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An fnvestigation waes Conductel 10 17977 0 study the

.

—

‘biolnrgy and evaluwate rhe cnirmical control of the major re?

».

clovex insects. This rrudwy wAs conucted on the Fayrm Crops

Experirentz]l Fary a¢ Michioan State U'niversity, East Tansing,

The clover roat horer amd tha clever root curcuiio wore
found to e the most fmoorract o1l incects,  Of the head
infesting pests ths clover co=7 nidan the clover sced
chalcid arel the clover haad wevil wern the insects mest
commonly found,  Anhids. soirelebugs, plant bugs and I;afw
heoprers commrises? the mest numercus follage pests.

Heptachlor. thiodan thimot arnd DT were avvlied and an
2ttemnt was wmade tc determine the effectivensss of thosee
insecticides {in crntr2lling irsect pests., Insect sweeningd.
read analysee, stand measurerents, seed vield and other
chservations wire t3aken throucrhout the growing season,

3
t

Hevtzrhlor groveld to be effective in contyolling tre

g

clover oot borer, clover ront gurculic end spittlebug and

Q

in additron improved vilant vigoyr and increased seed vield.

The arplicsrson of thiedan ¢prayve substantially reduced



populations of spittlebugs arnd achids. Thimet granules were
effective ir controlling leathoppers, plant bugs and aphids
as a systemic insecticide. A yeincticn in insect populations
immediate’y fellowing thne trinat application {ndicated +hat
this insecticide may have acted ags a fumigant. The DDT sprays
were etrfective in reducing populations of plant bugs, leat-
hoppers and sp1tt1ebug$. Vagrivws interactiocns were found
between the heptachlor scoil application and the foliar

sprays.



THE FPIONOCY AMND CONTROI, OF

PED CLOGVER IMSECTS IN MICHITAN

bv

Willet Theodore Van Vilzen

Sukmitted to the College of Science and Arts ~f Michigmn
State 'niversity of Agriculture and Arulied Science
in partial fulfillment of the reguirements
for the cdegree cf

MASTER OF SCIENCE

Devartment of Ent molicqgy

1‘\“")"_1



/2

>

/o

315 b2

ACKNOWLEDRGEMENTS

My grateful avpreciation is extended to Professor FRay
Hutson, head of the Entomnlogy Devartmsrnt, for making this
investigaticon possible.

The authcr wishees to express sincere thanks to Dr.
Gordon E. Guyer, under whose directicon this study was mwade
ard to whem the results are herewith dedicated.

My sincere gratitude is cxterded to Mr. Harry D.
Niemczyk and Mr. Richard L. Ccover for their invaluable
assistance throughoeut this project.

I wish to extend my aprreciation to Doctors Rcland L.
Fischer. E. C. Martin and Fred C. Elliott for their critical
reading cf the manuscript. I alsc extend thanks to Mrs.
¥endall Frazier of the Soils Department and Mr. Arthur T,.
Wells for assistance in the statistical analysis of data, to
Dr. P. W. Oran, Perartment of Agriculture Research Service;
Reltsville, Maryland, and Dr. O :ar Tabcila for the idant-
ification of ins=ut cpecimens, v Messers, Husein Erwosa an?
Jorhn R. Paul fuor thoir help in v cullaction of fiald data
and tc the Farm Croys Depagtment for providing the facilitios

and equipment voed in this inversigasicon,



r

a

11

I1T

Iv.

TARLE OF CONTENTS

LR P

INTRCDUCTION . . . . . .

LITERATURE REVIEW . . . .

PROCEDURE . . . . . .

S:11 Insesticidzs . . .

[43]

lrar Sprays. . . . .
Campling ani Matheds «f Analysis .
PRESENTATION AND LCISCUSSION OF DATA .

Notes on the Biolocsy of Red Clover

Insects . . . . .
Clover Rowut Rar<r . . .
Clovexr Rood Cuwarald .
Clover Soed Midge | . .
Clover Huxl Weovil, . .

Meadow CGpittizrtoqg . .
LR TN TS . . . .

Plant Bugs . . . .
Evaluation cof Chemiczal Contral .
Hepta hior Sm11 Treatment .

Meadow Spitticobug Contrel



~
.

¥
(.
™)
b}
"
g
0
=
'y
) »

Thixlan Folizgse Sprays .

Maradow Szittlierug Control .
Pra xohid Control

Lea®hceywpey Control,

Thimet S011 Treltsasnt . .
Clover Bead Weovil Control
Clover ezl Chaleid Control |

Plant Ruag Control |

Achid Control. . . .
Leafhopper Control, . .

LCDT Folisage Treatments . . .
Mad:iow Spittlebug Control .
Plant Bug Cuntrol | . .

Clover Sced Midge and Clovser
Seed Chal:-id Control, .

Plant Response to Insecticide
Application . . . . .

V. SUMMARY , . . . . . . .

VI. LITERATURE CITED | . . . .

\

¥



INTRODUCTIOCON

There has becsn a consistent cecline in rel clover sead
prcduction in Michigan., Research undertaken berause «f this
decline has placed increased emphasis con insect problens
associated with the growing of red clover., Publishsd roeports
of red clover insect problems in cother arsas. as well as
limited observations in Michigan. indicated that psst inzects
often have been important factors in the decline of this
crop.

Many insects have been found to attack red clever at
different stages of its develcpment. Scume of thesa insacts
damage the rcoots, scme feed upon the foliage and others
destroy the developing seed. These insects cause direct
damage to the plants and in addition act as vectors of
important red clover diseases. Several insect species aid
the entrance ¢f cdisease=producing organisms through the
damage they inflict upcn the plants. On the other hanid
insects serve as the maijor pellinators for this crop and
their presence is a primary facter in the production of
clover seed. A difficult situation arises in attempting to
contrel the destructive insects while not eliminating those

necessary for fertilization.
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LITERATURE REVIEW

The difficultie encountered in ths growing of red
clover. both on this continent and in Eurone, have Yeen
recorded for cver two centuries (Fergus and vVallean, 17041},
In evaluating the varicues factors contributing to clover
failure. particular attention has been given to the important
part that insects have played in both sezed andi forage
production. Pieters and Hollowell (1924) and Heusinkveld
(1048) stressed the damage wrought by insects to r=d clover.
These workers also listed disease, unadapted and pocr :sed,
unsuitable soil conditions and seedbed preparation as
limiting factors in the growing cf red clover for seed. In
most cases the studies of red clover failure have been
assoclated with specific prcblems, such as the effect of a
particular insect or disease upon the crop. General studies
have been few and in most cases very brief, yet the cause of
clover failure in many areas has been attributed to a complex
of factors and not to any single factor. The literature
indicated that the "complex" varies with various geocgrarhic
areas and therefore the solution for one area cannot
necessarily be applied to another.

In addition to insect pesgts, beneficial insects such as

3



those revealed by the studies of Megce and Kelty f1022% hava
shown that the amount of seed set is coffen proportional &2
the number of pecllinators present. This ismediately revealed
the need fcor applying insecticides which satisfactorily
controlled the injurious insects while not affecting the
pollinators. Packard (1G52) mentions that cultural control
measures still continuve to be the best if not the only
method of contrcl for some forage insects. This is well
illustrated by the practice cof cutting red clover early to
destroy the clover seed midge larvae present in the heads.

Studies on the biology c¢f many of the important forage
pests have been carried on by various workers. A great deal
of attention has been given to the comtlex of soil insects.
wWorkers such as Koehler and Gyrisco {1939) have made
substantial contributions in their study c¢f soil and plant
conditions which affect clover root borer incidence.
Gustafson and Mcrrison (1357). in their study of the above
ground activity of the clover root borer, have addied much to
our knowledge of this insect. In Michigan. Niemczyk (10%8)
studied the distribution and magnitude of the clover root
borer and clover root curculio infestaticns.

Numercus publications have appeared dealing with the

biology of forage pests in general. Outstanding among these



papers is that of Elliott (1952) in which the imvortance cof
nct only the insects but also plant disecaces was explored in

1 (1951) presented a listing of

West Virginia. Metcalf et
the important legqume incects with notes on their importance,
tvece of injury. vlants attacked. distribution, life history
and recommended control measures. Dickason and Every (17¢65)
studied the life histories of some of the more imvortant
Western pests. Detailed contributions on the biology of
specific foliar pests have been made by Weaver and King (1°¢4)
in their vaper on the biolegy, ecology and control of the
meadow spittlebug, and Markkula and Tinnil¥ (1055) in their
study of the lesser clover leaf weevil Peters and Painter
f17°8) studied the hriology of legume arhids in relation to
their host plants. Sorenson (193)) conducted similar studies
on the seed chalcis-fly in Utah.

Considerahle attention has heen given to the use of
insecticides both in an attempt to increase forage yield anra
seed production stitt (1049) and Gyrisco (1058) attemvted
to increase the amount and guality of forage through the
avplication of various chemicals. Medler and Schnll (1747)
also directed their work along this line, using DDT and
sabadilla, Chamberlain and Meller {1740) and Wilson /1°:0)

used DPRT to determine the length of the effective contrcl of



injrricus insccts.

In reviewing the v- Tuminnus amount of literature that
has been vublished during the rast few vears it hecame
readily aponarent that much work is being conducted regarding
the ecology, distribution and control cf red clnover inzect
pests. The literature indicates that many »roblems still

exist and each investigation unveils new problems.
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A field of Pznscott variety red clover (Tsi€-lium
pratense L.), seeded in the svring of 1557, was 23ed for this
investigation. This tield consistedl of amproximately 2.2
acres and was located on the Farm Crons Exverimental Farms
cf Michigan State University at East Lansing, Michiyan. An
area 450 by 18O teet was chosen Zivided into four rexlications
129 by 100G teet and each replication sun=-dividad into five
plots 24 by 180 rect (Figyure 1). Tach plot was marired with
two border stakes and, in additicrn, by a taller center stav«
to facilitate swesoings and otlier plot investigyations,

The tive plots in each replicatinn were then randomly
assiyned numbers, trom 1 to §. wnich corresponded to the
insecticide application that cach piot was scheduled to
receive {Figures 1),

Tue field in general presented a level surface however
plots 2 and 5 in replicaticn IV sloped slightly dowihill.

Soil Tus=zcricidos, Cn Ap:il 1%, 1959, renlicotiors

I and III were trezted with an aprlication of granuiar

heptachlor at the rate of 2 pounds actnal insecticidae ner

N

acre (B0 pounds ot 2.5 percent T -oT atta-clay granwlea).

The a»»nlication wir nade vsing a Sured-N-Til11 Gandy






W)

Annlicator, with a gauge setting f 14, oulied by a Farmall
Cub tractor driven at 2.7 milcs Tor hor. The insecticide
was annlied in six foot swaths crvering the cn+tire reniticatinn.
Renlications II and IV were retained as untreated “"controls®
and ar: referred to as "untrea'edl renlicatinons' regardles:s
~f the fact that certain »nlcts within them received foliar
sorays.,

On July 20, % vercent thimet gran:les were annlied tn
cvlot 2 in each revnlication at the rate of 2 pounds actual
insecticide ver acre. The :axe advaratus described abaove
for anvnlying heontachlor was used. with the exceptio~n that*

the gauge on the Gandy Avplicator was set at g,

Fo~liar Spravs. An application of thiodan was made to

plot 1 in each reprlication un M3y 15 using a Farmall Cub
tractor equivped with a 12 f:zct. 3 nozzle boom sprayer
designed by the Farm Crops Denartment. This acparatcus
arplied 36 gallons of spray p2r acre when traveling at a
soeed of 4 miles per hour. The thiodan was applied at the
rate of one-half »ound of insecticide per acre 2 pounds ver
gallon emulsion).

A DDT spray was applied to plots 3 and 4 in each

replication on July 20 at a rate of 1 pound actual insectici-e
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per acre /7 pounds per gallon emulsinn), Thz soray was
aonlied with the same eguipment discussed a2bove for the
application of thiodan. A second apgplication of ODT at the
same rate and formulation was applied to »lot 7 on July 7.
In referring to the foliar sprays all numbher 5 wlets
are considered as "controls" regardless cf the fact that
those in replications I and III received a soil treatment

of heptachlor.

Sarmnling and Methods of Analysis. In orier to samnle

the insect complex of each plot, weekly sweerings were takzn
until the first cutting on June 16. After the growth of the
second cutting had started. the number of swean samples was
increased to two per week to more adequately record changes
in insect populations. The total period cof sweoiing extendald
from May 19 to August 17.

A standard type. short-handled. 12 inch diameter beating
net was used for sampling. On each colliection cate ten 120
degree sweeps were taken at 18 foot intervals along the length
of each plot. The insects thus obtrined were separated from
the debris by the use of a modified Berlese funnel in which
rmethyl-iso-butyl ketone was usced as a repellent. Thiz funns!

i3 a mndification of the one used by Gray and Scshuh (1741)



11
for sampling p=a ajrhid pooulations. Whsn the insects had
accumulated in the collecting hottle at the bottom of the
funnel. they were immersed in KAAD for a short time and then
wreserved in 7% percent ethyl alcohonl. Such a process
allowed the rreservation of all soft-=bodizsd insects for later
identification.

Actual counts were made of all ins=2cts in each samnle
except for those scamplas collected at the time of the greatest
spittlebug and pea arhid concentrations. In such cases the
sample was cvenly distributed in a petri dish marked off into
four pie-shaped sections. The numbher of insects on one
section was then counted and this number multiplied by four
t o determine the total numbher of insects collected.

A standard form (Figure 2) was used for recording the

i nsects from each sample. The fact that the insect samples

1]

Weare preserved in alcohol made possible accurate counts cf
A mmature forms as well as adults. Identification of the
insects was confirmed through comparison with a synoptic
Tollection previously identified by competent authorities.

In an attempt to determine the factors affecting seed
Brcduction, a series of ten heads was collected weekly from
eaéﬁh plot from July 15 through August 2D. Heads of

A roximately the same light tan shade were selected to assure



'lct No.

Date Taken

Time

. am e e =~ s~

REMARKS

——— i e — e eam

- ADILTS IMMATIUPES
M1sC. Grasshopuers e 1 __”_m“h#ut-": L
adelphcoris lineclatus _ - —_
Acdelovhocoris rap:ias N
Lygus lineclaris | _ IS (U S
Misc. Miridae . e
Macrosiphum 2isi - R S
™heriaovhis trifolidi __ 1 __ S AU
Prilaerus leucophthalmus _ i S —
Empoasca takae _ .
Microsteles fascifrons e ]
Aceratagaliia sanguintlentd B —_ S
Paraphlepsins wvororatus ] e b i e
Cluanthus frontalis o — - w-w
Draeculaceohala antica - - e
Erdria innwaica R R '
Miss, Leafhowpers "ﬂ ! _ -n;::“_;i
Gravholitha fnterstinctana '
Hywera nigrircsirios 4
,w rda bt IR . i
Hypera punctata B ]
S:*ona hispidula - !
Sitona flavescens 1 o .___]
Tvchins stephenst 5 J ——
Mise. Nitidalids e
Misa, Phalacriads |
Moo, Flea ot Yoo - _4
Pentatomids ___ b .
Arachnuhagus gibbus . l
Masyneura leguminicala S _ hj

Pigure 2. Examn

"

AN s

tansing

e Y

Michigan

e of T=rm used for recoriing insects taxen

srom red clover fielt ar Eastk

1950,
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that all heads were the =ame age2. The heads were then prlacesd
in pint jars with chezsc-cloth covers and allowed to dry.

Aftar érxying at room tempersture. six of the ten heads
were randomly selected from each bottle. The florets from
two of the =ix heads were placed in a metal dish marked off
into four egual sections and one-quarter of the florets
counted. The remaining four heads were treated similarly.
The first ten {lorets counted from each pair of heads were
retained for further analysis. These ten florets were
examined under a binocular microscope to determine the
percent of fertilization and the number of seeds destroyed
hy insects.

On September 13 ten plants were randomly dug from each
plot and the roots examined in the field for clover root
borer and clcver root curculio damage.

At the time of the first cutting. on June 16. a swath
cf hay 6 by 720 feet was cut and weighed from the thicdan
and control plots. These swaths were cut to the right of
the center stake in cach plot to avoid the area trampled by
the weekly insect collecting. A smaller sub-samwle was
retained from each of these plots. wrighed. dried and
reweighed to Cetermine moisture content.

In craer to gather information on variations which might



1h
occur in the clover stand, four square vyard areas were
staked out in each wlot {symhnls A-D, Fignre 1), A connt
was made of the total number cof living »nlants in each of
thesze areas on July & and Octnher 2.

An attemot was made to record differences in bloom on
July 70 and Augnst 18, A thin 12 by 12 inch wonden frame,
suovorted by © inch legs, was rand-mly nlaced at ten locations
al-ng the length of the n»lnts and the number ~f clover hea:sds
falling within its margin was recrrded. All heads that
showed a sign of bloom were counted.

In preparation for seed harvest dinitro (3 pints in 19
gallons of fuel oil per acre) was aonlied to the field as a
dessicant. On Saptember 21 two swaths 7 feet wide were
combined from each plot. The seed from each plot was

bagged, weighed and then cleaned and reweighe:d.



PRESENTATION AND DISCUSSTON OF DATA

Netes on *Me Bioningy of Rel Clover Insecsts

- -~

e~ -

The failarse ofF red clover, Trifolium —ratense L., oftan
rhas been attribhated to the comnlex of s0il insects infesting
the roots of the clover plants, Of this complex, the clovsar
root borer and the clovar root curculio are the most {mpertant
vests. Buoth insects do avprezciable damage directly to the
plants an? in aldition weaken them and allow the entrancs of
dlazage causing organisns., Detailed studies of the bioclegy
=€ the clover root b.rer and the clover root curculio wers
not made during this study, however chservations associaktae

with the collacticn 2fF control data were roordald,

1Ay

Clover Root PBorer gylastinus osbscurns (Marsh. ).

In this stuly an eff<r* w3is male o roughly ascertain

th

L

perfed of alalt migration., On May 12 four 1D by 15 inch
"Tree Tanglefoot" coated picces of aluminum were randomly
nlaced in the experimental ar=a. The traws waera claced
perpendicular to and avout 17 inches above the geoand,  Exo=ph
fo¢ the use of aluminum th2 metho?! wai the sama2 as that useld

by Newsom (1288)., The traovs wer: examined twice wezkly to

b
N



note the anasrber of aifult roet borscs praient,  Behtween May
13 and May 7% a tota! of i1 specuimeng were ramoved from the
traps. The last bectle was reacved on May 2-. Becanss the
number of clover root borers roenoval was so small it was
postuiatel that the orincipal part of the migration had
occurre ! hefore May 12, During similar stuidies mwvioving
he same method, at Mason. Michigan, Niemsrzyk and Guyer (19067
observed that on May 17 clover root borers were leaving olid
clover fields in considerable numbers, however travs placced
in a one y=ar »n13 field zne-half mile away revealed relativaly
faw of thesa insects., These workers suggest that the peax
period of migration took place between May 10 and 18,
The c¢nly adulr clover rosot borers taken in the sween
sanmples in this study were four svecimens collected on May 17,
In a random sanple of plants taken from the untreatad
plots on July 1. a 100 percent infestation of roots by the
borer was resorded. This infestation consisted of 27 percent
larvrae and 73 percent adulis. No pupae were ohserved during
th2 ewamination,

When the plots were sampled for the evaluation of

chemical control on September 15. 79 percent of the plants

taken from revli~ations IT and IV were infested. Thase

U\

plants hal roots heavily Zamagedl and averased from © to



17

i
root vor=yvs per plant,  Thas infestation was conmposed primarily
~f Fully lsvelon:! larszz and alalts.  On Septembers 130157

1 ry oy 0
v oa

in a sarvey »f %5 sautharn Michigan counties, Nienczyx J
found infastations averiging 1%.3 percant larsae, 1%.1

erc=nl. Disae and 7). narrseat alalts,
s .~ . -

Clover r~at Curculio Sitona ggsgjﬂuia (F-)

Very little infcrmation was recoried on the biology cf

i
(&
haed
[
WV

the clover root carculios other than the abundance of a
in the regular sweeo samples throaghout the sameling peri

Matcalf ot al ‘1751) stated that the alulcs are very actlve
during th2 spring menths., This is then followeld by a period
of decreasad activity during the swawer and increassd astivity
in tha early fall. Sweep samples in this stuldy substantiate
this trend for numerous beetles were taken in May. a steadily

decreasing number during June and very few during July. 2An

increase was again noticel after the first week In August.

Clover Seed Miige Dasyneura leguninicola (Lint.).

In this study the first alult midges were collected whun
Sween sarpeling began on May 17, avproximately six days hafore
the first blcom app2ared. The first head collection. taxen
on July 22, showed that the florets were infested with larvas

(Figqur= %}. The infestation continuaed thraughout July ani



the first wiek o7 Arzesu. The low-sidsl appearanes of the
clover nezala, oaasad by the activity 2f the seed mldje larvae,
was evident during the entir2 blooming »neriod. On August 1%,
ten Jdays af-2r a large increase In Che numbzr of alalt al 13-
had app-:acel in the swoep saq:les, a stnilar {ncreass wae
observ=1 ta th2 inridenze of larvaz in the heads examiaed.
Metcalf ct al {19°1) state that the first of the summer
generation of aiuits anpear during the first part of July.

theae nanbaors of

,.a
i

In this study a considerable increase
ajalt midges collect=z) early in Auajyust probably indicatal

=

this second generatisn of the sacd midge Figure 3),

Clover Head Weevil Tychins stovhensi Schidnh.

Adult weevils were taken in this staly 3s socn as

sweepings woere inttiatal on May 12 a3 shown by Figure 4.

A concentration of fiva weevils per sweep was found on June
12. As =soon as tae clover began forming buis these insacts
became extremely numerous and could easily be found on the
blossoms and buds. It was ndt at all unusuwal to find as
many aa 5 or 5 weevils per bdblosuom during May and early June
After June 13 a rapid decline of bzetles occurrel, reaching

a low of aporo<imately one ver sweep by the middle of Aughnist,

Heady collestel on July 22 averageld 2.3 larvas per he2ad
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with a high of 7.1 larsse vee heal in sove =anulies, Fiorst
exanindtlon (Fragare %} showsl that the «cncentration of
larvae was highast duaring the aidile of July it tausseol oos
shacply by the firest of August. A smal? nanher of larvasz
wara evilant throughoat August and a few during the first

wees In S':‘;'Jt Aher .

3]

Clover S=al Chalcid Bru-hophajus gidbbas {Boh.).
The clover szl chalcil has bean ceodriael o be on= of
thz most faportiat seshs of ral Clover., Elliozt 11992} and

-

Dizkason anl Srarcy 177 ) recorici Lws. or in some cases
three genarations of tha chalcid per year. The iansact overs
winters as a larvaz in the clover s2ed and the adults emarg-e
with the advent of warm weather,

The July 22 head coliection showed the highest infestation
of chalcid larvaa fFound in this staly with 1Y) larvae Cfoand
in 1235 heads examinel. A rapid decrease in the numbers of
larvae was recoried throughout the last week in July and the
first week in August as shown by Figure 7. An increas2 in
the number of larviaz was ajain recoried daviag rthe wilile oF
Aagast put this rapz2rel ofFf daring the last waeX in the month.

Graat fFilacetuations in the nambers of atult cualcids

were recsrde] throughout August. Soranson (1037) found the
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activity 2f the seed chalsid to he pacticaiarly sensitive bo
temperatur2 changes. Jhe fluetuation in nusber- of “hairi s
cullenr=1 In this invesiigationm a3y have bDooen C3use ! by this
fastor., The highest Ttonzeoabtrition of aduaic <xaleids sounrred

during the midile of August.,

Meadow Spittlebug Philaznus laucophthalius (L),

In this stuly the £irst nyaphs ware observel on May 11.
This hatohing Jare falils within the range listel by Weaver
anl “ing “1Y5%) for stawtes at approxiaatsly the same
latvitude. The first nymphs obsorved were hidden behind the
leaf stipuales, without spittle formation, or were jus
beginning to form soittle masses in the unfolded leaves.

Swaecp sampeles from May 19 to May 27 containel relatively
few spitilazabay nyaphs, buk by June 3 a <onsideradle increass
in nurkers bad takan plazs. Th2 largast nanber of nyaphs
were Sollectael on June 10, On June 2 spittledbug couants wezre

cenducts)l in which 20 steas from the Check plots were

-

selacted randomly and examinel for spittle mazses. Reglication

IT anl IV ‘untreata2l) had 2 8% and .23 masses per stem,
raspectively. Elliott 71972} statel that each s»ittle mass
encleosed from one to a dozen or more nymphs., In this

investigation the spi*ttlebugs per mass ranaad from 1 to o,
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No adnlt spittlebugs weve taken in th2 sween sammlas on

? 1

nyi taken on Jvne 17 creoinesd neacly

o)
e

June 3 howerer wae?

equal prooortions of atults anlt nyphs. 0 June 19 nd nymphsg

were taken in the swiep samples anld the adult spittlerug

On
e

populatlon hal attainel its highest »pe2ak {Figure

Leafhopners.

The Pntato Leafhopper, Emzcasza fabae ‘Harr.). was the
prelominant leafhoanrer endnunterel in this stuly, On May
19, whzn the sweepindas were start=1, a sngll oorulatiosn »f
the adult insact was present. A gralual incr=as: wiai3 noteld
throughaat the season until by the middle of August nearly
20 times the original number was prasent.,

Smaller numbers of Cloanthos fr

|'J

AERRE

Aceratagallia sanguinitleata "Prov.). Mazrostoles fascilfvons

(stai.), Endria inimici (Say) and Parachleosius frroratus

fsay}, in their respective ardec of abuniancse, were 3lso
notel throughout Ehe scassn,
Jarions species of immatare l2afhoppsrs waere numerous
in ths samples anl atrain2! thzir highest mumbers during the=

first waek of June {Figurs 6},



2

2phids

Ellfiott (19%2) =stated thar iniuriocus infestations of
awhids hal n>t been chserval on rod clover and that the
g reatast nanbers ansear:) in tha springy socen afrer She plants
starte! now geowth. This sqewed o holl traz in this stadty
since the highest popularicons ©f aphids. prelominately the
©ea aphid, Macrasiphon pisi ‘Harris). were recorded during
the last week of May., A gradual Lapz2ring off occurrel in
TJTune2, and luring Jaly and Augast coaparitively f2w aphids
appearal in th2 sweepings.,  Two ochzr aphids, Therisanhis
trifolii ‘Mon.) anl Anuraphis bakeri /Cowen), were also noted
in the swe=p samples.

Althougn Hottss and Frison {(1321) sraredl that the
English grain aphid, Msazrosinhan granacion (Kirby). has becn
collected from rel clover, the litsrature on rel clover
insaects contains little wention of this aphid., On August 17
approximately 52 pvercent of the steams examinel had inf=sta-

tiong of from 1 to L0 English Frain aphids.  Thes: aphids

(‘\

Warer Caund batwacn tha 1eaf stisaies anl the onlant stan.

D laat Bays.
An abundanase of plant bugy. especially the tarnishe?

>} . . .
“Tiaane hag, Lygus lineolaris (2. e B.), werse observe! In thoe
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field during the study. By the first week of August approx-
imately 20 tarnished plant bugs were present in each sample
and remained at this level for *he renainder of the collecting

nDeriod [Figure 5). Smaller nanbers of Adelphocoris

1lineclatus Goeze and a few Adelphocoris rapidus Say were

2aliso collected throughout the season.
Immature plant bugs became numerous in the sweep samples
as early as June 12 and by the second week in August 75 to

10D of these insects per saanle was not unusual.



Heptaihlor So1i1l Treatmert .

22309 5oivtlebug Contral. The first Adifference
observed resulting from the heptachlor application was the
e ffect on the meatw spittlebay rowciation.,  As early as May
21 i+ was possible to delinzate the bounlariaes habtwaan tha
haptashlor an? o reate? reniizazions siagly Hy dxrniag thoe
Slover plants anl observing the nuvbers of spittle wasses.
In the untreated replications thaera wer2 numernus Mmasses in
Comuarison with the hentachlor zlots,

On T Y r e oWy it af P2 maatees 9f soitrle

RZx 3325 A raninm samale nf ity stems collecte?l from =ik

reenlicacion, N osoibr e ags s owops rroriel froa thz
Mz lacMmIng Lrzatel areas,  In the untreated areas 7% vaeccent

S f the stems in revlication IX and 54 nercent of the stems
1n reonlication IV contained from one to two swittle masses,

Y. swittle masces ver stem was found in the

b

rn

n average o
Untraeated renlications. Niemczyk anl Guyer 71G5%) annlied
hantahlor at the same rate anl achievel sinilar spittlebug

SOntrol. Only one spittle mass 2,008 massos ver stem) wis

c - —
£ Ouini in an examination of 7% reld clover stems collect=]



29

Y
i

In the swren samples Laran Hotweoon Miy Y anl Tune 1

~ e

{TFacaqe was £l hetwaon the nasher of

-
{

1 Sigalfiocaar
-

nyachs taxen from the two r=nlicatinosns. Not more than 5

Nnymohis per 20 sweeps were collected on a single samnle date
in the heptachlor replications while in ths untrasted]
cenlicalinns a3 many a3 490 avmolis oer 2D awenps wara Soodr e d
b ]

QO June 17, avoroximately “ Jays after the [irst adult

smittlebug haid resn noted, 1113 adults were taken from 40
sweeps in th2 antraitedl replications and only 23 in an eguzl

numrzr of swecns from the heostaohlor trezted aroas,

Clover RAnt 3orer Chatrrl.  In July 2 oreliminacy chook

wa s o mada of nlant roats Lo ascerilain the a«ffect of heotachler

on the rodt borer. A total of ?2) ovlants were dug from eac

reoplicatiosn on Suly 1 and 3 ani the ronts examine! for

e

21 Tance of this insaat. Only sae nf £ 25 plants sampleld

ey

roTw the heplacular preplicatinsns showed root borer lamage,
Whi=reas evary plant from the untreitel reslications was
€1ithior infaxtlal with aialt 322 larval root borers or showel
Considerable (lamage resulting from feeding and egg laving
ACTE tyities.

on September 13 a more thorough root sexamingi-ion was

- . . . N ] -
Ty Ty ctel in which 12 plants were (dug at raniom from each



vion,  Fimal analysis sRosrl that U0 osoecant o af eha § o gl

Y a From thez mtr2atat reolisations woes Jamaz=2! while not
a single nlant w3 famagsd in the hegtachlor tresatel are=as.
In 1733 Niemeryh anl Gayer ohtained similar ¢lnrer root
Porer conteal using th2 syan rat2 of h=optadhlor.,  Syriseo
" 17%5) al3zo lists heptachlor aTtong the insecticilas
consistoently giving 3991 rasclits in o coateonl of rhts
Ly ol

Oiring this phase of the exuerianent a record was
maintainad of the number 2f roots which were neithesr damagald
Yy the clover root horer nor the clover voot curculio. Of
thsz 100 plants dag in the heostachlor trzatments 71 perosent
ware entirzly free of danage while, of an egual number sampled

in the untreated replications, only 9 rercent were fros of

CYorar Head Weewvil O

ot

"1. The first indicatisn ~f

=ontrnl of the clovaer hzad weevil was noticel in ths Mavy

Sweaan samples.  An average ofF 51

fod

beelies Der sSWecl ware

SO YXlectel in the unkreatedl revlications and less than )

~
F

e b la ver sweep in the haptashlor raplicatiosns,  Exoeot for
1 , ) . .
Y™e June 3 samele, in walch asovoximitely egaal mihers »F

W - . o . - -, .
=2 11s were takea from all replications, this Gifferontisl
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Irteresting data were 3ls5> sccurei on the <over hzad
weevil larvae nopulation at the time 2f the first Slover
hesd collection.  On July 27, 400 clover heals warn ofokel
anl placs1 1n Dontles Lo fdcy On July 27, hefore disszation
of the heads hadl takean plac:, an examination of the bottles

revealald that the weevil larvae hal crawlel out of the heals

ant hal drovae? to the Hattonm of the iars. A count of thase

S
~

larvae, as pres<nt.ael in Table I, showei a total of 5.9 per

27% heads €or the untreatel revlications, compared with 270
ver 277 heads from the heotachlor rzuvlications,

=l Laxen from heady

e
oy

(]

I

An analysis of data from

colleotie? bHotwsan Taly 22 anl Szotenber 2 showeld that there

ware significaarly fower ¢lover headl weavil larvae in the

heptashlor than in the untreatsd raslications,

Thiolan F~liaga2 Sorays.

Mz low Sweittloabiag Conteool.,  Sweep samnles takan hetwoaan

May 17 anl Jun2o 1M averagadl % gpittlebag nymehs ner swoeen in

~ N

the contral plots and 3,02 nyarshs per gweee in the thinden
pPlats. Spittle nasgs counts condactel on May 2 suwpporta2d thoe

sweep Jdagta, Vo zoitt)e masses woare [ound on 70 stoms soclactel
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at ranlosa foom thse Thiodan slons wmita an
masses pir o ~ften wors reeoordel from stons pickeld in the
control plots.

From sw2ep s4amplaes taxen osn ITone 15, 5.5 adult spittle-
bugs per swoep ware recordsl from the thisden plots as

comrar=23 o 55 per sweed from the control »nlots., After June

~

15, the dats of the first cutting, the adult spittlebugs
migratetd out of tha field ani thus prevanted collection of
furthzr Jdata.

P2a Aohid Contrsl.  An outstaniing difference between

..

2 thimian anl contesl plots was noted in the peda aphid

)

t

-

population Juring May (Table II). The thiodan plots averagetl

% ]

aooroxinately 2 avhids per sweeo comvare!) with 295 oer sweoen

irxa the ooatesl HDloacs, As many as 12%73 avhids were taken from

1T sweesns in a control plot while never more than %7 were

T Ilest2l from 1) sweens taken in the thiolan plots.,

Laa fhospney Contrel.  From May 19 t5 June 15 the control

Ploty averagsd 1.4 immature leafhappers ger sweweD, apuraxs
IMX tely three times the naabere found on the thiolan plota.

N@éirly the zame ratlo exisztal in ths sweep samples taken

Pt wann July 27 and Auguast 13,
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Thimet 5280 Traint <
SYavar HoyY Wansit Oaateod A orelastion froae D bootles

per sweeon > .1 D2obles er Sweed WAS rocorisl in the cCover
head wrevil population tmmeliataly following the goanoialo!
b

Ehiare a3 lice i, Mz s f Ty Magl o weovil

-~
)a

atolls semdincd conaistently lowar(Table III)in the thiwer
than in the contrel olots,
An analvsis of florets taken from the heads coileacco:

between July 2 and S=

[1a

tember ¢ showed an aptarent trein
tewards a reducticn in the nuwrber o f larvae fcund in the
thimet plots as comnared to the contrcel plots., This
reducticon was cluse 2 tut not significant at the 7 percvenc

level.

Clover S=s13 Chalcid Conmtrol. Only a small varration was

reccried in the nurrpers of adult clover seed chalcids

ccellected from the plots during this investigation (Table 11).
An examination oI rlorets during thz head analysis

showed that there was a significant difference hetweoen ' he

thiset and control plots ! Table IV).

Plant B.g Crntr. 1, A decrease in the nunkers of ajuln

tarnished plant buge ccourred on the day follawing the
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et annlication, however laver swsen sanmeles shiwe:d

IoorIv lilYerences in fopulations herwien Uer ohloet ano
contrel plots.  The mebiifity of thic 1anect 2ni narrow wiot

width was prokably respon=io’ e for the repcoulation of planr
Taas in the rhires clots. A more striking, residual effeoct
was recorded for the less mchile immature forms cf plan.
cugs. A complete absence of imnature forms was recorded
during the first week following the thiret acslication.  For
the remainder ¢f the sweeo period the total numker of
impature plant hbugs taXen re#mained consistently low in the
thimet plots (Table II). On Asgust 17, at the peak period
of populations ¢f these insects, the control plots averagex
9 bugs per swezw:., This was avrcroximately three times the

~

average in the thimet plots (Figure 7).

a

spniz Control. The rapid decline in the aphid oovulatisn

during June afforded little comparison of control between
the various treatments, however at the time of the incrcase
nf thaze insects during the second week in August, the
contrnl plots cocntained eight Yimes as many achids as the
thimet plots.

Cupmlete control was achieved of Thericzphis trifelii

‘Mon.) in the thimet plots immeliately following aprrlication.



C.ntro) plct =<arples taken auring the sawe per1cl oontained

re
"t
e
':“\
pot
.
r

from 0.1 to 1l Treryi - d nis

LEr SwWelh.

On September 13 an eraminaticon of the stipules of the

rei clover leaves showed complete control of the English

grain aphid, Mecrosichum granarius ‘Kirby), ain the thirmot

F-

plots., Apvroximately €0 percent of the stems in the cont

plots had infestaticons «of from 1 to 40 aphids each.

Leafhoorer Contrsl Nearly complete contrael of paovace

lzafhoprer adults was recoried cn the gay following the
thimet avplicaticon ‘Figure %). This sud?en reduction in
lea‘thoppers may have been dne to the fumigation action cof
thimet as suggested by Cook 1767). A gradual increase was
recorided until August 13, when the numbers of this insect |
in the contrcl plots were comwararle to those recorded in the
thimet plots. Other adult leafhoovpers (vage 24) totaled
bhetween C 1 and C.2 per sweep in the thimet vlots during the
sampling period while the control olots averaged 1.5
leafhopwers per sween.

The immature leafhopper vonulatiecn in the thimet clots
was reduced from 4,5 per sweep on July 20 t» 0,05 per swmeu

on July 22 and remained at the latter level for the reraindier

of the szampling period.
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DDT Foliage Treatmrents.

Meadow Spittlebng Contrnl. In spite of the mobility

disglayed by adult spittlebugs, sweepings taken from July
20 to Angust 13 had from 1.5 to 2 times as many of these
insects in the control pleots as in the DDT plots. From 1
to Z adult spittlebugs per sweep were collected from the
DDT plots as compared with % rer sweep from the control

vlots.

Plant Fug Control. The population of immature plant

bugs was almost eradicated in the plots receiving two
arplications of DDT. 1In those plots receiving one applicaticn
of DDT, only an occasional imrmature plant bug was taken in

the sweeps during July and August. During this same periond

as many as 9 immature plant bugs per sweep were taken from

the control plots.

Clover Seed Midge and Clover Seed Chalcid Contrel.

The examination of clover heads collected between July 22
and Sgptember 2 showed that the numbers of clover seed midge
larvae present in the florets of the plcts with 2 aveplicaticens

of DDT were significantly larger than the numbers collecteX

in the control and other treatment plots.
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Pilant Responsa 0 Incosticyde Acrlication

Forage vield measurcrents taken on the June 16 cutting
showed that little variaticn existed between the amount of
growth of the heptachlor and untreated replicaticns, A
very ncticeable difference in plant height and amount of
Ploom existed between the heptachlor and untreated reovlications
by July 1%, At this time it was possikle to distinguish the
boundaries between the two replications from a consideralle
distance by the cdifference in the height of the plants and,
at a shorter distance, by the amcunt of kloom vresent. Ry
July 27 a difference of 2 to ¢ inches existed between the
two replications. In the untreated rerlications the plants
averaged © to 10 inches while in the hepntachlor rerlications
the plants averaged 1?2 to 1% inches.

Plant stand counts taken cn Octoler 2 showed that a
similar reduction in the numberz of plants had cccurread
between the two replications {Table V). A 42 and Ll percent
reciuction in the number «f plants present per sgquare yard,
since the July 7 court, was recorded for the heptachlor and
untreated reclications respectively., A similar reduction
in stand counts was recorded by Niemeczyk and Guyer /1060),

Stand ccount:. takern o these wor' »rs the following sprivg
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showed a significant Jifference bLotwieen the hertachlor and

-~

contrel vlots, with a 65 and &% percent reductionn respectively.

14
I

¢s could bhe sween hetweon

U

On August % striking di€fe2re

3
9]

the Ploeom of the two replications. The heptacthlor reolica-
tions were in full bloom at this tirme while the untreate:d
replications hal an estimated 50 percent bloom, Sguare fort
head counts taken on August 18 subkstantiated this chservation
for statistical analysis show=d a significant difference at
the < vercent level Tetween the two renlications {Takble VIj.
A significant difference at the 1 p2rcant level was also

fonnd among the treatments and an interaction was shownr
between the foliage treatments and the heptachlor soil

nzlication. By the first week in July, when hoth replications=
were past full bleoom and beginning to turn rrown, these
differences were only slightly noticeable.

From the middle of August until seed harvest an cbvious

difference was evident in the amcunt of wecd growth present
in the treated and untreated replications. Large patches
0f grass an2 kroad-lezf weeds dominated much cf the area in the
uatreated replications whereas only moderate amounts were
scattered through the heotachlor replications. When the

clover seed wag cleiared in Octolcr, the untreated radtiocaticors

averaged 0.7 £ 2 nond more we: 1 zeced than the heprachicr
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replications.  This could rerhapy he
that th2 sliower growth of the clover in the untreated

replications gave less competition to the grazs and weeds,

Q

Statistical analysis did not reveal a significant
difference between th2 seed yield in the hentachlor o4l
untreated replications., The difference that existesdl, howaver,
was close to vignificance at the © percent level. notuslily
the heptachlor treated plots averaged 5.0 pounds (72 pounds
per acre) as conpared with .02 pounds 7% prunds per acre)

in the untreated replications (Table VII),



Tabice VIT. Povits of clieznal red Dlover zeed harvestodl oer
1.17 acre £lo*t at East Lansing, Michigan. 170,

ilor Treatoont
o Magn

Thiodan SLED .94 T, hER R LT

Thinet 4, == L 75 oo b .

LOT-2 acwlizations 4,11 e LT 4 by hoon
TDT-1 anpli o ERS. &A1 L,12 BohT 5.0
Control 5,00 S LRegt 260 4 )

Renlication S .
M2an ‘ -
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In 17357, an investigation was coniucted at East Lansing,
Michigan, to study the riclogy of the major red clover
insects and evaluate their chemical contrecl, The results
indicate that:

1. ®roth the clover rcost borer and the clover root
carculio were important soil pests associated with the
clover roots.

2. Meadow spittlehugs, leafhoroers, plant bugs, aphids
and miscellanecus foliage pests were cnnsistently present
during the investigation.

%2, The clover seed chalcid, clover head weevil and
clover seed midge were the important head infesting insects.

Y, The apnlication cof hertachlor to the soil reduced
the damage from the clover reoot torer and the clover root
curculio,

€. Fumigation as well as systemic activity from the
application of granular thimet to the scil was suggested hy
2 12 urti~n in the nunlers of clover head weevils, olant
tngs, aphids ar+® leafhnroers on the day following treatment,

Roth soil application of hentachlor and foliar



treatments of thiodan eliminated =oi*+irkug wooulation
7. DRT recuced the infestaticr of Clover sz2ed cha!
larvae and the populations of plant bugs, szittlebugs and
leafthoovrers.
A reduction in the vea arhid ovooulation was
obtained hy the avplication of thiodan scrays,
a Sail avnlication of heotachlor increased the

height and blocm of the clover vwlants as well as seed

vroducticn.
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