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ABSTRAÛT

by

Lloyd Nicholas Chiykowski

THE CONTROI, oF TËlE Ol'i.roN ii,l¡\GGor, Hylemrê antiqua (irteig")
( Ð]PTEIìA : AIiITHOIT,iYIIDAE ) . }ITITH SOIvjEE-õp_ME.-ffi_ORGAIVÍC
II{SEGTICIDES AI$D THE trFÉECT OF THESE INSECT]CIÐES ON THE

GERiViIi\,¡\TIOi\ OF Oi\JIOi\i ANl] TURI\IP SEED

The purpose of this study was to find a method. of
chemical control of tire onion maggot, Flvl-emya antiqua (lvleig,),

and to determine the effect of certain insecticides on the
germination of onion and turnip seed" Tests were cond-ucted

in field plots and in flats in the greenhouse"

rn seed treatment or pelreting testso ardrin, chlordane,
IJD'I', dieldrin, heptachlor, lindane and toxaphene vrere used.

as wettable powders with Á.rasan as a fungicide and Methocel

as a sticker. rn furrow treatment control tests, aldrin,
heptachlor and toxaphene were used in the granular form,

and ma"l-athion as a dust. rn a delayed sprinkling experiment

dieldrin and heptaehlor emuLsifiable concentrates were

used" In seed treatment germination tests the same wettable
powders as those mentioned for seed treatrnent control tests
were used" For furrow treatment tests the following
insecticides were used; aldrin wettable por,^rdero granular

al-drin, dieldrin lvettable powder, treptachlor wettabl-e 'powder
granular heptachlor, mal-athion dust, toxaphene clust and.



granular toxaphene. Most of the above mentíoned insect-
icides were used at one or more strengths"

0f the seed treatments, most satisfactory controlu

with mi-nimum gerrni-na.tion injury, r^ras obta-ined witlt 25 per

cent heptachlor wettable polvd-er or 25 per eent diel-drin

wetta-bl-e pot^ider. fn furrow treatment tests, the most

satisfactory control- was by granular toxaphene " In the

delayed sprinkling tests, both dieldrin a.nd heptachLor

treatments reduced further infesta.tion,
Sieed treatment germination tests with turnip seed

indicated tha.t ÐDT, toxa.Þhene, aldrin and dieldrin treat-
menis caused the least reduetion in germinal,ion" In the

furro¡¡ treaüinent germination tests with turni-p seed, d.ieldrinu

malathion and granular toxaphene caused little or no r.ed-uc-

tion in germination"
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CHAPTER I

ITiTRODUCTION

The development of the V'linnipeg area of Mani-toba into
one of the outstanding Dutch set onion growing areas of
Canada has brought with it problems of controlling insects,
The onion maggoto Hylenyg antåqua (Meig" ) r is by far the most

important pest of onions in this area and in rnost years

eauses severe economic losses in market gardens" In addition

to Ðubclr. sets, cooking onions and pickling onions have been

severely damaged in the past by this pest" The occurrenee

of serj-ous infestations has been unpredict,able, varying from

little or no damage one year to complete destruction of onion

crops another year" No satisfaetory method of control has

been developed that will control the maggots once they have

infested the onions, For this reason¡ âo attempt has been

made to develop a preventative method of control which could

be used each spring as a preeaution aga-inst these sporadic

infestations "

3roþlem

The purpose of this study was: (I) to find. an econom-

ical and practical ehemical method for controlling the
onion maggot, H" anUlqua; and (Z) to test the effect on

germination of onion and turnip seed of certain newer



insectÍcides, used in eontrol work,

ïn the 1953 Report on crops in lr{anitoba, t¡Ieir (3S)

stated that the control of the onion maggot seemed to be

still the major inseet problem in marlcet gard.ens" Ðamage to
Ðutch sets is caused in two ways, The maggots ínfest the
small sets and destroy them" Consequent thinning of the rorrirs

by the maggots resuLts Ín the remaining onions grorring to a

size larger than that permitted for sets, Ðamage to other
types of onions is caused by the maggot feeding in the buLbs"

rn this case, the onion plant may be destroyed by the maggot

itserf or by decay resurting frorn initiar damage by the
maggot,

control of the onion maggot in litanitoba has been

unsuceessful in past years, and. there has been an urgent
demand from the market gardeners for a practical, economical

and effective control" fnd.ications from workers (5, gu 29c

37) have shorvn that the use of a seed treatment, or
application of an insecticide to t,he furrow at the time of
planting, have given effective eontrol" rt was d.eeided to
test these control recoÌnmenda'bions in I{anitolca" In addition
to the above control recommendations, a prelímÍnary experi_
ment was conducted to determine the possíbilities of
preventing further damage to onions onee the maggot had

2



3

entered the soil and begun feeding.

since both the recommended measures require a direet
contaci between the seed and a chemicat insectícide, a

stucly had to be made of the effect of such chemicals on the
germÍnation and early grow0h of the seeds" Both oníon and.

turnip seeds were used in these germination tests" The use

of turnip seeds was prompted by yet another problem, that of
a need for control of another species of Hylemya infesting
turnips 

"



onion growers across üanada for many years. As early as

L92L Gibson (14) stated that this inseet was a regularry
occurring pest in every province from Nova Scotia to Brítish
Columbia. It is j-nteresting that at that time â poison bait
was used for controlling the pest, Gibson (14) recommended.

dissolving one quarter of an ounce of comnercial sodium
arsenite in a gallon of boil-ing v'ater r^¡ith one pint of cheap
molasses added. This mi-xbure was then applied as a coarse
spray of drops in V-shaped strips aeross the plot or fíe1d,
the stri-ps being 15 to zo feet apart, Four to five applica-
tions were necessary per seaÐn. six years later caesar (r+)

recommended spraying the plants wÍth a lubricating oi1
emulsion containing lubricating oil, bluestone, hydrated
lime and water" Â,nother control method reeonmended by
caesar (4) was to plant multipliers or cuLled onions in the
rows when sowing the seed" These would grow much faster than
the seed.lings and attract the fLÍes to lay eggs upon them and
thus save the seedlings. lrihen the maggots in these cull_s or
multipliers were fully grown, the plant,s were removed and
destroyed,

CHAPTER TT

REVIEIü OF L]TERATURE

The onion maggot, Hyler4ya antÍgrla (lr{eÍg" ) has plagued
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In ]-932 Dustan (8) recoilunended the use of corrosive

sublimate as a suitabfe insectieide to conirol the onion

maggot in the prairie provinces. The material was mixed

with water and poured over the seedling plants and surrounding

soil" Hutson (16) however, sta.ted that because of the

corrosive effect of corrosíve subli:nate on metal, special

containers of wood, pottery or glass were required" This

together u¡ith the amount of labor required in applying the

materÍal lirníted its use to small plots of onions" For large

plots or fíeldsu Hutson (f0¡ recommended a homemade emulsion

spray contaÍning tfcaseinate calciumrr or Bordeai:x mixbure.

Bird (1) recommended the use of corrosive sublimate as late

as 1943,

Prelimlnary enperiments by Mcleod (20) in L9b5 for the

control of onion maggot showed that a caLomel seed treatment

gave excellent controlu but due to its high cost and retarded

grov'rLh of treated pJ-ots ít was deemed impra.ctica-l, Hexachloro*

cyclohexane, then a nerrrly formulated inseetj-cide, gave good

control for this pest. Three years la.ter, Dustan (9) stated

that the most satisfactory control up to that time was the

use of calomel applied to the seed before planting, The

onÍon seed was moistened wíth water and mixed with an equaJ-

weight of ealomel, l¡Ihere onions were growri from sets or

transplants, ûustan (9) recoTnmencled applying a four per cent

calomel dust to the soiLu
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The use of new methods of appliea-tion and new insect-

icides began about I95O, Rawlins and Newhall (32l. dusted the

surface of the soil at seeding time wíth a 25 per cent dieldrin
v¡ettable powder and recorded only three per cent daraage in
the treated rov¡s as compared with 83.6 per cent in the check

rows. In l-95L*52 tests, lviorrison and Crovrell (26) reported

that aldrin gave good commercial control- of the onion maggot

in Oregon when applied to the soil, About this time Ðoane

and Chapman (7) conducted control tests in i¡rlisconsin" They

found that one per cent dusts of clieldrin and aldrin appli-ed

at the rate of 50 poirnds an acre gave excellent control of
the onion rnaggot in onions gro$m for sets" One per cent

parathion and five per cent chlordane gave fair control
A preliminary report by lt{errill (zLv) ín ]-953 states

that doses as low as o,75 pound of heptachl-or and dield.rin
per acre with additÍon of thiram markedly increased the

stand of onions. fn 1953 and 195¿r a variety of methods r,rras

tríed and a few practical and effective ones \^rere found.

Peterson et a1-" (Zg) foirnd that good control eould be obtaÍned.

by pelletíng the seed luith an insecticide-fungicide mitcture.

The insectieides used r^rere aldrinu diel-drin and heptachror,

The same insecticides were used successfully as broadeast

ancl furrov¡ treatments" Sprays and- dusts were used but

special attention was given to the timing of applicatÍons,
Chapman (5) states that ín various tests eonducted at
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i,t¡isconsin¡ heptachlor and dieldrin stood out as the two most

efficient insecticides but were followed closely by aldrin"
All three insectÍcides gave good control as seed, granula.r*

furrow and soil treatments" TozloskÍ (36) conducted tests
usÍng spray, pelleting and dry seed treatments. Ten per cent

DÐT and one per cent diel-drin applied to onion seed as dry
materials gave the best control, These same materÍals a.l_so

gave good control if used in a pelleting treatment" control
by spraying was listed as ineffectiveo inconveníent and more

eostly than the first mentioned controls.

Líterature on the effect of inseetícides on seed

germination is somewhat limited. L,ange et al, (19)

employed seed treatment for controlling the seed-corn maggot,

Hylemva cilicrura (Rond, ) u in beans and found that the
insecticides used had a definite effect on seed germination,
He found that the use of aLdrin and dietdrin resulted Ín a

delay in germination, chlord.ane gave less delay and in one

case gave a stimulating effect, There was reduced total
emergence for all treatments in comparison with r:ntreated
seed, Merril] l2l+) found that dieldrin, when used. in contact
with the seed at the rate of I"J pounds per acre, resulted
in injury to the stand of onions, This, however, was thought
to be partly due to the solvent contained ín the insecticj.d.e
formulation" Cox and Lil1y (6) eond.ucted tests on the effect



of aldrin and dieldrin
field crop seeds" The

treatment form" Marked

between seeds used and

on germination and early growbh of
insecticides were used in a soil
differences could be seen both

rate of application,

I



CHAPTER I]I

BIOI,OGY OF T}iE ONION I,4AGGOT

Life hístorv

The l-ife history of the onion rnaggot consists of
four stages, (") ugg, (b) farva, (c) pupa and (d) adult"
The winter ís spent in the pupal stage eit,her in the soil_ or
in piles of culled onions in the field. rn Manitoba the
first adults appear around the beginning of June and eontinue
to emerge until the end of June" They fly around. for about

10 days and, after mating, the females begin to lay eggs,

The eggs are 1aÍd eÍther on the base of the onion plant or
in the soil aror¡nd the base of the plant. rn approximately
a week the eggs hatch and the resulting larvae make their
way to the onion bulb, The maggots feed insíde the bulb and

Íf the plant dies before the raaggot matures, the maggot

crawls to another plant, rn this nanner, several seedling
plants may be destroyed by one maggot" Feeding continues for
about three weeks following which pupation takes place ín the
soiI" aceording to Bird (l) two generations a year are

found in ivxanitoba r,r¡hÍle in Eastern canada, Ross (3ü states
that three generations may oceur,

The outline above is essentially a typical life history
sínce the date of emergence and the length of time spent in
the various stages vary v¡ith clÍmatic conditions" cool, wet
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weather Ín the spring and early strrnmer tends to delay

emergence of the adults and j-n some years greatly reduces

the damage" In 1953 for example, abnormally cool, wet

weather was sufficient to prevent damage by the first genera*

tion" Hot clry weather during the late sunmer period caused

serious infestatÍons by the second generation on experimental

plots in September" A wet spring in I95l+ delayed serious

ínfestations untiL about mid-July, Dry weather followed and

heavy damage occurred" In some cases entíre fields of onions

were rendered useless" Eggs and newly hatehed larvae were

seen on plants as late as JuIy 26" The eggs.r,¡hich are

generally laid at the base of the plants were occasíona1Ly

found on the bulbs of the onions this year" In a few

instances the eggs were found as high as two and three inches

up the stem"

Appearance

The adult is a two-winged fly vrhích is similar in
appearance to the common house fly except that it is smaller

and of greyish color. The male fly is darker and slightly
smaller than the female, The egg measures about one-sixteenth

of an inch in length and is v¡hj.te " The maggot is creamy-

white, legless and possesses small mouth hooks rnrhieh enable

it to feed on plant tissue" I,tihen fuJ.ly gro\Am, the maggot

measures about one quarter of an inch in length" The pupâ¡

whÍch is reddish-broum in col-or, measures about one quarter
inch in length and somewhat resembles a plurop grain of wheat"



Control experiments

Seven insecticides were used in the seed treatment

tests against the oni.on maggot: (1) þ0 per cent aldrin,
(2) f0 per cent chl-ordaneu (¡) bo per cent DDT, (b) zj per

cent dieldrin, (5) 2J per cent heprachloro (ó) 50 per cent

lindane and (7) l+0 per cent toxaphene " A1r were wettable
powders' Arasan was used as the furrgicide, A four per cent

solution of Methocel (methyl eellulose) was used as a stick-
ing agent to enabl-e the insecticide-fungicide mi>cbure to
adhere to the seed coat" fn the furrow treatment tests, three
granular formulations and one dust were used". The granular
insecticides consisted of (1) fi-ve per cent aldrin u (z) five
per cent heptaehlor, and (3) ZJ per cent toxaphene. A four
per cent nalathion dust v¡as used as the fourth insecticide,
For the delayed sprinklíng experiment, started after infesta-
tion had begun, an 18 per cent dieldrin emulsifiable concentrate

and a 25 per cent heptachlor emulsífiable concentrate were

used" The insecticides in thÍs test v,rere applied by means

of a one gallon sprinkling ean, Although most of the seeding

for the eontrol experiments was done by hand, a planet Jr.
seeder was used in one case where sowing by hand was ímprac-

tical' All treatments were marked with t2 inch gard.en stakes,

CHAPTER NT

MATER]AIS
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Seed germÍnat-Lon experiments

. Seed germination experiments were of trnro types:

(1) seed treatment and (2) furrow treatment. The seed

treatment experiments employed the same insectieides as bhose

mentj-oned above for seed öreatment control" Eight insect-
Ícidesu consisting of (1) 20 per cent aldrin wettable powderu

(2) five per cent granular aldrin, (3) 2J per cent dieldrin
wettable portrder, (41 25 per cent heptachlor wett,able povrder,

(5) fÍve per cent granular heptachlor, {6) four per cent

malathion dust, (7 ) 10 per cent toxaphene dusl, and (8) 25

per cent granular toxaphene were used in the furrov¡ treatment

tests" All these tests were conducted in the greenhouse

using wooden flats measuring 2l+ j-nches by 12 inehes by three

and one half inches, Fine sand was used as the germínating

medium, Corrugated cardboard strips, measuring 12 inches

long and three j-nches high were used as partitions betvreen

treatments in each fl-at, In the onion seed germination tests,
Ðutch set seed, variety Ebenezer (yelrow) was used, vrhile in
the ùurnip seed tests, seeds of the variety r,aurentian were

used" Methocel was used as the sticker and half pint Atlas
Liquid right cardboard eontajners vrere u-sed for mixing,



Seed treatmenù control t,ests ïr'ere conducted in field
plots at The UnÍversity of Manitoba and at Bird.ts Hill, The

plan for the seed treatment control pl-ots at bhe University

incl-uded eight replicates of each treatment" It was decided

that each treatmenL or plot should have 500 seeds so that
germination data as well as insect control data could be

obtained" Since counting of the seeds presented a time

consuming task, the average weight of five groups of 500 seeds

eaeh was taken, The average weight of 500 seeds was L,7i
grams and since eight replicates or t{.r000 seeds ïrere required,
the total weight was 1À, grams, Eight samples of seed, each

containing 1& grams $¡ere weighed and placed in separate

contaj-ners, The required amounts of each insecticíde which

would give a ratio of one part actual toxicant to 16 parts of
seed by weight were then weighed and placed in separate

containers' Three grams of Arasan were added to each tesÈ

sample of insectÍeide and the mirture was shaken thoroughly"
Each sample of seed was separately nroistened with three

millilitres of four per cent Methocel and emptied Ínto a
container holdÍng the required insecticide*fungicide míxture.
The nrirbure was then thoroughly stirred and. shaken to insure
proper coverage of seed with the insecticide-fungicide

CHAPTER V
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mj-xture. The seed was then exposed to room air to facilitate
complete drying.

0n the follo'¡f. ng day, the total amount of seed for
each treatment was weighed into eight equal samples. This

gave approximately 500 seeds to each separate sample" Eaeh

treated sample was then placed in a separate envelope,

The experimental- area for these tests r¡ras divided into
eight replÍcate plots eaeh measuring 15 feet in length and

20 feet in rn¡idth. Seventeen furrows, about one inch deep

and spaced 15 inches apart were then made in eaeh plot" Each

treatment Ín eaeh repJ-icate plot consísted of one row and was

separated from the nercc treatment by means of an turtreated

guard row' seeding was done by hand in order to distribute
the 500 treated seeds evenly in the 15 foot ror^¡, After all
seeds has been sown in the furror^¡s they lvere eovered over by

hand, The soil was packed dor,vn by means of a hoe"

For tests in the Birdss Híll l-ocation, seed treatment

was done in a similar manner except that the seeds were

not counted" Sowing was done with aPlanet Jr, seeder" The

seeding disc was set at 2J and gave a ra-te of approximately

40 pounds to the acre, The layout of the plot was essentially
the same as the previous experiment except that only four
replicates were used"

counts for these seed treatment control tests were

made at approximately four day intervals. This time intervaL
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was chosen since young plants, íf serÍously infested, could

dry up and easily be overlooked at any longer interval' For

counting purposes, all plants showing signs of infestation

vrere pulled out of the ground and examined for definite maggot

daraage" This v¡as done to prevent counting of any possíble

diseased onions. After examination, the plants T¡iere placed

on the surface at the point of pulling to enabl-e the maggots

to re*enüer the soíl"

Furrow treatrnent eontrol tests

The furrow treatment control tests were conducted at

the University. An experimental area for these tests was

marlced off into five replicate plots each measuring LZ feet

in length and 16"5 feet in width, Eleven furrows, each 18

inches apart were made in each p1ot" Each treatment in each

replicate consisted of one 12 foot row separated from the

nexb treatment by means of an untreated guard row"

Approximately 500 seeds, measured by the weight method, n\¡ere

placed i-n each treatment furrow by hand" Aldrín, heptachlor

and mal-athion were then distributed evenl-y over the seeds at

the rate of O,l pound actual toxicant per 11000 feet of row"

Seeds were then covered by hand and the soil- packed by means

of a hoe. üounts of infested plants were made in the same

manner as that descríbed for the seed treatment control tests"

The delayed sprinkling tests were conducted in a field
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of lightly infested Ðutch set onions at Parkdale" This

field had not been chemically treated in any way and was

located approximately half a mile from a heavily infested.

field of set onions" since the 1954 onion maggot infestations
were late, it was believed t,hat the f ew inf ested plants in
tiris experimental field indícated the beginning of a seri-ous

infestation. This being the case, treatment of the onions

would give some indication of the possibilities of stoppÍng

damage once the maggots were present in the soil and onions,
dieldrin. and hepta chl_or,

0n1y two insecticides u¡írere used in thãse tests but

each was applied at three dÍfferent d.osages: (t) o"i- pound

actual toxicant per 11000 feet of row, (z) 0,3 pound actual
toxicant per 11000 feet of row and (i) 0,6 pound. actual
toxicant per 11000 feet of rorr'" Four repricate prots,
measuring 15 feet in length v¡ere marked. Each replicate
eontained seven treatment rows separa.ted from eaeh other by

a guard rowo For eaeh treatment, the required insecticlde
ïras pl-aced ín the watering can and one gallon of water added,

This mirbure was then applíed liberally to one treatment roure

surroundíng the base of each plant and sufficiently soaking

the soil to insure penetration of the insecticide below the

surface" counts h¡ere made in a manner similar to that
mentj.oned in the previous control tests"

Seed treatment germination tests h¡ere concLueted both
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in the fiel-d and in the greenhouse, The germínation tests
in the field were included in the seed trea.tment eontrol

plots" Germinati-on tests in the greenhouse urere conducted in
flats" Each flat vras partitioned into 10 sections by means of
corrugated cardboard strips. The eight inner sectj-ons

were used for treated seed while the outer sections served

as guard rows, fn this manner each flat contained one repli*
cate of each treatment, The fl-ats were f il-led rrith fine
sand to a depth of approximately two inches" Sa.nd v¡as chosen

as the germination medlum beca,use it contained little or no

organic matter which would tend to sorb the insecticÍdes and

thus slow down their effect on the germinating seed"

As mentioned earl-iere seven insecticides 'hrere used in
the seed trea'bment germinatíon experiments, The check

eonstÍtuted the eighth treatinent, For the firs'b experiment

conducted with onion seedu each insecticide treatment, was

applied at three different rates and each rate was replicated
seven times" The first rate of appJ-ication consisted of one

parb aetual toxicant by weight to 16 parts of seed by wej_ght"

The second and third rates of application consisted of 1"5

parts of ac1;ual ùo:cicant to 16 parts of seed and 'two parts

of actual toxicant t,o 16 'parbs of seed respectively. The

onion seed i,vas weighed in 2l- samples o each sampJ-e containi-ng

16 grams of seed " Prel-iininary tests showed that four
millilitres of fouroer eent l4ethoeel were sufficíent to
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moisten 16 grams of seed, Each 16 gram sarnple of seed was

separaiely treated wíth the required insecticide and rate in
a rnanner sírnilar to that described for seed treatment controL"

After treatment, the seed was spread out ín a thin layer to
dry"

The turnip seed treatment tests were conducted in a mânner

similar to those on onion seed germination except that only two

dífferent rates of each insectícide u¡ere used" The lightest
rate consisted of one parb of aetual toxicant by weight to 16

parts of seed by weíght and the heaviest rate consisted of two

parts of actual to:ticant to 16 parts of seed, The turnip seed

was weighed in lb samplesu each sample containing four grams

of seed, Each sample of seed was moistened r¡¡ith one mil-l-ilitre
of four per cent Methocel and- treated wíth the required insect-
ici-de in the usual tnanner@

Seeding of both onj-on and turnip seed was carried out

in the sarne r.rayo One hundred t,reated seeds were placed on the

surface of the sand in each section" In this r¡ray each flat
contained a total of 8OO seeds, i;fhen all the seeds had been

placed, they were coverecl with a half inch layer of sand that
had been sifted through a 16 mesh screen"

Germination counts were begun 11 days after seeding

and rt¡ere made every two days r¡rtil maximum germination had

been reached for all treatrnents" These counts were based on

the number of seedlings appearing above the surface from the



hundred. seeds planted per row, By making counts every

days¡ âtry delay in germination of treatments could be

Notes were also made on post-emergence grovrbh,

Furrot¡ treaiment germínation tests for botÌr onion and

turnip seed hrere conducted in wooden flats Ín the greenhouse"

rn addition to greenhouse tests, onion seed germination was

also tested in the furrow treatment control plots in the field,
In the greenhouse tests, eaeh insecticide was app-l_ied at two

different rates" The first rate of application was equivalent
to 0"1 pound of actual toxicant to 1rOO0 feet of rorv. Toxaphene,

lvhich was considered a less toxic insecticide, t'rras applied at
the rate of 0,3 pound of actuar toxicant to 1roo0 feet of row"

The second rate of application was equivalent to 0"1 pound of
aciual toxicant to 1e000 feet of roÍi, The second rate of
toxaphene \^ias applíec1 at three times this rate or the equi-va-

lent of 0"9 pound of actual toxieant to 1u000 feet of row.

The tests were conducted in urooden frats" Each flat
was partitioned in 11 seetions by means of corrugated card.-

board strips and filled with sand to a depth of about two

inches. only the Ínner nine sections were used- for treat-
ments" The two outer sections served as guard rorrs" One

hrrndred beeds were then placed. in a shallor,v furror^¡ in eaeh

treatment secËion, The insecticides r{ere ihæapplied

19

two

coiapared 
"
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to the seeds in their respectíve sections" In some cases

the seed vrras completely covered r¡ith insectícíd.e" Follorving

this procedure, a half inch of sifted sand v¡as added to each

section to cor¡er the seed, tounts \^rere made in a manner

similar to that deseribed for seed treatment germination

tesbs,



Seed treated rtrith insecticide-fungicide mixbures

gave varying degrees o,f' control of the onion rnaggot, As

can be seen in Table T, the treatments of 1;he experiment

eonducted at the University were highly significant at the

one per cent level. .An analysis of the treatments is
given in Tabl-e II "

According to Goul-den (15), percentages are parbicu-

larly likely to shortr deviations from the normal distribu-
tions. FIe therefore, recommends transformation of per-

centages unless nearly al-l the data ]ie betvreen 30 and 70

per cent" The inverse sine transformation was used and

transf'ormed values rrere obtained from Snedecor (3il,
A1l- treatments excepÈ ÐDT and toxaphene differ

significantly from the check at the one per cent level.
DDT and toxaphene shoiu significant difference at the five
per cent level" Lindane gave complete control but cau-sed

a markecl decrease in gerärination of onion seed whicir will-
be discussed under germination results" Heptachlor, aldrin,
diel-drin and chlordane all gave exeel-lent control, shor,ving

significant differences from DÐT and toxaphene at the one

per cent level" The four successful treatments did not

RESULTS AND DISCUSSIOI{S

CH¡.PTER VI
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díffer from one another significantly" Aldrin and chLordane

treated seed sho'r^rs some reduction in germination and will
be discussed under germination resulLs. Individual variates
are given in AppendÍx A"

Results of seed treatment control plots at Birdes

HÍll differed somewhat from those on the University pJ-ots"

Tabre rrr shorvs all treatments to be highly signifieant at
the one per cent level, Table IV shov¡s the results of the

separate treatments" The transformed percentage control of
all treatments differ signifieantly from the checlc. Although

DÐT gave some control ít is significantly lov¡er at the one

per eent level Lhan al-l other treatments including toxapheu.e.

Toxaphene in turn is significantly lower than the remaining

treatments at onry the five per cent level" Líndane gave

comprete control but a gla-nce at the column showÍ-ng total
number of plants indi-cates very poor germina-tÍon. Dield.rinu

heptachlor, ardrin and chlordane gave the best control"
Aldrin and chl-ordane shornred decreased germination"

Germi-nation results will be more thoroughly discussed later
in the chapter. Readings for individual variates can be

found in Appendix B"

Furror^r t reatment -Esn:Uy"e.L

The furrow treatment control tests, eonducted
University, íncluded only four insecticides but gave

á.lJ

a

the



Aiü¡{LYSIS 0F
IVÏAGGOT,

TABIE I
VARIA}\TE OF THE PER CENT
Hvlemva antiqua (ivieie. ) 

"ffiTYPIõTSI

Source of
variation

Replicates
Treatments
Error

Total

Ð "F,

TABT.E II
PER CENT COwTROL 0¡'TnE OirrIOir iviAGGOT- Hvlemva antioua (Meie.)"

By sEÊD TREATMENT Ol't Ui\rVERSrry pf,officÀrnSÏ-''

7
7

b9

lvì. S,

CONTROL
BY SEþJD

32 "LI839.18
23,72

63

E1¿o

OF THE ONTO1V
TREATì'']ENT

Treatment

L "35
35 JB*"* 3 30

23

Aldrin
Chlordane
DDT
Dieldrin
Heptachlor
Iindane
Toxaphene
Check

,01

Infesl,ed
plants

.05

2 "2L

5
13

357
7
3
0

349
6go

No. of plants
in eight
replicates

Probability
fr" S"D "

2,80&
2;60r
3 ,L25
3,267
3;368

762
3,337
3,258

Per cent Transformed
control percentage

L/"
I "52

gg,82
99,50
88" 83
99 "79oo o'l
/ ./ 6 /1

100.00
89 "5b
78 "82

5r,
5,76 (transformed percentages)

88'50
85,86
72 "OI88. t3
89"u
90.00
72,L2
63,79
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TABLE TII
ÀI!^{LYSfS OF VARIANCE OF THE PER CENT CONTROL OF THE OI\ION

rvacGor' ftk*?rifiguftrly"Èf,¿¿å)ut sEED rnnari\utivr

ÍJource of
variation

Replicates
Treatments
Error

Total

lJ"F "

3
7

2L

ïvi" $"

TABLE ÏV

PER CtrNT CONTROI, 0F TllE 0NI0N IrIAGGOT, Hr,4emya anitqua
(rrreis, ) ¡ By sEED TREATI¿ENT oN erÉoigTffi mß:

(¡'oun REPLTCATES)

¿e"11
2go "b6Ãor,/ ø /&

'Ì¡,

ïnfested
Treatment plants

aõlr¡u* T*"e r

"01

Aldrin
Chlordane
DDT
Dielclrin
Heptachlor
Linclane
Toxaphene
Che cl<

"o5

2 'l+9

0
0

L28
0
0
0

20
737

No, of plants
ín eight
replicates

Probability
L"S.D"

3,1t5
7,1+l+l+
5;56Ù
5r375
l+ 

'b9565
5,LOg
5 r4r4.

L'/,
h,"27

Per cent Transforned
control percentage

100
100
97,7

100
100
100

gg "6r
B6 "39

5f,
2"89 (transformed

90,00
90,00
8z "rz
90 "00
90 "00
90,00
86 "7o
65 "65

percentages )
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wider range of results than the preceding seed treatment

control tests, Table V shows that treatments are significant
ab the one per cent level, Table VI shov¡s the differences

between treatments" Malathion du-st shows no significant
difference from the checlc aL the five per cent l-evel. Aldrin,
heptachlor and toxa"phene, all granular formulations, show

significant control" Although t,he percentage of control
varied somewhat, none of the three treatments differed from

one another significantly, Results of gerrnination will be

discussed under germination tests, Counts of inctivíduaL

varÍates can be found in Appendix C.

As mentioned earlier, this test was conducted in an

atLempt to stop further damage once the rnaggots had infested
the crop of onÍons. Table Yrr shows that treatnrents were

significant at the one per cent level" The transformed

percentage column in T¿61s VIIT shows that al_l three rates
of both dieldrin and heptachlor gave signÍficant control,
Further study of the treatments shov¡s that no significant
difference exists between either breatment or rate of
treatmenf,



TABLE V

ANALYSIS OF VARIANCE OF THE PER CENT CONTROL
i\r/\GGOT, I{ylemra antiqua (ivleig, ) u BY FURROI¡I-_(mrÏffiffiiy plois)

Source of
variation

Replicates
Treatments
Error

ToLal

D"F"

l+

l+

L6

TABI,E VI

PER CENT 0F CONTROL oF THE oNrON i\LAGGor, Hylemya antiqua
(l'4eig" ) , BY FURROI4I TREATi\4ENT Ohl UNIVERSÏTT-PÏ,0-TS-

(FIVE RTPIICATES)

M"S"

69 "zT
L?O72 "l+I

l+6 "35

2l+

OF THE ON]ON
TREATNIII\üT

F

L 'Lv9 b.77
2) "l.4x* h,"77

'l'reatment

26

"01

Aldrin
Heptachlor
Malathíon
Toxaphene
Check

Infested
pla.nts

,O5

3,01
3.01

Probability
L" S"D"

i_

27
397
r4

l+3I

No, of plants
in eight Per cent
repì-icates control

r%
19,82

887
698

I 1446
1t¿r'03
I,5Ol+

5/,
Il "95 (bransf ormed percentages )

99,88
glv 

"7 Lr

7r,78
98,98
7L 'l+h

Transformed
percentage

89 "11
79.2L
58 "6r8t, '53
58 "04



ANALYSIS
MAGGOT,

TABLE VII
OF VARIANCE OF THE PER CENT
Hvlemva antioua (lileiE.) " BY

-lffiriuni,n-píors )

$ource of
variation

Replicates
Treatments
tsrror

Total

D"F"

)
o

r8

PER CENT OF CONTROL
(Meig. ), BY DEI,AYED

CONTROL OI¡ TFIE OI\]ION
ÐELAYED SPRINI(LTNG

M" S.

27

6 "gz
L74 "969"5&

Er

Treatment
Lb 

" /Lr0oo ft "of row

27

20,I+.9**

"01

Díeldrin(0,f )
Dieldrin(O,3 )
Diel-drin(0"6)
Heptachlor(0,1)
Heþtachlor ( O,3 )
Heþtachlor(0 "6 )
Check

0F TI-IE 0l{I0N MAGGOT, Ilylemye antiqua
SPRINKITNG TREAT}IENT, OM

TAB],8 VIII

(FOuR REPI,ICATES)

No, of plants
fnfested in four
plants replicates

¿þ"01

.05

2 "66

Probability
L" S"D "

49
36
L2
Ì+6
18
2l+

775

7,457
6,tu98
6"rtr55
7 ,l-I5
7 "Or56isrg
5,779

L/'
5.78

Per cent Transformed
control- percentage

oo ?l
99 "45
99,81
99 "35
99 "71+gg 

"6386,i9

5'/,
3,82 (transformed pereentages

85,1+5
85,92
87 ,6r
95,6L
87,1+6
86,7 5
69 "Lz



As stated earlier, the seed treatment germina.tion tests
for onion seed were conducted both in the greenhouse and in
outdoor pfots" Table TX shows an analysi-s of variance of results
from outdoor seed treatment plots at the universit,y where only
one rate of each insecticide was used, Replicates and treatments
are both signifieant at the one per eent level" A,n analysis of
the treatments is given in Table X"

DÐT' dieldrin, hepta.chlor and toxaphene treated. seed

show no significant difference in germinatj-on from the check"
Seed treated with aldrin, chlordane and. lindane shows a sígnifi-
cant reduction in germinatíon at the one per cent l-evel. Lin-
dane is significantl-y lower than both aldrin and chlordane at
the one per cent level-, fndivid.ual variates will be found in
Appendix A,

A definite number of seed.s were not pranted. per row in
the Birdss Flill seed tree.tment tests, Use of a rnechanical- seeder,
however, gave approximately an equal amorrnt of seed per treat-
ment row" Table rv gives the totaL number of plants for eight
replicates' .4. definite red.uction in number of plants is shown

in the aldrino chlordane a.nd lindane treatments"
Seed treatment germination tests with onion seed in the

greenhouse involved the use of three different rates of each

insecticide, Table XI shows treatmenis to be highly significant
aù the one per cent level" Repli-cates are signifieant at the

2B
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TABLE IX

AN,q.LYSIS OF VARIAI'ICE OF PER CEI\]T GtrRiIiTi\]Â,TION OF ONION SEED
TREATED I\,ITH VARIOUS INSECTIC]ÐE$ BY THE SEtrD TRtrAT]VEI\IT Ì,,T4TFIOD

(FIETD PrOTS)

$ource ofvariation

Replicates
Treatments
Error

Jotal

Tì E'

7
7

l+9

TABT,E X

I¡TELD PIOT GERIVITiVIITfON RESULTS OF ONION SEEÐ TREATED I^íITH
UARIOUS INSECTIC]DES BY THtr SEtrÐ TREATiVü¡}IT 1VIETHOÐ

(EIGHT RtrPI,ICATES)

M",S,

t+9,26 3 "30*"
L ,562 "o7 lot+, 77i"i'

1¿þ'91

63

r'

Treatment

Aldrin
Chlordane
DDT
Diel-drin
Heptachlor
l,i.ndane
Toxaphene
Check

"01-

3,03
3 "O3

Number of pLants
from l+r000 seeds

"05

2,245
2,205

Probability
L"S.D"

2 
" 

80¿þ
2',60l'
3,r95
3'"267
3""368-762

3,337.
3,258

Per cent
germination

r/,
6 "75

70.10
65,o3
79"88
8r,67
8¡*,20
rg "o59Iv 'l+3
81"t95

Transformed
percentage

5f,
l+"57 (transformed percentages)

56 "58
53 "8L6lo"z6
66 "7r
66 "66
ZZ:17
61t,"83
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five per cent level. The effect of the three different
rates is not significarlt" The treatments are analyzed in
Table XII, All treatments except ÐtJT and toxa.phene show

significantly lower germination than the check" Ðieldrin

and heptachlor treated seed shows lornier germination at the

five per cent leveI" Aldrin, chlordane and línclane differ
significantly at the one per cent tevel-. thlordane treated

seed shotn¡s a significa.ntly lor¡¡er germination than seed

treated with dieldrin and heptachlor at the one per cent

l-evel, It is also significantly lower than aldrin treated

seed. at the five per cent level. Lind.ane treatrnent results

in significantly lower germi-nation at the one per cent level

tha.n all other treatments, Counts of individual vari-ates

can be found in Appendix E"

The check rows shovred excel-lent post*emergence growth

despite the use of sancl as the germj-nation medium' ÐÐT and

toxaphene treatments displayed almost equívalent growbh to

the check" Dj.eldrin and heptachlor shol'ved slightly poorer

groïú-bh than the above three treatments. Rate of germination

Was more uneven, l,fith plants ranging from newly germínated

seedlings to plants past the loop stage" Aldrin and chlordane

treatments caused slight dvrarfing and deformity of the young

onion plants r^¡hich later recovered to shoi^I noraal growth.

P1ant stems however, remained slightly thicker tha.n normal.

Lindane treatment hacl the severest effect on germination and

post*emergenee growbh" PlantS $fere dwarfed and Some were

extremely deformed"
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TABLE ]{I

ANÀLYSIS OF VARIANCE OF PER CENT GERIUTNAT]ON OF ONION SEED
TREATEÐ I¡TITH VARIOUS I¡]SEÜ,I]TÜIDES AT TFIREE ÐOSAGES USING

THE SEED TREATii,lEt\T I'ETHOD (GREENHOUSE TESTS)

Source of
variation

Replicates
Treatments
Rates
fnteraction
Error

D "F'"

Total

6
7
2

1¿r,

138

TABLE XII
GREENHOUSE GERI'{Ii.IATTOIV RESULTS OF ONION SEED TREATE]]

I{ITI-I VARIOUS INSECTIC]DES BY T}IE SEEÐ TREATÌIENT I\,'IETHOÐ
($E'üEN P,5PLICÀTES)

iVI" S.

5l+"31
4,Lr?,63

39 'LO23 "5r20.5|,+

L67

F"

2 "64* 2.93
2OO "73o',i' ':r_n

Treatment

Aldrin
ühlordane
ÐDT
Dieldrin
Heptaehlor
Lindane
Toxaphene
Cheek

"01

Number of plants
frorn 2rl-00 seeds

"o5

2.16
,:?7

Probability
Ï."s"D"

L e1+29
I r2I7
1r613
rn55a
1,50g

308
L "6b3f, Zlg

Per cent
germination

68.05
57 "95
76 "8L73.8L
71"81
l.4,67
78,24
83 "2h,

r{,
7,91+

Transfor^rned
pereentage

5r"
5,37

55 '7Iv:*"'
4g,68*',*
6r,32
59 ð9*
57 "98*2!,76**
6z ð8
65 "9o

( transf ormed percentage )
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rn seed treatment germination tests v¡ith turnip seed

only trvo rates of each insectÍcide Ï¡ere used. These tests
were conducted in the greenhouse" An ana.lysis of variance

in Table xrrr shov¡s repricates, treatments and the inter-
action to be significant at the one per cent l-evel. Tabl-e xIV

gives an analysis of the treatments" thlordane, heptachlor

and lindane treated seed shov¡ significantl y lorn¡er germination

than the check at the one per cent level" DDT treatment

shov¡s no significant difference '¡¡hile ardrin, díeldrin and.

toxaphene show significance at the five per cent level.
Lindane treated seed shows significantly lor¡er germination

than heptachlor treated seed at the five per cent level
and signif icantl y lovrer than cì.iel-drin treated seed. at the

one per cent level"
Table XV gives an airalysis of the interaction Jretween

ra'bes and treatments. Lindane treated seed shov¡s signif i-
cantly l-or¡rer germination than all treatments at the one per

ceni level. Aldrin and DDT treated seed shov¡ a significant
increase in gerrninaiion over dieldrin and heptachl-or treated
seed at the five per cent level, rndividual variate counts

can be found in Appendj-x F,

ÐDTe díelcrin and 'Loxaphene treated seed shor¡ed

excellent post*emergence growbh, being equivalent to the
check" Hepiachlor followed closery but shou¡ed some signs
of dwarfing in earry stages" This dwarfing was overcome



TABI,E XII]
AI\]ALYSIS OF VARIANCE OF PER CENT GERI\,IINATION OF ÎURNTP StrED

TREATED bJITH VARIOUS INSECT]OIDES AT T'ilJo DOSAGES USTNG
THE SEEÐ TREATI\,MNT' ÌVúITHOD (GREtrNHOUSE TESTS)

Source of
variation

Repficates
Treatments
Rates
Interactíon
Error

Ð.F.

Total

O

7
I
7

90

TABI,E X]V

GREEhIHOUSE GERi'iIr\ATiON RESULTS 0F TURNIP SEED
V-ARIOUS II\SET'I'ICIDES BY THtr S]TtrD TREATIUßNT

( sEvtli'ü P.EPTICATES)

M" S,

150 
" 
80

5b7 "53
27 "49r70,gg
36"75

111

F"
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/+,1_0t'ä' 3 "o21/¡.nggr".' 2,85

h "65*'' 2 "85

Treatment

,01

Aldrin
Chlordane
DI]T
Ðiel-drin
Heptachlor
Lindane
Toxaphene
Check

,o5

ÀJo. of pla_nts
fron lrl+00 seeds

2 "202,TI

2 ,11

Probability
f.. S'I)"

L rI37
I,O22
L r2I2
1" l_16
t,o6z

878
I rI54
I r272

Per cent
germination

TREATED IJTITH
IVETI.IOD

L%
10"61

81,21
73 "oo
86 .57
79 "7r
76 "2r62 "7L
8z "Lv3go"8ó

Transformed
percentage

5%
7 "15(transformed. percentage )

6tv"g?
58"98
68 "9765,66
6r "oj
52 ,52
65,76
72.96



TABLE XV

GREENHOUSE SEED TRtrATT/ENT GERIVIINATION RESULTS I¡JTTH TURIITP
SEED SHOI¡JING ]}üTERATTION BETVfEEN TREATÞiENTS A}ID RATtrS

Treatment

Aldrin
Chlorclane
DDT
Dieldrin
Heptachlor
LÍndane
Toxaphene
Check

Average /o
germination
rate 1 (f:f6)

Probabiliby
L"S,D.

62 "ob
59 'olr
66 "5265.5r
6j "2560,25
65 "l+3
70,79

Average fo
germination
rate 2 (1:S)

v,
Il-"3Ir

3l+

6T "9o
5B "92
7L"b3
61"81
58" 81
44..80
66 

" 
t-o

75,L3

Av" di-fference
rate2-rate].

5%
7 "65 (differences)

5.86
- 0"12

b "gr- l+"7O
* b "IçLv
-r5,b5

o.67
l+ '3Lr



in later stages of growbh"

showed dwarfing and uneven

displayed short, thickened

which caused early drying

Fu-rrow treatntent germination tests on onion seecl were

conducted both in the field and in the greenhouse. Table lfrII

gives a.n analysis of variance of tests cond,ucted on the out*
door plots at the university" ReplÍcates a.nd treatments

shov¡ sígnificance at the one per cent lerrel, A treatment

analysis Ís given in Table XI/II. Granul_ar aldr:Ln and. granular
heptachlor treated seed shov¡s significantly lower germination

at the one per cent l-evel than the seecl treatecl v¡ith malathion

dust or granular toxaphene" rndj-vicrua.l variates are given

in Appendíx C"

rn furrow t'reatment germination tests conducted in
the greenhouse with onion seed, each insecticid_e r¡¡as used

at two different rates. Table xvlrr shows that the effects
of treatments, rates, and the interaction of treatments

with rates are signÍficanb at the one per cent level" An

analysis of treatments, gÍven in Table XIX' shows all
treatments to be signifícantly lower in germinatíon than

the checl< at the one per cent level" Dieldrin treated seed

shows significantly higher germination than any of ttre
other treatments a.t the one per cent level, Marathion

35

Aldrin and chlordane treatments

grovrbh, Lindane treated plants

stems and a reduced root system

up of the plants"



TABLE

Ai'iIALYSIS OF VARIA}]CE OF PER
SEEÐ TREATED I¡JITH VARTOUS

TREATI,,ET\IT I.,{ETHOD

Source of
variation

Replicates
Treatments
Error

Total

]LVI

CENT GERIqIÌ'JA.TTON OF ONION
INStrTTICIDES BY FURROW
(FTELD PrOTS)

D"F"

7 l+9 "267 r,562.07
l+9 Ll+ "9L

TABI,E XVIT

FIELD PI,OT GERIUINATIOI'I RESUI,TS OF ONIOIT SEED TREATED IfITH
FOUR DIFF]TRENT II'üSEÜÎ]CTDES BY THE FURRO]ÂT TR,EATMENT }TETHOD

(Frv'E REPLTTATtrS)

ï{" .S.

63

F"

3 ' 3o**
1O/+, 77**

36

Treatment

Aldrin (granular)
Heptachlor (granular)
l.,lalathion (dust )
Toxaphene (granular)
theck

"01

3 "O3
3,43

,05

No, of plants
from 2e5OO
seeds

Probability
L"S"D.

2 "2O5
2 "2O5

887
698

L,l+l+6
1, &03
1e50&

r%
10.58

Per cent
germination

35 "l+8
27 "92
57,84
56.12
60 "16

Transformed
pereentage

36,5t+
3L"65
l+9 "53
48 "53
50"89
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treated seed differs significantly from seed trea.ted with
granular toxaphene and heptachlor wettable powder at the five
per cent Level, thereby indicatíng a higher degree of germina-

tion, Seecl treated with aldrin wettabl_e Þowder, granular

aldrin and granul-ar heptachlor shows significantly lower germi-

nation than all- other treatments at the one per cent level,
They do not, horrrever, díffer significantly from one another"

Table Ð( is an analysis of the interacti-on between

treatments and rates" All differences in the last col-umn shov¡

that the second rate of application resulted Ín a sÍgnificant
reduction in germination" Al-1 trea.tments differ significantly
from the check" Ald-rin wettable powder, granular aldrin and.

granular heptachlor treatments showed significant differences
from one another. seed treated with die]drin shows a signífi-
cant reduction from seed treated with granular heptachlor at
the five per cent level" The second rate of application of
toxaphene dust and granular toxaphene caused significantly
reduced gerrninatíon in comparison to the previously mentioned.

treatments at the one per cent level-" seed treated r,uith

heptachlor wettable powder and malathion dust shows a signifi-
cant decrease in germination at the five per cent level when

compared with the toxaphene treatments" Counts of índ.ivíd-ual

variates can be found in Append_ix G"

Ðieldrin and mal-athion treated seed showed fairly normal
post*emergence grourbh when applied at the first rate equivalent
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TABLE XVII]

AA]ALYSIS OT. VARIANCE OF PER CENT GERIIIIÌIATIOIiÍ OF Oi\ION SEED
TR]TATED IIüTTH VARIOUS II\ÏSECT]CIDES" EACH AT TXfO ÐOSAGES.

AND APPLIBD AS FURP..OVf TREATÌ'IEI{TS (GREEI\HOUSE TESTS)

Source of
variation

Replicates
Treabments
Rates
Interaction
Error

D"F.

Total

6
I
I
B

LO2

M"S"

7r"7L
5 eL42,75

32 1176,37
988,90

36 "10

TABI,E X]X

GREEI\HOUSE GERIVIINATION RESUL,TS O.F' Oi\TOiiJ
VARIOUS TNSECTIT]DES BY TI{E }'URROif

(SEVlllu REPTICATES)

l,25

ñr'.

I "gg
l.h.z,l+6¿"v
8gl-,31**

27 .3g1-*

Treatment

"01

Åldrin (u¡ettable )
Aldrin (granular)
Dieldrin (wettable)
Heptachlor (wettabl-e )
Heptachlor (granular)
ltlalathion (dust )
Toxaphene (dust)
Toxaphene (granular)
Check

ã "og
3,1+9
2,69

"05

ãiot
6,9o
2 "O3

Noo of plants
from
1 , À.00 seeds

Probability
L.s"Ð"

SEriD TRE/\TtrD ]¡]ITH
TREI\'TI',,JEi'ù T I.,ßTHOB

ro7
130
8t+5
397
L28
568
l+5I
396

I 1206

Per cent
germination

Y/'
9,5r

7 "6Lv
9 "29

60 "36
28 "36

9 "rh,
L,rO " 57
)2,21
28 "29
86,1/+

Transformed
percentage

5%
6 "5t',

l,L,32
12 "96
52 "OI
25 "68
1l+ 

" 
01

3L',,l+7
29,65
25 "73
6g "79

( transformed percentages )



TABLE XX

GREENHOUSE FURRO}I TREATMENT GERMINATION RESULTS OF ON]ON SEED SHO\/üING TNTERACTION
BETWEEN TREATIUENTS AND RATES

Treatment

R
Rate_ one Average
Lb"/l-r0oO per cent
row feet germinati-on

Rate two Average
Lb.fl_rOOO per cent
row feet germination

Average
difference:
rate2-rate1

Atdrin (wettabl-e )
Aldrin (sranular)
Dieldrin- (wettable )
Heptachlor (wettable)
Heptachlor (Eranular)
l4aiathion (¿üst )
Toxaphene (dust)
Toxaþhene (granul-ar )
Check

0 .1-
0,1
0"1-
0 ,1-
0,1
0"1
O13

9:3

22.61+
25 "O967 "rr
5g "35
2l+ "L86L,22
52,30
1,8 "39
69 "LL!

o,3
o.3
o,3
0"3
0"3
o,3
0"6
0.6

0,0
0,82

36.92
3 "013.83
7 "72
6 "gg
3,O7

68,1o3

-22 "61+*2h"27
*3A,L9
-55 "3b*20,35
-53 "50
-l+5 "3I*l+5 

"32- 0.71_

ProbabÍlity
L "S .D.

L/,
ro "79

5/'
7 "l+2

\À)
\o
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to 0,1 pound per IrO00 feet of row" The malathion treated

pla.nts tended to have thinner stems. Both toxaphene treabments

resulted in some uneven and dwarfed growbh. Granu-lar heptachlor

treated seed resulted in deformed plants whieh eventually dried

Dp" The remaining trea-tments also showed dwarfed, deformed

plants with thickened stems" fit the second rate of applicatíon

all ínsectícldes caused injury to al-1 emerging plants"

Furror¡r treatment germination tests with turnip seed

were conducied in the greenhouse, Table trI shorrys that treat-

ments, rates and ínteraction are all significant at ihe one per

cent level. Treatment analysis is given Ín Table ÐilI" Granu:

lar al,lrin and dieldrin are the only tito treatments which did

not cause significantly lower germination l,han the check at

the five per cent l-evel, .Seed treated r,víth toxaphene dust,

granular toxaphene and heptachlor wettable povrder shorts sig-

nificantly lower germination at the five per cent level"

þTalai;hion treated seed shor^¡s significantly lower germina.tion

at l,he one per cent leve] 'bhan the above mentioned treatnents

and significantly higher germination a.t the one per cent level

than granular heptachlor and aldrin wettable powder treatments"

Aldrin wettable povrder and granular heptacirlor treatments do

not differ significantlY.

Table XIIIII shov¡s the different effect of rates and

treatments on the germinati on of turnip seed. In all but two

instances 'bhe average germination roas decreased by an incz'eased



TABLE XXI]I
FURROW TREATTMNT GERMINATTON OF TURNIP

BETIIEEN TREATMENTS AND
SEED SHOüITNG INTERACTION
RATES

Treatment

Rate. one Average Rate two
Lb"/\rooo per cãnr Lb"/Lrooo
row feet germination row fèet

Average
per cent
germínatíon

Average
differenee
rate2-ratel

Aldrin (wettable)
Afdrin (granular)
Dieldrin (wettable)
Heptachlor (wettable)
Heptachlor (granular)
I{alathion (dr¡st )
Toxaphene (dust)
Toxaphene (granular)
Cheek

0*L
0"1
o.L
0.1"
0"I
o"L
0'3

:.3_

34"a2
70"58
7l+"43
6h"8e
20.9o
l+8 "5267 "O769,h8
76"63

o,3
o^3
o,3
o"3
0,3
0"3
o.6
o"6

23 "8468,26
69 'l*L67 "gg23 "l+532"39
63 "3o
57,72
75.8L

-l_0"18
2 "325.O2
3 'L62,55

-16 "13- 3.77
-11'76
- 0"82

Probabitr íty
L.S"D.

L%
Ll+'9?

5/,
LO "26

-t



CHAPTER VII

ST]},MARY AND COI\ICLUSTONS

Summary

The onion maggot, HylemyA antiql4a (tt{eig"), is the most

serious pest of onions grov¡rt in the ittÍnnipeg area" A revÍew

of literature indicabed that seed treatment and furrow treat-
ment 'h¡ere the two method.s which might prove most satisfactory

for control studies in this area., the possibílÍty of tox*

icit¡r 6f insecticides to seed prompted a study of the effect

of toxicants on germination. Both onion and turnip seed were

included in the germi-nation tests" A preliminary experiment

involving delayed sprinkling was eondueted to determine the

possibility of preventing further damage to onions once the

ma-ggot had entered the soil and begun feeding.

Seven Ínsecticides in the wettable povrder form were

used in seecl treatment control experiments: (1) l*0 per cent

aldrin, (2J 50 per cent chlordane, (3) !0 per cent ÐÐT,

(4) 2J per cent O.ieldrin, (5) 25 per cent heptachloro

(6) 50 per eent lindane and (7) þ0 per cent toxaphene"

Arasan was used as the fungicide and four per cent ldethocel

was used as the sticker. Tn the furrow treatment control

experiments, the foll-owing inseeticides were used: (1)

five per cent granular aldrin , (2) five per cent granu-l-ar

heptachlor, (3) 2J per eent granular toxaphene and (4) four

per cent mal-athion dust" In the delayed sprinkling experiment

an 18 per cent dieldrin emulsifiable concentrate and a 25

per cent heptachlor emulsifiable eoncentrate were used,
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Seed gennina-tion experiments were of two types: (1)

seed treatment and (Ð furrow treatment' In the seed treat-

menb germination tests, the same insecticides vfere used as

those for seed treatment eonbrol tests. Furrow treatment

geirnination tests ineluded (1) 2O per cent a.ldrin wettable

powd.er, (2) five per cent granular aldrin, (3) 25 per cent

dieldrin wettable povrd.er, (lç) Z5 per cent heptachlor wettable

powderu (5\ five per cent granular heptachlor, (6) four per

cent malathion d.ust u (7 ) fO per cent toxaphene dust and

(S) 25 per cent granu-Iar toxaphene. Control experiments

vrere conducted in field plots while gernination experiments

were conducted both in field plots and in the greenhouse"

For the seed treatment control tests, the insecticides

were added to seed moistened with Methocel at the rate of

one part of actual toxícant to 16 parts of seed by weight"

The seed treatment control- plots at the University were

seeded by hand trrith approximately 500 treated seeds per

treatment replicate, in order to obtain germination counts

along with control results. The Birdls Hill seed treatment

plots were seedecì. with a Pl-anet Jr. seeder at the rate of

approximately l+0 pounds per s.cre, tounts of infested plants

in all control tests were mad.e every four davs" Plants

indicating infestation were pulled to establish d-efinite

damage 
"
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In the furrow treatment control plotsr 500 seeds were

placed in each 12 foot furrow. Granular al-d-rin, granular

heptachlor and mal-athion dust were then added to their re-
specti-ve rows at the rate of 0"1 pound of actu.al toxicant
per 1e000 feet of row" Granular toxaphene was added at 0"/¡

pound a-ctual toxicant per 11000 feet of row,

ïn the delayed sprinkling experiment, dieldrin and

heptachlor uiere the tu¡o insecticides used* Each insecticide
was applied a.t (1) 0.1 "oound actual- toxicant per 1,000 feeù

of row, (2) 0,3 pound actual toxicant per 11000 feet of row,

and (3) 0,6 pound actual toxicant per 11000 feet of ror'r"

Each rate of insecticide was dil-uted wlth one gallon of water

and applied to a 15 foot row with a watering can.

Greenhouse seecl treatment germination tests t,rrere con*

ducted in wooden fl.ats in sa.nd. Sand. r,^ras used as the germina-

tion rnedium because it laclced organic matter v¡hich would tend

to sorb the inseeticides and thus reduce their effect" Each

flat was partitioned into sections to allow each breatment of
the experirnent to be replicated once per flat " One huncLred

treated seeds r^rere used for each treatment replicate" Cou¡rts

were rnade every two days, based- on the number of plants ger-

minating of the original 100 seeds planted,

For the seed treatment germina.tion tests with onion

seed, each insecticide rn¡as applied a.t the following ra.tes:

(1) one part actual toxicant to 16 parts of seed by weight,
(2) 1"1 parts of actuaL toxicant to 16 parts of seed by weight,
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and (3) two parts of actual- toxicant to 16 parts of seed by

weighù" In the turnip seed treatment germinatj-on test only

two rates o one part o.f actual toxÍcant to 16 parts of seed

and t'¡ro parts of actual toxicant to 16 parts of'seed v¡ere used"

A four per cent Methocel sol-ution r,vas used as a sticker"
Furrow treatment germinati-on bests for both onion and

tr-Lrni-p seed lrere conducted in flats in the greenhouse " Onion

furrow treatment tests were also conducted on field plots,
Two rates of application were used in the greenhouse bests.

All insecticides except the Loxaphene formulations were appl-ied

at 0.1 pound of actual toxicant per 11000 feet of rorn¡ and

0"3 pound per 1,000 feet of row" Toxaphene formulations

were applied at 0.3 pound aetual- toxicant per 11000 feet of
row for the first treatment and 0,6 pound actual toxÍcant per

l-r000 feet of ro'¡¡ for the second rate. Treatments i\rere

partitioned by means of cardboard- strips. One hu:rdred seeds

r{rere placed on the surface of the sand and then treated wÍth

the d.esíred insectieide formul-ation and rate" Sif'ted sand

was used for covering the treated seed" Counts vrere made in
a manner similar to that described for seed treatment ger*

mination tests,
Results of the seed treatment control tests at the

University showed that al-l treatments gave some degree of

control. DÐT and toxaphene, hourevero gave sÍgnificantly
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poorer control- than the other treatments" råldrin, Ühlordane,

dieldrin, hetiach'l or and lindane gâve the best control bui

Linciane sericusl-y reduced germinaiion" Al-drin and chlordane

afso caused reduction ìn gertnination. Seed -r,reatment control-

experiments at Bird?s Ilill shov¡ecl that all treaLmelrts gave

some coirtrol" ton.brol wj-Lh DDT was significantly Lower than

al-] o'úher treatrnents" Toxaphene treatineni gave less control-

but noi as l-olv as DDT" Aldrin, chlorda.ne, diel-rj.rin and

heptachlor a-gain gave excellen-r, control althoush al d.rin and

chlordane trea-Lmenis reduced seed germination" Lindane

treafinent again gave cornplete cont::or but ca.used serious

reducÙi on of gei:rnination.

In the Universitl¡ fu_rrorv treatment control tests,
malathion d-ust treatment prorred ineffec't,ive" Al-drin, heÞtachlor
and toxaohene, all granular fonnul-ations, gave significant
control, fn the d-elayed sprinlcling experiments both 18

per cent dieldrin emulsifiable concentrate and 25 per cent

heptachlor emulsifiable concentrate geve contror-, No

significant difference in control v¡as shoi,,rn arnong rares of
apoli cation or inseci;ici_des,

In the seed treatment germination plots at the
university, DDTe diel-drin, hepiachlor and toxaphene treated
seed showed no difference in germination from the u:r|reated

seed' Seed treated with aldrinu chlordane and l-indane shorr¡ed

a definite reduction in germination" lind-a.ne treated seed
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r^ias consj-derably lower i-n germinatj-on tha.n both aldrin and

chLorclane treated. seed " Although a d.efinite number of seecls

per trea.tment were not sovün in the Birdes Hill plots, a

definite reduction in gernina.tion coul-d be seen in the seed

treated with aldrinu chlordane and l-indane.

In the greenhouse seed treatment germination testsu

the increased rates of apolication of ínsecticides showed no

recì.uction Ín germination. All treatments except DDT and

toxaphene cau-sed lovier germination than the check" Germina*

tion of dieldrin and heptachLor ùreated seed vras inhibited
to a lesser degree than r¡¡as seed. trea.ted r,¡ith al-drin, chlord-ane

ancL lindâneo Lindane treated seed- showed the lowest germína-

tion of all treatrnents" DDT ancl toxaphene treated seed

resulted i-n excellent post-emergence growbh while seed

treated v¡ith dieldrin and heptachl-or indicated slightly
poorer growbh, A1drin and chlordane trea.tments caused slight
dwarfing and deformity of seedlings " Linda-ne treatrnent eaused

extreme dwarfing and deformity"

Greenhouse seed Lreatment germination tests on turnip

seed showed trea.tment to have an Ínhíbiting effect on

germination, Chlordane, heptachlor and lindane treatments

gave the lowest germination. ÐDT showed no marked difference

from the check. Aldrino dieldrin a-nd toxaphene treated
seed showed some reduction in germinatÍon. lindane trea.t-
ment resulted in l-or,rrer gerroination than any other treatments "
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fnteraction between treatment and rates indicated that lindane

treatment had the severest effect on germinatj-on" Seed treated

with aldrin and DDT shoin¡ed an increase in germination over dlel--

drln and heptachlor treated seed but showed a decreased germi*

nation in compari-son with the checlc" ÐDTo dieldrin and toxa-

phene treated seed exhibited the same post-emergence grot^rbh

as the cheek. Hepiachlor treated seed showed slight signs of

dwarfing while aldrin and chl-ordane treated seed showed dwarf-

ing and uneven growbh" Lindane treatment resulted in plants

with short, thickened stems and reduced. root systems.

In furrovr treatment germinati-on tests with onion seed

at the University, granular aldrin and granul-ar heptachlor

treatments caused lower gerninatíon than granular toxaphene

and malathion dust treatments, Greenhouse furrornr treatment

germinatj-on tests with onion seed indicated that treatment,

rate of treatment and interaction all had some efflect on

gerrninabion" All- treated seed gave lower germi-nation tha.n the

checlc" Dielclrin treated seed gave ùhe highest genrii-nation

followed by rnalathion. Seed treated with granular toxaphene

and heptachlor wettable powd-er gave lower germinati-on than

seed treated r,^¡ith malathion. Aldrin v¡ettable powder, granular

aldrin and granular heptachlor treabed seed gave significantly
lower germination than aLl other treatments"

The increased rate of apolication caused a further
decrease in germinationo and all the treatments v,¡ere signi-
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ficantly lower than the check" Seed treated- with aldrin
wettable powder showed- best germi-nation follou¡ed by seed treated

with granular al-drin and granular heptachlor" The second rate

of application of toxaphene dust and granula.r toxaphene redueed

germination below the level of the above mentioned treatments,

Àppiication of heptachlor wetta-'Ìrle pol,vder and malathion dust

further reduced gennination"

Seedlings resulting from dieldrin and maLathion treated
seed showed fairly normal post*emergence growbh, Toxaphene

treated seedlings displayed uneven and. dwarfed growth, Granular

heptachlor treated seed. produced d-eformed plants l'¡hich event-

ually died" All- otìrer treatments produced dwarfed, deformed

plants. l'ihen apoiied at t,he heaviest rate tested, all treat-
ments caused injury to plants.

Furrorv treatmenL germination tests with turnip seed

showecl that treatrnent, rate and interaction all affected germ-

ination, Granu-Lar alclrin and dÍeldrin gave simÍlar germination

to the check. Germination of seed tr.eated with heptachlor

wettable powder and toxaphene treatments gave lov¡er germination,

it{alathion treated seed gave ior,r'er germination than the above

treatments bu-t was considerably higher than seecl treated with

aldrin wettable poltder or grê-nular heptachlor, fncreased rate

of application resulted in decreased germination in all but

two treatments, Mal-a-thion treatment reduced germination bu-t

not to the same extent as granulan toxaphene" Both heptachlor
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treatments shov¡ed slight stimul-ation and vrere significantly
higher in germination than toxaphene treatment and. al-drin

wettable powder.

In post-emergeilce growbh, d-ieldrin and granular aLdrin

treated seed gave growbh equivalent to the: check" Seed treated
i¡¡1th toxa.phene formulations folloi'rred these closely" pl-a.nts

from seeds treated with aldrin v¡ettable povrder and granular

heptachlor died shortly after emergence. Heptachlor vrettable

pov,id.er and. ma.lathion c1u-st caused irregula-r yellowish gror^ith.

Concl-usions

The fol-lov¡ing vrettable pov¡der inseeticides, when applied

as seed treatments at the rate of one irart of actual toxicant
to 16 parts of seed- by weight, gave good control of the onion

maggot, 11" antiqua (ivieig"): (l) ¿+O per cent aldrin, (Z) ¡O per

cent chlordane, (3) 25 per cent dield.rins (&-) 25 per cent

heptachlor and (5) 5A per cent l-indane. Fifty per cent ÐDT

and 4O per cent toxaphene gave only poor control.
Granule-r formulations of (1) five per cent a-ldrin,

(2) five per cent heptachl-or a.nd (3) 25 per cent toxaphene

gave good control r^rhen applied as furrow treatments " ¿lldrin

and heptachlor were appl-ied at the rate of 0"1 pound actual

toxica.nt per 1,000 feet of row and toxaphene at the ra.te of

0,1¡. pound actual ioxicant per 11000 feet of rornr, Mala.thion

dust gave almost no control,
Both 18 per cent dieldrin emulsifiabLe concentrate and
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25 per cent heptachlor emulsifiable concentra.te, at a- ra.te

equivalent to 0,1 pounci. a.ctual toxicant per l-,OOO feet of rou¡¡

vrere able to stop the spread of infestation of the maggot t

when a.pplied. vrith one gallon of water per l-5 feet of row'

Seed treated with wettabl-e powders of DDT, díeldrin,

heptachlor and- toxaphene up to the ra-te of two parts a.ctual

toxicant to 16 pa-rts of seed gave little or no reduction in

germination. The germination of seed treated with aldrin,

chlordane and l-indane was reduced considerably"

Furrow treatment germination tests ind-icated that

dieldrin wettable powder and malathion dust treatments resulted

in good germine.tion u¡hen applied at rates up to 0"1 pound

actual toxicant per 11000 feet of row, Granular toxaphene at

0"3 por:nd actual toxica.nt per 11000 feet of row and heptachlor

wettable powder at 0"1 pound- actual toxicant per 11000 feet of

ror¡r caused a slight reductíon in germína.tion" The same rates

of ald-rin wettable pouidero gra.nular ald-rin and granular hepta-

chl-or caused greater reduction in germination" Doubling the

rate mentioned above caused serious reduction Ín germi-na-tion

for al-1 treatments"

From the above statements it may be concluded that best

control of the onion maggot, with minimum germination injuryu

can be obtained by treating or pelleting the seed with either

2J per cent heptachlor lrrettable povrder or 2J per cent dieldrin
wettable powder at bhe rate of one part of actua-I toxicant to

L6 parts of seed by weight, For furrow treatment control,
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gra"nular toxaphene is recommended at the rate of 0"1¡. poüod

actual toxicant to 11000 feet of rol,
Turnip seed treated with DDT gave good germinatj-on"

This treatment r^¡as foll-owed closely by toxaphene, aldrin and

dielcirin seecl treatments. Chlordane and lindane treatment

gave lowest germinati-on. Increased rate of applicatíon to
two parts actual toxicant to 1ó parts of seed had a grea-ter

inhibiting effect on seed treated with dieldrin and heptachlor

than seed treated with DÐT and aldrÍn,
In furrow treatment germi-nation tests, germina.tion v¡as

reduced by all treatments, Dieldrin trea-ted seed gave the

best germination followed closely by malathion dust and gran-

ular toxaphene" Heptachlor and aldrin forrnulations greatly
reduced germination"

No tests for the control of the turnip rna.ggot were

conducted" Therefore, the follorn¡ing results are concerned

onJ-y with the effect of the insecticides on germina"tion. DDT,

toxaphene, aldrin and. dieldrin gave the highest percentage of
germJ-natj-on when u.sed as seed treatments" tJhere furrow treat-
ments were used, seed treated with dÍeldrin, malathion and

granular toxaphene gave the best resul-Ls.
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]I,PPtrNDIX A

IIIDIVIDUA.L VAR]ATE COUIITS FOR SEEÐ TREATI'IÉÀIT COiiITROL PLOTS
AT THE UN]VERSITY

Replicate Treatment

Aldrin 0
Chlordane l+
DDT TL5
Dieldrin 1
Heptacirlor 0
Lindane 0
Toxaphene 75Check 80

Infested Total- No"
plants of pla-nts

2

Aldrin
Chlordane
DÐT
Dieldrin
Heptachlor
Lindane
Toxaphene
Check

386
3l+8
t+26
459
Lv3b
10&
l+Lvb

381

Per cent Per cent
damage germination

0
1
6
0
2
0

3l',
qo

0
1"15

26 "gg5
a "220"0
0,0

16"89
20,997

Aldrin
ChLordane
DDT
ÐieIdrín
Heptachlor
Lindane
Toxaphene
Check

328
322
394
398
l+o7

89
l+2b
395

77 "269,6
8j,z
91" I
86"9
20"8
88"8
76 "O2

2
)

75
0
0
0

55
t5

b

0
0"31
7'51+
0,0
0 '/+90,0
8"02

22 "78

Al-drin
Chlordane
DDT
Dieldrin
Heptachlor
Líndane
Toxaphene
Check

397
376
À.10
b57
l+l+6
132
b37
3b3

65,6
6to "l+
78"0
79,6
81" /+

17"8
8l{," I
79,o

1
I

2l+
l_

0
0

llr
20

0 
"¿l-

o "53r8,29
0.0
0,0
0"0

]-2.59
b,37

335
293
367
373
t+zo

58
t+35
l+55

79 'l+75"2
82,o
9f "4-89,?
26,t+
87 "b6g "6

o "299
0"31+

6 "65o.27
0"0
0"0
3 "22l+"b

67 "o58.6
72,2
7l+ "6
84." o
11"6
87 "0
91 "0



APPENDIX A (continued)

II'JDI\IIDUAL VAR]ATE COUI{TS FOF¿ SEITD TRE.{TI.ITIiIT COIVTRO], PT,OTS
AT THTT UI\üIVtrRSTTY

Replicate Treatment

Aldrin 0
Chlordane 2
DDT 5BDiel-drin 0
Heptachlor 0
Lindane 0
Toxaphene 53Check I?7

Infested Total No. Per cent
plants of plants darnage

6

Al-drín 2
Chlordane 1
DDT 31Dieldrin 2
Heptacirlor 0
Lindane 0
Tox-aphene 41
Checi< l65

385
3r+
L+65
L',22

À.08
Ll-z
Lv3l-
t+36

59

7

0"0
0 ,6À.

LZ "l+70,0
0,0
0"0

12 "3
29 ,L3

Per cent
germination

Aldrin
Chlordane
DDT
Dieldrin
Heptachlor
Lindane
Toxaphene
Gheck

297
286
397
33L
410

69
395
399

77 "O
6z "à
93,O
BÀ" , ¿+

81.6
22 '!+86.2
g7 

"2

ô
I

1l

3
0
0

70
r05

o "67o,35
7,81
0 "600"0
0.0

]-0"38
Lþ]-.35

Aldrin
Cl:lordane
ÐÐT
Dieldrin
Heptachlor
Lindane
Toxaphene
Check

3t+6
338
4.18
t+28
LvZ9
105
t+37
t+rg

59.u
tr,r7 t
79 'l-v66 "z82.0
13,8
79.O
79 "8

0
I

17
0
I
0
7

öö

0"o
0.3
7.1+2
o"7
0.0
0.0

16 "O2
?5 "06

330
32b
358
À"00
l+1/j.

93
33t+
bla

69,z
6T "683"6
85,6
85,8
21 "0t7 "l+83.B

0"0
0 ,3f
l+"71+
0,0
O "ZLr0.0
2"I

20 "!+7

66 "o
64., I
7r ".68o,o
82"8
l-8"6
66 "t
86 "0



60

APPEND]X B

INDIV.]T]UAL VARIATE COUI{TS FOR SEED TREAT1\'IEI'ÍT COI{TROL PI,OTS
AT BIRDlS HILL

Replicate Treatment

I

Aldrin
Chlordane
DDT
Diel-drin
Li-ndane
Heptaehlor
Toxaphene
Check

Infested
plants

)

0

7O
0
0
0

11
L6t+

Ald.rin
Chlordane
DDT
Dieldrin
Lindane
HeptacÌrlor
Toxaphene
Check

Total No"
of plants

870
5r2

L1355
1,b40

T2
r,165.
r "356'962

0
0

l+7
0
0
0
b

1À,1

Per cent
damage

Aldrín
Chlordane
DÐT
ÐÍeldrin
Lindane
Heptachlor
Toxaphene
Cheek

0"0
0.0
5.L7
0,0
0.0
0.0
0, sl

L7,O5

è^nÖ)(
1+35

I ,288
1r/+11

T2
I rSOj
1,341
1,1/+1

Lp

0
0
6
0
0
0
l+

l.9l+

Aldrin
Cir.lordane
T}DT
Dieldrin
Lindane
Heptachlor
Toxaphene
Check

0"0
0"0
3 "650"0
0,0
0"0
o"3

l.2,36

73l
2-09

I , /+82
1r 3t-0

25
1,011
I 1232
r,3Bg

0
0
5
0
0
0
1

238

0.0
0,0
0 "À.10"0
0"0
0"0
o,33

l-3.97

677
288

A tl+l+3
L r2ll+

1b
1r016
1,180

9)r

0,0
0"0
o "350"0
0,0
0,0
0,08

25 ,56
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APFEI\I]JIX C

IIIDIVIÛUAL VAR,IATE COUNTS FOR FURROW TREìATI',TEIIT COiITROL PLOT'S
ÍIT TI-iiJ UI'üIVERSITY

Rep 
"

Treatment

Aldrin (granular) 0
Heptacirlor (granular) 6jvialathion (dust ) f¡g
Toxaphene (granular) I
Check 70

t

Total
Infested No. of
planbs plants

Aldrin (granu-lar)
Heptachlor ( granul-ar)
Malathion (dusb)
Toxaphene (granuiar)
Check

Ä,Idrin (granular)
Heptachlor (granular)
Malathion (dust)
Toxaphene ( g::anul-ar)
Check

/" '/,
damage gerrcination

19À.
97

261+
3L2
259

0
0

58
3

l+7

Aldrin (granular)
Hepta.chlor ( granular)
Mal-athion (dust )
Toxaphene (granular)
Check

0.0
6 "rg

52,27
0"3

27 "O3

181
202
27Ù
267
30&

0
L5
36

o
97

A.ldrin (granula.r)
Heptachlor (granular)
Toxaphene (granular)
ii,lalathíon (dust )

theck

38"8
L9 "l+
52,8
62 "l+
51" 8

0"0
0,0

20,8ó
a.L2

t5 "h6

1b8
o9

318
278
332

I
2

r0ó
3

L1+7

36 "2
¿t0 'r+
55 "6
53 "Lþ60"8

0.0
L6,30
l.r,32

2 "1629,22

l-75
L39
289
285
307

0
1,

1
59
7o

29 "6f8'¿þ
63 "6
55,6
66 "t+

o "57
1"41+

36 "6è1.05
&7"88

r89
168
26L
297
302

35 "O27 "8
57 "8
57 "O61"i*

0"0
2 "38
0 ,38

19,87
23.L9

37 "8
33 "6E,) t
59 "1,
60 "b
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APPENÐ]X T

INDIVIDUAL VAR,IAT_g COUNTS FOR DE],,{YED SPR]J\ÍI(LING EXPERIJ\ffiNT AT
PARI{ÐALE

Rep" Treatment

Diel-drin
Dieldrin
Díel-drin
Heptachlor
Heptachlor
Heptachlor
Check

Rate
rb " /r,0oo
rolv feet

t

0"r
0,3
0"6
0"1
0,3
o:u

Dieldrin
Dieldrin
Diel-drin
Heptachlor
Fleptachlor
Heptachlor
Check

In-fested
plants

10
3I
3
4
5

l.67

Tota1 i{o" Per cenf
of plants damage

0.1
0.3
0"6
0.1
0"3
0"6

Dieldrin
Ðieldrin
Ðiel-drin
Heptachlor
Heptachlor
Hepta-ch1or
theck

L,55r
1 ,l+30I r535I r3LLt
L r3r5
L,278
1,180

l+

t6
3

T6
9.|()

332

0"1
0"3
0,6
0,1
O,3
u"o

Die]-drin
Dieldrin
Diel-drin
Heptachlor
I{eptachlor
Heptaehlor
Check

L

o "650,2]
0,06
o.23
0 ,30
o "39lL.15

r,73,3
1,860
1,&90
1,883
L,677
1r815
r r49t+

1q
9
/+

L7
5
2

55

0"I
0.3
0,6
0.1
0"3
u"o

0 ,20
0,86
o "200,85
o.5h.
o'¿L/+

)2 )2

r ^g5gL",566
I rLvl+4
r,855
2 ro93
l_,701-
L rLp26

L6
d()
l+

10
o
9

22L

o,97
0"58
0,28
o "92
O.2l+
0"12
3 "86

l- r 814
I r6l+2
1,992
2,06)
1,930
I,765
r r57g

o"88
o "l+90.20
O "l+90"0
0.51

14,OO



APPENÐIX E

INÐIUIDUAL ttAR]ATji COUiVI'S O.t" SEED TREATi\,'IEIVT GEPJ'II]\ATI0iv
TESTS SI{OI,{II\G i\UIITBER 0F PLÀNTS EI''jERGING FR0ivi l-00

TREATEÐ OÀfTOi\ SEEDS

Rate Treatment Total Average

Aldrin
Chlordane
DDT
Diel-drin
lJeptachlor
Lindane
Toxa'phene
Check

53 59 65
58 57 6r6v 79 79
70 74 7568 69 68
5LL158o 7T 8o8o 83 84

Aldrin
Chlordane
DDT
Dieldrin
Heptachlor
Lindane
Toxaphene
Check

78 7t+ 7t+ 7tv61 74 b9 578z 75 78 79
78 79 77 81
7t+ 75 71 77
2L2O tv b8z 8¿r, 8o 8881 8r 8z 8B

63

60 70
52 6z
B1 8o66 6g
6g 7018 20
76 82
79 8z

Aldrin
ühl-ordane
illlT
Dieldrin
HeptachJ-or
Lindane
Toxaphene
Checlc

73 69
72 67
8¿l 7L79 77
72 75149
89 82
87 79

t+77
bL7
539
53t+
5o?

BO

57l,
579

75 65 83
4,0 5b 8r
73 68 7673 81 8o
75 66 788 639
76 7t B183 t5 83

76 6z
67 b776 83
65 60
77 7528 16
78 7083 84"

68,1
59,6
77,O
76 "37r.7
li"4,
8l .6
8z,T

59 69 55 6361 55 26 5970 76 77 77
70 61 6g 86
71 7t+ 63 6g
1r. 11 1l} 2r
75 70 69 8r
B5 83 87 8l_

b95
/+28
533
525
505
lll¡
557
578

70.7
6L,L
76 "L
75"O
72 "L
16 "3
79 "6
8z "6

73
57
8z
78
72
T3
72
88

Lv57

372
5bt
&91
501
11À.
5l-5
5c)'ì

65,j
53,L
77 "3
70"1
7r "6
L6 "3
73 "6
8l+ 

" 
¿u



APPEND]X F

INDIV]DUAL VARIATE COUI.JTS OF SEtrD TREATIVENT GEI¿IVI]I\ATION
TtrSTS SHOWING NIUI'IBER OF PLANTS E¡,IERGII\JG FROIU lOO

TREIITED TURNfP SEEDS

repl-i_qates
Rate Treatnent Total Average

Aldrin
Chlordane
DÐT
Diel-drin
I{eptachlor
Llndane
Toxaphene
theck

72 90 82 84. 5r80 80 59 74 5r90 87 8z 85 69
90 91 87 66 768r 8¿{. 76 85 66
81 69 76 78 8z
93 83 8z B6 5293 93 89 89 8r

Al-drin
Chlordane
DDT
Ðieldrin
I{eptachlor
Lindane
Toxa.phene
Check

6l+

89 78 90 89 81 79 92
78 77 60 72 75 B0 70gr+ gt+ 81 87 87 gt+ 89
77 81 77 72 B6 85 63
Bo Tr 77 65 6B 71,, T8
56 78 28 11 56 65 5884 81 77 89 82 79 91
92 99 91 87 93 96 92

72 BB
8/+ B2
B5 88
81 84s5 79
76 64
88 87
85 92

539
510
586
575
556
526
57r
6zz

77 "00
72 "86
83 "7r
Bz "rl+
79,L3
7 5,L4gt,57
89.86

598
5rz
o¿o
5ba
5LI
352
583
65o

85.1+3
73 "1"L.
89 "l+3
77,29
73 "00
50 "29
8?-,zg
92 "86



65

FURft,OW TRTì11.TÌ',]I4NT
OF PLAT'ITS

StrFJDS

Total Av"

APPtri{DIX G

II'üDIVIDUAL VARI.A.TE COUI']T$ 0F GRI¡E}üIIOUSE
GJIRIViIi\A.TIOI{ TESTS SHOV'TING NUiVtsER

EIViERGINIG þ-R,OM fOO TREAT}TD OI\ION

'ìÃ ')
-L) ø )

19 "9cll IOI*o)

55,7
17,1
76,3
6r,g
55,9
86,3

8 ro726 r2g
91 59o55 390L2 T2O
84 53t+88 h.3353 39r88 6ot+

--.. 
rqPlicatesT--z--T-*Ç"--t--ç-7

16 LLv
1¿r- 1l+
9t+ 85
b3 6l
I2 22
76 81
58 58
51 6z
71 80

0,0
0 ,1À.

36 "Ì+1"0
1"1
b,9
2"6
o.7

86,0

Aldrin (W) 10 13 zg t7Aldrin (G) 16 L5 12 32Dietdrin (tri¡ 8À. B¿p 7i 7?
Heptachl-or ('úI) 6t 56 40 7ZT', Hepracirlor (G) 26 10 19 19
I,rar-arhion (Ð ) 8g 66 68 70
Toxaphene (D) 5j 38 66 Tz
Toxaphene (G) 6S 58 +5 59Check 95 96 85 89

Aldrin(l¡I) 0 0 0 0 0 O O 0
Al-drin (G) I 0 0 0 0 0 o I
Dieldrin (W) 4-1 jo zz b3 jj t+z zz 255
Heptacirlor('{) 2 0 5 O O O O 7
Heptachlor (G) 0 0 l- 0 5 2 0 I
i{alathion (Ð) ?9 0 o I 1 3 0 lh.
Toxaphene (D) ]t 0 3 l- I z O LB
Toxaphene(G) 0 3 O I I O O j
Check 92 87 75 90 92 86 8o 6oz

Rate Treatrnent

0"'! l-b,/l,OOO row feet
0,3 l-b,/L.'OOO row feet

2**

\L .L



APPETüDIX H

INDIVIDUAL VARIATE COUI\ITS OF GIIE}4]\IHOUSE FURRO],'T TRTATiVENT
GERJVIII\Itr.TION TESTS SHOI'¡]ÀIG ilUþtsER OF PI,AiVTS

EMERGII\IG }-ROi{ lOO TREATED TURN]P SEEDS

Rate Treatment

Aldrin (I$)
A]drin (G)
Ðieldrin (vf)
Heptachlor ( t'I )
Hebtactrl-or (G)
lvlalathion (D)
Toxaphene (D)
Toxaþhene (G)
theck

1¿'

Atdrin (W)
Al-drin (G)
Ðieldrin (ì^'f)

Heptachl-or ('riT )
z¿'* Heþtachtor (G)

Mal-athion (Ð)
Toxaphene (D)
Toxaphene (G)
Check

27 20
79 93
97 88
76 89
27 35
50 3888 89
90 92
9t+ 96

6l+
85

100
B7

lþ

59
84,
79
96

32 13 t+b

98 88 B5
90 88 9483 61 83
2391
79 t+2 6t
8g B¿þ 83
96 67 9L
9b 9t+ 96

66

>¡< 0"1 l-b.ÁroOo rorv feet
'Kx 0"3 l-b"/]'r000 rorv feet

22 I+ 26 /+1 1 25 L3
7t 80 96 99 78 76 908z 77 86 97 86 87 93
75 87 93 9L 76 76 96110 29 9 35 2t+L7
16 11 /+o &l- 16 17 70
87 Lv6 65 99 8/+ 90 68
69 t+t+ 65 93 69 59 90g0 97 gt+ 99 9t+ 91 89

Total Av,

25 225g9 6rT
81 6rg
88 569
7 1066z 39r

75 592
9L 606
92 662

32 "L.ì.+ 't
ÕOoI

91.1
81.3
a5,L
55 "9gþ"6
86 "6
9I+"6

132
590
6oB
59tv
l-25
zTL
539
t+82
65tr

lB, g
B¿$,3
g6.g
B¿'. 

" 9
L7 "930,l
77.O
68.9
93 "l+




