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ABSTRACT
Wax or plastic capsules, containing carbofuran, were
designed to delay the release of insecticide.

They were

tested against the onion maggot , Hylemya antiqua (t-1eigen),
in the laboratory, and against flea beetles, Phylotretta

~.t

and the cabbage maggot , Hylemya brassicae (Bouche) on rutabagas (swede turnips) , Brassica napobrassica Mill. , in the
field.
In the laboratory, the wax capsules delayed the
release of the insecticide for a short period of time .
Control of the release period was difficult to incorporate
into the capsules.

An increase in the amount of capsule

material had little effect on the breakdown of the wax layer .
Similarly , a change in the wax levels in the formulation had
l ittle effect on the release of the insecticide.

However,

after the wax coating broke down, effective control of the
onion maggot was provided .

In the field , control of capsule

breakdown was achieved by altering the amount of wax material
in the capsule and by using different waxes in the coating
solution.

After the wax coating broke down in the field,

effective control of the cabbage maggot was provided .

(ii)

In laboratory tests, a formulation of oriental mustard
seed impregnated with flowable corbofuran , either in soil
held under contr o lled conditions in the laboratory or in

field microplots, provided immediate release of the insecti cide and was as effective in the control of the onion maggot ,
over a l4 - week period, as commercial 10% carbofuran granules.
Plastic coatings or capsules on the mustard seed formulations
delayed the release of the insecticide for a short period of
time .

Release of the insecticide was controlled by adding

different amounts of capsule material in the tertiary coating.
After breakdown of the tertiary and secondary walls in the
soil , effective onion maggot control was provided .
In the field, it was difficult to determine the
breakdown pattern of the plastic capsule , because the level
of toxicant released at any time from the formulations was
insufficient to provide an acceptable level of crop protection.
In general , the oriental mustard seed impregnated with the
flowable carbo furan provided immediate release of the insecticide and was no more effective than the commercial 10% gran ules in the control of the cabbage maggot .
There was no evidence of phytotoxicity to rutabaga
seedlings from the commercial carbofuran granules or from
any of the other formulations used .
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CHAPTER I
INTRODUCTION
Root maggots cause serious damage to agricultural
crops throughout the world.

In the past, these pests were

controlled efficiently by insecticides In the cyclodlene
group..

Persistence of insecticides In this group" 1n the soil

environment, "las an outstanding property as continued control

was provided even of insects having several generations a year.
HO\otever, the presence of insecticide residues in the edible

portions of plants and the development In insects of resistance to these compounds has resulted in curtailment of their

use.
At the present time a number of organophosphate and
organocarbamate insecticides are used for the control of root
maggots.

However, field experience has indicated that these

materials lack bioactive persistence in soil.

While this is

desirable in preventing an accumulation of insecticide in the
soil, the short residual activity of these materials provides
only limited control of late generations of the maggot.

Ac-

ceptable crop protection, during a 90 to 120 day growing season, may be obtained with a heavy initial application, but
heavy doses can be phytotoxic to seedlings and have an adverse
effect on the natural enemies of the pest species.

2

A potential solution to th is problem involves a program of controlled release of the insecticide 1n quantities
that will affect control of the pest species but will have
little harmful effect on

predators~

parasites or seedlings.

The purpose of this research was to design an effect-

ive time-release capsule containing a commercial insecticide;
to assay, 1n the laboratory, the release properties of the
capsules and the effectiveness of the released insecticide in
the control of the onion ma ggo t, Hylemya antlqua (Meigen);
and to test the effectiveness of the encapsulated insecticide
for the control of the cabbage maggot, Hylemya brassicae

(Bouche) on a crop of rutabagas (swede turnips), Brass lca
napobrassica Mill .
Or~anlzation

of the Thesis

A review of the literature on the control of the
cabbage maggot, and a discussion of programs of insect
control by controlled-release insecticides is presented in
Chapter II .

The materials and methods used to desi gn time-

release capsules, and the laboratory and field procedures
used in evaluating these encapsulated insecticides are
described in Chapter III.

The results and the significance

of these laboratory and field exper iments are presented in
Chapter IV.

Some general conclusions are prese nted in

Chapter V.
\

CHAPTER II
REVIEW OF THE LITERATURE
The cabbage maggot 1s a pest of economic importance

on cruclfe r ous crops , par ticularly r utabaga, cabbage , r ad i s h
and caul ifl ower , throughout Canada and the United Stat es

(Harris and Svec 1966) .

It has been shown that other specie s

of root maggots , fo und 1n associatio n with the cabbage maggot

on these crops, do not cause economic damage (Read 1 958).
Crucifer s , in general , are able to withsta nd cons i de r able maggot injury except in the early seedling stage and

soon after transplanting (Coaker and Finch 1971) .

I n co le

crops suc h as cabbage and caulifl ower , gro wn for the ir l eaf or

flow er parts , the pr esence of maggots on the r oots aft er the
p l ants a r e estab l ished has not been considered serious, but
the fleshy rooted c r ucifers such as rutabaga and radi s h ar e
greatly reduced in market value by even sl i ght maggot i njur y
(Crowell et al ., 19Q8) .

Maggot infestation of rutabaga 1s of

further significance due to the long growing season of the crop
(King and For bes 1954) ,
In Mani t oba , adu l ts of the cabbage maggot emerge a nd
are in flight by the end of June , a nd maggots appea r on the
roots of host plants dur i ng the first week of July.
there are two

~eneratlons

Norma lly

a year in Manitoba , the second
\

4
~eneratlon

bclnr; completed by mid-October (Allen 19G1l) .

Experiments in Manitoba have revealed that a partial third

r:eneratlon may also occur (Keeratikasikorn 1972) .

Early attempts to control the pest were primarily
based on cultural, physical and noninsecticidal methods .
Cultural methods

Include~

crop rotation, destruction of in-

fested plants . avoldinp.;; autumn planting of host plants that

encouraged large overl'.'interln!'; populations of the cabbar,e
maggot . and growing seed crops aNay from main bras sica areas
(Schoene 1916) .

Physical methods such as covering the seed

beds with cheese cloth or the soil around the base of the

p l ants with tarred felt discs were used to prevent the flies
from laying

eg~s

around plants (Slingerland 1894) .

The prin-

cipal early method of control was based on the treatment of
host plant roots or the soil around them \'lith noninsecticidal
compounds like ashes , lime , tar - Ras water , carbolics, napht ha l ene and other similar noxious substances which wou l d deter
the flies from laying eggs around the host plant (Curtis 1860) .
This method \-laS not economically feasible due to the frequent
re-treatment, vlhich was impractical on a

lar~e

scale .

The first successful insecticidal method of control
occurred during the 1920 ' s and 1930's wi th the advent of chlorides

0

f mercury compounds .

These were used as seedbed dren-

ches and as furrow applications or seed

coatin~s

(Glasgow 1929 ,

5
Friend 1932) .

These compounds, however, were not widely used

by growers because the mercury salts were too expensive (OllIs
1944); they were 1n short supply at times (Carlson et al .,
1947); they did not provide a high enough degree of cont rol
when infestations were high (Hhltcomb 19li4); and several app l ications were necessary for effective control (Wright 1952).
With the introduction of the highly potent and persistent

organochlorine insecticides , practical , reliable control was
achieved (Hright 1954) .

Compounds like chlordane and benzene

hexachloride were recommended as a post emergence application
1n the form of dusts or drenches during the 1940's (OllIs and

Odland 1 948) .

The cabbage maggot was effectively controlled

in the 1950's by applying dust and spray formulations of aldrin
and he p tachlo r as preplant broadcasts J in-furrm'l and band
treatments. transplant dips and post emergence drenches .

(Eide and Stitt 1950 , Stitt 1 951, 1953 , King and Forbes 1954,
Forbes and Ki ng 1956) .
One disadvantage of using the organochlorines over a
long period was their toxicity to the predators and parasites

of the cabbage maggot (Wri ght 1956 ,

~lor ri s

1960 , Read 1960,

Pimente l 1961, Coaker 1965, 1966 , Hassan 1969) which pl ay an
important role 1n providing natural biological control of the
flies , eggs , larvae and pupae (Hughes 1959. Hushes and Salter

1959, Coaker and Finch 1963) .

Studies in Prince Edward Island .

6
where heptachlor had not been used previously for the contro l
of the cabbage maggot, indicated 96 % parasitism by Aleochara
bil1neata (GylI . ) as opposed to 10% parasitism on insecticide

treated land (Read 1964) .

Furthermore , development of re -

sistance to the orga nochlorine insecticides was confirmed 1n

the Washington area (Howitt and Cole 1962), In Wisconsin

(Doane and Chapman 1962) , 1n Great Britain (Coaker et a l . ,
1963), and in Canada (Harris et a l ., 1962, Morris 1963) .
Satisfactory alternative control measures have bee n
deve l oped for radish, cabbage and cauliflower where short-ter m,
less residual insecticides are available (Harris and Svec 1966) .
However, control of the cabbage maggot on rutabagas r equi r es
a moderately persistent material which , to be effective , sho u ld
be present either by residua l action or renewal in the cri t ica l zone throughout the long growing period (King a n d Forbes

1954) .

Finlayson and Noble

(196~a,

b) indicated that resistant

strains of the cabbage maggot could be control l ed on rutabaga s
with some of the new organophosphate and carbamate insecticid es
such as phorate , zinophos , diazinon , and guthion .

However,

the number of emergent seedlings were significantly red uced
when these insecticides were placed in the seed furro w.

In

addition, the treatment at seeding was not sufficiently persistent to protect rutabagas f r om damage in the latter part
of the growing season.

Since none of these insecticides had
\

7
sufficient residual toxicity , one or more supplementary treatments were required for effective control .

Extensive tests for the control of the cabbage maggot

were, therefore , conducted in temperate climate areas, and a
number of org anophosphate and carbamate insecticides have been

registered for the control of the pest on rutabagas (Read 1970).
However , the toxicity of some of these compounds decreases at
a continuous and steady rate throughout the growing season
and they must, therefore, be applied initially 1n high concentrations so that residues do not go below the level \1here

insect control is obtained (Read 1969, 1971a , b).

Furrow

treatments with granular or liquid formulations of many materials , placed with or near the seed, are phytotoxic except at
very low concentl'ations which are usual l y ineffective (MacEwen
~

al., 1967) .

Another common application method Is to band

the insecticide on the solI s urface, rake it to a depth of
approximate l y 2. 5 cm and then seed in the centre of the band
of insecticide .

Such treatments need to be followed by one

to several spray-band or drench applications during the season · (Finlayson and Noble 1966, Morris 1968).

Such broadcast,

surface, band or spray treatments are mor e destructive to
root - maggot predators and parasites which move extensively
through the soil than to root mag gots which have only limited
contact with the soil (Read 1970).

8
F'urthermore, recent bioassay tests have demonstrated
that toxic residlles of some materials are mIlch more persistent
in the 5011 than

orl~lnal

chemical analyses indicated, and

toxicants of some residual compounds vIera found to be absorbed
by rutabagas (TIead 1969, 1971a, b).

A potential solution to effective, safe , economic control of the cabbaF,e

mag~ot

is dependent upon utilizing the

organophosphate and carbamate insecticides in a program of
controlled release of the chemicals .

In principle, a

controlled-release formulation ,,'Quld enable safe, desired con centrations

of the pesticide to be maintained in the upper

layers of the 5011 for a long period of time without having

any adverse effects on the

seedlin~s

of the pest to be controlled .

and the natural enemies

Persistence, for cabbage maggot

control on rutabagas throup;;hout the gro\lling season, could be
achieved by a sine;le application of either a small amount of a
hi~h

concentration of insecticide formulation releaSin g toxi-

cant at a steady biologically effective rate or a large amount
of low concentration formulation releasing effective toxicant
at succeSSive, delayed intervals .
The concept of controlled release of insecticides dates
back to the introduction of the organic insecticides (Campbell
and ivest 19lill, Linquist

~_!:

al., 1945) .

The reSidual activity

of the chlorinated hydrocarbons, botanicals, and orp;anophos-

9
phate compounds \. . a5 extended by lncorporatinp;; these compounds

into urea-formaldehyde resins (Bracey 19 51) Price 1960) . Films

of these resins containing the insecticide were extremely

effective 1n industrial pest contro l providing control for
years after their application.

Similarly, the effectiveness

of spray deposits was extended by incorporating pine gumrosin

(Jensen 1950) and chlorinated terphenyls (Sull i van and Horstein

1953, Sullivan et al. , 1955) In the spray solution.
et al.,

Miles

(1962) incorporated dlchlorvos (Vapona) into so11d

blocks of man tan '\'lax and hydrogenated cotton seed oil or
phthalic acid esters.

Trials have shmm that these solid

formulations were stable for long periods and released dichlorvos for extended periods when they were exposed to the atmos phere.

Smittle and Burden (1965) used formulations of dichlor-

vos in polyvinyl chloride to control a number of insects of
public health importance .

Harvey and Ely (1968) used poly -

vinyl chloride strips or bloc){s that contained 20% dichlorvos
to control some flying insects 1n homes and other buildings
l>lhere strong drafts or extreme ventilation cou ld be avoided .
They also obtained good control of the short -nosed cattle
l ouse~

Haematopinus eurysternus (Nitzsch . ) , when infested

cattle were exposed to the resin strips . Bailey et al .• (1971)
rep orted that, in poultry houses, control of the housefly
Musca domestica (L.) could be obtai ned for up to 7

~eeks

with

10

dlchlorvos applied 1n slow-release, polyvinyl chloride granules.

Slow-release formulations have also been tested 1n

aqueous media.

Houseflies were controlled for a period of 5

months by formulating dlchlorvos 1n wax or urea-formaldehyde,
and placing the bl ocks 1n sugar-water 1n devices for watering chickens (Kilpatrick et al., 1962).

Pellets of po l y-

vinyl chloride and polyamide - containing abate, dursban, naled,
and malathion have shown promise 1n extending control obtained
with mosquito larvicides (Whltlaw and Evans 1968) .

Miles and

Woehst (1969) reported that the release of abate from foamed
polyvinyl chloride formulations into water, provided control
of Aedes aegyptl (L.).

The larvae of the southern house

mosquito , Culex pipiens auinguefasciatus (Say), have been
controlled for periods up to 26 weeks with s l ow- re lease
fo rmulat i ons of dursban (Wilkinson

~

al., 1971).

Studies have been initiated recently to test slowrelease, systemic insecticides applied to the soil.

The

microbial insecticide, Bacillus thuringiensis var. thuringiensis (Berliner), was encapsulated and provided effective
control of the European corn borer for longer periods than
the conventional spray application method (Raun and Jackson
1966, Anonymous 1967).

Seaman (1972) delayed the release of

plrimicarb by coating the granular formulation with a resin
\

11
and \'/ith paraffin wax .

Granulnr formulatj.ons of aldlcarb

coated \'lith cellulose acetate, polyamide ,

polyester , poly-

vinyl chloride. polyurethane or urea-formaldehyde , and r.;ran-

ular formulations of dimethoa te prepared with cellulose
acetate, polyvinyl chloride or petroleum charcoal released

the insectj.cldes more slowly into soil and ...,ater than did
the standard formulations of these two materials (Stokes et
~~ .,

1973) .

Ivy (1972) i mproved the residual performance of

methyl parathion , a short lived insecticide, and at the same
time inc r eased the safety of this compound by a process invol ving encapSUlation of the pesticide with in a special

polymeric microcapsule .

When suspended in water and sprayed

onto cotton plants this polymeric formulation (commercially
known as Pencap rJJ) sholt,ed increased insect icidal and residual
activity against cotton insects .

In addition , Pencap 1\1 is no

more t han 1/500 as toxic by skin absorption and 1/40 to 1/100
as to xic by i ngestion than conventional methyl parathion
formulation (Ivy 1 972) .

rUrex bait, formulated on granular

mat eria l and coated wit h an aqueo us solution of ac ryli c latex
bait , has provided effective contro l a gainst the r ed imported
fire ant , So!..cnops_is
Preliminary

:!:..nvl ~_ta

ind~cations

be used at 1/2 to

~jl~

Buren , (Banks et al _, 1972).

are that mirex in this form could

of the conVentional dosaee, mal<lnp;

the in se cticide safe (Anonymous 197 2) .

Microencapsulated

12
mlrex baits with short-term and long-term plastic based walls
lasting a few days and a minimum of 30 days, respectively,
have recently been formulated.

These microencapsulated baits

were extremely effective against the fire ant and had the
advantage of long field li ·f e v/hen applied either by ground

or by air (Markin and Hill 1971).
Thus, there is a tremendous potential 1n using
controlled- release, insecticide formulations against the
cabbage maggot on rutabagas.

Present methods of control are

ineffective from the standpoint of frequency of applications,
phytotoxicity, adverse effects on natural enemies, and resldu"e problems.

answer.

A controlled- reJease program might be the

However, it must be remembered that the immediate

environment will exert some control on the release or the
toxicant rrom any formulation and that it is inaccurate to
imply that complete control can be built into the formulation
i tselr.

CHAPTER III
MATERIALS AND METHODS
.

The chemical used throughout this work was Furadan

®

[carbofuran (2,3- dlhydro- 2,2- dimethyl - 7- benzofuranylmethyl carbamate)], a systemic insecticide manufactured by FMC of
Canada Ltd., Burlington, Ontario .

Encapsulated, controlled-

release formulations of the insecticide were prepared in a
lVurster Air Suspension T"Iachine in May of 1972 and 1973

(Wurster 1953, 1957, and Herbig 1967) .

The release proper-

ties of the capsules and the effectiveness of the released
insecticide were assayed in the laboratory in the control
of the onion maggot .

Field experiments carried out in

1972 and 1973 were used to test the effectiveness of the
encapsulated insecticide in the control of flea beetles,
Phylotretta

~. ,

which were extremely abundant, and in the

control of the cabbage maggot on a crop of rutabagas.
vlurster Process
The apparatus ( Fie. 1) consists of a vertical column
which is flared outward at the top.

Air is blown from the

bottom through the vertical portion of the column; the velocity of the air is maintained in such a way that it can
propel, upNard and outNard, the particles to be encapsulated .

The air velocity in the flared, part of the column 1s reduced

r
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to a point where the particles cannot be supported and they
fall outward and back into the constricted region where they
are again lifted by the air flow.

The capsule material, dis -

solved in a suitable solvent. 1s sprayed onto the supported
particles in a fine mist from an atomizing nozzle located near
the bottom of the column .

The capsule material coats the

particles; the solvents are driven out by heated air.

The

air flow 1s cut off when the encapsulated particles are ready
for collection so that thay can settle at the bottom of the

apparatus.
Formulation of wax-encapsulated 10% granular carbofuran, 1972.

Most granular insecticides are irregular in shape

and size, but pellets of 10% granular carbofuran have a smooth,
almost spherical shape and are reasonably uniform in size .
To obtain more uniform pellets in order to enhance the unirormity or coating in the encapsulation process, the granular
material was " screened to a size range or 0.59 ' to 0.84 mm .
For preliminary studies, two different wax stearate
emulsions wer'e applied at rates giving 102.7, 205.4 and 410.8 g
of capsule material per 900 g of carboruran granules (Table I).
Granules were subjected to air turbulence and a drying temperature or 37.7 -

~l.loC .

Temperature of the inlet air was

maintained between 48.8 - 54. 4°c. Coating time was between
11 and 48 minutes, depending on the amount of emulsion applied.

....

__._-
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TABLE I
CARBOFURAN FORI1ULATIONS AND FIELD APPLICATION RATES
FOR RUTABAGAS IN ROIiS SPACED AT 0.3 METRES, 1972

Carbofuran formulation
Type

No.

la
Ib

1

Actual
Coating wt. ( g) Ihsectper 900 g
1c1de
of granules
kg/ha

Timed release
Timed re lease

102.7

7.92

205.4

7.92

Timed release

410.8

7.92

Timed release

102.7

7.92

2b

Timed release

205.4

7.92

2e

Timed release

410.8

7.92

3

10a 3

Ie
2a

2

lOG

4

7.92

heat treated

7.92

Mixture of formulations
6

lb, 2b, and 3 1n a 1:1:1 proportion
Untreated

7.92

IFormulatlon 1: 900 g of lO~ carbofuran granules, 400 ml water,
4 g carnauba wax, 1.4 g ammonium stearate, 175 g 54.4-SS.5°C
paraffin, 25 g ceresin wax, ammonium hydroxide to maintain pH
of 9-10.

2Formulatlon 2: 900 g of 10% carbofuran granules, 400 ml water,
4 g carnauba wax, 1.4 g ammonium stearate, 100 g 54.4-55.5°C
paraffin, 100 g ceresin wax, ammonium hydroxide to maintain pH
of 9-10.

310 %carbofuran commercial granules.
4 10 %carbofuran commercial granules exposed to encapsulating
heat and air turbulence in Wurster Air Suspension Machine.
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After encapsulation, granules were cooled to room temperature,
wei ghed and dusted with talcum pm/der to prevent conglomeratlon .

Granules were then rescreened to eliminate any

clumps that occurred during the coating process.

These

carbofuran- wax formulations were evaluated in field experi -

ments in 1972 and laboratory assay tests in 1973.
Formulation of latex- encapsulated carbofuran 7.5%
pellets , 1973.

All capsules were formulated to contain

7.5% active ingredient .

In the procedure , 600 g of i nert

core material, prepared by irradiating oriental mustard seed
6
for a 5 hour period, giving a total dosage of 2.0 x 10 rads ,
were encapsulated w1th a solution consisting of 78 ml of
44% carbofuran (Furadan@ ~.8 Flowable), 100 ml water, lO . g
kelmar alginate, 10 g sugar, 10 ml white glyce rin and 5 g
eosin red.

A secondary coating of 100 ml wilt pruf (Nursery

Specialty Products, Greem'lich, Connecticut) and 100 ml latex
OSL-l (Dow Chemical Company, Sarnia, Ontario) was applied
over 500 g of the impregnated pellets.

Latex 2SL- 3 (DON

Chemical Company , Sarnia , Ontario), which is approximately
50% solid material, was then applied at rates giving 20 ,
~O

and 60 g of capsule material per 500 g of pellets.

During

encapsulation, the pellets were dried at a temperature of
36.6 - 31 .1 °C; inlet air temperature was maintained between
~8.8

- 51. 1°C.

Total encapsulation time was between 70 - 80

18
minutes.

Encapsulated pellets were cooled to prevent con-

glomeratlon, weighed, dusted with talcum powder and screened .

The 3 formulations, differing only 1n the amount of

capsule material, were evaluated 1n the 1973 laboratory assay
test and were used 1n various combination treatments against

the cabbage maggot in the 1973 field study (Table II).
Laboratory Experiments - 1973
A laboratory 5011 bioassay procedure was devised to
complement the field experiments and to assess the biological
activity of the encapsulated formulations prepared during

1972 and 1973 .

SolI samples were prepared and held under

natural field conditions and/or cont r olled laboratory con-

ditions before being assayed at weekly intervals for l~
weeks with larvae of the onion maggot .

The larvae were mass

reared on an artificial diet developed by Allen and Askew

(1970).
The soil used 1n these investigations was from
Morden, Manitoba , and is classified as a loamy very fine sand
from the Altona light loam association (Ellis and Shafer 1943).
The mechanical. composition was 85.0% sand (0.25 - 0.05 mm) ,

5. 6% silt (0.05 - 0 . 002 mm). and 9 .4 % clay (less than
0 . 002 mm); organic matter 2.8%; calcuim carbonate equivalent

0 . 63%; pH 7.6 and moisture at field capacity was 18.7%.
Analysis by gas- liquid chromatography with an e l ectron
\

TABLE II
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CARBOFURAN FORMULATIONS AND FIELD APPLICATION RATES
FOR RUTABAGAS IN ROWS SPACED AT 0.6 METRES, 1973

1 10 %carbofuran commercial granules
2Insectlclde pellets formulated on oriental mustard seed, impregnated with 78 ml carbofuran 44% flowable, 700 ml water,
10 g kelmar alginate, 10 g sugar, 10 ml white glycerin and
5 g eosin red; 7.5% active ingredlenti
3A11 coated-mixture formulations -1n a 1:1 or 1:1:1 or 1:1:1:1
proportion.
~Formulatlon 14 equivalent to formulation 9.
5Tlmed-release pellet formulated on oriental mustard seed with
three individual coating solutions: carbofuran 44% flowable,
700 ml water, 10 g kelmar alginate, 10 g sugar, 10 ml white
glycerin and 5 g eosin red; 100 ml OSL-1 and 100 ml wilt pruf
solution; and 40 ml latex 2SL-3.
6Timed-release pellet, same as A except tertiary coating solu-

tion of 80 ml latex 2SL-3.
7Timed-release pellet, same as A except tertiary coating solu-

tion of 120 ml latex 2SL-3.

20

capture detector, indicated the absence of organochlorine
insecticides.
Determination of dosage level .

To determine the

dosage level of wax-encapsulated carbofuran granules to be
used 1n the tests, preliminary bioassay tests were conducted
65 h after 25 g soil allquots were treated \'l1th 10 different

dosage levels of granular carbofuran .

The dosage level

giving 100% mortality , i.e., 35 ppm (Table III), of the test
o r ganism was selected for examining the persistence of carbofuran lOG for the 14-week period 1n the 5011 samples held

1n the laboratory.
To determine the release properties of the wax-

encapsulated granular carbofuran (Table I) and to compare
the effectiveness of the released insecticide with that of
the commercial carbofuran lOG, enough soil samples were
treated at 35 ppm with each of the 6 wax-encapsulated carbofuran formulations to accomodate the 14 weekly assay tests.
Similarly, to determine the dosage level of the latexencapsulated carbofuran 7 . 5% pellets to be used in the tests ,
initial bioassay tests were conducted 65 h after 25 g soil
aliquots were prepared with 10 different levels of instant release carbofuran 7.5% pellets (Tables II and IV).

The

dosage level giving 100% mortality, i . e ., 35 ppm (Table IV) of
the test organism was selected for examining the persistence

21

TABLE III
PERCENT MORTALITY OF Hylemya antigua LARVAE IN FINE SANDY
LOAM SOIL TREATED WITH DIFFERENT RATES OF CARBOFURAN
10% GRANULES; SAMPLES HELD UNDER CONTROLLED
CONDITIONS FOR 05 h PRIOR TO ASSAY
Toxicant (ppm)
per 25 g so11

Percentage mortality

of larvae

5

20

10

59

15

80

20

80

25

91

30 ,.,

98

35

100

40

100

45

100

50

100
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TABLE IV
PERCENT MORTALITY OF Hylemya antiqua LARVAE IN FINE SANDY
LOAM SOIL TREATED WITH DIFFERENT RATES OF INSTANTRELEASE CARBOFURAN 7.5% PELLETS; SA~IPLES HELD UNDER
CONTROLLED CONDITIONS FOR 65 h PRIOR TO ASSAY
Toxicant (ppm)

Percentage mortality
of larvae

per 25 g solI

5

15

10

~5

15

85

20

89

25

90

30

95

35

100

~O

100

~5

100

50

100

\
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of the instant-release carbofuran 7.5% pellets in field
microplots and 1n 5011 samples held 1n the laboratory.
To determine the release properties of the latex-

encapsulated carbofuran

7.5~ pe~lets,

A, Band C

(Tab~e

II),

to test the effectiveness of the released insecticide during
the period of the test, and to compare these properties to
those of the instant-release carbofuran pellets, 5011 samples
were treated at 35 ppm with each of the 3 latex-encapsulated
carbofuran formulations and held 1n the laboratory and field
for the period required for the weekly assays.
Bioassay procedure 1n the laboratory.

Details of the

bioassay procedure, already alluded to 1n establishing dosage
levels, were as follows.

Insecticide granules were added

to 25 g of air dried soil in 113 ml glass jars and the jars
sealed4

The jars were rolled for approximately 5 minutes to

obtain a uniform distribution of the granular formulation in
the

soil~

Water was added to adjust moisture to 90% of the

moisture retained at field capacity.

SolI samples were then

gently stirred with a glass rod and the jars were ti ghtly
sealed and weighed.

The jars were then placed in a holding

room maintained at 30°C and 50% relative humidity under
constant light.

The first assessments were begun 65 h after

the samples were prepared, by placing 15 maggots in each of

4 jars of each formulation for a 48 h exposure period in
\
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a rearing cabinet at 25 +
- lOC and 50% relative humidity
under constant light.

After the exposure period, the mageots

w'ere separated from the soil and returned to clean jars

containing rearing medium and moist sand and returned to the
rearing cabinet.

To determine mortality caused by the

insecticide in the

soil~

the percentage of larvae surviving

in treated soil was compared, at 48 h, \'rith the survival 1n
jars with insecticide-free soil.

The results were corrected

by Abbott's formula (1925).
At the beginning of each of the weekly tests, jars
containing treated 5011 were re,'ieighed and moisture adj usted

if necessary.

The persistence of the formulations was

assessed each week for 14 weeks.
Bioassay procedure in field

microplot~ .

For these

tests, the insecticide granules were added to 25 g air dried
soil which was placed in 113 ml glass jars and sealed.

As

before, jars were rolled for approximately 5 minutes to allow
for a uniform distribution of the pellets.

The treated soil

samples were then placed into cardboard cylinders covered at
the top and bottom with nylon screen (Fig. 2).

These cylin-

ders were buried approximately 2.54 cm below the 5011 surface
in a field of silty clay loam at the Plant Science Field
Station, University of Manitoba.
cated 3 times.

At weekly

Each treatment was repli-

inte~vals,

\

over the 14-week period,

25

•

26
3 cylinders were taken to the laboratory and the 5011 carefully transferred into clean, 113 ml jars and thoroughly
mixed with a g lass rod.

Fifteen maggots were then added to

each jar and the same bioassay procedures were followed as
with the laboratory samples .

In the field, the conditions of moisture, temperature
and light, under which the samples were held, could not be
controlled as with the laboratory samples.
Field Experiments 1972 - 1973
To determine the effectiveness of the encapsulated

insecticide for the control of flea beetles and the cabbage
maggot on rutabagas, experiments were carried out 1n a field
of silty clay loam at the Plant Science Experimental Field ,
University of Manitoba during 1972 and 1973.

The experi-

ments were carried out 1n an area where cruciferous crops
had been severely infested wi th cabbag e maggots in previous
years (Keeratikasikorn 1972).
Rutabagas, cv Laurentian, were sown in plots
arranged in blocks .

In 1972, the plots consisted of 4 rows

5 . 55 m long at 0 . 3 m spacings and; ·in 1973, of 2 rows 5 . 55 m
long at 0.6 m spacings .

The blocks were replicated 6 times

in 1972 and 4 times in 1973.

On June 30 , 1972, rows 1 and 3

in each plot were eliminated to provide a 0.6 m spacing
between rows.
within blocks .

Treatments (Tables I and II) were randomized
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The insecticides were applied with the seed to a
depth of 2.54 em by a tractor-drawn, V-belt seeder.
was applied at a rate of 45.4 g/300 m of row.

Seed

For each

treatment the insecticide granules were applied in quantities
to provide rates of toxicant as shown in Tables I and II for
1972 and 1973, respectively,

The rates per ha were based on

10 , 000 and 5,000 row-m per ha , i.e. , rows 0 . 3 and 0.6 m apart.
Seeding was done during the last week of May so that
plants would be well developed at the time of the main attack

by the first generation larvae of the cabbage maggot in early
July.
To determine the time of emergence of adults of the
cabbage maggot , ten conical fly traps were positioned at
random, during the first week of June, in an area where crucifers had been grown in the previous year

(Fig . 3).

Flies

were removed daily during the periods of flight and were
identified using a key prepared by Brooks

(1951).

Plant stands were counted a day before thinning, to
determine the phytotoxicity of the insecticide .

Phytotoxi-

city was determined by comparison with untreated plots.

On

June 22 , 1972, seedling stands were evaluated by counting
the total number of rutabagas per 5.55 m of row.

On June 20,

1973, the seedling stand in each plot was estimated by counting the number of units of 2 . 54 cm long in 254 cm of row that

28
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contained

rutaba~as .

This was done with the aj.d of a

countinr.; device (Pip; . 4).

'fhis stand was

a~aln

month later to est a blish the uniformity after

evaluated a

thinnln ~ ,

by

counting the total number of plants per row .
'I'wenty-four plants were selected at random from each
plot during the third week of June and flea beetle damage

was assessed visually on one upper and one lower leaf using
the rollowing criteria:
Rating

~(~S~c~a~1~e~0~-~4~)______~c~a~t~e~g~o~r~YL-________~D~e~s~c~r~i~p~ti~_ of dama~el

a
1
2
3

No damage
Ll,Q;ht
Moderate
Severe

No eVident damage
1- 25% leaf surface damaged
26-50% leaf surface damaged
51-75f, leaf surface damaged

4

Very severe

75-100 % leaf surface damaged

The numerical ratings were

assi~ned

to each plant

with the aid of a pictorial p-;uide which showed the categories
of damage .
from the

followin~

4

~ _

~

i=O

(N

A damage index ",Ias calculated for each treatment

i

expression :

x R ) x 100
i

T

x

where N

= number

of plants with that

4

particular damage rating, R

=

damage rating , and T

=

total

number of plants examined in the plot .
To further evaluate flea beetle damap,e to the foliar-;e
in 1972 , 30 young seedlinRs . minus roots, were taken at random
from each plot on June 22 ami \·leie hed.

30
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Root damage by the cabbage ma ggot ''las assessed 1n

July, August and September by examining, at random, 15 and

20 plants per plot 1n 1972 and 1973 . respectively.

Ratings

in August and September included two categories of damage ,
current and previous damage scars.

Root dama ge was rated

according to a system derived from a method devised for

rutabagas in British Columbia (King and Forbes 1954).

Root

damage \'las categorized as follows :

Rating
(Scale 0- 4)

o
1
2

4

Category

Clean
Light
Moderate
Severe

Description of damage

l

No eVidence of root feeding
1- 4% of root surface scarred
5- 50 % of root surface scarred

Over 50% of root surface scarred

IDamage refers to simple feeding scars on root surface as
well as any physical deformation of root system due to
larval feedi ng.
Damage indices were calculated in a manner similar t o
that for the flea beetle damage indices .
All data were examined by analysis of varian ce and
the multiple range test (Duncan 1955 ).
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The specially prepared instant - release carbofuran
7.5% formulation (Table II) appeared to be as effective as

the carbofuran lOG commercial formulation , 1n the control of
onlon maggot larvae (Table

V),

The percent mortality of

larvae increased with an increase 1n the concentration of
the toxicant and similar to the carbofuran 10% granules ,

reached 100 % mortality at 35 ppm toxicant .

This dosage

level was used 1n the weekly assay tests to determine the

bioactivity of the instant- release carbofuran 7 . 5% formulation and the 3 latex- encapsulated carbofuran 7.5 %
formulations , A, Band C (Table II) , in soil held under
controlled laboratory conditions and 1n field microp!ots .
It 1s apparent from these tests that effective
insecti cide formulations, like the instant-release carbofuran
7 . 5% formulation , can be easily prepared in a laboratory
Wurster Air Suspension Machine and that their toxicity can
be effectively tested in the control of onion maggots in a
bioassay test.
Bioactivity of carbofuran 10% gran ules and wax encapsulation formulations of 10% granules during the weekly
assays .

The 10% granular carbofuran and the heat- treated

10% g r anular carbofuran were both toxic to the test larvae
throughout the
(Table V) .

l~ - week

period the experiment was conducted

These results indicate that granular insecticide

TABLE V.
PERCENTAGE MORTALITY OF Hylemya antlgua LARVAE IN 25 g OF FINE SANDY LOAM SOIL
TREATED WITH 35 ppm OF CARBOFURAN FORMULATION; SAMPLES HELD UNDER
CONTROLLED CONDITIONS UNTIL USED AT WEEKLY INTERVALS
Carbofuran
formulation

1

Untreated
10G 1
•

lOG heat treated

0.0
100 . 0
2

13 a timed release
1 b timed release

1 c timed release
4
2 a timed release

83 . 3
3. 3
1.7
0.0

2 b timed release

1.7
0.0

2 c timed release

0. 0

2

Percentage mortality by weeks
4
5
6
7
8

3

0. 0
0.0
0.0
0. 0
0.0
100.0 83 . 3 83;3 98 . 3 100.0
100.0 100.0 100.0 100 . 0 100 . 0
16 . 0 93.3 98.3 91. 7 100.0
10.0 98.3 100 . 0 :. 93.3 100 . 0
6 . 7 98.3 100.0 93.3 100.0
11.7 100 . 0 96 . 6 93 . 3 98.3
13 . 3 96 . 6 98.3 93.3 100.0
0. 0

46 . 6

73 . 3

0.0

0.0

9
0.0

10

14

0.0

0.0

100 . 0 98.3 100.0 100.0 100.0
100 . 0100 . 0 91.7 100.0 100.0
100 . 0 100.0 100.0 100 . 0 100 . 0
100.0 93.3 100.0100.0 100.0
91.7 100 . 0 100 . 0 100 . 0100.0
100.0 100.0 100 . 0 100 . 0 100.0
100 . 0 100.0 100.0 100.0 100.0
95 . 0 100 . 0 100 . 0 100 . 0100 . 0 100.0100 . 0

110 % carbofuran commercial granules
210 % carbofuran commercial g ranules exposed to encapsulating heat and air turbulence
1n Wurster Air Suspension Machine.
3Formulatlon 1: 900 g of 10% carbofuran granules, ~OO ml water, 4 g carnauba wax,
1.4 g ammonium stearate, 115 g 54.4-55 . 5°C paraffin, 25 g ceresin wax, ammonium
hydro x ide to maintain pH of 9 - 10 .

Capsule material applied at three rates, a, b, oJ

to give 102 . 7, 205.4, and 410.8 g, respectively, per 900/g carbofuran granules.
4Formulation 2: 900 g 10% carbofuran granules, 400 ml water, 4 g carnauha wax, 1 . 4 g
ammonium stearate., 100 g 54.4- 55.5°C paraffin, 100 g ceresin wax , ammonium hydroxide
to maintain pH of 9- 10. Capsule material applied at three rates, a , b, c, to give
1 02 . 7, 205.4 and 410.8 g, respectively, per 900/g carbofuran granules.

w
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formulations such as the 10% eranular carbofuran can be
exposed to high coating temperatures and rapid movement and
be successfully encapsulated 1n a Wurster Machine without

losing their effectiveness 1n the control of larvae of the
onion maggot.
The toxicity of the wax-encapsulated carbofuran 10%
granular formulations la, Ib and Ie was low during the first
two weekly tests, but reached a peak 1n the third test where
it remained for the duration of the experiment.

It appears

that breakdown of the wax wall occurred after exposure to
the soil for a period of 14-21 days under controlled conditions, regardless of the amount of capsule material
applied to the carbofuran granules .

Formulation 2, which

differed slightly from formulation 1 in the amount of
paraffin and ceresin applied behaved similarly to formulation
1 in toxicity to test larvae .

Formulations 2a and 2b were

low in toxicity during the first two weekly tests, reached
a peak in the third test and remained toxic throughout the
l4-\1eek period.

Thus, it can also be concluded that break-

down of the capsule material occurred after a period of
14-21 days of soil exposure .

Only formulation 2c behaved

slightly differently from formulations 2a, 2b, la, Ib and lc.
It showed no biological activity for t\10 weeks after appli cation 1n the soil.

However, toxiCity increased steadily
\
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thereafter reaching a peak 1n approximately 35 days .

The

same level of toxicity prevailed for the remaining weekly
tests .

From these preliminary laboratory tests it is
apparent that by encapsulating 10 % granular carbofuran with
a wax coating it 1s possible to delay the release of the
insecticide for a short period of time, but control of the
release period 1s difficult to incorporate into the capsule.

Increasing the rate of capsule material does not have any
effect on the breakdown time of the wax layer.

Similarly ,

changing the wax levels 1n the emulsion had little effect on

the release of the insecticide .
Bioactivity of instant- release carbofuran 7.5%
formulation,

~

latex- encapsulated carbofuran

formulations during the weekly assays.

~

The bioactivity of

the instant-release carbofuran 7.5% formulation and the
different latex-encapsulated carbofuran 7.5% formulations in
soil samples under controlled and field microplot conditions,
as indicated by mortality of onio n maggots during the 14
weekly assays, is shown in Tables VI and VII.

Bioassays

were not conducted for weeks 9-13 because of difficulty in
rearing maggots during the warm summer months .
The instant - release carbofuran 7.5% formulation was
toxic to the test larvae throughout the l4 - week period the

TABLE VI
PERCENTAGE r·l0RTALITY OF Hy1emya ant1qua LARVAE IN 25 g OF FINE SANDY LOA~l SOIL
TREATED WITH 35 ppm OF CARBOFURAN FORMULATION; SAMPLES HELD UNDER
CONTROLLED CONDITIONS UNTIL USED AT WEEKLY INTERVALS
Percentage mortality by weeks

Carbofuran formulation
Untreated

Instant release

l

A2 timed release
8 3 timed release
4
C timed release

7.5%

1

2

3

4

5

6

7

8

14

0. 0
100 . 0
51.6
6. 6
0.0

0.0
100.0
100.0

. 0.0
100.0
98 . 3
100.0
0.0

0.0
100.0
100.0
100.0
33.0

0. 0
95 . 0
100.0
100.0
100.0

0.0
100.0
100.0
100.0
100.0

0.0
100.0
100.0
100.0
100.0

0.0
100.0
100.0
100 . 0
100.0

0.0
100.0
100 . 0
100.0
100.0

4.4
0 .0

lInsectlclde pellets formulated on oriental mustard seed, impregnated with 78 ml
carbofuran 44% flowable, 700 ml water, 10 g kelmar alginate, 10 g sugar, 10 ml
white glycerin and 5 g eosin red ; 1.5% active ingredient.
2Tirned-release pellet formulated on oriental mustard seed with three individual

coating solutions: carbofuran 44% flowable, 700 ml water, 10 g kelmar alginate,
10 g sugar, 10 ml white glycerin and 5 g eosin red; 100 ml OSL-l and 100 ml wilt
pruf solution; and 40 ml latex 2SL-3.
3Timed-release pellet, same as A except tertiary coating solution of 80 ml latex

2SL-3.

~Tlmed-release pellet, same as A except tertiary coating solution of 120 ml latex
2SL-3.

...,

w

TABLE VII
PERCENTAGE MORTALITY OF Hy1emya ant 1gua LARVAE IN 25 g OF FINE SANDY LOAM SOIL
TREATED WITH 35 ppm CARBOFURAN FORMULATION; SAMPLES HELD IN FIELD
MICRO PLOTS UNTIL USED AT WEEKLY INTERVALS
Percentage mortality by weeks

Carbofuran formulation

1

2

3

4

5

6

7

8

14

Untreated

0.0

0.0

0.0

0. 0

0. 0

0. 0

0.0

0.0

:. O ·~O

80 . 0

1 00.0

95.0

100.0

100.0

100.0

100.0

100 . 0

100.0

A2 timed release

48.8

95.0

95 . 0

100 . 0

100.0

100.0

100.0

100.0

100.0

B3 timed release

6.6

1 3.3

100.0

1 00.0

100.0

100.0

1.7

100.0
44.4

100.0

4.4

95 . 0
4.4

100 . 0

100 . 0

1 00.0

100.0

100 . 0

Instant release

l

4
C timed release

7.5%

lInsecticlde pellets formulated on oriental mustard seed, impregnated with 78 ml
carbofuran 44% flo wable, 700 ml water, 1 0 g ke l mar alginate, 10 g s ugar, 10 ml wh i t e
glycerin and 5 g eosin red; 7.5% active ingredient .

2

Timed-release pellet formulated on oriental mustard seed with three individual coat ing solutions; carbofuran 44% flowable, 700 ml water, 10 g kelmar alginate, 10 g
sugar, 10 ml white glycerin and 5 g e os in red; 100 ml OSL-l and 100 ml wi l t pruf
solution; and 40 ml latex 2SL-3.
3Tlmed- release pellet, same as A except tertiary coating solution of 80 ml l atex

2SL- 3.
4T1med- release pel l et, same as A except tert i ary coat i ng so l ut i on o f 1 20 ml l atex

2SL- 3.

w
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experiment Nas conducted.

Formulations A, Band C behaved similarly regardless
of whether or not they were 1n the laboratory or field

microplots .

Formulation A showed a moderate initial toxic i ty ,

followed by a quick increase in toxicity 1n the second tes t.
This same level of toxicity prevai l ed throughout the 14

weeks.

Formulation B showed little biological activity for

a 2 week pe ri od after application , but peaked In approximate ly

21 days and remained toxic thereafte r.

Formulation C showed

an initial low toxicity fo r a 3 week period;

However ,

toxicity increased sharply after 28 days and reached a

peak In approximately 35 days and remained toxic for the r est
of the 14-week period .
These assay tests have shown conclusive ly that

special fo r mulations , like the instant-release carbofuran
7 . 5% pellets , were as effective as the commercia l carbofuran
10% granules in the control of the onion maggot during the

14- week period in the soil (Tables V, VI and VII ) .
..'

By encapsulating the instant-release carbofuran 7 . 5%
formulation with a secondary coating and a tert i ary coat ing

(Table II) it is possible to delay the release of the
insecticide from Nithln the capsule.

It is also poss i ble to

control the breakdown of the coating by increasing the
amount of capsule material (Table VI and VII) used in the
tertiary coating.
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Mechanism involved in c'apsule breakdown.

It can

only be assumed, at this point, that the wax coating on the
encapsulated formulations breaks down on exposure to 5011

mOisture, temperature and microorganism activity.

The

latex - encapsulated formulations are also subjected to these
same forces.

However, the oriental mustard seed tends to

expand on contact with water, which diffuses through the two
protective coatings, and this expansion ruptures the coating
making the insecticide available.

By increasing the rate of

capsule material used in the tertiary coating the time
period for water to diffuse through the coating and reach
the oriental mustard seed increases.

In this way it 1s

possible to control the breakdown period of the coating and
the availability of the insecticide .
Field Experiments
Adult flight and maggot infestation, 1972 and 1973.
Adults of the cabbage maggot are usually in flight by the end
of June and maggots appear on the roots of crucifers during
the first week in July (Allen 196Q) .

In 1972, above average

temperatures and below normal precipitation in Ivlay and JW1e
delayed the emergence of adults by approximately two weeks
(Tables VIII and IX).

Flies were first taken in the emergence

cages on July 1 and the greatest number were collected July Q.

Flies were taken in the cages over a period of 17 days.

,

Egg
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TABLE VIII
NUMBERS OF ADULTS OF THE CABBAGE MAGGOT
COLLECTED IN EMERGENCE CAGES, 1972

Number of adults
per 10 cage s

Date

July
July
July
July
July
July
July
July
July
July
July
July
July

1
2-3
4
5

4

o
19

o

6

2
2
2

7
8
9
10
11 - 13
14
15-16

o
3
o
1

o

17

1

\

TABLE IX
MEAN AND NORMAL TEMPERATURE (OC ) AND TOTAL AND NORMAL PRECIPITATI ON
MAY , JUNE, JULY .AND AUGUST , 1972 AND 1973. 1
Precipitation

Temperat ure
r~ean
r~ay

June

July
August

1972

22.33
25. 17
24.11
25 . 18

(em)

Mean 1973

Nor rna1 2

18 . 33
22 . 67
24.39
26 . 69

17 . 06
22.67
25.89
25 . 00

Total 1972
2.59
5 . 03
6 . 02
10.31

Total 1973
10. 31
8 . 81
12. 29
6 . 55

Norma1 2

5.46
8 . 03
8 . 03
7.37

lBased on Month l y Meteoro l ogi c a l Summar y at Winnipeg , Manitoba , Atmos-

pheric Environment Servi ce Depa rtment of Envir onment , Canada .
2Based on the t hirt y year peri od

1 9~ 1-7 0 i nc l us i v e .

.<:

'"
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clutches were found in the soil adjacent to rutabagas on July
O.

Meanwhile, rutabagas seeded on May 30 were well established

and the heavy maggot infestation which developed did not ki l l

the seedlings or cause wilting of leaves or malformation of
roots, but resulted in heavy scarring damage to root surfaces.
In 1972 , only 37 % of the adults taken in the cages
were the cabbage maggot ; the remaining 63% were either the
seed corn maggot, Hylemya cilicrura (Rond . ), the turnip
maggot, Hylemya crucifera (Huck), or the radish

maggot ,

Hylemya planipalpis (Stein).

In comparison, adults were present exceptionally early
in 1973, with peak occurrence on June 15 and 16 (Table X);
temperatures in May and June were near normal, but precipitation was above normal in !"Iay (Table IX).

Fewer adults were

trapped in 1973 than in 1972, particularly at the time of
peak occur rence .

13 days .

Flies were taken in cages over a period of

Egg clutches were found in the soil adjacent to

rutabagas on June 12, almost a month earlier than in 1972.
The rutabagas, seeded on

~1ay

28, were not well established and

some loss of plants occurred in untreated plots.

tI'Jalformation

of the root system \'Ias evident when observed during the
growing season.

Root scarring although evident was not as

severe as in 1972 probably because of the relatively small
population of adult flies.

TABLE

X

NUMBERS OF ADULTS OF THE CABBAGE MAGGOT
COLLECTED IN E~IERGENCE CAGE!>, 1973

Date
June

9

June 10-14
June 15

June 16

Numbe r of adults
per 10 cages

2
0
4

June 17-20

4
0

June 21

1

In 1973 , all the flies captured in the emergence
cages were the cabbage maggot .
Phytotoxicity , 1972 and 1973. Phytotoxicity has been
a problem with many organophosphorous and carbamate insecticides used in the control of root maggots on rutabagas.
Excess i ve phytotoxicity has economic significance because
of stand reduction , inhibited root growth and damage to root
tissue .

One of the purposes of this study was to eliminate

t he phytotoxic effect of t h e insecticide by encapsulating it
withi n a po l ymeric capsul e and controlling its availab i lity
1n the soil.

In these tests, stands of rutabagas were not

affected by the insecticide formulations used in either 1972

or 1973 (Tab l es XI and XII) .

These data suggest that com-

mercial 10% granular carbofuran applied to the seed furrow to
a depth of 2 . 5Q cm at rates as high as 7 . 29 kg toxicant/ha 1s
not phytotoxic to rutabaga seedlings , and can be used at the
r ecommended rate for the control of cabbage maggots on rutabagas without having any adverse effects.
Flea beetle damage and cont r ol, 1972.

In May, June

a nd July there was an extremely hea vy infestation of flea
beetles in the area where the field plots were located .
Rutabaga seedlings 1n the untreated check plot were severely
attacked by flea beetles .

The char acteristic type of i njury

to plants consisted of small holes or pits in the epidermis
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TABLE XI
STANDS OF RUTABAGAS AFTER TREATMENT WITH DIFFERENT
FORMULATIONS OF CARBOFURAN 1 . 1972
Carbofuran formulation

Type

No.

12 a

Timed release

1
1
23
2
2
3
4

b

Timed release

c
a

Timed
Ti med
Ttmed
Timed

b

c

10G

4

Number of rutabagas

per 5.55

release
release
release
release

lOG heat t~eated5

5

Mixture of formulations

6

Untreated

l]l

row

1 51 6
14 9
152
150
154
150
1 50
154
155
150

Ib, 2b J and 3

lAl l treatments applied at 7 . 29 kg actua l Insectlcide/ha ;
rows spaced at 0 . 3

ffi,

1 0 , 000 linear m per ha.

goo g of 10% carbofuran granules , 400 ml
water , ~ g carnauba wax , 1.4 g ammonium stearate , 175 g
54 . 4- 55 . 5°C paraffin , 25 g cere sin Nax, ammonium hydroxide

2For mulatlon 1:

to maintain pH of 9 - 10.
Capsule material applied at three
rates . a , b, c, to gi ve 102 . 7 . 205 . 4 , and 4 10 . 8 g , respect -

ively per gOO/g carbofuran granules.
3Formulation 2: 900 g 1 0% carbofuran granules, 400 ml water,
4 g carnauba wax , 1 . 4 g ammonium stearate, 10 0 g 54 .455. 5°C paraffin , 100 g ceresin wax, ammonium hydroxide to
maintain pH of 9-10 . Capsule material applied at three
rates , a , b, c, to r,lve 102 . 7 , 205 . 4 and 410 . 8 g , respect ~
ively , per 900/g carbofuran granules.
4 10 %carbofuran commercial v,ranules .
5 10 % carbofuran commercia l v,ranules e xposed to encapsulat ing
heat and a ir turbulence in Wurster Air Suspension l>lac hine.

6Differences betl'/een means not Signi ficantly different at 1 %
level (Duncan 1955) .

TABLE XII
STANDS OF RUTABAGAS AFTER TREATMENT WITH DIFFERENT
FORMULATIONS AND RATES OF CARBOFURAN, 1973
carbofuran formulation

No.
1

Type

Actual

Description

insecticideS
kg/ha

-s-fand

its 9
containing
rutabagas
53 11

Plants
per
row

43 11

2

Untreated
l
10G

0.55

68

53

3

lOG

1.10

71

46

4

lOG

1. 65

66

54

5
6

lOG

2.20

63

50

7.5%

0.55

59

50

7

Instant release

7.5%

1.10

64

8

Instant release

7 . 5%

1. 65

62

52
48

9

Instant release
Coated mixture 3

7.5%

2.20

59

48

1.10

68

52

1.10

61

46

1.10

59

48

1.10

63

55

2.20

58

45

1.10

58

51

1.10

66

52

60
61

50

10

Instant r elease

2

7.5%

11

Coa ted mixture

7.5%

12

Coated mixture

7.5%

13

Coated mixture

Instant release
+ AS + B6 + C7

A + B + C
B + C

14

7.5 % C
4
Instant release 7.5 %

15

Coated mixture

7.5%

16

Coated mixture

7 . 5 % Instant + A + B

17

Coated mixture

7.5%

Instant + A

1.10

18

Coated mixture

7.5 % Instant + B

1. 00

Instant + C

10
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TABLE XII (continued)
110 % carbofuran commercial granules.
2Insecticide pellets formulated on oriental mustard seed, impregnated with 78 ml
carbofuran 44% flowable , 700 ml water, 10 g kelmar alginate , 10 g sugar, 10 rol white
g lycerin and 5 g eosin red; 7 . 5 :t ·. active ing redient.
3A1 1 coated- mixture formulations 1n a 1:1 or 1:1:1 or 1:1:1:1 proportion.
QFormulation 14 equivalent to formulation 9 .
5Timed - release pellet formulated on oriental mustard seed with three individual coat ing solutions : carbofuran ~4% flowable, 700 ml water, 10 g kelmar alginate, 10 g
sugar, 10 ml Nhlte glycerin and 5 g eosin re d; 100 ml OSL- 1 and 100 ml ,... iIt pruf

solution; and 40 ml latex 2SL- 3.
6Timed - release pellet , same as A except tertiary coating solution of 80 ml latex
2SL- 3.

7Timed-release pellet , same as A except tertiary coating solution of 120 m1 latex
2SL-3.

8~ows spaced at 0 .6 m.
9NQ~ber of units of 2.54 cm which contained seedlings within a 254 cm row before thin-

nin g .
10Number of rutabagas per 5.55 m of row after thinning .
lloifferences between means not significant at l~ level (Duncan 1955) .

~
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of the lea ves (Fig. 5).

Al though the feeding injury d i d not

penetrate the leaf completely, the tissues below the injury
eventually dried up and broke away giving a shot-hole appear ance.

The severe damage in the check is illustrated by the

high damage index for this t r eatment (Table XIII) .
The infestation was significantly reduced on p l ots
treated with furrow appl i cations of carbofuran lOG and heat
treated carbofuran lOG (Table XIII).

There apparently was

immediate , complete release of insecticide from wax formulation 2a , as shown by the acceptable c r op protection provided

by this formulation .

Wax formulations , la , Ib and 2b de l ayed

the release of the insecticide for a short pe r iod of time and
provided some measure of contro l.

Heavily coated formulation

lc delayed release of the insecticide for a longer period and
also pr ovided some measur e of contro l.

Control with th is

formu l ation was significant ly better than i n the check , b ut
Nas not better than with formulation la o

Plots treated wit h

heavily coated formulation 2c , sUstained the same degree o f
dama ge as the untreated check, indicating that the heavily
coated granules were sti l l intact on June 20 , when the f l ea
beet l e damage \.,.as assessed.

Combination form ul atio n 5 pro-

vided good contro l.
The ave ra g e weieht of the plants 1n the untreated
check, \'1here severe flea beetle injury occurred. \'1as much
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TABLE XIII

~LEA BEETLE DAMAGE AND WEIGHT OF PLANT FOLIAGE AFTER TREATMENTI
WITH DIFFERENT FORMULATIONS OF CARBOFURAN, 1972
Ave. wt. (g)

Carhofuran formulation

No.

Type

1 2a

Timed release

1 b

23 a

Timed release
Timed release
Timed release

2 b

Timed release

2 c

Timed release

3

10a

q

lOG heat treated 5
~11xture of formula tlons Ib, 2b , and 3
Untreated

1 c

5
6
I

q

Flea beetle
damage index

32.81
29 . 68
q2.71
15.80
26.73
68 . 23
7.12
7 . 12
13.54
71.35 .

be o
b
e

a
b
d
a
a
a
_ __d _

30 plant
tops/plot

37.95
32.29
27.70
3q.58
28.5Q
21.50
Q3.17
33.03
QO.6Q
18.58

ab
abed

bed
abc
abc
cd
a
abc
ab
d

Treatment applied at seeding.

2Formulatlon 1:
900 g of 10% carbofuran granules, 400 ml water, 4 g carnauba wax,
1.4 g ammonium stearate, 175 g 54.4-55.5°C paraffin, 25 g ceresin wax, ammonium
hydroxide to maintain pH of 9-10 . Capsule material applied at three rates, a, b, c
to give 102.7, 205 . 4, and 410.8 g, respectively, per 900/g carbofuran granules .
3Pormulatlon 2:
900 g 10% carbofuran granules, 400 ml water , 4 g carnauba wax, 1 . 4 g
am~onium stearate, 100 g 54.4 - 55°C paraffin, 100 g ceresin wax, ammonium hydroxide
to maintain pH of 9-10. Capsule material applied at three rates, a, b, c to give
102 . 7, 205 . ~ and 410.8 g, respectively, per 900/g carbofuran granules.

~10%

carbofuran commercial granules.

510 % carbofuran commercial granules exposed to encapsulating heat and air turbulence
in Wurster Air Suspension Machine.
6Means followed by the same letters are not significantly different at 1% level

(Duncan 1955).

'"
>"'
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reduced from that 1n plots treated with 10% carbofuran granules
(Table XIII).

The weight of plants treated with formulations

Ib, Ie, 2b and 2c did not differ significantly fr om tha .t of

the untreated check.

The average weight of plants treated

with 10% granular carbofuran was more than twice that of
plants in the untreated check.

It did not differ signifi-

cantly from formulations la, 2a, heat-treated carbofuran or
mixture formulation 5.
Cabbage maggot damage and control, 1972 .

Throughout

1972, there was an extremely heavy infestation O"t: cabbage

maggots in the area where rutabaga plots were located.

Ruta-

bagas 1n the untreated check plots were severely scarred by
cabbage maggot larvae.

The characteristic type of injury to

plants consisted of grooves and tunnels on the root cortex
(Fig . 6) .

When damaged plants were pulled J the maggots were

seen embedded in the tap root.

This severe damage to the

untreated check throughout JulYJ August and September is
confirmed by the high damage indices for this treatment.

(.T able XIV).
The initial heavy root maggot infestation present in
July was effectively controlled by furrow applications of
carbofuran IOG J and heat-treated carbofuran lOG .

The wax-

encapsulated formulations la J Ib, 2a and 2b significantly
reduced root maggot damage as shown by the damage index.

The
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TABLE XIV
CONTROL OF THE CABBAGE MAGGOT BY DIFFERENT FORrmLATIONS OF CARBOFURAN
AS INDICATED BY DAMAGE TO ROOTS OF RUTABAGAS , 1972
Damage index'S
August

Carbofuran formulation

No.

T~pe

I l a Timed release
1 b Timed release

1 c Timed release
22a Timed release

2 b Timed release
2 c Timed release
100 3

3
4
5
6

lOG heat treated 4

r-Uxture of formulations Ib,2b , and 3

Untreated

IPormulatlon 1 :

Ju 1X
~ . 17 ab 6
5.28 ab
12 . 22 b
~ . ~5 ab
8.06 ab
39.~5
c
3.33 a
loll a
~.17

51. 39

ab
c

Old
21 . 39 abc
22.50 abc
de
39.17
18.33 ab
31. 11
cd
~7 . 50
e
12 . 50 a
18 . 33 ab

New
13.06 ab
11. 95 ab
2~.~~
be
7 . 78 a
19 . ~5 ab
33.06
cd
10.56 a
7.22 a

September
Old
New
25 . 26 ab
5.00 a
33 . 06 ab
~ . ~5 a
8 . 89 ab
38 . 33 b
2. 50 a
21. 95 a
33.3~ ab
6.39 a
5~ . 17
c 15 . 83 be
21. 95 a
4.45 a
26.39 ab
5.56 a

25 . 00
72.22

10 . 84 a
41. 39

30 . 00 ab
80 . 00
c

be
f

d

7 . 89 a
21.39
c

900 g of 10% carbofuran granules, 400 ml water, 4 g carnauba wax ,

1 . 4 R ammonium stear ate , 175 g 54 . 4- 55.5°C paraffin , 25 g ceresin wax, ammonium
hydroxide to maintain pH of 9-1 0. Capsule material applied at three rates , a, b , c
to g ive 102 . 1 , 205 . 4 , and 410.8 g , respectively, per 900/g carbofuran granules.
2Formulatlon 2 : 900 g of
1.4 g ammonium stearate .
hydroxide to maintain pH
to g ive 102.7 . 205 . 4 and

10% carbofuran granules, 400 ml water, 4 g carnauba wax,
100 g 54.4 - 55.5°C paraffin, 100 g ceresin wax~ ammonium
of 9-1 0. Capsule material applied at three rates , a , b , c
410 . 8 g, respectively, per gOO/g carbofuran granules .

310 % carbofuran commercial granules .
410 %carbofuran commercial granules exposed to encapsulating heat and a i r t urbulence
in Hurster Air Suspension Machine .
5Rat1ngs taken 1n July . AUgust , and September, August and September ratings consisted ~
of neN scarring and old healed over scar ring .
6Means followed by the same l etter are not signifi cantly different at 1% level

(Duncan 1955).
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heavy- coated formulatio n Ie also provided acceptab l e contro l.
Heavy - coated formulation 20 provided a very low degree of
co n tro l and did not differ signl £ lcantly from the untreated
check.

I t Is apparent that at the time assessments were

made this formulation was just s t arting to break down a nd
release the insecticide into t he 5011 .

Combination form u-

lation 5 provided excellent contro l.

As indicated by the old damage index for August,
first generation root maggot larvae were ·most effective l y
controlled by carbofuran

lOG~

heat - treated carbofuran lOG

and the wax-encapsulated formulations la , Ib , 2a.

Combina-

tion formulation 5 \'1as not significantly different from

formulation 2b and both provided good control .

Formulations

lc and 2c did not provide good protect i on , but both we r e
significantly better than the untreated check .
Infestation by the second generat i on of maggots i s
indicated by the new damage index for August .

This infesta-

tion was significantly reduced by carbofuran lOG , carbofur a n
lOG heat-treated, and the encapsulated formulations l a , l b ,
2a and 2b .

It is apparent from these results that the wax

coatings on these formulations had dis i ntegrated and all the
insecticide was available for protection against the root
maggots .

The heavily coated formulations lc and 2c provided

less protection than the thin l y and moderately wax-coated
formulations , la, lb, 2a , and 2b .

It seems that complete
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breakdoim of the wax coatings 1n formulations Ie and 20

had not occurred and some of these capsules were still
intact in the 5011.

Formulation Ie provided a better

degree of control than formulation 2c, indicating that a
change in the kind of wax used 1n the encapsulating emulslon may have influenced the time of capsule breakdown.
The old damage index for September shO\.'led that all

formulations, excluding the heavily coated formulations Ie
and 20, significantly reduced infestation by root maggots.
Formulation Ie provided good control.

Formulation 20

provided a low level of control and was not significantly
different from the untreated check .
Damage by larvae, as revealed by the index of new
damage 1n September, was relatively 11ght.

All insecticide

treatments, excluding treatment 2c, provided excellent
control.

Formulation 2c provided some control but was not

significantly different from the untreated check.

It appears

that the wax coat1ng on this formulation was still intact.
These field results indicate that it is possible to
delay the availability of carbofuran 1n the soil by coating
the granules with wax.

It is notet... orthy that control of the

capsule breakdown may be achieved by controlling the amount
of wax capsule material applied and by using different waxes
in the coating solutions.
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The wax-encapsulated formulations la , lu , 2a and 2b
start ed to provide control shortly after beine applied to the
seed furro\'i .

This sur;eests that the "'ax coatings on these

formulations broke down completely within a short period of
time .

The heav ily coated formulation Ie started providing
control early in the season but provided a lower degree of
protection than la, Ib, 2a or 2b .

This \'las probably due to

the incomplete breakdown of the thick, Vlax NaIl .

It appears

that part of formulation 10 broke down early in the season
while the remainder of the formulation was intact in the
soil late in August .

A number of white, wax pellets of

formulation Ie were recovered from the soil during the rating
of damage in August.

These pellets were examined under a

microscope and the \'lax coating appeared to be intact .

No

granules were seen during a similar rating in September ,
indicating that the wax capsules had broken down cOMpletely.
This is confirmed by the excellent level of crop protection
provided by this formulation, as indicated by the n ew damage
index for September (Table XIV).
Hhlte, . ...,ax pellets of formulation 2c were recovered
from the soil during the September rating .

They were examined

under a microscope and the wax coat ing appeared to be intact .
This

~·;ould

explain the extremely poor level of control

provided by formulation 2c .

It can be concluded that part of
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the formulation broke down during the growing season , but
the major part of the formulation was still intact 1n
September when the final damage ratings were made .
Field and laboratory experiments indicate that
formulations la, Ib, 2a and 2b broke down wi thin a short
period of time.

Formulation 2c broke down 1n the laboratory

within 3 weeks , but 1n the field it took a longer time for
complete breakdown of the wax capsules to occur .

Formulation

2c broke down within 4 weeks 1n the laboratory, but the

major part of the formulation was still intact after 3 months
in the field.
Flea beetle damage and control, 1973 .

A heavy

infestation of flea beetles occurred 1n May, June , and July
1n the field where the experimental plots were located.
Rutabagas in the untreated check were severely attacked as
shown by the high damage index for this treatment (Table XV).
The carbofuran formulations used in 1913 were , in
general, less effective against the flea beetle than the
formulations used in 1912 . (Tables XI and XV) .

Carbofuran

10% granular and the instant - release carbofuran 1.5% at
rates of 1 . 10, 1 . 65 and 2 . 20 kg/ha gave the best results .
HONever , at 0.55 kg/ha these formulations provided a lower
level of control .

Coated- mixture formulations with no

instant release pellets , i.e., formulations 11, 12 and 13
did not control flea beetles,

lndicatin~

that formulations

59

TABLE XV
FLEA BEETLE OAl~AGE TO RUTABAGAS AFTER TREATMENT WITH
DIFFERENT FORr1ULATIONS OF CARBOFURAN, 1973
Carbofuran formulation

No .
1
2
3
4
5
6
7
8
9
10

DescriEtlon

Type

Actual
insect icide

kg/ha
0 . 55
1.10
1. 65
2 . 20
. 55
1.10
1. 65
2.20
1.10
1.10
1.10
1.10
2.20
1.10
1.10
1.10
1.10

52.87
70 . 83
74.22
75 .5 2
35.42
57.81
50.78
45 . 60
49.74

Untreated

10G 1
lOG
lOG
lOG
2

Instant release 7 . 5%

Instant release 7 . 5%
Instant release 7.5%
Instant release

7.5%

Coated mixture 3 7 . 5%

Instant release

7.5%
7 . 5%
7 . 5%

+ A5 + B6 + C7
A+ B+ C
B+ C
C

11

Coated mixture

12
13
14
15
16
17
18

Coated mixture

Coated mixture

4
Instant release 7.5%
Coated mixture 7.5%
Coated mixture 7.5%
Coated mixture 7 . 5%
Coated mixture
7 . 5%

Instant + C
Instant + A + B
Instant + A
Instant + B

Flea beetle

damage index
78 . 65
h8
44.01 bcdef
30.73 ab
29 .17 a
32 . 03 abc
48 .7 0
defg
39 . 59 abcdef
36 . 98 abcde
30.99 ab
fg
h
h
h
abed

fg
erg
cdefg

efg

1 10 %carbofuran commercial granules.

2Insecticide pellets formulated by impregnating oriental mustard
seed \'lith 78 ml carbofuran 44% flowable, 700 ml water , 10 g kel mar alginate, 10 g sugar , 10 ml white glyce rin and 5 g eosin
red; 7 . 5% active ingredient .
3A11 coated-mixture formulations in a 1:1 o r 1 :1:1 or 1 :1:1:1
proportion.
4Formulation 14 equivalent to formulation 9.
5Timed - release pellet formulated on oriental mustard seed with
three individual coating solutions:
carbofuran l.!l.!% flowable,
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TABLE XV (continued)
700 ml water, 10 g kelmar alginate, 10 g sugar, 10 ml white
glycerin and 5 g eosin red; 100 ml OSL-l and 100 ml wilt pruf
solution; and 40 rnl latex 2SL-3.
6Timed-release pellet, same as A except tertiary coating solution of 80 ml latex 2SL-3 .
7Timed- release pellet, same as A except tertiary coating solution of 120 ml latex 2SL- 3.
8
Means followed by the same letter are not significantly differ ent at 1% level (Duncan 1955).
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A, B, and C released no insecticide for a 3-week period
after application (Table XV) ,

These treatments were not

siv,nificantly different from the untreated check.

The

coated-mixture formulations Nhich contained instant-release
pellets, i.e., formulations 10, 15, 16, 17 and 18, provided
a low level of control primarily because of the instantrelease carbofuran 7 . 5% within these formulations.
Ca~

maRgot damage

an~

control, 1973.

Damage to

root surfaces of rutabagas, by the cabbage maggot \'1as not

as severe in 1973 as in 1972.

ThiS was probably related to

the low emergence of adult flies from overwintering pupae

(Table IX) and because of failure of larvae to establish
themselves 1n roots due to abnormally high precipitation in
July (Table X).

The low level of damage to the untreated

check in July is reflected in the low damage index for this

treatment (Table XVI).
The formulations tested against root maggots in 1973,
in genera l , were less effective throughout the season than
the formulations used in 1972.

As revealed by the July

damage index, only the 10% granular carbofuran at 2.20 kg/ha
provided significantly better control than the untreated

check (Table XVI).
As the season progressed, damage to rutabaga roots
increased as the index of old damage shO\'ls for

Au~ust .

Carbofuran lOG at 1.10, 1.65, and 2 . 20 kg/ha and the lnstant -

TABLE XVI
CONTROL OF THE CABBAGE MAGGOT BY DIFFERENT FORHl1LATIONS OF CARBOFURAN
AS nmrCATED BY DAMAGE TO ROOTS Of' RUTABAGAS, 1973

Carbofuran formulation
No .

1
2
3

•
5
6

7
8
9

10

.

11

12
13

"
15
16
17
18

Description

Type

Act ual
insecticide
kg/ha .

Old

JuJ,y

29.69

0. 55
1 . 10
1.65
2. 20

47.50
32.50
24.06
24 .06
17.19
31 . 88
21.25
18. 44
10. 63

h
edefgh
abedef
abedef
ab
bede!g
abed
abc
a

36.88
24.38
15 .00
1l. 88
7.19
21.88
15 .56
8 .13
5. 31

'00'
100
100
100
2
Instant release 7 . ~
Instant rele"se 7.5'/.
Instant release 7.5"/0
Instant releuse 7.51>
Cooted mixture3 7.!Jf.
7. %
7. %
7. %

1. 10
1 . 10
1.10
1.10
2. 20
1.10
1. 10
1.10
1.10

30 . 63
35 .00
20. 94
28 .13
15 . 31
22 . 81
26 . 88
34. ) 8
23 . 75

,d.

39 . 06
38 .13
37.50

fsh
fgh
fgh
8h

23 . 44
22 . 81
26 . 88
29 . 69
6.25
21 . 25
24.06
21.25
25.6)

7.5~
7. %
7 . 5~

7. %
7. ':-

0.55
1. 10
1. 65
2. 20

Instant release
+A5+ B6 + C1
A+ B+ C
B + ·C
C

Instant
Inst ant
Instant
Instant

+ C

+ A+ B
+A
+ B

,

abede
bcde
abe
abcde
abede
d.

abcde

41 .88
21 . 81 abede
36. 25
)7.50
)7.Bl
)5 . 94

'fgh
fgh
f8h
defgh

September
Old

N,"

bod,
27 . 81 bede
18.44 abcde
22 . 19, abede
10. 31 a
25.31 abede
17. 81 abed
12. 81 ab
14.38 abc

Untreated

Coat ed mixture
Coated mixture
Coated mixture
Instant r elease 4
Coated mixt.ure
COlted mixture
Coated mixture
Cooted mixture

8
Do.mase Index
August

,

lJ. . 38

,

abcde
abed
abed
ab
abede
abcd
abc
a

:33 .44 abc
36 . 88
33 . 88
25 . 56
35.63
34 . 69
25.00
IB.13

abc
abc
abc
abe
abe
ab·c
a

abede
abede

36 . 56
40 .00
37.50
41 . 56
21.88

abc
b,

,d.
d,

ab
abcde
abcde
abcde
bed.

abc

,

ab

,

41 . 56
36 . 25 abe
30.00 abc
40. 00 b,

N,.

50.00
,41.56
43 .75
35 . 00
33 . 13
46 . 25
41 . 88
33.75
32 . 19

e
abede
abede
abed
ab
bede
abede
.. b
a

47 .19 ,d.
49.69
48 . 75
49 . 38
34 . 69 abc
49.38
48 . 1.1.

45 . 6)
48 . 1)

•
•
•
,
•
bcde
d.

l~ carbofuran commercial granules .
2rn~ectlcide pell ets formul3ted on oriental mustard seed , impregnated with 7B ml carbofuran ~ flowable , 700 1111 water , 10 8
kelmar alginate , 10 g sugar , 10 1111 white glycerin and 5 g eosin red; 7.5~ active ingredient .
3All eoated-mixture formulations in a 1: 1 or 1:1:1 or 111: 1:1 proportion.
~ormulation 14 equivalent to formulation 9.
5rimed_relcase pellet formulated on oriental mustard seed· with three individual coating solutions: carbofuran ~ flowable , 700 ml
water , 10 a kelmar alginate , 10 g sugar , 10 1111 white glycerin and 5 g eosin red; 100 ml OSL-l and lao 1111 wilt pruf solution!
<lnd 4D ml l atex 2SL-3 .
~imed-release pellet, same as A except tertiary coat ing solution of BO m1 latex 251-).
7Timed_release pellet, same as A except tertiary coating solution of 120 1111 latex 251-).
Saatings t aken in July , August , and September ; August and September ratings consisted of new scarring and old , healod-over Scarring.
9Means followed by the same letter Ilre not significantly different at the 1:( level (DWlcan 1955).

0-

N

release carbofuran 7.5% formulation at LID, 1.65 and 2.20
k~/ha

provided the best control of the formulations evaluated

and \>/ere signifj.cantly different from the untreated check
(Table XVI).

The coated-mixture formulations, including

those with a proportion of instant - release carbofuran, did
not control the root

ma~~ots

and were not significantly

different from the untreated check.
The initial infestation by second Reneration root
maggots was most effectively controlled by carbofuran lOG
and instant-release carbofuran 7 . 5% at rates of 1.10, 1.65
and 2 .20 lcg/ha as indicated by the new index for August .
The coated-mixture formulations, and carbofuran lOG and the
instant-release carbofuran at 0 . 55 kg/ha provided a generally
low level of control and were not significantly different from
the untreated check.
The old damage index for September shows that only the
instant - release carbofuran formulations at 2 . 20 kg/ha (9 and
l~)

reduced root injury to a significant degree .

Protection

by carbofuran lOG at 2.20 kg/ha and instant - release carbo furan

7.5~

at 1.65

k~/ha,

although al most as good as that

provided by the ins tant-release formulations at 2 . 20 kg/ha,
was not significantly different from the check.

This lack of

statistical significance was likely a reflection of inadequate
replication .

In other Nords,

t ....

ith the exlstinr; variability,

more than 4 reolicates would have been required to detect the
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difference .

The other formulations tested did not substan-

tially reduce root

j

nj ury and the damar;e ratines were not

sip;nificantly different from the untreated check .
Dama~e

by

larvae , as revealed by index of neN damap.;e

in September Vias relatively heavy .

Carbofuran lOG and instant-

release carbofuran formulations at 1 . 65 and 2 . 20 kg/ha were
the most effective of the formulations tested, but provided
an ext r emely low level of control .

The remainder of the

formulations Ne r e not significantly different from the untreat ed check .

The coated- mixture formulations , particul arly those

without the instant - release fraction, provided essentially no
protection and apparently did not control the maggot .
It is difficult to ascerta i n the breakdown pattern of
the 3 different latex - encapsulated pellets A, E , and C from
this field experiment .

It appears that the le vel of toxicant

released at anyone time by the mixed formulations \<las insufficient to provide an acceptable level of crop protection .
This is substantiated to some degree by the poor le vel of
protection provided, th r oughout the growing season, by the
lower rates - 0 . 55 and 1 . 10 kg/ha - of commercial carbofuran
lOG (new index for September) .

Even the best treatments,

carbofuran lOG and instant-release carbofuran at 1 . G5 and
2 . 20 i<R/ha, did not provlde ade(luate protection as r utabav.as
harvested from plots treated at these rates were unacceptable
f or the commercial

~arket

because of scars on the roots .

CHAPTER V
GENERAL CONCLUSIONS
The des1en of controlled-release systems for insecti cides offers a potential solution to problems arising from
the ban of the organochlorine insecticides because of their
persistence and t heir tendency to concentrate in the food
chain .

Rapidly degrading organocarbamate and organophosphate

insecticides perform the same function as the organochlorines
if maintained at low but sufficient concentrations .

Hm'lever ,

because of this rapid degradation , reapplication 1s necessary
to maintain effective concentrations , often at the price of

incalculable harm to beneficial insects.

Alternatively , in

order to maintain effective concentrations of the insecticide
over a period of time , heavy doses , which are potentially
phytotoxic to the crops to be protected , must be applied
initially , sometimes long befor e the pests appear .
The controlled- release research no\'{ being conducted
seeks to desien encapsulation systems that will protect the
user from the insecticide before planting , the environment
from the insecticide and similarly, the insecticide from the
environment after plant inc , and effect the release of the
insecticide when the pests are due to appear .

Extra formu -

lation costs should be offset by savings in quantities of
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insecticide, the avoidance of reapplication and the increased
crop yields due to elimination of reapplication damage.
This preliminary research study has shown that

controlled release formulations may be prepared easily in a
Wurster Air Suspension Machine .

Of critical importan ce to

the des i gn of contro l led - releas e capsules is the mode of
content release.

In this study, modification in the thick -

ness of the capsule wall and the use of different wax levels
were used to adjust the releas e profile .
achieved with this method .

Some success was

More work must be done with

different capsule materials and the rate of capsule material
applicat i on before an effective controlled- release insecti cide can be formulated .

It appears that by using oriental

mustard seed as a base for the insecticide , followed by the
application of a protective wall, a more effective controlledrelease pellet can ' be formulated.
Laboratory assays with test larvae appear to be an
effective method of determining the release properties of
the capsules and the effectiveness of the released insecti cide.

There was close agreement between laboratory and

field ratings of release characteristics with the one exeption of fo rmulation 2c (Tables V and XIV).

Field experiments

are time consuming and may yield little information.

They

are generally most effective when employed after a controlledrelease sustem has been develo ped and tested in the labora tory .
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Insecticide s l ike carbofuran are not particularly
suitable in a c o ntrol led-release program since they are
highly persistant in the soil environment even at l ow
concentratio ns.

Rap i dly degrading o rganocarbama t e and

organophosphate insecticides appear to be ideally suited
for con t r olled- release systems and will be tested in the
near future .
This long - term project is as yet in its infancy .
I t is intended t o provide a new and more effective form of
pesticide release from capsules , wi th the aim of ultimately
achieving a release mechanism that wou l d be so l ely dependant
on the design of the capsules and independent of external
conditions .
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