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THE EFFICACY OF ORGANOCARBAMATE, ORGANOCHLORINE, AND 
ORGANOPHOSPHATE INSECTICIDES AGAINST TURNIP MAGGOTS AND 

RESISTANT CABBAGE MAGGOTS IN RUTABAGA 
IN BRITISH COLUMBIA ' 

D. G. FINLAYSON AND M. D. NOBLE 

Introduction 

In 1959, reports from the State of 
Washington (Howitt, 1959), indicated 
that strains of the c::tbbage maggot 
(Hylemya brassicae [Bouche1) had 
developed resistance to cyclodiene 
organochlorine insecticides. T his 
warning was coupled with reports in 
1959 of failure of existing control 
recommendations for root maggots 
attacking cruciferous crops in the 
Victoria area. Large scale tests were 
started to reestablish methods for 
preventing total losses in rutabaga 
crops. 

In the fall of 1959, collections of 
puparia were made at Victoria, 
where resistance was suspected, and 
in the lower Fraser Valley on a farm 
where there had been poor control 
practice. Tests of these (Harris et 
al., 1962) showed that the strain 
from Victoria was highly resistant 
to aldrin, and presumably to other 
cyclodiene insecticides, but not to 
organophosphates. Those from the 
Fraser Valley were highly suscepti­
ble to aldrin. However, subsequent 
collections and screening tests show­
ed that resistant strains were al­
ready present in the Fraser Valley. 
The condition became widespread 
during 1961 and 1962. 

Distribution studies (Forbes and 
Finlayson, 1957) of the root mag­
gots of British Columbia shOW that 
three speCies account for the dam­
a:ge inflicted in rutabaga. These 
are: the cabbage maggot, (Hylemya 
brassicae [Bouche]) ; the turnip 
maggot, (H. tloralis [Fall.]); and the 
seed - corn maggot, (H. cilicrura 
[Rond']). The cabbage maggot pre­
dominates in the southern part of 

1 Contribution No. 76, Research Station, Re­
search Branch, Canada Department of Agricul­
ture, 6660 N.W. Marine Drive, Vancouver 8, B.C. 

the province, the turnip maggot in 
the northern part, and the distri ­
bution of the seed-corn maggot is 
province-wide. Although some dam­
age is caused by the seed - corn 
maggot, it is the cabbage and turnip 
maggots which render the crop 
unsaleable. 

The development of resistance in 
cabbage maggots (Howitt and Cole, 
1962) paralleled thaL in onion mag­
gots in the region (Finlayson et al ., 
1960). Based on experience with 
strains of resistant onion mab"gots, 
an inve.<: tigation W1. " L ithted to 
determine if root maggo :...s could be 
controlled in cruciferous crops by 
organocarbamates and organophos­
phates. This pap e r deals with 
investigations conducted in several 
locations under various climatic and 
soil conditio~s from 1960 through 
1962. 

Materials and Methods 
The insecticides used in this in­

vestigation are listed alphabetical1.y 
and identifed chemically in Table I. 
Common names of the insecticides 
(Billings, 1963) are used in the text; 
where common names have not been 
assigned, registered names or num­
bers are used (Kenaga, 1963). 

In 1960 experiments were con­
ducted at Prince George on clay 
loam; Kamloops on sandy clay 
loam; Kelowna on rPuck soil; and 
Victoria on peat soil. The design was 
a randomized block consisting of 10 
insecticidal treatments and one 
untreated check, each replicated five 
times at each site. A plot consisted 
of three 20-foot rows. The seed of 
variety Laurentian Swede was sown 
with a rod-row seeder at 0.25 g per 
20 low-feet. The insecticides were 

.applied as bands or in the furrow at 
seeding 01' as sprays. 
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TABLE I.-Chemical definitions of insecticides I1sed for preventing root maggot 
damage. * 

Aldrin . 

B.25141 . 
B.44646 
Calomel 
Carbaryl . 
Carbophenothion 
Diazinon .. 

Di-Syston .. 
E.I.43064** 
Endosulfan 

Ethion ... 
Fenthion .. 
Guthion .. 

Heptachlor . 

Imidan . . 
Nemacide 
Phorate . 
Telodrin . 

Tetradifon 
Trichlorfon 
Zectran .... . 
Zinophos ...... . 

1,2,3,4,10,10-hexachloro-l,4,4a,5,8,8a-hex:ahydro-l,4-
endo-exo-5,8-dimethanonaphthalene 
O,O·diethyl O-p-(methylsulfinyl}phenyl phosphorothioate 
4-dimethylamino-m-tolyl methylcarbamate 
mercurous chloride 
l·naphthyl methylcarbamate 
5-[ (p-chloropheny I thio )methy 1] O,O-diethyl phosphorodithioate 
O,O-diethyl 0-(2-isopropyl-4-methyl-6-pyrimidinyl) 
phosporothioate 
O,O·diethyl S-[2-(ethylthio)ethyJ] phosphorodithioate 
2-(diethoxyphosphinothioylimino)-1,3·dithiolane 
6,7,8,9,10,10·hexachloro-I.5,5a,6,9,9a-hexahydro-6,= 
9-methano-2,4,3-benzodiox'athiepin 3-oxide 
O,O,O',O'-tetraethyl S,S'-methylenebisphosphorodithioate 
O,O·dimethy 1 0·[ 4-(methy lthio )-m-toly 1] phosphorothioate 
O,O-dimethy 1 5-( 4-oxo-l ,2,3· benzotriazin-3( 4H)-ylmethyl) 
phosphorodithioate 
1,4,5,6,7 ,3,8-heptachloro·3a,4, 7, 7a-tetrahydro-4, 7-
methanoindene 
O,O·dimethyl S-phthalimidomethyl phosphorodithioate 
0-(2,4-dichlorophenyl) O,O-diethyl phosphorothioate 
O,O-diethyl S·(ethylthio)methylphosphorodithioate 
1,3,4,5,6,7 ,8,8-octachloro-3a,4, 7, 7a-tetrahydro-4, 7· 
methanophthalan 
4-chlorophenyl 2,4,5-trichlorophenyl sulfone 
dimethyl (2,2,2-trichloro-l-hydroxyethyl)phosphonate 
4-dimethylamino-3,5-xylyl methylcarbamate 
O,O-diethyl 0·2-pyrazinyl phosphorothioate 

* A chemical name occupying two lines separated by an equal (=) sign is joined together 
without the equal sign if written on one line. 
**Chemical name obtained from company brochure. 

In 1961 the investigation was con­
ducted at Prince George and Vic­
toria, at Armstrong in sandy clay 
loam, and at Cloverdale in muck 
soil. The design was a split-plot 
randomized block consisting of 18 
treatments and one untreated check, 
each replicated five times at each 
site. A plot consisted of four 20-foot 
rows. Two rows of each plot were 
treated by the band method, the 
other two were treated by applying 
the insecticide with the seed in the 
furrow. Seed was sown at 0.33 g per 
20 row-feet. 

diazinon, heptachlor, phorate, Nem­
acide, and Zinophos applied to the 
furrow with 0.4 g of seed. The sixth 
plot was used for screening eight 
candida te materials. One row in 
each replicate was treated with 
ethion, fenthion, Imidan, Guthion, 
B.25141, B.44646, and E.1.43064 ap­
plied in the furrow at 3.3 oz toxicant 
per 1,000 feet of row and calomel 
applied at 6.6 oz per 1,000 row-feet. 

Furrow, band, and spray treat­
ments were made as follows: 

Furrow treatments: the insecti­
cides were placed in the V-belt of 
the seeder with the seed and applied 
in the furrow as the seed was sown. 

In 1962 at Prince George and 
Victoria the experiment was a split­
plot randomized block of six plots 
replicated five times. A plot con­
sisted of eight 20-foot rows; two 
rows at each of the following rates: 
0, 2.2, 3.3, and 4.4 oz of toxicant per 
1,000 feet of row. This rate was 
equivalent to 2, 3, and 4 lb of toxi­
cant per acre respectively based on 
36-inch spacing between rows. Five 
of the six plots were treated with: 

Band treatment: the insecticides 
were applied in lO-inch bands to 
the soil surface with a shaker or 
fertilizer cart, raked in to a depth 
of about one inch and the seed was 
sown down the centre of the bands. 

Sub-furrow band treatment: the 
heptachlor granules were applied as 
a five-inch band, 1.5 inches below 
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TABLE 2.-Materials, methods, and rates of applications of various ,treatments against 
root maggots attacki ng rutabaga at several locations in British Columbia in 
1960, 1961 and 1962. 

Toxicant in ounces per 1,000 row·feet 

Method 
1960 1961 1962 Treatment of appli· 

cation All Sites Pr. Geo. Armstrong Cloverdale Victoria Pr.Geo. & \-lictoria 

Aldrin 5G band I- 6.0 - _ 6.6. _ r- 6.6 - 8.8 - 8.8 - -fUlTow 3.3 3.3 4.4 4.4 5G -
---

B.25141 lOG furrow - -- 3.3 
B.44646 lOG fUlTOW - - - - 3.3 

Calomel 4D furrow - - - - - 6.6 

Carbaryl lOG band - 13.2 - - 17.6 -
(Sevin) lOG furrow - 6.6 - - 8.8 -

Carbophenothion lOG band 6.0 6.6 6.6 8.8 8.8 -
(Trithion) lOG furrow 3.0 3.S 3.3 4.4 4.4 -

42%E spray 4.0 - - - - -

Diazinon lOG band - 6.6 6.6 8.8 8.8 -
lOG fllITOW - 3.3 3.3 4.4 4.4 -

5G furrow - - - - - 2.2, 3.3, U 

Di-Syston 5G band - 6.6 - - 8.8 -
5G furrow - 3.3 - - 4.4 -

E.I.43064 lOG furrow - - - - - 3.3 

Endosulfan 4.6G band - 6.6 6.6 8.8 8.8 -
(Thiodan) 4.6G furrow - 3.3 3.3 U 4.4 -

Ethion 5G band 6.0 6.6 6.6 8.8 8.8 -
5G furrow 3.0 3.3 3.3 4.4 4.4 3.3 
4E spray 4.0 - - - - -

Fenthion 5G band - 6.6 - - 8.8 -
(Baytex) 5G fUlTOW - 3.3 - - 4.4 I 

3.3 

I 
Guthion 3D band - 6.6 6.6 8.8 8.8 I -

3D furrow - 3.3 3.3 4.4 4.4 I -
lOG furrow - - - - - 3.3 

Heptachlor 5G band - - - - - 6.6' 
5G furrow - - - - - 2.2. 3.3 

Imidan 25WP band - 6.6 - - 8.8 -
25WP fUlTOW - 3.3 I - - 4.4 -

lOG furro w - - - - I - 3.3 
_. --

Nemacide 5G band 6.0 I 6.6 6.6 8.8 8.8 -
(V·C 13) 5G furrow 3.0 3.3 3.3 4.4 4.4 2.2, 3.3, 4.4 

75%E spray 4.0 - -. - - -
Phorate lOG band - 6.6 6.6 8.B 8.B -
(Thimet ) lOG furrow - 3.3 3.3 4.4 4.4 2.2, 3.3, 4.4 

Telodri n 5G band - 6.6 - - 8.8 -
5G furrow - 3.3 - - 4.4 -

Tetradilon 25WP band - 6.6 I - - 8.8 .-
(Tedion) 25WP furrow - 3.3 - - 4.4 -

Trichlorfon 5G band - 6.6 - - 8.8 -
(Dylox) 5G [UlTOW - 3.3 - - 4.4 -
Zer:tra n 5D band - 6.6 - - 8.8 -

5D (mTOW - 3.3 - - 4.4 -
- -

Zinophos lOG band - 6.6 6.6 8.8 8.8 -
lOG fu rrow - 3.3 3.3 4.4 4 .4 2.2 . 3.3, 4.4 

UnITeated I - - - - - - -

-Apphed m a suh-furrow band in ridged rows (See "Methods"). 

the seed trench in a ridged row. It 
was applied with a hand shaker, the 
soil was ridged over the band with 
a hoe, and the seed sown down the 
middle of the ridges with a V -belt 
seeder (Read, 1960). 

Spray treatment : the insecticides 
were applied with a small portable 

sprayer at 13 gal per 1,000 row-feet 
immediately after thinning and 
again four weeks later . 

Materials, rates, and methods of 
application for 1960, 1961, and 1962 
are listed in Table 2. 

The efficacy of the 
was assessed in several 

insecticides 
ways. Their 
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effect on germination was measured 
by counting the number of seedlings 
which emerged in a given length of 
row. Their effect On plant growth 
was assessed by periodic examina­
tion of plants and comparing the 
growth and vigor of treated plants 
with those of untreated plants. Their 
effect in preventing damage was 
measured by examining and grading 
25 roots from each plot and calcu­
lating the damage index (King and 
Forbes, 1954). The damage index is 
based on the severity of the damage 
to each root scored on an arbitrary 
grading as: clean, 0; light, 1; mod­
erate, 2; and severe, 4. In this paper 
the dam age index (maximum 
25 X4= 100) is expressed as percent­
age damage. 

Results 
1960 Experiment (Table 3).-The 

number of emergent seedlings was 
reduced considerably in the mineral 
soil a t Prince George and Kamloops, 
but not in organic sOils at Victoria 
and Kelowna. At Victoria, band, 
furrow, and spray treatments of 
carbophenothion, ethion, and Nema­
cide did not protect rutabaga from 
a r esistant s train of cabbage mag­
got. At the other locations, damage 
was significantly lowered when 
aldrin was applied as a band and 
Nemacide was applied with the seed 
in the furrow. 

1961 Experiment (Table 4) .-Fur­
row treatments with carbaryl, tri­
chlorfon, and Zinophos caused a 
significant reduction in the number 
of emergent seedlings at all loca­
tions regardless of soil or the rate 
of application. Of the 9 insecticides 
tested, diazinon, phorate, and Zino­
phos applied in the furrow gave 
some protection against the resistant 
strain both at Victoria in peat soil 
and at Cloverdale in muck soil where 
a strain of maggots had also de­
veloped resistance to cyclodiene 
inseeticides. 

1962 Experiment ( Table 5).-Ex­
t remely dry conditions at the Vic­
toria site after planting reduced 
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germination to such a degree that 
the experimental area was disked. 
Seedling emergence per 20 row-feet 
at Prince George ranged from 10 
seedlings with Zinophos to 99 when 
heptachlor was placed in a band 
below the furrow in ridged rows. As 
the rate of insecticide was increased 
the numbers of emergent seedlings 
decreased. With the exceptions of 
the ethion furrow and the hepta­
chlor sub-furrow band treatments 
aU other treatments grew signific­
antly fewer plants than the untreat­
ed check. Damage by the turnip 
maggot ranged from 17.6% for the 
recommended furrow treatmen t with 
heptachlor to 91.8% for the furrow 
treatment with B.44646. The un­
treated plots had 85.7% damage. 
Several materials at various rates 
gave good protection. However, in 
general as the efficacy in protection 
increased the number of emergent 
seedlings decreased. 

Discussion 
The results summarized in Tables 

3, 4, and 5 show that although fur­
row treatments afford greater pro­
tection from root maggot attack 
than band and spray applications, 
emergence of seedlings is reduced 
by the more effective insecticides. As 
in previous work (King et al ., 1955) 
it was noticed that reductions in the 
numbers of emergent seedlings 
resulted when the insectIcides were 

applied in direct contact with the 
seed. This was more evident in the 
mineral soils than in the organic 
soils. 

In 1961 when methods of applica­
tion were compared at four loca­
tions with different soil types, there 
were nO' significant differences in 
the numbers of emergent seedlings 
when insecticides were applied by 
the band methad. However, marked 
differences occurred when some of 
the insecticides were applied at half 
the rate in direct contact with the 
seed. The differences oocurred at all 
sites with both organocarbamate 
and organophosphate insecticides. 
One plant survived in 20 feet of row 
when Zinophos was placed in the 
furrow but 33 plants when it was 
applied in a band. Reductions in 
stand of 75% were not uncommon. 
The organocarbamates, carbaryl and 
Zectran and the organophosphates, 
trichlorfon and Zinophos, caused the 
greatest reduction and to a lesser 
degree the phosphates Guthian, 
Nemacide, and phorate. 

In 1962 when the effects were 
compared of several furrow dosages 
of promising insecticides, serious 
reductians were again recorded with 
Zinophas and less serious with dia­
zinan , Nemacide, and phorate; as 
the rate af application increased the 
n umbers of emergent seedlings de­
creased. Only furrow treatment with 

TABLE 5.-Average number of seedlings and percentage damage by root maggots 
after various furrow treatments at Prince George, B.C., 1962. 

, 
11reatment Percentage Emergent Treatment Percentage Emergent 

Insecticide Rate damage seedlings Insecticide Rate damage seedlings 

Heptachlor 3.3 18 64 Zinophos 3.3 55 13 
Heptachlor 2.2 21 68 Zinophos 2.2 61 20 
B.25141 3.3 21 34 Heptachlor 6.6· 71 91 
Phorate 4.4 30 34 Imidan 3.3 72 28 
Nemacide 3.3 30 34 Fenthion 3.3 72 67 
Phorate 3.3 31 40 Guthion 3.3 73 28 
Diazinon 2.2 31 40 Ethion 3.3 73 73 
Diazinon 4.4 34 26 Calomel 6.6 75 67 
Nemacide 4.4 37 35 E.I.43064 3.3 83 44 
Diazinon 3.3 39 35 B.44646 3.3 92 45 
Nemacide 2.2 44 42 Untreated - 86 81 
Phorate 2.2 45 55 Difference necessary 
Zinophos 4.4 54 10 for signif. P=.05 16 12 

• Applied in a sub-furrow band in ridged rows (See "Methods"). 
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ethion had significantly similar 
numbers of seedlings when compar­
ed with those of the untreated 
checks. 

The protection afforded by the 
insecticides in 1960 indicated that 
the furrow treatment was the best 
method for preventing damage so 
long as cyclodiene-resistant flies 
were not present. However, at Vic­
toria a resistant strain had arisen, 
and 100% damage was recorded for 
all treatments regardless of method 
or material. 

In 1961 the degree of protection 
varied considerably between loca­
tions. At Prince George, where one 
generation of susceptible maggots 
must be controlled, the damage was 
correspondingly lighter than it was 
at Victoria or Cloverdale where three 
generations of a resi.';tant strain 
occur. At Armstrong, even though 
two generations and a partial third 
occur , the damage was so small that 
to compare the amounts statistically 
it was necessary to transform the 
da ta using \/X + 1. Of the 17 insec­
ticides tested only diazinon, phorate, 
and Zinophos gave any protection 
at Victoria. Telodrin, an organo­
chlorine closely allied to a ldrin, was 
very effective at Prince George, but 
allowed 100% damage at Victoria. 

Based on results from the work 
in 1960 and 1961, the experiment in 
1962 was designed to test the effects 
of various rates of the promising 
insecticides at Prince George and 
Victoria. Unfortunately the germin­
ation at Victoria was so poor that 
the land was disked and results 
could be obtained only from Prince 
George. Of the insecticides tested 
only diazinon, heptachlor, B.25141, 
Nemacide, phorate, and Zinophos 
can be considered for further ex­
periments. Heptachlor applied in a 
band below the seed furrow in ridg­
ed rows had little effect against the 
maggots. 

Since none of the soil insecticides 
has sufficient residual toxiCity to 
control resistant strains of maggots, 
especially in organic soils, they will 
have to be supplemented with sprays 

to prevent oviposition by adult flies. 
To ensure early protection low rates 
in the furrow or in bands should be 
applied at seeding in combination 
with foliar sprays beginning before 
the emergence of second generation 
flies. 

Summary 
Experiments against turnip mag­

gots and resistant cabbage maggots 
were conducted at six sites with dif­
ferent soil types in 1960, 1961, and 
1962 to determine the insectiCides, 
methods, and rates of application 
for preventing maggot damage in 
ru tabaga. Three methods were tested 
at various rates with several formu­
lations. In 1960 at Victoria band, 
furrow, and spray treatments did 
not protect rutabaga from a resist ­
ant strain of cabbage maggots. At 
three other locations the damage 
was significantly less when aldrin 
was applied in a band at seeding or 
when Nemacide was placed in the 
furrow . In 1961 only diazinon, phor­
ate, and Zinophos applied in the 
furrow gave any protection from 
resistant maggots, but phorate and 
especially Zinophos caused a marked 
reduction in the number of emerg­
ent seedlings . In 1962 the effect of 
rates of application on seedling em­
ergence was demonstrated. The 
three phosphate materials mention­
ed caused extreme reductions in 
numbers even at 2.2 oz toxicant per 
1,000 row-feet. Zil10phos was espe­
cially harmful. Damage at Prince 
George by the susceptible turnip 
maggot, Hylemya jloralis (FalL) , 
ranged from 17.6% with heptachlor 
to 91.8% with B.44646 and 85 .7% in 
untreated plots. Where resistant 
strains of maggots are present fur­
row or band treatments at seeding 
must be supplemented with foliar 
sprays. 
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Chrysophana placida infesting buildings in British Columbia 
(Coleoptera: Buprestidae) 

In January, 1963, I received an enquiry 
from a lodge a,t McGillivray Falls, Ander­
son Lake, concerning beetles that wer€ 
emerging from the walls of a fir log build­
ing. The accompanying specimens were 
Chrysophana placida Leconte, a beautiful 
golden green beetle with a purple stripe 
down each elytron and iridescent green on 
the underside. The females are one-half 
inch long, males slightly less. I had taken 
specimens at Salmon Arm, Kamloops, Chil­
cotin and Victoria, but knew nothing of 
their life history. In February owners of 
the lodge sent 36 more beetles with the in­
formation that ,three or four were emerg­
ing every day from the inside of the logs 
and actively running around. They came 
mainly from two logs on one side and from 
one log on the adjoining side of the room. 

There is little publJshed information on 
this species, but Doane, et al. suggest that 
there are evidences that they re-infest tim­
ber from which they have recently emerg­
ed. The lodge was 11 years old so the 
beetles had either been slowly developing 
during that time or the first ones that 
emerged had oviposited in the logs. To the 
owner's recollection it was the third year 
that the beetles had appeared . It is thus 
Hkely that with the slow drying of the 
logs, the l'arval development was corre­
spondingly delayed . Emerging only on the 

inside of the logs, the larvae would appear 
to be attracted to heat before pupating. 

This infestation almost panllels one 
that was reported in May, 1949, by a resi­
dent in Salmon Arm who claimed that "the 
beetles were working throughout the house 
. . . which is constructed of squared timbers 
with I-inch strips nailed to the inside of 
same and then 2-ply of half-inch lumber 
with paper between; on top of that either 
gyproc or beaver board: the logs, lumber 
and the inside finish is being drilled 
throughout. The beetles are even boring 
through new gyproc." One living beetle 
was taken from an outside wall which had 
apparently been wa·rmed by the sun. 

According ,to Doane et al. the normal 
life history of tills insect is several years 
so that 10 years would seem to be about 
the longest delay that can occur in the life 
of the larva before it pupates as opposed 
to the several-times-reported period of 50 
years in the case of Buprestis aurulenta. 
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