults/plant in 1984). Carbofuran had been applied at Pike River in 

1977, but since that time neither field had been treated with insec-

ticide. 

Granul ar formulations of PP993 (IG) and fonofos (as Dayfonat~ 20G) 
,J 

were applied, respectively, at the rate of 11.2 g/10 m row and 5.6 g/10 

m row at Pike River. Chlorpyrifos (as lorsba~15G), applied at the r:te ,0 

of 7.5 g/10 m was inc1uded in the experiment at O.rmstown. Insecticides 

were appl ied using a hand-held appl icator. This device was constructed 

of a 100 ml plastic bottle with a lower valve fitted to the top of a me-

tal household dust pan designed to spread insecticide granules ovèr an 

18 cm-wide band of soi1. 

Corn hybrids Pionee~ 3994 and 3925 were pl~nted at P1ke River anq 
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Ormstown respectively. Each test plot con~isted ef_one/row of corn 10 m 

long collectively arranged' in a 'RCBD. An untreated row planted with 

corn was included between each plot. Each block, consisting of 12 and 16 

treatment. combinations, included a check (without insecticide) repeated 
• 

three and four times respectively at Pike River and Ormstown. Insec-
e 

ticides were appl ied in the furrow at two depths: at seed level (7 cm) 

and above seed level (3 cm). A shovel was used to m~e a 20 cm wide fur

row at the designated depths to allow for insecticide application in an 

°18 cm band. The check plot was treated similarly but no insecticide was 

applie~. The first set of treatments was applied at th'e usual planting 
o / 

time on 10 and 13 May; the second set at NCR egg hatching time on 2 a~d 3 

June (Dominique 1983), at Pike River and O~stown respectively. 

An assessment was made of the effiéacy of various insecticides and 

methods of app'ication by larval counting from plant root samples, root' 

damage rating, and grain yield. Three corn plants from each subplot were 
6 

selected at random on 21 and 23 JUly for 1arval counts. The plants were 

cut down at ground level and a sail sample of 20 x 20 cm~ with the ba~e 

of the plant at its centre ~nd 10 cm deep, was dug out. Soil samples were 

brought to the laboratory in plastie bags and were stored in a cold rôom 

at SoC pending examination. Samples were examined visually for NCR larvae 

following the method described in page 101, and damage ta plant roots was 

rated using the Hills and Peters (1971) method. Fort y plants from each 

"'subplot were hand':harvested, dried at 6SoC until a constant~ weight was 

obtained, shell~d and grain weight recorded. 
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The percent age l~rval control resulting from each insecticide. 

treatment was determined. Economie thresholds for larval stages of NCR 

were calculated using information obtained from this experiment. The 

data were ~nalysed using'the analysis of variance procedure (ANOVA) and 

the general l inear model procedure (GLM) of the Statistical Analysis 

System (SAS Institute 1979). Duncan's mult,iple range test was used to 

determine significance Qf differences between treatment means. 

b). Field Dosag,e Tests of Insectic1des 

A field test was undertaken at Pike River to evaluate the efftcacy 

of PP993 (lG) applied at different dosages, fonofos (as Dyfonatem 20G) 

and fonofos MS (micro-encapsulated), applied at manufacturers recommended 

dosage, to control NCR 1 arvae. The test fi eld was mostly clay 10am and 
, 

, the farmer reported a high NCR infestation during 'the previous summer. 

The test field was planted with Pi~neerCb 3994 corn hybrid on 4 May, 

1986. 

One day after seedi ng at a depth of 7 ç:m, granul ar fôrmùl at ions 

were applied in an 18 cm-wide band'at 3 cm deep wi~h the custom hand ap
~ 
plicator (Fig. c 26). PP993 (IG) was applied 1n three dosages rates, 8" 

1 

11.2 and 14 9/10 m row, and fonofos (as DyfonateO 20G) at the rate of 
~ 

5.6 g/IO m row. Fonofos MS (micro-encapsulated)" was sprayed with a hand 

garden sprayer at the rate of 2.5 mL/IO m of row. Th1 s wts done on 3 

June, 1985, wh1ch was the beginning of the egg hatch1ng per10d. The 

fonofps MS was sprayed around the base of the young corn plants 1n a band 

.' 
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approximately 30 c~wide. ~ shovel and rake \iiere used respectively te 
,,' 

incorporate both granular and liquid formulations of insecticides into. 

the soil. 

A randomized complete block design with 10 replic~tions and six 

treatment combinations, including a non-treated check, was used for this 

experiment. Each subplot consisted of two rows 10 m long; with a b~ffer 

zone made up of two untreated ~ows left between each subplot. 
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c). Insecticide Trial at Cult1vation Time 

An experiment was conducted at Pi ke River to assess the effi cacy 

of liquid formulations of insecticide to control NCR larvae, when ap

plied during the egg-hatching period. The test field had been in con

tinuous corn since 1973 (ie. no rotation) and had a history of high NCR 

infestation during the summer of 1985. Hybrid grain corn Pion~erR 3994 

was plant'ed at 75 cm row spacings on 1 May and cultivated 1 June, 1986. 

Fonofos MS (mi cro-encapsul ated) and di sulfoton lC were sprayed one day 

after cultivation, using a hand garden sprayer, at rates of 2.5 ml/ID m 

of row and 1.5 ml/ID m of row, respect i vely, in a 30 cm wi de band at 

the base of the plants. A rake was u,sed ta i ncorporate the i nsect ici de 

into the soil. The time of insecticide appl\cation was chosen' to coincide 

with the period of egg eclosion of N<:R 'in southwest Quebec cornfields 

(Dominique 1983). The subplots consisted of two rows 10 m long. Two 

buffer rows were planted to corn between each subplot. The two insec-
1 

ticides and the untreated check were arranged in a randomized complete 

black design with eight replications. 

The efficacy of the insecticides was assessed'through larval count

ing, root damage rating, and determination of plant height, stem circum-
, 

fersnce and grain yield. On 8 ,July, 1986, three plants were selected at 

random for larval counts and root damage rating. The plants were eut 

down at ground l eve land Quadrat soil samp l es of 20 x 20 cm wi th the 
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plant base at its centre and 15 cm deep were dug out. Soil 

examined visually as described in section 111.8.2.1i, for larval 

pr~ence, and root system damage was rated (Hi 11 sand Peters 1971). On 

21 and 26 September, 1986, 25 randomly-selected plants were hand har

vested after plant height and stem circumference at the first base noie 
above ground level were measured. The ears were dried at 650 C until a 

constant weight was obtained, then shelled and kernel weight recorded. 
~ ------ ., 

• 
The data were analysed by AN9VA and GLM procedures of the Statis-

tical Analysis System (SAS Institute 1979). Duncan's multiple range test 

was used to determi ne s igni ficance of di fferences between the treatment 

means. 

l' J 
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111. INSECTICIDE RESIDUES INVESTIGATIONS 

Residue levels of various granular insecticides in soils ~ere 

s tud i e~ ion the s u","er a f 1985 • t the Ormst awn( çarn fie l d ta det e rm i ne if 

chemicals applied at seeding time persisted through the period when NCR 
-

larvae were active in the field. The study field had been in continuous 

corn since 1972 and, from that time,--no--+nsecti-C+de-irad been-lIsed. The---

sotl was clay loam type and had,a pH of 5.8. 

.. PP993 (lG), fonofos (as Dyfonate~ 20G) and chlorpyrifos (as 

LorsbanR 15G) were mixed tnto the soil at planting time with a hand ap

plicator, as described in page 153. The application was made in an 18 cm 

band at 3 cm deep and at an average rate of Il.2, 5. ô and 7.5 gl 10 m of 

row, respectively. The experimental area consisted of two block~, wi(h 

each block divided into three subplots. The treatment insecticides were 

randomized within each block. Each subplot consisted of a 10 m row 

planted with Pionéer® 3994 corn hybrid on 10 May, 1985. An untreated 
, . 

row was ~lanted ta corn between each subplot: 

So11 Sampl1ng. Six randomly-selected sail cores, 10 cm deep and 5 cm in 

diameter, were removed with a golf "CUP cutter from each treatment plot 

and mixed together in groups. Sampling was done immediately after ap

plication then at 4, 8, 12 and 23 weeks later. Composite samples from 

each treatment were brought.to the laboratory in plastic bags and stored 
~ / 

in a deep freeze at -20°C pending analysis. Samples were th~n tha~ 

~ -... 
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~nd mixed thoroughly in a home cement mixer and passed through a No.15 
) 

sieve for chemical ana1ysis and mois,ture determination. Soil moisture 

for each subsamp1e was determined by oven-drying of 10 9 at 10SoC until a 

constant weight was obtained (Mathur ,et al. 1975). 

Extraction of soils. A slight modification to the procédure of Be1anger 
- -

and Hami1ton (1979) for extracting insecticides from soils was used in 

Ulis experiment. That is, samples were process.ed in their 'as sampled' • 

fi eld-moi sture state rather than after oven-drying. Three moi st sub-
• 

sample equivalent to 10 9 of aven-dry soil from each insecticide treat-

ment, taken at every sampl ing date, were we i ghed i nto 50 ml fl as ks 

fitted wi~h a teflon-lined stopper. Thfrty ml of a mixture of 1:1 

acetone:hexane (v/v) of high purity chromatography grade was added ta the 

soil samp1e, which was then agitated vigorously on a mechanical shaker 

(or two hours. The flask contents were then transferred to a 40 x 150 mm 

centrifuge tube fitted with a teflon-lined screw cap. The soi1 suspension 

was centrifuged in a Sorvall R 1aboratory centrifuge, at 2000 rpm for 5 

mi n. to separate the organic sol ution from' the soil residue. Each soil 

samp1e was re-extracted three more times with 25 ml of the same solvent 

mixture. The combined supernatants were washed with 150 ml distilled 

water in a 500 ml separatory funnel ta remove the 
~ 1 

~cetone . The hexane 

solution remaining was dried o't/er sodium sul f\té in a 22 i .d. x 400 mm 

long (234 ml) Chromaf1exR column. The dried extract solution was col-
- . 

1 ected in a 50 ml cali brated f1 ask and made up to the mark wi th hexane. 
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Extraction efficiencies of the methods were measured by adding 10 

) ppm of each insecticide in granular formulation to an untreated soil 

, sample obtained from the same field and allowing it to stand (at ro?m 

temperature for one hour before extraction. The samples were then 

processed as described above and the per cent recovery of the insec

ticide added was calculated. 

Residue Analysis. A Varian® model 3700 gas"'cnromatograph fitted with a 
• 

Ni 63 electron capture det.ector and a Hewleft PackarJID integrator '(model 

3390A) were used for analyzing ilecticide residues. The glass. column, 

1.22 m long x 2 mm iod., was packed with Chromosorb W, 100-120 mesh 

coated with three per cent DV-17. Operating conditions are given in Table 

18. Under these condi t ions, retent i on t imes for fonôfos, PP993 and 

chlorpyrifos were 4.1,3.5 and 3.9 min., respectively. 

The recovery of insecticide residue in a particular 4tample was 

determi ned by compari ng peak hei ghts and areas with those of reference 
- 0 

standards of known concentration. All samples were analysed three times 

and -average values based on ovet'l-dry soil weights were reported. The 

result~ obta i ned from soi l samp les were not corrected for recovery. 

Residues found on each sampling date are presented in graph form, and the 

data were analysed statistically to determine means and their standard 

errors. 

r 
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TABLE l~ 

Ope rat i n 9 con d it i 0 Il S for 9 a s c h rom a t 0 9 r a phi c a n a 1 y cS i s 0 f 

PP993, fonofos and chlorpyrifos. 

Column Glass, 1.22 m x 2mm i.d. 

Column packing 

material 

3 per cent aV-17 on Chrom

osorb W, 100-120 mesh 

Column Temp. for: 

fonofos and PP993 250°C 

chlorpyr-ifos 270°C 

Injector Temp. 250°C 

Detector Temp. 300°C 

Nitrogen carrier gas flow-rate 50 ml/min. 

Volume injected, 1 ul 
f 
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1 3. RESULTS AND DISCUSSION 

i. INSECTICIDE BIOASSAY 

Direct-Contact Toxicity. Mortalities observed 48 hours post-treatment 

were too high to allow calculation of LD50's, so that analysis of the 

results was restricted to 24-hour mortal Hies. The responses of first

instar NCR larvae to eight contact insectici~es are given in Table 19. 

Chi-square analysis (Finney 1971; Hubert 1984) indicated that the calcu

lated probit lines of all insecticides adequately fit the data. An 

a,lYSiS of covaria.nce (Zar 1984) on the probit regression lines indi

cated no significant difference (p > 0.05) between slopes. However, the 

LDSO value of PP993 was significantly different (p = 0.05) from the 

LD50's of isofenphos, carbofuran, chlorpyrifos, and disulfoton as 

evaluated by the non-overlapping 95 per cent fiducial limits (Table 19). 

Comparison of LDsO's showed mortality responses of first-in~ar NCR 

larvae varied by a factor of 4 between the most, toxic insecticide, 

PP993, and the least toxic, isofenphos. Terbufos was the second most 

toxic compound, less toxic than PP993 by a factor of 1.5. The approximate 

order of effectiveness based on L050 values is as follows: PP993, ter-

bufos, fensul fothi on, fonofos, ch 1 orpyrifos, carbofuran, di sul foton, and 

i sofenphos. 

Soil B1oassay. The responses of second-instar NCR larvae to a range of' 
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TABLE 19 

RESULTS OF~PICAL APPLICATION OF EIGHT INSECTICIDES TO 
FIRST-IN TAR NCR LARVAE USING A POTTER SPRAY TOWER 

1 

Insecticide LD50 95% Fiducial Limits Slope -x.'J. 
(ppm) (ppm) 

Lower UPl?er 

isofenphos 14.200 b 7.700 - 25.970 1.121 1.479 

carbofuran 11.005 b 6.759 - 17.919 1. 609 0.223 

chlorpyrifos 10.335 b 6.229 - 17.146 1.491 0.037 

fensulfothion 5.965 ab 3.400 - 10.422 1. 306 0.419 

disulfoton 11.944 b 6.835 - 20.872 1. 266 0.499 

fonofos 6.563 ab 3.368 - 12.879 0.993 0.327 

PP993 3.350 a 1.940 - 5.797 1.412 0.382 
/ 

terbufos 4.780 ab 2.800 - 8.135 1.450 0.639 

LD50's followed by the same letter are not significantly 
different CP > 0.05), based on non-overlapping 95% fiduc
ial limita. 

o 
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insecticide concentrations in soil (ppm) are presented in Table 20. 

There is no significant difference (p a 0.05) between the slopes of the 

probit regression lines as determined by the analysis of covariance (Zar 

1984). Chi-square analyses (Finney 1971, Hubert 1984) indicates that the 

probit regression lines of a11 insecticides adequately fit the data. 

The L050 values of the test insecticides were not significant1y different 

(p > 0.05) as eva1uated by the non-over1apping fiducial 1imits (Table 

20). 

Based on LOSO values (Table 20), PP993 was the most toxic compound 

and fensu1 fothion the least. Terbufos was the second-most toxic insec-

t i ci de, fa 11 owed by ch l orpyrifos. Fonafos ranked number four in perfor

mance against second- instar larvae. 

\ 
Both PP993 and terbufos were very effect i ve contact i nsect ici des 

and perhaps fumigants. Fensulfothion was sl ightly 1ess toxic than ter

bufos as a contact insecticide, whereas, when tested in soil, it gave the 

poorest performance. J Fonofos was found to be slight1y more effective 
! 

\ 
than c~rbofuran both 'as a contact insecticide and as a fumigant. Lew and 

S~tter (1985) reported 0.04 ppm as LD50 for terbufos against third-instar 
6i 

NCR larvae, whereas in this test 0.5 ppm was observed as LD50 for ter-

bufos against secopd-instar NCR 1arvae. Harris (1966), using severa1 i~ 

secticides in different types of soi1s, concluded that the inherent ac 

tivity of most insecticides increased in so11s containing a reduced 

amount of clay and organic matter in proportion to sand cdnten't. This 
1 
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TABLE 20 

L050'S'OF SIX INSECTICIDES TO SECONED-INSTARjNCR 
EXPRESSED AS CONCENTRATIONS IN SOIL (PPM) ... 

Insecticide L050 95% fiducial limits Slope 
(ppm) (ppm) 

lower upper 

fonofos 0.88~ ab 0.696 - 1.120 3.446 

carbofuran 0.920 ab 0.689 - 1. 227 2.337 

~fothion i.253 b 
" 

1. 0:1:8 - 1. 541 2.716 

terbufos 0.497 a 0.289 - 0.855 2.397 

chlorpyrifos 0.661 a -0.431 - 1. Ol5 1.962 

PP993 0.197 a 0.036, - 0.969 1.658 

LARVAE, 

0.406 

0.677 

1.367 

0.282 

0.532 

0.849 

LD50's followed by the same letter are not significantly 
different (p > 0.05), based on non-over.lapping 95% fidu
cial limits~ 

( 
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might be one of the reasons for the discrepancy between the L050 values 

of terbufos observed in th i s test and that ,.repo,rted by Lew and Sut ter 

(~85). In these two tests. terbufos was the most toxi c compound among - J 

the selection of organophoc;phorus and carbamate insecticides used. A 

similar result for-terbufos effectiveness was reported by Sut ter (1982); 

Lew and Sutter (1985); Ontario Ministry of Agricultur~ (1985). 

from a practical point of view, it is important to relate the 

toxicity observed in this laboratory bioassay to the resi~uês apparently 

present during the peak larval hatch in cornfields. As shown in page 179, 

residues of 0.27, 3.43 and 2.65 ppm were observed 12 weeks after ap~ 

~ 1 plication for PP993, fonofos and chlorpyrifos respectively. Ahmad et a~. 

(1979} reported residues in cornfields· during larval hatch as follows' (in 

ppm): 5 for carbofuran; 3 for fonofos; 2.5 for ch 1 orpyrifos; 0.8 for 

phorate; and 0.4 for terbufos. These residues are far greater than the 

LDSO values observed "in the present bioassay. Our results suggested that 

application rates of chemicals suchLas carbofuran, fonofos and chlor-

pyrifos could be reduced to levels that yielded residues capable of caus

ing ca. 95 per cent larval mortality. However, other factors that might 
.. 

reduce the potential toxicity of these chemicals, such as moisture, soil 

type, micro-organisms and de.veloping resistance, as reported by Harris 

(1972), shbuld bè considered 1n optlmizing the rate of application. 
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11. FIELD TESTS OF INSECTICIDES AGAINST NCR IN SOUTHWEST QUEBEC 
p 

CORNFIELDS 

a). Insecticide Trials at Planting Time 

/ 

The results given in Table II summarize the analysis of var;:iance 

procedure for thé dependent variable, corn yield. The results given in 
....-

Table 21 show that yield remains unaffected by insecticide placement. The 

table also indicates that there ~no significant interaction between 
, 'f 

either treatment * placement, treatment * time, or placement * time. 

However, time of application greatly affected corn yield at both loca

tions (F value = 748.74 and 204.15, respectively, at Ormstown and Pike 
, " 

River cornfiélds)'. This effect resulted in highly significant (p = 

0.0035) yield reduction between different treatments. For this reason the 

treatments were further analysed separately at each time of applic~ti~n 

(Table 22). Analysis of the data at each time of application showed no 

significant differen~e in grain yield betwee~reatments at both fields. 
\ 

However, both root damage ratings and larval density were highly af-

~-fected by the insecticide treatments. 

The results of ~uncan's multiple range test are given in Tables 23 
<, 

and 24, respectively for Ormstown and Pike River cornfield trials in 

1985. There wa's no significant difference in yield between different 

treatments and the check plot at the OrmstQwn cornfield, whereas PP993 
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,TABLE 21 

ANALYSIS OF VARIANCE PROCEDURE FOR THE DEPENDENT VARIABLE, 
YIELD, OBTAINED FROM INSECTICIDE TRIALS EXPERIMENT IN 1985 • 

Ca) Ormstown Field 

- - -Sour-ce- ~- - -- DF F Value PR > F C.V. 

Mqde1 15 
Treatment 3 
Placement ,1 
Time 1 
Blacks 3 
Treatment*Placement 3 
Treatmenb*Time 3 
P1acement*Timè 1 

15~ 
'0 

,1 . 

53.01 
4.95 
0.21 

748.74 
10.08 

0.07 
0.21 
0t! 20 

t' 

O.~ 
0.004-5** 

-0.6511 
'0.0001** , 
0.0001** 
0.977! • 
0.8904 
0.6600 

6.2348 

" 
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TABLE 22 
'-

ANALYSIS OF VARIANCE PROCEDURE FOR THE DEPENDENT VARIABLES, 
YIELD, LARVAE AND ROOT DAMAGE RATINGS,FOR FIELD 

INSECTICIDE TRIALS (1985) 

( a) o~stown field 

\ 

Insecticide Dependent Sou-rce OF F Value 'PR > F 
appl. date variable 

c' 

13 May 1985 Yield Treatment 7 1.64 0.1709 
Larvae 

A " 7 . 1.0.36 O.OOOl*j 
Root D.R. ~" 7 10.81 0.0001** 

t 
3 June 1985 Yield Treatment 7 0.9401 

Larvae 
A " 7 O.DO~_ 

Root D.R. " 7 0.0026** 

, 
(b) Pike niver field 

Insecticide -Dependent Source OF . F Value. PR )0 F 
appl. date variable 

1.0 May 1985 Yield Treatment 5 2.48 0.0918 
Larvae " 5 10.89 0.0001** 

A 

O.OOlr** Root'D.R. " 5 5.22 

. 
2 June 1985 Yield Treatment 5 0.58 0.7163 

Larvae " 5 5.90 0.0004** 
A 

0.0001** Root D.R • " 5 8.61 

• * siqnificant at p - 0.01 \ A Root damaqe.ratinq 
J • 
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TABLE 23 
. 

MEAN YIELD, LARVAL POPULATION AND ROOT DAMAGE RATINGS 
FOR ORMS~O~ INSECTICIDE TRIALS (1985) 

Treatment Date ~ 

Granula]; 
insect
icide 

PP993 
(lG) 

fonofoJ 
(Dyfonate 
20G) 

Depth of 
applic
ation 

3 
'7 

3' 
7 

chlorpy- 3 
rifos 7 
'(Lorsban 15G) 

10 May 1,i85 

Yield/ 
plot 
(cm) 

6056a 3.4a 
5937a 3.7a . 

5973a 4.7a 
5972a 4.3a 

, 
5891a 
5743a 

7.0a 
6.2a 

21 May 1985 

of 

Root" Yield/ 
D.R. plot. 

Lar1/- Root 
plant D.R. 

l. 6a 3902a 
l. 6a 3·865a 

1. 7a 3864a 
1. 8a 3894a 

(g) 

3.8a 
3.9a 

3.0a 
3.1a 

2.3a j746a 4.3a 
2.2a 38088: '4.2a 

l.9a 
l.8a 

l.7a 
l.8a 

2.0a 
2.0a 

Control 5560a 14'.8b '3. 3b 3599a 13. 6b 3.1b 

Q • 

,Means followed by the same letter in the same column' are not 
significantly different ( p > OC05; Duncan's multiple range 
test) • 

~ Larvae 
Root damage rating 

't 

156 \ 

J 

1\ 



c 

c 
,-

..... 

0" 
TABLE 24 

; 

MEAN YIELD 1 LARVAL POPULATION AND ROOT DAMAGE RATINGS 
~ PIKE RIVER INSECTICIDE TRIALS (1985) 

.J; 

Treatment 10 May 1985 21 May 1985 
date 

Granular Depth Yi~ld Larvae Root", Yield Larvae Root" 
jplot insect- of appl jplot jplant D.R. jplant D.R. 

icide -cation (g) (g) 
1/} 

(cm) 

PP993 3 5475a 3.8a 1.6a 4281a 4.4a l.7a 
(lG) 7 5407ab 3.6a 1.7a ... 4256a 4.9a l.8a 

l~ fonofos 3 / 5394ab 4.0a 1.9a 4238a 3.8a 
(Dyfonate 20G) 7 5455a 3.8a 1.9a 4311a 3.6a l.6a 

" , 

Control 5141b 13. Ob 3.1b 3984~ 13.7b .4b 

Means followed by the same letter in the same column are not 
significantlYcdifferent ( p > ~.05; Duncan's multiple range 
~est) • 

Root damage rating 
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(lG) and fonofos (as Dyfonate@ 20G), appl ied during pl ant ing t ime at 

Pike River, at 3 and 7 cm deep, respectively, sho~ed a significant dif~ 

ference in yield from the nontreated check plots. At the normal applica-
\ 

t ion t i me, PP993 'i ncreased corn yi el d by 7.8 and 5.8 per -cent, respec

tively, at Ormstown and Pike River cor~fields, whèreas fonofos increased 

corn yield by 7.4 and 5.5 per cent, respectively. Chlorpyrifos increased 

corn yield by ~.6 per cent. 

larval density and root damage ratings at plots treated with in-
4 ' 

secticides were significantly different from the non-treated checks at 
o 

both application times (Tables 23 and 24). Whel) l:f1secticides were ap- . 

plied at the normal applïcation time at Ormstown and Pike River 

cornfields, PP993 caused a 76 and 71.5 per cent reduction, respectively, 

in larval population, whereas fonofos and chlorpyrifos caused 70 and 67 

per cent reduction, respectively. 

The highly significant difference in yield between~ the two ap

plication times could be attributed mainly to unconnected biological fac-
'Ii' / 

tors rather than being a result Qf insecticide ~pplication dates. The 

main reason for yield reduction when- application time oc~urred later'was 

1" the" adversé ~ffect on pollination caused by adult feeding on the fresher 

sil ks. The other bi 0 l ogi ca 1 reason for lower yield might be the fact . ' 

that, as reported by Pende l ton (1979), early planting is a key cu ltura 1 

'" practice in temperate corn growing areas. It provides higher yields, 

shorter plants, str'!.n~er plants, earlier, shading o.f the soil to help 
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reduce evaporat ion, longer days duri ng ; the grain -fi Hi ng peri od, and a 

greater economi c return from a gi ven i ncrement of ni trogen fert il i ~er 

than would occur with corn planted 'later. 

The lack of interaction between placement and in~ecticide treat

ments (F value • 0.07 - 0.48; Table 21) indicates that it made no dif

ference wbere the PP993;! fonofos or chlorpyrifos was applied, whether at . 
the seed 1 eve l or above the seed l eve l, i. e. in front of the planter. 

press whee i or beh i nd it. However, Erbach and J.,? 11 efso" (1983) reported 
" ' 

that granular insecticides applied in front of the planter press wheel 

provide the greatest amount of incorporation. 

( 

PP993 was very competitiVe with fonofos and chlorpyrifos in its 

effectiveness against NCR 1arvae. These ~esults were in ge~ra1 agreement 

with 01eson and Tol1efson (1985) who found that PP993 worked as wel1 as 

terbufos and fonofos and both are sl ight1y more effective than ch1 or- ~ 
(.' 

pyrifos. dst 1 i e (1985) al so confi rmed that PP993 performed as we 11 as 

terbufos and 'both ranked ahead' of fonofos and chl onpyrifos. "An Ontari 0 

Ministry of Agriculture report (,1985) stated that fonofos performed bet-

ter than' ~hlorpyrifos in contro11ing rootworms. The poorer performance of 

chlorpyrifos might be attributed to the findings of Tashiro and Kuhr 
~' 

(1978) that, as the moisture increases, the volatility of chlorpyrifos 

fs reduced, resulting in less toxicity to insects. 

, 
All insecticide treatments were superior to the untreated ~ontrols 
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~ for every measurement of efficacy except yield. Among these measurements 

of efficacy, larval d\nsity "and root damage ratings were the}best means 

for .evaluating inseeticlde performance. These results agreed with those 
~ 

.. of Mayo (1986) who report.ed that yield differences must exceed 30 to 

.. 

~2.5 bushels per ha before before statistically significant differences 

can be detected. For this reason, he reportea that root damage ratings 
,.. 

, or root·pull resistance measurements are the best criteri~ for comparing 

insecticide efficacy. 

" 

The resul'ts of this investig"ation suggest the feasibility of using 
" If 

PP993 for NCR control. It could be used as a novel class of insecticide 

(pyrethroid), ta be rotated with other commonly used sail insecticides, 
l ,--"-

and in' conj unct ion with crop 'rotat ion, to he l p ma. res i stance ' 

problems. However, many more tests would be needed ta meet the registra· 

tion requirements of Agriculture Ca,nada before becoming available for 

operational use . 

, , 
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b). Field Dosage Tests of Insecticides 

The results of the analysis of variance proc~dure for these tests 

are given in Table 25. larval density and root damage ratings were 
, 

highly affected by the treatment (F value- 13.42 and 5.61 respectively). 

None of the other measurement cri teri a were affected by the treatment. J 

Plant hei.ght was the only measurement criterion affected by blacks. The 
" . 

results of Duncan's multiple range test of the means of all variables are 
. 

given in Table 26. The table indicates that, except for larval popula-

tion, thère was no significant difference injneasurement criteria between 

plots treated wlth insecticides and the untreated controls. Th~re was no( 

significant difference in measurement criteria between the three dosages '. 
of PP993 (Table 25). However, a sl ightly larger numbèr of larvae and 

higher root damage rating were observed with the lower dosage (8 g/10 m 

of row). Fonofos MS performed almost as 'well as fonofos as DyfonateR 

20G. In terms of reducing the larval population, the insecticides were 

ranked in descending arder of effectiveness as follows: PP993 1G (14 

'y 6 g/10 m of row); . PP993.1G (11.2 g/10 m of row) and fonofos as 

.0" Dy'fonateR20G; (5.6 g/10 m of row); PP993 1 G (8 g/10 m of row) and 

fonofos MS (2.5 ml/iO m of row). 

• 

The po or performance of "the insecticide treatments over the 

untreated controls, ~specially in grain yield, may be attributed to the 
~ ( 

small larval infestation that occured perhaps as a result of low tempera-
1 

tures during June and,July 1986 (Appendix 2). Dominique and Yule (1983a) 

observed that"1 June usu'ally coincides with the requirèd degree days 

, (431) needed. for the first eclosion of NCR eggs. Hôwever, fn 1986, the' 

~61 
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required number of degree days for the first aclosion of eggs was -only 

met during the first week of July (Appendix 2). Moreover, the prolonged 

period of chill that occurred in 1986 before egg hatching began is likely 

to have affected the viablity of the eggs (Chian'g 1965; Patel and Apple 

1967; and Dominique and Yule 1983b). 

Larval density was apparently the most sensitive criterion of 

treatment effects (F value ,= 13.42). This suggested that at low larval 

density, larval counts from plant roots are superior to root damage 
~ 

ratings as a measurement of insecticide efficacy. Root damage ratings 

were less sensitive than larval count~ because extensive root damage was 

not exerted by low larval population density. 

The results of this investigation (Table 26) did not indicate any 

signifi cant di ff~rence between dosages of PP993 or any of the other 
f/ 

treatments. However, as reported by Metcalf (1980), low rates of pes-

ticide application are regarded as dTle of the main principles of pes: 

ticide management. Lower rates of pesticides are more ecologically sounQ 

1 thattl they have 1 ess effect on the pests' natura l enemi es, thus he l p

i ng to de lay pest, or secondary pest resurgence. Moreover, low rates 

reduce control co st and, help delay the establishment of pest resistance 

by reducing the genetically selective pressure for the resistance. The 

use of low rates conforms to the "dirty field" QI' "pest residue" concept 

of pest management. This stresses the importance of leaving substantial 
~-------:- - ' 

numbers of living "target pest species as host material for conserving or 

increasing the natural enemy population. 
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TABLE 25 

ANALYSIS OF VARIANCE PROCEDURE FOR INSECTICIDE 
DOSAGE EXPERIMENT AT PIn ~IVl!:R ( 1986) 

Dependent variable Source 

Larvae Treatment . block -

Plant height Treatment 
block 

stem ci~cumference Treatment .. 
block 

Grain yield Tr.eatment 
block 

Root damage Treatment 
ratinq block . 

** siqnificant at p - 0.01 

• • • 
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OF F Value 

5 Ç·13.42 
9 0.90 

5 1.46 
9 . 14.46 

5 0.33 
9 "1.21 

5 1.01 
9 1. 33 

5 5.61 
9 0.85 

PR > F 

0.0001** 
0.5258 

0.2135 
0.0001** 

0.8571 
' 0.2852 

0.4254\ 
0.2499 

0.0001** 
0.5683 

... 
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TABLE 26 

MEAN LARVAL DENSITY, PLANT HEIGHT, STEM CIRCUMFEREUCE, YIELD, 
AND ROOT DAMAGE RATINGS, OF INSECTICIDES DOSAGE 

EXPERIMENT AT PIKE RIVER (1986) 

Treatment 

l' 

PP993 IG 
(8g) • 

?P993 IG 
(11. 2g). 

PP993 IG 
(14g). 

La rva e/ 
Sample 

0.7a 

0.4a 

0.3a 

fonofos 0.4a 
(Dyfonate 20G; . 
5.6g). 

fonofos MS O.Sa 
('2.5 mL). 

Control 2.1b 

Height, Circumfer
. (cm) ece (cm) 

215a 7.3a 

214a 7.4a 

217a 7.4a 

216a 7.5a 

217a 7.3a 

2l7a 7.5a 

Yield/ 
plot (g) 

2842a 

2880a 

2824a 

2955a 

" 
2797a 

2877a 

Root D.R 

1.l0ar'" . 

1.03a 

1.03a 

1.03a . ' 
1. O?a , 

1. Sa 

Means followed by the same letter in the same column are not 
significaQtly different ( p > 0.05; Duncan's multiple range 
test) • 

~ Dosage of granular insecticide per 10 m row 
Root damage rating 

ARoot damage rating 

, -

.' 
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c) .. Insecticide Trials at Cult1vat1on Time 

The data in Table 27 summarize the results of the analysis of 

variance procedure .of fonofos M<S and disulfoton LC appl ied at cu'ltivation 
, \ 

time. The results indicate that larval counts from plant roots and root 

damage ratings were greatly affected by the insecticide treatment. Stem 

circumference was significantly affected (p • 0.0271) by the treatment. 
, 

Pla'nt height and grain yield remained unaffected by the treatment. 

The results given in Table 28 show that plants treated with fonofos 

MS and disulfoton LC did not sigOificantly differ from each other in lar

va 1 dens i ty or root damage rat i ngs, but both measurements di ffer sig

nificantly from untreated control s. Fonofos MS caused a 61 per cent 
, 

reduction in larval population, whereas disulfoton LC caused a 45 p~ 

tent reduction. S~em circumference for disulfoton-treated plots was sig

nificantly less than eHher fonofos treated plots or control plots 

without insecticide. Neither plant hight nor grain yield showed any sig-
1 1_ 

, 

nificant difference among the different treatments. However, fonofos MS 
~ ft 

was apparently superior to disulfotoh LC in all efficacy measurements. 

The superiority of fonofos to disulfoton might be attributed to the 

longer pers i st.ance of fonofos and/ or the poss i b le pnytotoxi city of dis

ulfoton, as shown by the significantly thicker stem circumference and 

slight1y shorter plant it produced (Oleson and Tollefson 1985). 

As calculated by-the'degree days observed by Dominique (1983) 
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TABLE 27 

ANALYSIS OF VARIANCE PROCEDURE FOR FONOFOS MS AND DISUL-' 
FOTON Le APPLIEO AT CULTIVATION TIME AT PIKE RIVER (1986) 

Dependent Source OF F Value PR > F 
variable 

Larvae Treatment' 2 15.56 0.0001** 
block 7 0.7"2 0.6592 

Plant height Treatment 2 0.69 0.5053 
block 7 ".43 0.0001** 

stem circum- Treatment 2 3.71 0.0271* 
fer~nce block 7· 2.72 0.0115* 

Grain yield Treatment 2 0.52 0.6186 
bloqk 7 3.25 0.0289*. 

Root damage Treatment 2' 6.36 0.0035** 
ratinq block 7 0.76 0.6248 

** Significant at p - 0.01 

* Signiftcant at p - 0.05 

1 
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TABLE 28 

'MEAN LARVAL DENSITY PER PLANT,PLANT HEIGHT, STEM CIRCOM
FERENCE, YIELD AND ROOT DAMAGE RATINGS OF INSECTICIDE 

~ TRIALS AT CULTIVATION TIME (1986) 

Treatment La rva e/ Heiqht Stem circ- Yie1d/ Root 
" samp1e (cm) umferece plot(q) D.R. 

(cm) 

fonofos MS 1.3a 234a 7.72a 2412a 1.21a 
(2.5mL/1Om row) 

" 

-
disulfoton Le 1.8a 231a 7.36b 2322a 1.41a 
(1.5mLjlOm 

- " 
row) 

Control 3.3b 232a 1-.66-a 2428a 1.92b 

Means follwed by the sama latter in the same co1umn are not 
siqnificantly different ( p • 0.05; Duncan's mu1tib1e range-
~est. 

rating Root damage . 

.,. 
,">J. 

" 
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it appears that adverse weather conditions in 1986 affecte~ 

larval population by delay1ng egg ecJosion until the'f1rst week of July. 

One might expect th~, if normal hatching had occured in the first week 

of June as reported by Dominique (1983), the performance of both ,fonofos 

MS and disulfoton Le in reducing larval popul~tion 'might have been better 

than that observed in this experiment. 

! 
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111. INSECTICIDE RESIDUE INVESTIGATIONS 
- Q 

Analysis of extracts from 10 9 of sail samples fortified with 10 

• ppm ·of PP9~3, fonofos and ch 1 orpyrifos in the laboratory gave aver.age· . \' . 
recoveries of 89.6±0.43, 91.0±0.36, and 89.5±0.7l per cent, r-espectively. 

1 

T.heoretically, gran'ular ~plication of PP993 (l'G) , fonofos (20G) 

and chlorpyrifo~ (15G), respectively, at the rate of Il.2, 5;6 and 7.5 9 

(granules) per la m of row (18 cm -band), would(l"esult in 0.62, 6.20 and 

6: 25 ppm in the upper 10 cm 1 ayer of soi 1. The "ncentrat i ons of parent t 

insecticides in sOpil and percentage decline at each sampling date from 

the parent amount, applied during sowingtime, are ,- given in Tables 29/ 
" 

and 30 respective1y. Gas chromat.ograms (on 3% OV-17 co1umn) of extracts 

of PP993, fonofos and chlorpyr\fos treated soil are given in Fig. 25. 

Fig. 24 shows the comparative decline rate of PP993 , fonofos and chlor

pyrifos as percent age 'of the initial amount measured at appl ication 

time. The initial concentrations of PP993, fonofos and ~ chlorpyrifos 
Jo. 

detected in the so11 at 10 cm depth were 0.62, 7.1i and 5.44 ppm respec

tive1y (Table 29). Fig. 24 shows that ch1orpyrifos decreased. to ca. 65 

per cent by four weeks after app1ica~ion, whereas bath PP993 and fonofos 

de<:,reased to ca. 75 per cent A Residue 1evels qf all insecticides dis-
~ 

si pated at a faster rate dur; ng the fi rst four weeks, fo 11 owed by ra, ' 

.slower ra~e during the rast- of the growing lseason. Fig. 24 shows that 

'" 50 pey cent of the. parent PP993 , fonofos and ch1orpyrifos in the 5011 
- , y 

had dtsappeared in ca. 9, 1,2 'and 11 weeks respectively., Residues of 

\ 

/ 
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TABLE 29 ...,., 

PERSISTENCE OF PP~93, FONOFOS, AND CIfLORPYRIFOS 
IN ORMSTOWN CORNFIELD SOIL (1985) 

Weeks after 
i~ecticide 

, ap;.lieoëien 

o 

4 

8 

12 

23 

PP993 (lG) fonofos 1 

11.2 q/1~ m 5.6 q/10.m 
of row () of row ( ) 

0.62±0.05 

0.34±0.03 .. 
f o. 27±~. 02 

0.13±0.01 

7 • 16±1. 07 

4.32±0.23 

3. 43±0. 41 

1 As Dyfonate 20 G 
2 As Lorsban 15 G 
• Values in ppm+S.D. 

170 

ch1~rpyrifos2 
7.5 q/10.m' 
of row ( ) 

) 

\ 1-
il ~ 

5.44±0.42 

3.53±0.61 

3.22±0.79 

2.65±0.10 

J 
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TABLE 30 

PP993; FONOFOS AND CHLOl\PYRIFOS RESlpUES IN THE SOIL . 
AS PERCENTAGE OF INITIAL CONCENTRATIONS . 

Weeks after PP993 ~lG) 
insecticide Il .• q/10m 
app~ication " of row . (%) 

0 0 " 100 . 
4 74 

'. . 8_ 5.5 

12 44 . 

23 21' 

i Applied as Dyfonate 20G 
App1ied as Lorsban 15G 

1) • (\ 

., 
, a 

~--

\ 
\ 

-4-

,fi 

"-
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:fonofos1 
5.6 q/10m 
of row (%) 

100 

76 

60 

, 48 

31 

.. 

~ 
.IJ 

'" 
-

\' 
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~ 

J 

i9 

chlorpyr;i:fos2 -" 
7.5 q/10m 
of' row (~)'. 

100 

65 .. 
59 

4·9 

24 
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FIGURE"24. COMPARATIVE DECLINE RATE OF PP993,ï:-ONOrOS 
AND CHLORPYRlfOS AS PERCENTAGE OF THE 'INITIAL 

A"'OUNT "'EA~P~ED AT AP"PLCATION TIME 
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both fonofos and ch l orpyri fos wer~ greater than 2.65 ppm during the - ~-'-,;;-

. 
1 critical 4 'to. 12 week period which coincides 

," 
with the presence.of t~e 

'NCR larvae in the field, whereas 
. 

PP993 remai ned above the 0.27 ppm 

l avel. Approximately 30 per cent of the appl ied fonofos remained at the 
.,: ~ .: \ 

end of the growing season, whereas ca. 20 per cent of PP.993 and ch1~r-
\ 

, . 
~ ,'Ii "'\?~f~ 1 

t .. : ... ., .. : ... ,"~.j~, " ~.' f 

pyrifos remained. . " 
1 ... • 

. :'" I{~ , -.. "~{\ ';,' \ ~. '.. .,:. 
The' relatively :sllb~t'antjal amount of PP993, fonofos ~nd chlor-

} '! .......... ~ 

1 . 

. , . 
pyrif~s -(Table 27) d~~t:elfed .from ~ to '12 w.eekSt -after appl ication . , 

provides an estimate 'of thefr 'effectiveness 
• 

agai~st NCR. In this study 

~sidues of 0.27, 3.43 and.2.65 ppm were defected for PP993, fonofos and 
, 

ch1orpyrifos'12 weeks after application. These amounts are most1:Y'Pf·at. .ln 
1 ' .. , 

1 JO • -

'excess ofothe L050 values of 0.197, 0.883 and 0.661 ppm respectively ob l 

6 

served for PP993 , fonofos and chlorpy~ifos' in sôn bi~assays (Table 29). 

AhrnQd 'et. a 7. (1979) reported r'es idue 1 evel s of ~3 ppm and 2.5 ppm respec

tively for fono'fos ,and chlorpyrifos during the peak larval ,hatch, which" 
~ . 
is slight1y 1ess than'that observed in this study. On1y ha1f the amount 

of fonofos initially applied was found 12 weeks after application. This 

is similar to what was observed by. Su~tt (1971) who found that 50 per 
. 

cent of fonofbs applied to minera1 soi1 had disappeared in Il weeks. In 

another; study, Mathur et, al,. (1976) noted about a 60 per cent decrease in 

. fonofos after 125 days. In contrast, Ahmad et. al. (197~) repDrÎed 46 

days as the 'ha 1 f 1 i fe' for fonofos. At the end of the growi ng season, 
- , 

ca. 30 per cent of the in i t ia 1 amount of fonofos was detected. Th i s 

result was very 
~ 

,~ .. ' 
- r • ~ " 

close ta that of ~ha et. a1., (l9~4) and Suett (1971), 
• .. .' (J / 
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-- who found, respectively; that" 33-35 per cent, and :0-30 per cent of~ 

IJ t • 

fon,ofos persisted throùgh the, end of t~ grpWi~9 season.ln 'organ;c so11s, , 

fonofos "' pers i sted longer.. than., in mi nera l sO.il s, as observed by Be langer 

"et a1. (1982), who .found that 40-48 per c~t of~the initi~~ fonofQs, was 
& ~- J 

. retai ned by the so il 'thr6ugh to the end of the growi ng season: 

e 

.. Fig. 24 shows that 50 per cent of the chlorpyrifos had di,ssipated 

-lI weeks after appljcation. Tashiro and Kuhr (1978), using diffëren\~ 
~ . . 

formul.a~.ions of chlorpyrifos (0.88 Gand 0.95 G), reported that 50 per 

cen~ of the i nsecti ci de was lost 9 to 11 days after app li cat ion. The 

main reason for this discrepancy might be the difference'in formulation, 
- . - . ", J 

: acco,r.di ng ta the se authors. Other factors such as weather cohd i t ions, , . r \ .' 
'soil type and soil micro-organi$ms greatly influences the bi.odegr.=\dation 

~ 

of 'ènemicals in soil, as reported by Burkhardt and Fairchild (1967); 

" Suett (1971); Harris (1972); Belangér et al.(1982}; De Vault (1986). 

PP993 had diminislied by 50 per cent niné weeks after application, ' • 

.and ca,. 20 per cent was 1 eft in the soi 1 by the en~.) of the growi ng 

\season. Because of the laek of literatur@ on the persistence of PP993 in 
" 

_._-. soil, ~ comparison with otherpresults 15 not possible. 

Table 29 shows that 20-30 per cent of the applied /chemicals 
o 

remained at the. end of the growing season. Dùe to the effect of winter 
, " 

cold, one would anticipate no appreciable change in residues from the end 
. 

of the growing season through to the following spring. However, as the 
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spring soi1 

l'l -, r\ 
, 19, \1. • 

temperature exceeds the critica1 

. " Q 

1evel of 6-70C, as reported 
~ 

, . 

by Suett (19.7l, 1975), the restdl:les ~tart.to decl.Jne ~ga1n. Suett (1975) III 

reported that th~primary breakd0t,n mech~nisms.ôf parent org~nOPhOsphorus, 
and carhamate insectitides were m~inly microbiological and were inhibited 

, , 

while sail t~mperatures remain~d ~~low 6-70 C. Presumably th,er~for~~ ~ under 

Quebec weather_c~nditions, a smal~\amount of fonofos would be'present t~e 
following season. This as~ump~.io~ was fortif~ed boY Saha et al. (1974) 

1 

who found that 3-10, per cent of fonofos was retained by the sail for 29 
\ 

months in Saskatchewan. ~ 

"Prolonged persistence of insecticides, particularly if they remain 

biologically ~ctive, may encourage the development of resistant strains (' 

of organisms. Moreo~er" micro-organisms couid be"adapted for rapid break-

down of insecticides, as reported by Belanger et al. (1982); De Vault, 

(1986). However, 'Harris (1972) noted that many or,ganophosphorus insec-. 

ticides have positive temperatllre coefficients and tbeir toxiCit' 

decreases as tempe ratures 
~ v ~ • 

dec li ne. Therefore, 10w temperatures duri n9 
~ 

winter and early spring might be expected ta reduce substant1ally the, 

potential toxicity of any insecticidé residues persisting into spring. 

1 
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SUMMARY AND RECOMMEND~TIONS " 

, '1 

Studies on the effects of damage "ta corn root" and grain yield 
; , 

resulting from artificial infestation with, differen~' densities of NCR - . 
'eggs; firs~-instar larvae, and a~u1ts, indicate t~at EIl's vary from ca. 

58 to 76, '15, to 19, and 9 to 12, respectively. Under field conditions at 

pike Ri~er and Ormstown, Que., EI~ and ET varie~ from Il to 14 and 8 to 
.. . 

10 larvae per plant respectively. The main factors affecting fIL and ET 
, ' 

. :.,during this study were corn price fluctuation, differences in control 

• 

.... .. ~ 

~ "èosts, inSé'cticide efficiency, spring weather conditJons and NCR pop'ula

tiondensity.- Thus, if meaningful EI~and ET are"to be established, ~p_ 

propriate adjustment and analysis' of all fàctors (Fig. 21) affecting N~R 

population, crop yield, marketing standards and ecosystenrs should be 
• J 

c~rried out. 
, 

.' We found the most sensitive~arameters for measuring density-damage 

relationships to be root damage rating and adult emergence from 
~", 

"'arti~fcially-infested-p1ants under greenhouse .èonditions. Although y1eld 

was the most pract i ca l measurement, i t was on 1 y s tgn'i'fi êant 1 y di fferent 
. " 

from the check at minimum densities of 150 eggs, 60 first-instar, larvae 

a.n'd .21 adu.1ts per plant. Under field conditions, larval count from plant 

roots was the most definitive measurement for evalùating density-damage 

, rela~ionships and insecticide efficacy. Plant l.odging measurement should 

not be '·~onsi~ered solely a result of larval damage without fi~st analys-. 
ing other factors such as rai ristorms , wind, sail structure and potassium 

~ 

• 
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deficiency. 
. \ 

~ield studies on NCR intra-.and inter-generationat population 
~ . v.~~ 

changes in Southwest Quebec cornfields indicate a 78 per e:t!ntl reduction 

in 'overwintered egg popul ation,; a 64 per cen~ . reduttion lo~ '~he e_9g ta . 
r , J 

iarval stage; and a 46 per cent reduçtion from the larval to adult stage. 

Below-normal spring' temperatures (as well as crop rotati·bn in St. An.toine 

Abbe) in 1986, decreased ,NCR population by 63, 74 and 88 per cent in 

Ormstown, Pike 'Ri~r ând St. Antoine }bb,:'-, respectivel y ._ 

c Studies on 'the susceptibility of NCR larvae to several' ins-ec-
;, """ '- ~ 1 .. , - .. -

ticides, assessed by direct contact and in-soil bioassays, in~icate that 

PP993 and \erbufos weri! th~ most effective contact ;nse~l:.t8..des and pos

Sib1y soi1 ~Umiga~'ts. Fonofos and chlorpyr.ifos performed s'mi.1arlY in 

"soi1 biOa~Says, as tested by their LIf!o: 
1 • 

In laboratory bioa.ssays, the LDSO's against 'NCR 1arvae of r.2P993, 
. '-~ 

respect i ve'ly, . fonofos and ch10rpyrifos were 0.197, 0.a83 and 0.661' ppm, 

and the ~esidues'd~t~cted ln ~ornfields during larval peak were 0.27, 3.4 
, " 

. , 

and 12.6S'ppm, respectively. These results suggest that the application i~ 
-, . 

rates of thesé chemicals could be reduced to levels that yield residues 

about '95 per cent l arva l morta 1 ity. However, other 
" 

~apable of causing 
-~~~. 

----~ 
factors, such as moisture, soil type-,~înlèf'tf-orgâOlSmS and developing 

resistance, that might reduce the potential toxicity of these .c~emièals, 

,must be considered in optimizing the rate of'app1ication . 
......,.. __ --__ ~ • 0.. 

Field studies on the ~cts-of insecticide placement on NCR 1ar-' 

',val control, indicate thât it makes no', difference rWhether the PP993 , 

fonofos or êhlôrpyrifos was app1ied at the seed 1eve~or above the seed 
'0 
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level, Le. in front of the " plant":er pre_55 wheel or behind-it-. H-owèver, 

Erbach and Tollefson (1983) r~~9rt that granular i~secticidês applied in 

': front of the plantér press wheel provide the greatest amount of incor

poration. 
, . 

Results of 1985 field studies showed that PP993 was very competi-. 
t ive with fonofos and 

) -

chlor.pyrif05 in its effectiveness against NCR 

larvae. All i~secticide treatments proved superior to the untr~ated con

trols for every measurement of éfficacy except yield. In these studies, 

the overall reduction in 1 arval density from the untreated control, of 

71, 73 and 61 per cent, resulted in a yield reduction.of 7.2; 6.9 and 4.8 

. , per cent, respectively, for PP9.93, fonofos and chlorpyrifos. Field in-
• î" 

secticide trials in 1986 indicate that there was no signifjcant dif-

ference in measurema-nt crHeri a between the perfo~mance of three" dosages 

(8, IL2 and 14 g/lOm row, IG gra.Ilules) of PP993, fonofos as DyfonateR 

\ -20G, and fonofos MS (microencapsulated, ùpplied during cultivation time). 

Results suggest the feasibility of using PP993 for NCR cQntrol. 

Insèct icide trial s at cult i vation time indi'cate. that fonofos MS .. 
and di sulfoton Le caused a 61 and 45 per cent- reduct ion, respect i vely, in 

larval populations from untreated controls. A significant difference in 
'0 

stem circumference in disulfoton- treated, plots as opposed to either 

fonofo,s-treated or control plots without i nsect icidès might indi cate 

sorne phytotoxicity associated with disulfoton LC". 

Initial concentrations of'PR993, fonofos and chlorpyrifos detected 
... ", 

in the soil from the Ormstown <wrnfield to a depth of 10 cm were 0.62, 

7.16 and 5.44 ppm, respectively. Fifty per cent of the parent PP993, 
/ 
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fonofos and chl~y.'pyrifos in the soil had dissipated within 9, 12 and 11 

weeks, respectively. Residues of both fonofos and chl orpyri fos were 

greater than 2.65 ppm during the criti~al 4 to 12 week period coinciding 

with the presence of NeR 1 arva'} in the ~'i el d, where~s PP993 rema i ned 

abov~ the 0.27 leve~. Approximately 20-30 per cent of the applied chemi

ca ls pe~s ited through to the end of the growi ng -season. Thus, the amount 

of insecticide re~idues during peak larval periods were far greater than ' 

their laboratory U1SO's, and a substantial amount of-insecticide (20 to 
- n 

, 
;30.per' cent) was 1eft in the,soil after the growing season. It iS,likely 

under Quebec w; nter candit ions that sma 11 amounts of these chemi cal s 

would përsisted ta the following spring. 
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APPENDIX 1 

Weather data for Macdonald College area (1986). 
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l June, 1986 . July, 1986 

Date Mi n • r· Max. r tin (mm) Min. T~ Max.-r- Ra 1 n.(nwn) ~-

i 

1 9.0 16.5 . 12.8 11 24.5 
/ 

2 5.0 14.5 15 24 0.7 
- <; 

0 
• 0 

~ -AIt 
3 ' 0.0 18 12.8 12 20 12.4 . 
4 6.5 24.5 -0- .... ~--- 10 21 

5 13.5 22.5 )::6 14.5 2·2 7.8 

6 9.5 20.5 16 . '24.5 :,( 7 10.5 23.5 1 . 21. 5 28.5 . 
-

8 12.5 26.5 2.0 
o' 

16.5 28 

9 11 25.5 18.5 27 

10 11 26 12.5 22 

~ 15.5 25.5 4.8 9.5 21 

12 11 20 3.8 15 21 
, . 

13 11 18 • 
35.4 " 14.5 17.5 9.4 

14 . 13.5 23 14.5 21 24.2 -' 

15 13.5 24.5 c, 12 25 22.6 

16 16 28 1. 15 27 0.4 

17 8.5 26.5 13 16 27.5 
~ 

18 8.5 20.5 \ 0.7 19 29 
/' , 

19 9 22.5 18.5 29 0.4 
~ 

20 11 24.5 17.5 28 4.6 

21 8 25.5 ( 15 ·23 , , 
22 , 14.5 28 10.5 24.5 

• 23 19 28 /5 15 28 

j - -
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June, 1986 ~, July, 1986 
" . 

Date Min. TO Max.~ Rain (mm) MfnTo Max.To Rai n (rm1) 
l' - ,f 

24 14 27 10.2 18.5 30 . -25 7.5 16.5 4 1.5 21 31 .-' 

_.:"'-
26 10.5 20.5 -- 19 30.5 44.7 

.;' 

27 13.5 20.5 24.4 16.5 22.5 

?8 16 .. 5 25.5 5.7 16 28 

29 13.5 25.5 2.0 18 28 

30 12 23.5 3.2 / 16 21.5 pa 4.8 !> 

31 15 18.5 2.,8 -' 

'" 
1) 

," 1 1 r f 
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P~GES 211 AND 214 (OF THE 
WEATHER DATA) APPEAR TO BE 
MÏSSI~. 

THE THE_~IS SHOULD NOT BE 
ADVERSELY AFFECTED BY THE 
MISSI~ PAGES. 

PrEMiE CDNTACT '!HE UNIVERSITY 
1 

OR THE AUTHOR, IF RBQ8IRED. 

, . 

-, 
VEl.JIL'LEZ NOI'ER LES' P.a.GES 211 ET 
214 (WEATHER DATA) SEMRLEN'f-
MANQUER. 

" 
TClJTEFOIS LA TIiESE N'EN SERA 
PIS AFFECtEE. 

VEUILLEZ OONTA~ER 
L'UNIVERSITE' ()J L! AUTEJJR, SI 
BESOIN IL Y A.. 

\ 
r 

" 
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- • June, 1986 July, 1986 

~ Date M1n.T"Max.Tc Rain (m) M1n.To Max.TC' Rain (mm) 
'" 

1 10.5 17 \1 11 ' 24.5 0.6 \ 

2 8.0 14 13.5 tI 14.5 19.5 4.8 
-3 6 13.5 0 l1l 16 12.5 

4 0.5 18 0 5.5 21.5 8.8 

5 5.5 25.5 0 14 21 0.8 

6 13.5 1.5 0 . 15 26.5 0 

7 ' 6.5 22.5 0 29.5 24 0 .. .f' 

8 12.0 23.5 11.4 18 27 0 

9 17.5 26 . 1 19 25.5 0 
\ 

10 10.0 23 ' 0 10.5 20 0 

11- 11.5 26.5 . 8.8 '9 20.5 0 

12 13.5 19.5 0.4 • 7 19.5 0 .... 
13 11 15 29.2 14 18 13.4 

14 10.5 19.5 0.2 15 22 4 
- 15 13 23.5 0 16 25 22 , 

, 16 15.0 26 0' 12.5 27.5 0 

17 18.0 29.5 5.4 13.5 28.5 0 

18 8 \ '15.5 0 16 28.5 0 

~ 19~ -7 20.5 0 18 29.5 0 

..20 10.5 22.5 0 20 27.5 20.4 

21 ' 12.0 22.5 0 15 22 0 

22 5.5 25.0 0 9 25.5 0 

2\ 8.0 2&.0 " 2".8 15.5 27 0 

C 
212 \ 

---------------~~_ .. ' . 
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" 1" r~ • : -:~ ~~ ,. 
,. 

• Date'Min." Max.TG Rain (tmI) Min. T·Max. TU Rain (MM) 

24 18.5 26.5 0 17 ' 31 0 

25 Ib-.5 20.5 19.8 la 33 ~ 14.6 1 

26 6 16 - 0 19 23 49.6 -\ 
27 7.5 21 4 16.5 25.5 0 

28 13.5 20 8.6 16 27 0 

29 14 25.5 0 16.5 25 4.8 
, D 

30 13 23 .. - 13 15.5 23 5.6 

31 15.0 18.0 0 
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Appendix 3 u 

NCR larval feeding into the corn roots. 
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Appendix 4 

"Goose-necking" corn plants due ta NCR larval feeding . 
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