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A STUDY OF TWO HORTTCULTURAL TNSECT PESTS

PART I. A STUDT 0F THE LrFE HfSToRT, IIABITS AND CONTRoI 0F

THE SIX-SPOTTED LEAFHOPPER Ma.erosteles fasclftoqs (Staf)

(= divisus uhl.) (HonnoptnR¡,: CI0ADELLIDAE}

The purpose of this study was to learn something of

the life history and habits of, and Èo find a chemical eontrol

for the six-spotted leafhopper Macrosteles faseifrons (Stal).

The life history and. other biological investigations were con-

ducted in the laboraËory, and. chemical control stud.i.es were 
:

made on field plots of the Division of Plant Science, The

UnÍversity of Manitoba, Winnipeg, Mani-toba.

Six-spotted leafhoppers were collected from grasses 
,:.,.,i::

stink weed, clovers and letbuce early in May 195b. Some of :,:,,:.-:-
':.''.' .: .:

the specimens were mounted and sent to the Systematic Unít, 't,,,:,,L,.
r:.

Ottawa. They were identified by Dr. B.P. Bej-rne, âs Macro-

steles fascifrons (Stali.
The investigation of the six-spotted leafhopper showed ,i:ii,:,i:¡.,,:,

that bhere were two complete generations of this insect in ¡;#="':

Winnipeg, Mani-toba under field conditions while Ëhere were two

and a half generations observed under laboratory conditions.

Both the nynrphs and the adults fed on couulercial crops. 
,¡!¡Ì,.,..,,:,



iii
The following insectleides T,'rere used on the field plots,

nine. treatments repricated. three times to make twenty-seven
plots:: malathion dust and emuLsifiable coneentrate; DDT dust ) .,,,.,,,,,,,,,:.,.

wettable powd.er and emulsifiable, eoncentrate; toxaphene dust
and emul-sffiable eoneentratei arrd methoxychlor r,rettable powder.

The dôubling of the, rates of the Ínseetieides ¿ia not shoror a¡y ,,.. ,,,, .,.,,

appæeeiablg flegyaase in the inseet population. '''';""":';"'"'

The above ínsectieides, at the rates used did not eon- ;:,'.,,.,.,,..:1.

tror the six-spotted leafhoppers on J_ettuce, but the following
j-nsecti-eides gave a reasonably effeetive control on carrot.s:
malathion d.ust and emul-sj.fiab1e, concentrate; DDT dust, wetiable
powd,er anci emulsifiable concentrate; and., methoxychlor wettable
powd.er. DDT emulsifiable coneentrate eaused ínjury to lettuee
and. earrots,. The foliage was str:nted and the plants were

dwarfed.. The earrot roots \¡rere trlock-marked., rough and deformed.

Toraphene dust or emulsifiable: concentrate proved. very in- 
i:.::,::: .:r:::effectlve: in controlling the six-spotted l-eafhopper, ¡',,:r',1'".'¡1,¡

The resuLt of the effeet of insectj-eides on six-spotted '..':',:,,'.,;',,;.,::,t,

leafhopper eggs in the laboratory, showed that malathion d.ust

and emulsifiable concentrate have strong ovÍeid.al effeets,
and. metho:rychlor i¿ettable, por,rd,er also to a slight extentr . :: ,,

:i".i..:,, ',,..,'t,,.

FART Ïf . A STUDY OF THE LTFE H]STORY å.ND HABITS OF THE SPOTTÐ

ASPABAGUS BEËTLE erioceTis @ (L.).
To ascertain the life history and habits, of this insect ) :

field and laboratory erperiments and. observations uere eon-
:t'::.._,i...
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ducted. The time of emergence from hibernatioa, and the dur-

aËion of tine spenË in egg, larvaI, and pupal stages, were

ascerËaj.ned i-n this study. the feeding and ovÍposition sites
as well as pertinent observaËions on the life cycle and habits
of thÍs insect were also considered. The insect was observed

to have one generation per year in ntlinnipegr Manitoba. The

adult insects ùrere first observed oa June 1J feeding on tender

tips of asparagus plants. Ivlating was observed as soon as the

insects emerged from hibernation on June 13. About a monËh

later eggs were laid síng1y attached. on their sÍdes to aspara--

gus branches. Eggs hatched July l-.l+-Zl+ and the resu-lting tiny
larvae crawled to the berries, bored holes into the berries
and. entered., sealing the holes after them wiüh darkish brown

substances. The duration of the tine spent in Ëhe pupal stage

is about fourËeen days. The newly emerged. adult insects from

the pupal cells began to feed inmediately on the asparagus

tips and leaves. This new adulË generation wenË inüo hiberna-

tion between the end of September and October 22, l95t+, in
Winnipeg, Manitoba.
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CHAPTER T

TNTRODUCTION

: i: ì,.,

The six-spotted leafhopper, Macrosteles fascÍfrons : ::¡:.

(star¡ has been present in very large numbers in fierds and

in gardens in Manitoba in recent years. It is reported to be 
,,,,:,.;,..the vector i-n the Ëransmi ssion of aster yelIows, a virous ;,1,.',

disease of many herbaceous planËs. Asüer yellows is partic- ,..i,
l-ri.!:.::,

u1arly serious on caryots, letËuce and celery, on many orna-

mental flowers, and specialists in field crops believe ühat

it 1s present in flax and sunflowers. There is also some 
l

evidence that purple top of potatoes may be a strain of thís
same disease. The problem is aggravated by the fact that so

many plants, both wild and cul-tivated., are hosts to both 
'

leafhoppers and aster yellows, and that the inseets keep

migrating into plots which have been treated with insecticidal
sprays or dusts, from untreated areas. ff some method can be . .,

' i.i'.:,t,'

found to control the leafhopper, incid.ence of aster yellows 
,,, ,,¡

ín commerci-ar crops should. be lessened.. A knowl-edge of the ':j :.

rife hístory and habits of this insecË is necessary for the
proper u.se of chemical controls.

I :. .ì ì::
i::i-i:;rt:

Problem

The purpose of this study was to learn the life hisÈory

and. habits, and. to find. a control for the six-spotted leaf- i

hopper, Macrosteles fas_cifroqs.
:: :-.



2

Importance of the stud_r¡

Although the aster yellows dÍsease has only reeently
become a serious problem ín Manitoba, various reports from

United States have indicated heavy damage caused by this
disease. Stephen (1948) in Manit,oba reported that JO per

cent of the carrots planted were affecËed by the aster
yellows disease in Brandon, Manitoba. The chief economic

importance of the six-spotted leafhopper is thaË it is a

vector of aster yellows virus of many comroercial crops ín-
cluding lettuce, carrots, celery, potatoes and probably flax
and sunfl-ower. The value of the crops and the importa-nce of
the vector warrant such a study.

Location of the studv

Tire major part of the work was conducted on field plots
of the Division of Prant science¡ The university of Manitoba,

Iilinnipeg, Maaitoba, while laboratory experimeirts were mad.e in
Èhe Department of Entomology of The Universit¡r of Maniüoba.

| :,.1.j:..:.\La.,I
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CTTAPTER TT

REVIEhÍ OF LITERATURE

Srmonruv

The si.x-spotted leafhopper has been mentioned ín the

literature under many different scientific names. Aceording

to Beirne (l952I it roras first descríbed in 1858 as Tharapo-

tettix fascifrons by sta], red.escribed by Fallen in 1806 as

Cicadula sexnotata, and redescribed in L8Z7 by Uhler as

cÍg+9Ir1a divisq. 0ther names ib has had. are cicadula quad-

rilineaËa, C. pal-l-id.a, C. scripta., Maerosteles sl-ossoni and

S. wilburi. Medler (])1+2) mentioned the name Jassus divisgs.
Osborn (19J-Z.-J9J6) used the name Cic.adula sexnotata. fn
reviewj.ng economic literature of recent years the narne mosË

commonly used is M+crosteles divÍsus. Beirne (1952Ì claims

the correct narie as M. fascifrons, qualified as M. fascifrons
complex.

Distribution
According to Osborn (tgtZ) ttre wÍdely d.istributed. six-

spotted leafhopper Cicadula sexnotata was found in Europe more

than a century ago. Uzel (1911) reported Èhis species as

injurious to sugar beet in Bohemia. Ellinger (1918Ì reported.

the same insect as injuríous to wheat, oats, and barley in
su¡eden. Junger (rgo6) stated that the insect was well known

throughout Germany as ohe cause of severe injury to grasses,

'.:::'.:ì
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cereals and certain legumes. Kunkel (1-926ll stated that it
occu-rs in Japan and probably throughout the oríent.

Osborn found a specimen of Cicadula sexnotata in the

Harris collecËion j.n the Boston Society of Natural History

which according to Severin (1929) was probably collected

between 18l¡0 and 1850, but had no published record prior to
188/+. This lack of published. record of the occurrence of
Ëhis insect suggested that it might be an introduced species.

Yellows in lettuce hras first descri.bed by Carpenter (1916)

who stated that it was particula{ly severe in the Rio Grande

Valley in lexas. Ogilvie (J-927) reported an lnfestation of
the six-spotted leafhopper in Bermuda. Severin (1929) re-
ported the appearance of the insect on lettuce in Californj-a.

He stated that Smith, who worked with aster yellows in Massa-

chusetts noticed asËer yellows at Boulder Creek, Santa C,rlttz

County during L925. Criddle (1931) reported a heavy and

widespread infestation of the six-spotted leafhopper in
Southern Manitoba, especially at Mord-en, Miami, and Treesbank.

King and Arnason (l-937) reported that the same insect was

abundanÈ at Saskatoon, Saskatcher{an, infesting larnrns, letËuee

and other plants. Dorst (L937) reported the wide distrÍbution
of this insect in the United States and Canada. Handford (L937)

reporËed the presence of this insecÈ in the Aweme dÍstrict,
Manitoba, Arnason (19lç4.) reported. a heavy infestaÈion on

carrots at Moose Jaw, Saskatchewan, and he stated that 50 to
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ühe

of

5

per cent of the crops urere damaged. Stephen (19L8) reported

spread of aster yeIlo,ws in a large patch of carrots north

Brandon, Mani.toba.

Life historv
In the literature there is considerable disagreement

with respect to the manner in which the Ínsect vector over-

winters, Osborn (1916) obtaíned. a few individual adults in
early spring but was uncerËain of the method of overwintering.

Kunke1 (1926, believed that the six-spotted. leafhopper ovêr-

winters in the egg stage in New York Ciüy but Severin (irg}h,)

said that it overwj.nters in the adult stage in California.
Beclcwith and Hutton (L929\ stated Ëhab overwintering is done

in the adult stage in New Jersey. Ashdovm et al- (19l*8) rê-
ported that Linn believed bhat the ínsect does not overwinter

in the egg stage at Staten Island but that they may migrate

from oËher localities to Staten Island. Stearns and MacCreary

(1938) showed. thaË Ëhe leafhopper can f1y several- miles over

nabural barriers when conditions are favourable. Beirne (l952lr

stabed, ttït is not clear vrhether the winter is passed in the

adult or in the egg stagelt. Most previous life history studies

have been mainly concerned with t,he relationship of thÍs insect

to aster yellows virus.

Relationship to aster yellows

Smith (fgOZ) was the first to recogni-ze the aster yellows ,'

i:.:ì';i:;:::'?:È
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di-sease on flowers ín Massachusetts. Kunkel (1926I pursued.

the study of the d.isease on several species of plants and

vegetables. Kunkells papers (19241192611932) and those of

Severin (rg}grI932rU934l give the chief inforuation about the

disease and the relatíonship of the insect to its spread and

development. In the opinion of Srnith (1937J, a rather strong

point in favour of a specífic relatj.onship betv¡een leafhopper

and virus lies in the fact that certain plant viruses can be

transmiËted by only one species. Heretofore it had been

assumed that the asËer yellows vj.rus could be disseminaËed

only by the asüer leafhopper, Macrosteles divisus (Ubl.)

= (Cicadula se4lrotata) (¡'aff .l' and by no other means except

grafting and budding of the plant.

According to Kunkel (]-9261, the intirnate and specific
rel-ation existing between the aster yellows virus and Íts
insect vector is important evid.ence that the ttcausative entity
j.s biological rather than chemicaltt. Leach (1940) emphasized.

the biological, obligatory and highly specific transmissi.on

of vj-rus by leafhoppers

AsËer yellows

Kunkel (192611931) reporËed that he experimentally

trahsmÍüted the New York aster yellows

aster leafhopper, Macrosteles divisus

FaIl. ) to 181¡ species of plants in 151

fanilies. SeverÍn lf929l reported the

vÍrus by means of the

(= Cicadula sexnotata

genera belonging to 38

transmission of the
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cãlifornia aster yellovrs vÍrus to eel-ery, lettuee and. other

plants by short-winged. aster leafhopper. Severin (1932)

experimental-ly infected. el-even varieties of carrots with aster
yellol'rs by Ínfective leafhoppers.. He also d.emonstrated. that
the vÍrus of carrots, parsley, and parsnip yellows is identi-
cal with that of california aster and. celery ye11ows. Äccord.-

lng to Leaeh (lgt+O) the dj.sease is rare or absent in Europe

but there are a few reports of its occurrence in other countries

such as in Bermud,a. Leach believed that the d.isease is of

Amerlcan origin and. ean be for:nd. throughout North aneriea,

But Dorst (l-g:f ¡a937)ì clairned that the vector gre,qdtrlg sexno-

taÞ (Fal-l.) was a European species and r.¡as not for:nd, in A¡rer-

ica., f,ater Kunkel (l-926)' coneluded that the lnsect was intro-
d.uced. into .America. lhe disease on lettuce has been named in
different ways' some of the terms referring to the same di-
sease are tfRio Grand.e diseasett, rrlrlhite heartttT lrfiabbit5t eaTtr,

and. $Äster yellowsrt. The latter name 1s currently used. in
literature since it indieates the faet that the d.isease is
caused. by the aster yellows virus.

Severin (LgZg) described the symptoms on affected

lettuee as follows¡ the outer leaves of the lettuce are

yellow with a blanehed. appearanee of the heart leaves, and. a

stunting of the plant. Dr¡¡arfism of the youngest leaves and.

reduction of the blad.es to a litt1-e petiole oceur. In infected.

Lettuce before head.ing the heart leaves curl- outrvard. instead of

il. .. _:
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inward and no heads are formed. If infected afËer headÍng

the lettuce shows dwarfed blanched heart leaves which fail to

form solid heads. Brown spots are visible along the margi-n

of the heart leaves, and sometimes Ëhe tips of the central

dwarfed leaves are entirely brown.

Severin (LgZg, d.esôribed. an infected. carrot plant as

a plant whích shows a marked. yellor,uing of the younger central
leaves, and. the older outer leaves are usually reddened or

purple. A dense growbh of advenüitious chlorotic shoots

occasionally d.evelops at the center of the crovnl. The leaf-
lets on the shortened petioles are sometimes reduced to short

filaments which often become d.ry.

Control

Several atËempËs to control- the six-spotted leafhopper

have been made but no satisfactory economÍcal method has been

devÍsed. Ashdown et aI (19¿t8) reported that Pepper and.Haesler

Ín New 'Jersey, obtained a successful control of the insect by

using pyrethrum and rotenone dust containing sulphur, but Linn

using the same materi.al-s failed to obtain a control on seeded

lettuce crop in the Muckland area in New York. According Ëo

Ashdor'rn et al.(19ll,8} Smith et al obtained good conürol by

using DDI aerosols against six-spotted leafhoppers. Heald

(]rgt+3) said that a number of different methods of exclusion

of the leafhoppers by means of a wire screen fence were success-

fully obtained. in New York though the same method. T¡ras unsuecess-

L :.:.

l: ì:. .:-:
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ful in lrlisconsin. Ashdown et al (19le8) experimented by using
5 per cent DDT dust at 35 pound.s per acre at five_day inüer_
vals from Ëhe tj.ine of emergence of seed.lings until about Ëhree

weeks before harvest. They obtained good. control of the six-
spotted. leafhopper. Hervey et aI (191+8) using l¡ poundsof 5a

per cent DDT wettable powder and two quarts of a summer oil
enulsion in 100 gallons of water applied three times at ten-
day intervals were able to contror the insecËs. Heald. (Lgt+3\

stated Ëhat disease is less severe in plots surround.ed by
curtivated fields than in those ad.jacent to pastures or waste
Iand.s, because of a smaller population of the vector. He

also suggested that prevention or red.uction of yellows d.isease

can be obtained. by the elimination of overwi.ntering hosËs from
the vicinity of aster plantings and. by the removal and. des-
truction of aster plants as soon as syrrptoms of the disease
are present.



CHAPTER ITI

BIOLOGY OF THE SIX-SPOTTED LEAFHOPPER

Life hÍstory

The d.escription of the six-spotted. leafhopper has been

comprehensively discussed by Dorst (L937) , Medler (rgt+zl , and

Beirne (l'grz) ¡ut those authors give tittle life history of
this insect. No l-ife history stud.ies have been mari.e in Mani-
toba. The'six-spotted leafhopper is ubiquitous. The insect
is found on many different species of plants in winnipegr
Manitoba. The commonest plants on which Èhese j_nsects were

observed during the summer of r95L, vrere lettuce, carrot,
ragweed, stink weed, clover, celery, flax and. sunflower.
rnformation as to natural occurrence on overwintering hosts
is very incomplete.

According to Heal-d. (rg+3) trre aster yellows virus and

leafhoppers overr¡rinter in the same wild hosts, including
wil-d carrots, sow thistles, fall dandelion, daisies, and

chrysanthemums in t,he eastern united states. rn different
l-ocal-ities the insect has been indirectly proved to over-
winter in differenb stages

rn tr{innipegr Manitoba, adult insects hrere collected on

May 21 , r95l+, while the snow hras still on the ground. The

absence of nynphs at the time of collection and the abundance

of the adults on sËink weed., clovers and. grasses indicate
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i.nthat the insect probably overwinters in the adult stage

lli:rnipegr Mani.toba. Äbout four weeks afier thelr first
appearanee the ad.ult female begins to deposit eggs on various

speeÍes of plants sueh as ragweed ¡ portulaea, earrot and

lettuce. The eggs are deposited in the veins or under the

epi-d.ermis of plants, in the leaf-sheath and ín the base of
fleshy petloles. rhe eggs are deposited in slanting elose

rows and sometimes scattered singly in the veins of the leaves.
The egg hatches in about a week and the resultÍng nymph begins

to feed on the sap of the leaves of host plants. The nymphs

moult five times in sixteen to eighteen days und.er laboratory
eond.itions" All the instars are aetive and. can hop rorhen dis-
turbed.' The complete life eycle of the six-spotte'd l-eaf-
hopper 1n winnipegr Manitoba, from egg to ad.ult, is approxi-
mately twenty-five days und.er laboratory conditions. There

are two and. a half generations per year in l^linnipegr Manitobao

under laboratory eonditions, and. under field eondltions two

generations per year. The second. generation was completed. in
T95+, by the end of au-gust und.er field eond.itions, and. f urther
development was prevented by the onset of cold. ¡reather.

Parasites and -prqdators

No parasitism was observed of
The only predators noted were larvae

trmoiÂ,n as aphid-lion larvae. Although

feecling on the adult leafhoppers? the

any of the l-ife stages.

of Chrysopiilae, popularly

the larvae were seen

extent of predatism is
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probably very slight because the prey is so active that it can
easily escape except when it is trapped as reported below.

0n August Zbt I95l+ a sl¡ieep net was used to collect six_ :.;:: : .

'' 
"' ""spotted leafhoppers from the lettuce in the field p1ots. An

aphid-lion larva was caught in the net with the leafhoppers.
When they were transferred. to a bottle the aphid-lion larva , . .:.

^r--- - 'l't:'.....''.-:was observed attacking the leafhoppers and later was observed " ' "',. '

I feeding on a leafhopper. Four aphid-lion larvae were collect- 1.,,,.,,,,,,.,1,

ed from the l-ettuce in the field and were caged with ten 1ive
leafhoppers. After twenby-four hours three of the leafhoppers
were found dead. An attempt to feed aphid-Iion larvae with
six-spotted1eafhoppereggscontainedin1ettuce1eaves,Was

unsuccessfu]..Theeggswerenotattacked.andafterfivedays
:the aphid.-lion Larvae died.

Adult

The six-spotted leafhopper has presented so much re-
sembl-ance to other species of the Macrogteres group that an

identificabion ü¡as necessary. Eighty-one individuals were

collected from various plants and they were mounted. and sent
to 0ttawa for identification. Dr. B.p. Beirne, systematic
unit, Entomology Division, 0tËawa, identified them as Macro- i¡1.g
steles fcecifggil_E_ (Stal) .

The description of the adult six-spotted l-eafhopper
Macrosteles resc:Lfrong. (stat) uy Beirne (l?5z]} fits the species
found in trfinnipeg¡ Manitoba. The full description of this

l,.i¡l,t:;i::È1.;::ù
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insect can also be for.ind. in Dorstts publieation (lg37), and.

Medler (19+2). The leafhopper is greenish yellovr, three to
four millineters in length. The insect has six dark spots

on the vertex of the head.. The head is broad.ly rounded with
the front. The fore wing is bror¡¡nish to d.arkish bror¡n.

0n May 21, 26, and June 1, Lg54, an insect net was

used- to obtain ad.ult six-spotted. leafho;opers from stink '.^reed,

grasses, rhubarb, asparagus and clovers. lhere 'l¡fere no nynrphs

obtained. in all the collecti-ons nrade. There i,tras stil1 some

snow in sheltered local-ities at the tine of the first colLection.
The six-spotted. leafhopper was fou::d at the fierd plots

of rhe Division of Plant scienee, The university of Manitoba,

on various species of plants inclu.ding, grg.sses, portulaca,

ragr+eedr beets, lettuce, earrot, and. flax. Both the adu-lts

and. nymphs feed chlefly upon the ,sap espeeially upon the

veins of the leaves. ldhenever the insect feed,s upon the sap

of the leaves a'Ouncture is made, and v¡henever an egg is
d.eposited in the veins or under the epidermis of plants such

as lettuce and carrot, a definite bror,ørfsh puneture is made.

The nymphs and. the adr,rlts are usu-ally for.ind on the under

sides of the leaves. l.ffren approached they hop readíly.
stud.ies of the number of generations of the six-spotted

feafhopper t¡ere conducted in the laboratory. 0n June T,

Great Lake head. lettuce and chantenay car:rots i,¡ere seeded^ in
four pots, two of each. 0n Jr:ne 1[, after the lettuce and
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carrot shoots had appeared in the pots, live adul-t leafhoppers

from the field were put in three of the four pots, three (on

lettuce), six and twel-ve (on carrots) respectively. The fourth
pot was seeded in order bhat fresh lettuce could be obtained

when needed. The cage (Fig. 1) was a l-antern glass covered

on top with fine mesh cheese .cloth held tightly in place wibh

an elastic band. The flower pot containing three leafhoppers

was set in a pot-saucer. Water was supplied regularly to the

saucer. Observations \trere made daily on the insects. The

other two pots containing six and twelve leafhoppers respec-

tively were kept in case anything should happen to the first
pot. 0n July 1þ, several nyrnphs r¡rere observed on bhe lettuce
plants in the cage containing three adul-t leafhoppers. 0n

July 16, the three original adults T¡rere transferred to another

fresh pot of tettuce. Observations were made daily on the

firs'c generation nymphs. 0n July 20, thirty-two first gener-

ation nymphs were transferred by means of a fine camel-hair

brush into a fresh pot of lettuce. 0n August l-3, second gen-

eration nynphs were observed in this pot. All the first gen-

eration adults were transferred into another fresh pot of
lettuce. The second generation nynphs were divided into three

groups and distributed into fresh l-ettuce pots so that if
something should occur to one pot another one could be used.

0n September 26, two third generation n¡rmphs were seen in the

pot. Some eggs were seen on the lettuce leaves in the cage.
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On Sept ember 2), the adults and. the nlmrphs were apparently

thriving. 0n September J0, two adults and all- the nyrnphs were

found dead. All the adults and nymphs in the other cages were

also dead. Èhe following day. This was probably due to the

severe cold weather which oecurred during the long week end.

In the laboratory there are two and a partial third generations

in Winnipegr Manitoba. From the dates shor'nr above there would

be two complete generations in tbe fie1d.

Oviposition and incubation

Studies of the preoviposiËi-on period of the six-spotted.

leafhopper were conducted in the laboratory. T\re1ve pots, six
of let,tuce and six of carrotsr. seeded on July If , rrere placed

on the w"indow sills in the laboratory. On July 20, twelve-

adult six-spoüted. leafhoppers !üere collected from lettuce in
the field and were put in one cage containing lettuce. These

twelve leafhoppers which were enclosed in the cage on July 20,

at 11:&5 A.M. were carefully transferyed on July 21, (at lJ-zb5

A.M.) to another cage of fresh l-ettuce. The transfer was made

by tilting the lantern a litble and. then using a tiny grass

stem, about a foot 1ong, to disturb the insects, taking eare

not Èo d.amage either the plants or the insects. The j-nsecü

running for safety clinbed the sÍdes and. the top of the lan=

t,ern. By quickly removing the lantern and setting it over the

new pot of lettuce which had. been set close by, the insecËs
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Ìüere transferred. The transfer was best done when the top of

the lantern could be tilted towards the light. As soon as

Ëhe transfer was made labels were affixed and the time of

transfer was noted. The Ieütuce in the first pot from which

the transfer was made was examined for eggs. Daily observa-

üions 'hrere mad.e and Ëhe j-ncubation period was calculated. from

the tíme the adults were pl-aced on the plants to the time the

nlurphs emerged, (Table I), The incubation period was approxi-

urately eight days.

TABLE T

INCUBATION PERIOD 0F EGGS 0F Macrosteles fascifrons
ON LETTUCE TN THE L¡,BORATORY

Date and tirne
adult enclosed

'No. of adults
enelosed

Date and Ëine
nyrnphs observed

Incubation
period days

July 20 .IJ-.l+5
2L.Il .Iþ5
22.10.00
23 .1I.00

A.M,
A.M.
A.M.
A.M.

L2
12
20
20

July 28.
29'
3].
3L.

9.10 AoM.
11.05 A.M.
I0.l}0 a.M.
11.00 A.M.

Average

II
o
I
à.25 days

fn order to find oviposition sites two Great Lake

letËuce plants and ËI,rro Chantenay carrot plants were removed

from unsprayed field plots whieh lrere infested. by six-spotted

leafhoppers. The plants were taken to the laboratory and Íiere

examj-ned under the binocular microscope for eggs. By means of
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a graduated ruler a square inch of lettuce leaf was measured

and cut. Five of these sq'uares of lettuce leaf and five of
lettuce leaf-stalk were cut and examined for eggs. In the

sane way five squares of carrot leaf and fj.ve of carrot stem

were also examined. The number of eggs were counüed in each

of the squares, (Table II). Table II shows a total number of

101+ eggs found in five squares of lettuce as opposed to no

eggs in the five leaf-squares of carrot, and a total of 30

eggs in fíve stem-squares of lettuce to 7 eggs i-n the five
stem-squares of carroÈ. Most of the eggs were found in the

veins of the leaves especially on the under sides. 0n other

occasions leafhopper eggs r,Íere found in the leaves of portu-

laca and ragweed.

gss

The eggs are deposited in the leaf-sheath and in the

base of the bIade. In some cases the eggs are imbedded in
the fleshy petioLes. The eggs are inserted in the tissue at

an ang1e, often eight to twelve in a rohr, but were also

commonly found as scattered single eggs in the veins of the

Leaves. The egg is slightly curved at one end, eylindrical,
elongate and- is transluscenË and greenish white. The j-ncu-

bation period during the sunmer in TÍinnipegr Uianitoba, under

laboratory condi-tj.ons, is eighË to nine days. The eggs can

be seen wibh a hand lens or under the binocular microscope.
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TABT,E II

COUNTS OF EGGS 0F Macrosteles fascifrons 0N ONE-SQUARE INCH
SAIIIPLES OF STALKS,

AND CARROT IEAVES AND STM{S.

Lettuce Carrot

Leaf square rro. of eggs Leaf square rlo. of eggs
found found

0
0
0
0
0

1
)
3
l+

5

I
2
3
lþ

5

20
18v
27
2b

Toüa1 101r,

Leaf stalk
square

Stem square

I
3
2
0
1

t
2
3
l+

5

5
9
l+

7
5

1
2
3
l+

5

Total 30

Total lettuce L3lþ Total carrobs 7
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The eggs are usually more easÍ1y seen on the under side of

the leaves than on the upper surface of the l-eaves. Over

forty-five eggs brere counted within the length of one inch of 
,;,1;,,,.,,,

a leaf of lettuce.

A few portulaca and ragweed leaves were removed. from

the area surrounding the plots which were infested by síx- 
,:;;:,,;,_:,:,.::

spotted leafhopper. The portulaea leaves liüere kept in three "'",",',"

clean butter plates. The ragweed. leaves were placed ín three .,,.,., ,,

other clean butter plates. All the p1aËes were seb on the

window sil1 in the laboratory to incubaËe at room temperature.

Examinati.on of the leaves under the binocular microscope

revealed several eggs, Daily observations r^rere made to find
out if the eggs observed were those of the six-spotted leaf-
hopper, AfÈer several d.ays of íncubation several six-spotted.

leafhopper nymphs were observed. in the plates. As soon as a

n¡mrphwasobserved'itwastransferred'toafresh1et,tucepot.
.i. .'. :.-.;.'

UymP- h "."..;:''.ir'
',.,.,,.,r',' ,.,

Four butter plates were set in the laboratory, two of ..,',.11.,ì','',

which conüained fresh lettuce leaves and the oËher two con- 
.i1

taÍned ragweed leaves and portulaea leaves respectively. Ten

nyrnphs whiclr. had habched from porÈulaea leaves mentioned above , ,.,, :

."'t'. :

were transferred. into the neur plate of fresh portulaca leaves.

Another set of ten nymphs from portulaca r¡rere transferred. Ínto

a fresh lettuce plate. SinÍlarLy ten nyrnphs from ragweed.

leaves h¡ere transferred into a fresh plate containÍng ragweed. 
:¡,;.,;.:::.
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leaves whÍle Ëen nymphs from the ragweed also were transferred

inËo a fresh plate of lettuce leaves. Observations r^rere made

daily to find out if the insects would thrÍve on these differ-
ent hosts. It -was observed that afber a few weeks, (¡u-Jy Z2-

291 t all the nyrnphs in both the plates of ragweed and portu-

l.aca leaves were dead whereas all the nyrnphs transferred to
lettuce leaves were aLive and active (Table III). This in-
dicates that under laboratory condÌ.üions nSnnphal survival is
better on lettuce than on porùulaca or ragweed.

TABTE ITI

SURVIVAL 0F NTIVIPHS 0F Macrosteles fascifrons TRANSFERRED ON
JvLy, zz, L9 j Iv r'ffiME,ffiïîï,-¿JcÃ-ffi0-rîÃGu7sED T0

LEAVES 0F IETTUCE, PORTUIACA
AND RAG}IEED IN THE LABORATORY.

(10 NtlrPHS PER BUTTER PLATEI

i{ost Number of ny-mphs survivÍng

JuIy 25 JuIy 28 July 29

Lettuce
Lettuce
Portulaca
Ragweed

Lebtuce leaves containing six-spotted leafhopper eggs

were kepË in five bubter plates and were incubated at room

üemperature. Observatj-ons were made daily to find out the

day the eggs would hatch so that the duration of the instars

10 10 t0
10 10 l_0
l+00
610

t)!-... "i t.:.r::,,
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could be deÈerrnined. This was d.one by observing the plates

daily and transferring the nyrophs after each moult into

ì "nother 
fresh lettuce plate. The transfer was made by using

a fine camel-hair brush. ft was observed (Table TV) that the

nymphs moul-ted five times in sixteen to eighteen days. The

duration of each instar was approximately the same. Under
:

field conditj-ons the time spent in the nymphal instars is
i probably longer than that d.etermined under laboratory con-

ditions.

TABLE TV

DURATION 0F INSTARS 0F Macrosteles fascifrons
REARED TN THETIÉõIffi

Date -eggs Nymphs Maximum duration in days, calculated
hatched per from the moult of the latest nyrnph in

cage e+ch cage __ _First second third fourth fifth
instar Ínstar instar instar instar total

Ju1y28 U b 3 3 t+ j L?29 105333h,r8Aug.3 l.533h, l+l+18
,933336186103j3t,316

Average 3.6 3 3.? 3.6 t+ rT .t+

The first ínstar is dusky, darkish broinrn. The second

instar is pale white with dul-l red eyes. The third ínstar has
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slightly visible wing pads and hops more readily than the

first and seeond instars. The fourth and fifth instars show

distinct wing formation.

,.tt j



CHAPTER IV

METHODS AND MATER]ALS fN CHzuTCAL CONTROL

Descríption of plots

There were three maín bLocks (Fig.2). The three main

blocks were each divided into nine p1ots. Each block was

replicated. three times, making a total of twenty-seven plots.
Each block was Ll+3 feet 1ong. Each plot was fifteen feet long

wÍth a two foot space between every plot. The plots were sur-
rounded by different varieüies of apple trees. 0n June 16,

the plots were raked. and prepared. for seed.ing. Each plot was

given a IeËËer as shown in Figure 2 except the last plot which

had a double Iétter, so that the letters ran from A to Z, and

lasü ploü ZZ. Eaeh plot consisted of two rows of carrots 
"Td

one row of letËuce. Because of the heavy seeding, the lettuce
and carrots were thinned. The plots were Ëilled as often as

possible br¡t the suruounding area contained different species

of weed.s such as stink weed r . ragweed and portula'ca whích were

not mowed until they rnrere quite tall.

Seedine of plots

0n June 16, furrows r/\rere made with a hoe along string
stretched along the prots. By hand, chantenay carroË seed.s

were first sprinkled into the furrows'and. were firrnly covered.

with soil. Similarly Great Lake head letbu-ce v¡as seeded and.
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covered with soÍl. The seeding rÂras all done by hand and thin-
ning was done twice after the emergence of the seedlings. All
Ëhe weed.s were hoed except in cases where the weed.s !ìrere close

to the plants and had to be removed by hand.

Insectieides tesËed

The following insecticid.es were used. in l95iv in field
plot-trials to find a control for the six-spotted leafhopper:

1. Toxaphene, 60 ft emulsifiable concentrate, at 1.5 Ib. of
acüual material per acre.

2. Toxaphene, LOfo dust, applied at 1.5 lb. of actual material
per acre

3. Malathion, JOfo emulsifiable concentrate, at L.5 Ib. of

actual material per acre.

b. Malathion, 4% dust, aE 35 lb. per acre.

5. DDT, 250/, emu1.sifiable concentrate, at 2Ib. of actual

material per aere.

6. DDT, 50% wethable powder, at 2 1b. of acüual- material per

acre.

7. DDT, 3/o dustr ât 2 1,b. of actual rnaterial per aere.

8. Methoxychlor, JO/o weLrable powd.er, at !.5 Ib. of actual
material per acre.

9. Check (unsprayed).

ApplicaËion _o:l insecËicÍdes

Insectieides were applíed once a week, fori seven con-
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sective weeks, beginning when the plants were newly emerged

seedlíngs, at which time the rows of lettuce and carrots r/Íere

barely distinct. . ApplicaËion of the dusts and sprays ltras

made every Friday morning on the following dates: JuIy 2r9,

16123130, August 6, and 13. The sprays were applied by means

of a Dobbins Bighead 2! gallon coinpressed-air sprayer and the

dusting was d.one with a srnall Hudson hand.-duster. Because of

ühe interference of l-iËtle showers of rain during the first

three applicaËj.ons, and because of the heavy increase in popu-

lation of the insects, the insecticides h¡ere applied at a

double rate for the last four weeks of the seven consecutíve

weeks of application.

Counts Ì4lere mad.e of adult leafhoppers present 2{, hours

and. 72 hours after each application (Tanles V and. VI). This

was done by waving the hand to and fro twice along a linear

fooË of row and counting quickly the nu"mbers of adults dis-

turbed in this nanner, which flew up from the leaves. the

counts were made on the following d.ates: July J, 10, L7t Zlvt

3I, August ?r 1/r. and July f, 12, 19r 26, August 2r 9, l6t 2l+-

hour count and 7?-hour count respectively.

A count was made of n¡rnrphs present on each plot ab the

end of the seven weeks (taUle VII). The count was made on

August 17 t by counting the number of nymphs on twelve lettuce

plants and twelve carrot plants on each plot.
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TÂBIE V

COIINTS 0F.ADUITS 0F Maerosteles fascifrons
prESm{T 2)+ HSIIRS ¿¡iB Ze OrV

0F INSECTïCIDES, FïRSI THREE hTEEKS' 0F EXPSRIMENT

fnsecticides, Total of three
formulation replicates 24-
arrd strength hour eor:nt
actual per aere

Jul'y July JuTy Total
1_o 17

Total of three
replicates 72-
hour eor:nt

,T2T9
ÐW 25iÁ €..c., ât
2 Lb., I
Ðæ 50í6 w;p., at
2!b. 9
DÐY 3f, dust at
Z 1-b. 13
MethoxychLor jOfi
w.p. at 1.5 Lb, B
foxaphene 61fi ê.,c.
at I.5 Lb. 29
Eoxaphene LAfi d.ust
at l-.5 lt.. 38
Malathior. +f, d,ust
at 1"+ lb. trO
Malathion 5O% ê.c.
at 1.5 l-b" 3Check 4Z

Tstail 160

B rB 3Lr

22 +5 96

29 46 llL
2]'224
2611

?? L24 Lgg
r25 308 593

620386)
39 31 Bh Lf4

30 29 69 1.28

19 20 39 78

$L92862
3+ 4tþ tgï 276

vo 210 ,58 938

29 4:

4r 6T

32 66

2]-2
L5 11

1-O 24

2112f"
13 28 

'o16 IB \7
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TABLE VÏ

C0UNTS 0F i-IDULTS 0F T''laerosteles fa-scifrons
pRESET'ir 24 r-rouRs ¡.tm Zffi--ffic...Erori
0F INSECTICTDES e ï¡.ST FO-L]R 

-i"EETiS 0F EXPtrRIi'íEi\lT

fnseeticid-es,
formulation
and strength
actual per
aere

Total of three
replicates 24-
hour courrt

Total of tirree
replÍcates 72-
hour co',rnt

miffi26 2 916
July July2+ 31

.{u€.LLA;TffiÌ7 r)¿
I Ll

DDT 25i6 €.c"
at 4 lb" 10
DDT JO/o tt"p.
at 4 1be 2I
DDT 3r/, d.u-st
at4lb. 1
l'{ethoq¡chlor
JOrt w"p, at
31b 11
Toxaphene 60%
€.co a.t 3lb" 53
loxaphene LOó/,

dust at 3 lb " +5
Malathion ry"
du-st at ?-,8
]-b" B

Iufalathion 1OF'
ê"Co at 2"'¿,
lb. B
Check 2qO_

Total 357

)+1

53

Lrr'J

o

o

o

L5

24

10

110122
111538
o117

2

13

11

¿_

æ.
240

11

1
_LE
L26

92
38 14

32 15

24

118

103

)7

L5
9e5

tot+9

17 q/

13 16

10 23

13L96; o38
63 4z L9 11 140

50 \-5 \Z t4 L56

37 33 76B

k
2()q=.
326

5 L7L5
335 !J3 293
5zt 378 37L

1381t9 95J*
166 1436
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TABTE VIT

C0UNTS 0F NYI{PHS 0F Macrosteles fascifrons
N{ADE AFTER FINAL ruffiiffipÞ.flÏõffiõîf,-

0N SEPTENIBER l-¿+, lg5t+

Plots
No. of nyrnphs
per block on

carrof
No. of n¡mphs
per block on Tota1

lettuce
DDT emulsifiable
concentrate

Methoxychlor wettable
powder

DDT dust

DDT wettable powder

Malathion dust

Mal-athion emul-sifiable
concentrate

Toxaphene dust

Toxaphene emuls ifiabl-e
concentrate

Checks

Total

0
0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
3
2

5
3I

13
6
5

0

0

0

0

0

72

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

l+

L2
3

t3
22
28

l+9
59
6o

2l+

rg2

38 25:O -2-tr9
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Es_timation of reçlrlts

Four weeks after the application of the insectícides
was stopped, (September 14), the carrots were harvested and

findings were recorded. The carrots were dug out carefully
by means of a garden fork and they urere arranged. on the sides

of the rows. Final results were obtaÍned by counting all
the carrots in each plot, noting the number infested with
aster yellows disease. Table vIrI shows the number and the
percentage of carrots infested with aster yellows for each

treatmenË.

TestinE of Ínsectiçides on esgs

Several letËuce l-eaves were removed from an unsprayed

plot which was infested by six-spotted leafhoppers. The

leaves were examined for leafhopper eggs under the binocular
microscope. The eggs were counted. Lettuce leaves contaín-
ing over twenty-five eggs were sprayed with insecticídes and

placed. in butter plates on bhe table in the laboratory, Arl
Ëhe insecticides used were at the same rates as in the ori-
ginal field plot experiments. Five sets of reütuce Leaves

containing eggs were sprayed with methoxychl-or 50 per cent

wettabre powder. Another set of plates conËaining lettuce
leaves was set on the bable as a control. similarly five
other plates were sprayed with malathion J0 per cent emulsi-

fiabl-e concentrate, A control- was al-so used. Another set of
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PERCENTAGE OF
ON CARROTS

TABLE VII]

ASTER YEIIOWS INFECTION
AT TÏME OF HARVESTÏNG

Plots
Total no.

of carrots
No.

infected
Percentage
infeeted

A
B
c
D
E
F
G
H
I
J
K
L
M
N
0
P
a
B
S
T
U
V
tÍr
Y
z
f,o
lJ./J

3l+2
3]-9
3l.7
37t+
375
289
301
270
335
3f.l+
290
329
322
332
322
323
I+26
375
292
297
262
266
23L
263
297
29h
35t

38
20
tL,

130
t37
7t
2lþ
20
28
96
29
L5
32

L26
2lr,
26

102
37
l+7
99
3o

108
26
17
22
28
8¡

11.1
6.3
4,.1+

3h,.8
36.5
2l+.6
8.0
7.1+
8.L

3A 16
10.0
t+.6
9.9

38.0
7.5
8.1

23.9
9.9

16.1
33.3
r:j.5
l+Or6
]-,l..2

6r5
7.1+
9.5

23.7
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plates was dusted with malathion {. per cent dust and a control
was used. All the plates were incubated at room temperatürê¡

Daily observations I^Iere made and each tirne a nymph emerged ¡, l

it vras removed and placed in a neiiìr plate of fresh l-ettuce

marked with t'he same number as on the plate from which the

.:..., ¡otal number of n¡rmphs which had d.eveloped from the eggs in t' 
'

various plates was checked. and the findings were recorded l',

Table IX shoi.¡s the count of nymphs that had developed from

6he plates. Malathion emulsÍfiable concentrate and dust

showed.strongovícid.a1effectand.methoxych1ortoas1ight,1y

less extent. AfI the nyrnphs died that were transferred. from 
:

the plates on which insectieid.es had been applied, which is
:

]evid'enceofcontacËpoi.soningtothenymphsafterwaIking
over the treated leaves. All the nyiuphs from the control
plates survived after being transferred.

)..,......

.,- ":.i..i,:.
ì:;l:::;1"5:,:.1
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TABLE IX

EFFECT OF TNSECTICTDES ON EGGS OF
Macrosteles fascifrons '.,'.:,,.

'':! 
-

Total eggs ÎoËaI nymphs Percent
InsectÍcÍde Ín 5 plates emerging fron mortal-

5 plates iËy to
eggs

Methoxycltlor 5O/o
wettable powder
Control

Malathi on 5O/"
emulsifiable concentrate L25

L25
],25

]..25

23 81.6
LO5 16.0

0 l_00.0
113 9.6

r 99'2118 5.6

. r i:...: :
l l i:':

Control

Malathion l+/, dust
Control

L25
1,25



CHAPTER V

RESULTS AND DISCUSSIONS

In the spring and summer of I95l+ an experiment was

conducted on field plots of the Division of Plant Scíence,

The University of Manitoba, üo try to find a chemical control
for the six-spotted leafhopper on carrots and lettuce.

Effect of insecticides on eggs

Malathion emulsifiabl-e concentrate and malathion dust

showed. strong ovicidal effect. In all the plates on which

mal-athion emulsifiable concentrate was applíed¡ flo nynrphs

were observed. The plate on which malathion dust was applied

had one nymph and another which only partially emerged. A

few nymphs were observed in each of the plates treated wiüh

methoxychlor. Table IX shows the percent mortalities for
each insecticide tested.

Nymphal count

Table \flI shows the nyrrrphal count that was made afËer

the application of insecËicides had ceased. 0n1y unsprayed

plots and those of toxaphene dust and emulsifíable concentrate

had nymphs. There hrere more nyrnphs found on the lettuee plants

than on the carrot plants. Sixty-three nymphs were counted on

Ëwelve lettuce planËs as compared with nine nymphs counted on

twelve carrot plants on the toxaphene emulsifiable concentrate



plot. There rrrere 168 nymphs counted. on the check plot per

Ëwelve lettuce plants as compared wiüh 2[ nynrphs per twelve

carrot plants. the absence of nymphs on all the other plots 
,,r,,.,:;...'r,,,

except those of check and toxaphene enulsifiable concentrate

suggests a contact poisoning to the 'qy¡nphs afüer walking on

the sprayed or dusted planËs. 
,.:,.;.::..;.;

...'tl:t,".t,

2&_hour and 72_hour counts 
i.:ji:,_ir'::r':

Counts were made of adult leafhoppers present 2l¡ hours ì'i: :ii i:ri':

and 72 hours after each applicatÍon of the insecticides.
Tables V and vI show the following: the number of adult leaf-
hoppers counted before and after Ëhe rates of the insectieides
I,ûere doubled; the total number of ad.u1t leafhoppers counted

per three replicates and the increase in population of leaf-
hoppers after every 2[-hour count as indícated by Ehe ZZ-

hour count.
appreeiably

Doubling the rate of the j-nseeticides ¿i¿ riåi/d.ecrease : ,.
f,¡'.1t'.ì¡.t,Èhe number of adults on the 2/+-hour and 7?Jnour counËs. ,,
.i.: l::l-l
: i :: .';t t-:.r.::l

Assessment of harvested carrots

The final results obtained by counting all the carroËs

in each plot, and noting Ëhe number infected wiËh aster yel- 
i,,;ii,:rì¡:*i

lows are shown in Table VIII. The infected carrot roots pro- i;.1"*i.;:"¡

duced numerous bunehed adventiËious rootlets arísing from Ëhe

elevations on the carrot root (Fig.3). Uninfected carrot
l

root is large, robust, and l-acks bunched rootlets (Fig.4¡.
l_';,,.,_ _, -
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DDT 25 per cent emulsifiable concentrate, at the rate

used, eaused a noticeable dwarfing of the foliage of carrot

and scars on bhe carrot roots. the foliage of the carrot

plants was yellowish, and reduced whil-e the roots were rough

and pock-marked (nig. 51. Figure J shows the sears on the

carrots. The carrot leaves were burnt, and the plants were

about an inch shorter than the rest of the planüs on other

treated plots.

Toxaphene dust or emulsifiable concentrate proved very

ineffecti-ve in controlling the six-spotted. leafhoppers although

the insecticide did noË injure the plants. Figure þ shows one

of the robust uninfected carrot roots which were harvested

from the plots on which malathion, mebhoxychlor, DDT wettable

powd.er, and toxaphene had been applied. The l-east infected

plots r^rere those on uihÍch DDT dusË, wettable powder, or emul-

sifiable concentrate, malathion emulsifiable concentrate or

dust, and methoxychlor wettable powder were applied. The raost

infected. plots 'brere those of toxaphene d.ust or emulsifiable

conéentrate, and. the checks. The syraptoms of the asËer yellows

disease were easi-ly recognized. on the carrots.

Assessment of unharvested Lettuce

All the lettuce plants died in all the pÌots. This was

possibly d.ue to aster yellows disease, but the s¡rmptoms on

lettuce lvere somewhat obscure, and could not be determined.

The contributing factors may have included root-rots, excessive
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rainfall or 2r4-D dri.ft.

DiscussÍon

Table X, shows Ëhe average percentage of infected carrots
for each treatment, d.erived from Table vrrr. Resul-ts of this
experiment indÍcate that a fair.measure of control of 1eaf-
hoppers on carrots can be obtained by a weekry application of
DÐT dust or wettable powder, nalathion d.ust or emulsifiable
concenfrate, or methoxychlor weËtable powder. Continued appli-
cation is neeessary in order to obtain a compleËe control of
the leafhoppers because they migrate Ín from other areas.
ProtectÍon must be maj-ntained from the time the seed.lings

emerge. Doubling the rate of j.nsecticides d.oes not d.ecrease

the number of adults found. on the zl*{nour and 7z-hour counts.

DDT 25 per cenË emulsifiable concentrate gave a réd.son-

able control but at the rate used i.t was noticeably injurious,
to lettuce and carrot plants. The carrot roots were heavÍly
scarred and pock-marked (Fig. 5r. A comparison can be mad.e

by lookÍng at photographs 3rh, and 5. The carrot and leütuce
plants on aL1 the plots on which this insecticide had been

applied showed dwarfing of the foliage, yelrowing, and. burnt
leaves. This result suggests that DDT zj per cent emul-si-

fiable concentrate is not favouralole for use on 1eËtuee and

carrot at the rates used..

Toxaphene dust or emulsifiabl-e concentrate was noË
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TABLE X

PERCENT INFECTTON OF ASTER YELLOWS ON

CÃnnors FoR EAcI{ TREAII{ENT

Tota1 Percentage Average
of infecËed Percegfage-

Insecticide carrots per óf infected
three P1óts ca'rrots

DDT wettable Powder

DDT dust

Malathion emulsífiable
concentrate

Meühoxyehlor wettable Powder

DDT emulsifiable concentrate

Malathion dust

Check

Toxaphene d.ust

Toxaphene emulsifíable
concentrafe

2L.5

2L.7

?h.9

25.6

30.1

)l¡.O

8¿1.1

gà.7

LO3.2

7.2

7.2

8.3

8.5

r0.0

11.3

28.0

32-.9

3l+.1+
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harnful to the plants but proved very lnsffe:etive j:r control-
ling the six-spotted leafhoppers. Table x shovrs average per-

centage of, 28 infeeted earrots: on the eheck as compared wíth

3l+.4 on toxaphene emulsifiable coneentrate' arrd. Jz.g on toxaphene

d.ust plots.

All the eounts. of eggs (Table rr), nyrcphs: (Table vrr),
and, aduLt leafhoppers (Table Kr) on lettuce exeeed.êd. the:

eor-mts made on earrots. Perhaps: the: lnsect is more: attraeted.
to lettuce for oviposition than to c.arrot. il.lthough the re-
sults of this: experiment show that a fair measure of control
of Ïeafhoppers' on earrots, s:an be obtained by weekly aBplica-
ti.on of ÐDT d.ust or i,¡rettable povr.der, roalathion d.ust or emulsi-
fiable coneentrate, or wlth metihorçychror wettable powder,

eost and. availability of insectieide must be eonsidered 1n

any recornmend.ation" It would be expedient to compare the eost

of protection with the eash value, of the crop to be protected

before the control. measure.s âr€ taken.
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COMPARISON
fascifrons

TABLE XT

BET-|¡IEEN ADULT COUNTS 0F Macrosteles
ON IETTUCE AND ON CARROT@s

Date of
application

Carrot Carrot Lettuce

Zþ-}rr. JZ-hr. Zb-hr. 72-hr. 24-hr. 72-hr.
l..l:i:i

JuIy 2

9

T6

23

30

Aug. 6

L3

Total

55

h,3

101

ll+9

106

8ll

28

3!.

¿t1

76

86

39

104.

65

87

I+5

L53

201

6k

tb2

L]-,z

7h

130

352

20t

L5t

L5r+

8¡

h,2

39

79

7O

23

80

6t

¿11

37

105

t7L

LzT

133

55

396 566 ubz 661 80r,. tthS /



CEAPTER VT

trMMARY

The six-spotted leafhopper I MaqrA_g_tÈlqg fas_eiflons
(stat)r. has been present in very large numbers in fields and

gardens in Manitoba in recent years. rt is the most outstand.-

i.ng vector in the transmission of aster yellows, a virus
d.isease of many herbaceous plants. The abund.ant appearance

of the adult six-spotted leafhoppers early in May on a variety
of plants inclu-ding letiuee, carrots, stink v¡eed., elovers,
and. grasses, and the absenee of nymphal stage at the time of
eolleetion in Malr indlcate that the slx-spotted. leafhopper

in Wlnnlþeg: Ivlanitoba2 probably passes the v¡inter in the adult
stage., The inseets \Árere captured early in spring i+híle snor^r

was still on the ground.. They 'brere observed. in large numbers

on grasses and stink weed., suggesting that these plants may

also be important overr+intering hosts. There was no evldence

to lndicate that the insect overwinters in the nynphai- stage

in this IatÍtude. The six-spotted. leafhopper feed.s on earrots
and. lettuce as soon as the shoots are out of the ground. The

inseet feeds and. breeds on eommercial crops and also in garden

erops noving j.n from surrounding vegetatj_on. The eggs are d.epos-

ited. in the veins of leaves or at the bases of petioles in
rohrs of 8 or 12. The eggs are found in a slanting arrange-
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menË in close rows and in scattered single eggs in the veins

of the leaves. The incu-batÍon period during the summer Ín

Tfinnipeg, Manitoba is eight to nine days. the eye spots

become visÍble on the fourth day after the egg is deposÍted.

Nyrnphs moult five times in sixteen to eighteen days. Under

laboratory condition there are two and a half generations per

year, and about two complete generations in the field. It
takes betureen ZLr io 25 days for the six-spotted l-eafhopper

to develop from the day that the egg is laíd to the day of

the last instar. ft was shown that the six-spotted leafhopper

breeds on portulaca and ragweed, in a1l- probability it rnay

thrive also on these hosts although the insects did not live
on them long in the laboratory. Transferred nymphs v¡hich had.

hatched from eggs deposited in the veins of ragweed and port-

ulaca leaves thrived and developed to ad.ults on lettuce plants.

The count of leafhopper eggs on a square inch of lettuce

leaf was rnore Ëhan the count of eggs on a square inch of car-

rot leaf. The total counË of adult leafhoppers on three repli-
eates of carrots compared with the toËal count of adult leaf-
hoppers on three replicates of lettuce showed that each count

on each row of lettuce uras Tore than each count on each row

of carrot (Table Xï). The consistency of the larger number

of eggs, nymphs, and adults counted on lettuce as compared

with the number of the same stages counted on carrots, prob-

ably suggests that the lettuce is more attractive Ëo the

i.;Ì:.:.i!
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insect than the carrot. In all probability they oviposit

more on the lettuce planbs than on the carroü plants.

No parasitism was observed of any of the life stages

of the six-spotted. leafhopper. The only predators noted lÍere

aphid-lions. The aphid-lion larvae were seen in Ëhe field
feeding on adult leafhoppers, but the extent of predatÍon is
probably very slight,, because the prey is so active Èhat it
can escape. Out of ten Live leafhoppers caged with four

aphid-lion larvae, only Ëhree were killed.
The following insecti.cides gave practical control of

six-spoüted leafhopper when applied at seven-day intervals
for seven consecutive weeks: DDT wettable powder, DDT dust,

malathion emul-sifiable concentrate or dust, methoxychlor

wettable powder and DDT emulsifiable concentrate. DDT emul-

sifiable concéntrate, at Ëhe rate used caused a noticeable

dwarfing and yellowing of the foliage of carrot and lettuce
plants and scarred the carrot roots. Toxaphene dust or emul-

sifiable concentrate was ineffecbive. AI1 the lettuce plants

died in all the plots. This was possibly due to aster yellows

disease, but the syrnptoms on leËtuce were someu¡hat obscure,

and contributing factors may have includ.ed. root-rots, exces-

sive rainfall or Zr&-D drifü.
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PART ÏÏ
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fNTRODUCT]ON

The two major insecü pests of asparagus ín Canad.a are

the asparagus beetle, Críoceris asparagi (L.), and the spotted ',,;
asparagus beetle, Crioceris d.uodecirnpunctaËa (L.). The latter

i.' 'tt" '

was reported. by Arnand (1951) as an ímportant pesË in Quebec, :'.::::

Ontario, and. British Columbia, and. i.t is said to be present

wherever asparagus is gror¡trlr. The nr:mbers of thÍs pest may

fluctuaËe from year to year, and exËensive damage may be 
,

causedbyaseriousoutbreak,Asparagusistheon1ycrop
:

that ís known to be attacked. The main damage inflicted by 
i

this beetle results from the feeding of the over:r¡¡intered

ad.ults on the tender tips in early spring. The constanü

gnawing of the beetle on the shoots causes the. shoots to be 
..1.: :

scarred, tough and troody. The larvae confine their attack to ,,,,',.
:a:,.::,,-...

the berries. A knowledge of the life history and habits of ,::',:;,,:,

this pest is necessary for a proper timing of control measures.

Problem 
''" ' "

The purpose of this study was to learn the life hisüory iri+rìril

and habits of the spotted asparagus beetle, C. duodecimpunc-

tata (L. ), in Manitoba, and to review the literature and re-

commended methods of control.
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Imno_rtance qf the stud.y

A study of a chart of the nutritive value of eor:ked

asparagus based. on edible portÍons of lO0 grams ind.icates

that asparagus is a souree of food. energy¡ protein, fat, ear-

bohyd.rates, ealeium, iron, phosphorous, vitamin Â, and aseor-

bie acid.. Ä.eeording to the report in The Marketing of Fresh

Fruits and. Vegetabl-es ln Greater trdinnipeg (191+6), the value

of Manitoba asparagus purehased by twenty-two wholesalers,

two department stores, and. one chain store in lrlinnipeg is
estimated to be $1!r 26+.00. ïn the report of The Dominion

Bureau of Statistlcs (195+)', which glves estimates of acre-

age and. prod.uetion of asparagus in Canada, and. the provinces

for L953, with revlsed estj-mates for L912, Manitoba has a

total produetion of 231rOO0 pound.s out of the total prodnction

of 61694rOOO pounds in Canad.a. No serious infestation or d.am-

age by this insect has been reported in Manitoba. No stu-dy

of the 1j.fe history and habits of this species has been made

in Manitoba. Âccord.ing to Drahe and Harris (1932) asparagus

plants attacked by these beetles in fowa, United States, are

usually weakened and. r-inable to' store up food in their roots

to any great extent, causing the next yearts yield to be smalI.

In addition to the I-ow yÍ-elds, the asparagus becomes tough and,

woody. In ord.er to find a satisfaetory method. of control, the

life history and habits of the pest shou-ld. be knorvn j-n ad.vance

in the event of future outbreaks.
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Locat ion of--:Lhejitt¿liy

The main part of the study was conducted aË the field

plots of the Division of P1ant Science, The Universj-ty of

Manitoba, Winnipeg, Manitoba. Some rearing and experimental

observations hlere carried out in the laboratory of the Depart-

ment of Entomology, The University of Manitoba.
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OI]ÀPTER TTIT

RE\TTEhI OF LTTERATURE

Ðist-riþILtiojr-r

Aceordj.:rg to Drake and Harris (L932), asparagus T¡ras

brought to North .Aneriea from Europe by the early settlers,
and, i.t was grorr¡n as a eultivated. crop in the United States

for more than two cen'truies before it beeame troubled 'v¡ith

inseet pests of major importanee. The trço main enemies of
asparagus are the asparagus beetles introdueed. lnto Ameriea

from Europe. These pesrst ffid a native f1y whose larva Ís
called. the asparagus miner, comprise the major j-nsects

affeeting the growfng of asparagus. Chittend.en (lgO7) re-
ported the appearanee of the spotted. asparagus beetle , g.,

d.uodeeixûpunctata (L. ) in the United States in 1896. Drake

and. Harris (r-932)' stated that this pest vras fírst found. in
.ånerj-ca in the vieinity of Baltimore, Maryland, in 1BBt. Then

it spread. throughout much of the area eæt of the Mississippi
river and tod.ay oceurs almost ever¡n'rhere that asparagus is
grorô,rl. Drake and Harrls (L932) discovered this species for
the first tlne in Towa, at PLeasant Va1ley on July 2p, 1g31.

chittenden (Lgon pointed out that smlth had observeci this
speeies in New Jersey and Delaware in 1898. He also reported

that Felt had observed this pest in various places j.n New york,

such as Albany, Batavia, f,eroy, Riverd.ale, 0swego,

.,',t;'
rj::.];:
i',.r;ìr
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G1endale, and also in the Niagara dÍstrict in Canada as far
north as l{amilton, Ontario, ifi 1899. Chittend.en bel-ieved that
the two species of asparagus beetles appeared to have arrived

in the Niagara Peninsula simultaneously, though the spotted

asparagus beetle was by far the more conmon one. In later
years different observers noted its further spread in Canada.

Professor A.V. Mitchener of the Department of Entomology, The

University of Manitoba, records Ëhat this insect was first
taken in Manitoba ín 194d by III.J. Turnoek in a home gard.en in
trtlinnipeg.

Life hisËory

A comprehensive description of the spotted asparagus

beetle can be found in the publicatj-ons of the following au-

thors: Chittenden (1907), taesar (1931), Drake and Harris
(f%?J, and Armand (1951). Chittenden described the insect,

and. gave an illustration of the egg and its manner of depo-

siti-on. He stated that the insect develops and feeds almosb

exclusively on the berry, but the adult attacks young aspara-

gus shoots before the berri-es appear. He described the young,

freshly hatched larva as having a round head, nearly twice as

wide as long seen from above. The thoracic plates are dis-
tinctly separated at the middle, with the intervening areas

yellow. The length is 1 mm. and width, 0.35 mm. Caesar des-

cribed the adult insect as simil-ar in size and shape to the
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comtnon asparagus beetle, Grioceris asparagi (L. }, but differs
from it by its red colour and the twelve black spots on its
wing covers. He also described the egg as elongate, dark

green, and attached by its side to the branches of the p1ant.

the larva is similar to that of the asparagus beetle but is
yellowish white to brownish yeIlow or orange instead of grey.

Drake and Harris also described the stages of the spotted

asparagus beetle but stated that each l-arva devours two or

three berri-es before it achj.eves full growth and fal-ls from

the plant, and enters the soil for pupation. Armand described

the spotted asparagus beetl-e as a slightly larger species

than the asparagus beetle. He stated. that the eggs hatch in
one to two weeks, and the yellow or orange larvae mature in
three to four weeks, feeding entirely on the berries. The

larvae pupate for two weeks, and the adults emerge. There are

two generations per year in ChaËham, Ontario. The second

generation of adults emerge in September and go into hiber-

nation quarters before winter. A1l the above authors contend.

thaÈ the larvae of the spotted asparagus beetle confine their
feed.ing entirely to the berries. The only report of a seri-
ous injury to young asparagus tips by the larvae was that of

Petch (1937\.

Control

The asparagus beetle

control because ordinarily
has not been a difficult pest to

it may be kept at Iow population
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levels by simple practÍces and without much cost to the grower.

Dustan et al (l9l+6J experiment,ally showed that DDT, and ben-

zerLe hexachlorj-de were effective Ín killing the spotted aspara-

gus beetles. Caesar (1931) said that cultivation and ferti-
lization of the asparagus plots allow the plants to grour

rapidly, and cutting frequently prevents the beetles from ín-
juring the shoots. Caesar stated that poultry can be used on

the plots to eat the beetles, but in cases where t,he plants

are heavily attacked he recommended spray with two pounds of

arsenate of lead to forty gallons of water to which has been

added one-third pound of calcium caseinate mj-xed spreader.

Armand. (1951) stated that effective control ean be obtaj-ned

during the cutting season by destroying all the volunteer

plants, cutting of the crop every two or three days, and put-

ting pulverized cyanarnid along the roT^¡s at the rate of 300

pounds per acre to repel the insectr or by spraying or dust-

ing with rotenone. Drake and Harris (I932j recommended sprays

or dusts containing rotenone every Lhree or four days urhíle

beetles are present. The dust should. be used at twenty to

thirty pounds per acre of one percent rotenone, while the

spray should. be satisfactory at one and one-half pounds of

derris (5 per cent rotenone) in forty gallons of water. Ar-

senical applicatíons should never be used on the shoots during

the cutting season, but may be used after the cutting season

is over.



CHAPTER IX

LIFE HISTORY STUDY

Adult

The spotted asparagus beetle has been described fully

by Chittend.en (1907), caesar (1931), Drake and Harris (1932\,

and Armand (1951). The descriptÍon of the spotted. asparagus

beetle by the above authors fits the species found in Winni-

pegr Manitoba. In the spring of l95L+ several adults were dug

out of the soil under different shelters including dandelion,

stink weed, rhubarb, ragweed, and asparagus plants. Thirty-
five percent of the beetles dug out of the ground in May and

early in June, before their normal emergencer 'hlere found.

dead. (table XII). The adulü beetle was observed to hibernabe

in the soil at different depths and under various species of

plants. The first emerging adults were seen'on June lJ, L95b,

on the asparagus plot of the Division of Plant Science, The

University of Manitoba. The adults upon emerging fed on the

newly emerged tender tips and leaves of the asparagus plants'

Mating was observed. as soon as they emerged, and contínued

throughout the summer.

Ess

The femailes began to lay eggs approximately four weeks

after emergence from hibernation. The first eggs were observed
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TA,BLE XTI

RESULTS 0F SEARCH FOR ADULTS 0F Crioceris
duodecimpunctata (L.) IN THE SPffiT-
@L EMERGENCE TTME

Date Where found
No. of No. of Depth of
beetles beetles soil in

dead alive inches

tr{ay 13

May 14

May 17

May 18

May 20

May 31

June I
June 7

June 9

fn soÍI 6 ft. from
asparagus bed

fn soil 3 ft. from
asparagus bed

In soif 3 ft. frorn
asparagus bed

Base of dandelion

Base of stink weed

In asparagus bed

Base of rhubarb

Base of ragweed

Under dry leaves

Total

0

3

0

0

0

2

9

0

I
6

I
3

3

l+

U

b-5

h,-5

h,-5

h-5

I*-5

I+-5

2-3

2-3

1-0

?o

Apparent overwint,erÍng mortality is 35.1

37
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in the field on July 1I¡, L95l+. The eggs are elongate, oval

in form, and pale green bu-t become dark green afúer a few days.

The eggs are laid singly on the leaves of the asparagus and

are attached to the leaves on their sÍde instead of on one

end as is the case in the other asparagus beetle eggs. Sev-

eral asparagus branches l¡rere exami-ned. daily in the field and.

as soon as eggs were found the branches were marked. Daí1y

observations hrere made ín the field and in the laboratory.

The observations showed that eggs hatched in abouË níne days

under laboratory conditi.ons (table XITI), and ten days in the

field (faute XTV).

Vilhen ten asparagus plants !ìrere checked for eggs at
random in the field &39 eggs were counted - an average of IÐ.9

eggs per plant (fable XV).

Larva

The newly hatched larva is very tiny, but i1l crawls

irrnediately along the branch in search d a berry. A two-d.ay

old larva measures about one-eightb of an inch in length. A

ful1y gronrn larva measures abouË three-eighths of an inch.

The head Ís ror¡.nd and dark, but the general cblour is nearly

creamy whi.te to pale yellow, and the body'surface is much

wrinkled. About Ëhe Ëime the I.rva i" read.y to pupate, the

eolour becomes bright creamy yeIlow. The larva bores hol-es

into berries, and the holes are sealed with yellowish or
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TABIE XITI

INCUBATION PERTOD FOR EGGS 0F CríocerÍs
duodecimpuncËaËa (L. ) IN THE tãm'ñEmHY

ïncubati-on No. of No. of
Date eggs Date eggs periodr eggs de- eggs
deposited hatched days poéited hatched

July 1ll July 23-2b 9

L7

T9

26-27 g

28-29 9

t5 L5

25 25

99

TABIE XIV

INCUBATION PERIOD FOR EGGS 0F CrÍoceris
duodeejmpunctata (L. ) IN THE-frt-EtrD-

Tncubation No. of No. of
Qate gggs Date eggs period, eggs de- eggs
deposited hatched days - põsited hãüched

JuIy 16 JuLy 26 4l+
11 11

77
I9 2840 g

27 Aug. 7-8 11

10
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TABLE XV

COUNT 0F EGGS 0F Crioceris duodecimpunctata (L. )
NIADE ON 10 ASPIffiTAW¡¿I

Plant No. No. of eggs

I
2

3

l+

5

6

7

I
9

10

75

À,8

84

T3

t9

2l+

u7

b3

l}1

28

lotal l+39 eggs

Average t+3.9 eggs

i r:. r.i:. :,:



59
-blackish substances. trfhen the larva is fu1ly gro!ün (8 t,o fO

days) it drops Ëo Ëhe ground. It prod.uces white substances

which are mixed. with the earth to for^n a cocoon in which pupa-

tion takes place for two weeks. The average length of tíne
spent in the Iarval stage was estímated to be 6.6 days (TaOte

XW}. This was calculaüed. from the day the eggs r,rere hatched

to Ëhe day the larvae pupated.

PuPa

Four iee-cream cartons 4å inches high and 3å inches in
diameter, were set on the table in the laboratory. The lids
'hrere fitted with l2-inch mesh wire screen. Some soil was put

in each of the carËons. Several larvae in berries were put

on top of the soile Daily observation was mad"e Ëo determine

the day the larvae pupated. The period of pupation was deter-
mj-ned as soon as adults appeared. The average length of time

spent in the pupal stage was fourteen days (table NVII).

A half-gallon carton was fitled with soil and. buried

in the pJ.ot in the field containíng infested asparagus plants.

Forty berries, each containing an asparagus beetle 1arva, were

put on the soíI in this cage. The carton was covered with 12-

inch rnesh wire screen. Observations were made to find out if
the pupal period differe under field and laboratory conditions,

and also to find out how many would emerge. The average length

of time spent in the pupal stage rn¡as fourteen days and ühe
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TABLE XVI

LENGTH OF LARVAL PERTOD OF
(L- )

No. of
larvae

DaËe
hatehed

DaËe
pupated

Larval perÍod
days

No. of
pupae

JuIy 2)

26

28

Date
pupated

Ju]-y 29

.Aug. 2

Date adults
emerged

Pupal period
days

L5

25

9

6

7

7

TABLE XVII

(L. )
TENGTH OF PUPAL PERTOD OF

1l}

tl+

1¿l

T2

L6

18

July

Aug.

Aug.29

2

l+

t5

25

9
I.ii:,r:::-j
:':: ::..,

L!'¡:i;i..]
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forty caged. larvae emerged as adulüs. The first generation

adults began to emerge on JuIy 2p, I95h,, and contÍnued to

emerge for several weeks, They went into hibernation between 
,

the end of September and Ocüober 22.



CHAPTER )C

STruMARY

The data preserlted in this ttresis prove thaË there is
one generation per year of the spotted asparagus beetle in
Winnipeg, Manitoba. The adults emerged from hibernation around

June 1l, l95l+, and becane abundant duríng July. The adults

fed upon tips and leaves of asparagus. The adulË is active

and read.ily takes to flight when approached. ft makes a squeak-

ing noise when caught, but the meËhod by which this noise is
produced is not knovûr. The female adult lays eggs singly on

Ëhe leaves and. the eggs are attached. on üheir s j-d.es. They are

laid a month after emergenee from hibernatÌ.on, mating being

started as soon as they emerged and continuing throughout ühe

summer. The eggs hatched wÍthÍn níne to twelve days. The

larvae, inmedíate1y upon hatching from the eggs, fed on the

berries. AfËer a few days of feedÍng Ëhey feII on the ground

and. pupated.. The pupal stage has a d.uration of at least four-

teen days. The first generation adults upon emergíng fed on

leaves and berries of asparagus but there is no evidence that

Ëhey feed or breed on the surrounding vegetation. It was ob-

served that the adulËs go into hibernation beËween the end. of

SepËember and OeLober 22, depending upon the weather. The

i-nsect overr¡¡j-nters in bhe adult stage in sheltered quarters.

The larvae were not observed feeding on the s1,em or foliage

before entering the fruiü.
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