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ABSTRACT

This research project considered three objcctives:
(1) To correlate biological factors of the apvle a~hid,

Arhis pomi DeGeer, with: (2) The evaluation of several

recently developed compounds suspected of incecticidal
properties for the control of the apple aphld exnposed to
field conditions in Southwestern Iiichigan, and; (3) The
ceveloprient of a simplified method of collecting perfcrmance
data on the control of A. pomi.

Populations of the apple arhid were observed to increase
in nroportion to hoast vigor. A definite prcference vy the
aprle apuid to actively prowing tissue was noted. Continuaus
nisration by anhids to newly-formed plant tissue occurred
during the growing season. Infestations required control
measures by mid-July and peak populations were recorded in
mid-August.

A group of 28 materials were evalucted for control of
the apnle aphid on Twenty Ounce Pivpin varicty of amples.
Outstanding naterials were Dimethoate, Thosphamidon, 3ystox,
Compounds 01]102 and 5727. Systemic-type chemlcals were
superlor to the surface-resicual compounds in effectiveness
for aphid control.

A simplified method for sampling paraneter populations
of apple aphids was devised. The system denoted as "count
rate" was based on migration and feeding habits of the aphids.

(5]

Statistical procedures for proof of significance were
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applicable to count-rate dota., Thce technique was ranid,

accurate and »ractical for usase by corriercial annle ~rovers.,
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I TRODUCTTON

Three species of anhids cormonly infesting the cprle

(Pyrus malus Linnaeus) in Southwestern liichigan are: the

apple aphid, Aphis pomi DeGeer, the rosy apvle a~hid,

Anuraphis roseus Baker, and the aprle groin aphid,

Rhopalosiphum fitchii (Sancerson).

On occasions rosy apple aphid populations have caused
greater injury to an enple crop than the other aphid sroups,
but ccntrol measures are much less involved. Although apple
grain avhids mey avrnear in clarming numbers soon after bud
burst, this species normally nigrates frwm the apple to grain
crops within three weeks after hatching, and is of no further
consequence to the grower. Since the anple aphid usually
remains on the apple host during the entire growing season,
it presents a continuous control problem for orchardists.
Population densities are influenced mainly by environmental
conditions and reinfestation by migration from uncontrolled
areas 1s a corron occurrence.

One of the sicnificent contributing factors to the
increase in importance of the apple aphid has bcen the recent
introduction of versatile chemicals for the control of orchard
insects. IMany predators and parasites hove been destroyed n
conjunction with varyins; proportions of their hosts, but
because of the biotic votential of the apple anhid, swrecific

controls have become necessary.



Prior to each nrowing season, several new co 'pounds
are »rovided by amsricultural chenical industries for
rcsearch nersonnel to evaluate, As vart of this n»nroject,
certain oi these vroducts were annraised in the Tield for
aphicidal properties in anticipation of providinc additional
control rmeasures for avvnle aphid infestations.

A fuadamental ''mowledre of tihwe 1life history and
annearcnce ol the test species is basic to any biolosical
research prorsram, Inforration on the biolo;y of the an-le
aphid was obtained in this study in correlation with
control measures.

The apnle achid was chosen ior two reasonss because
of the¢ economic imnortance, and secondly, this insect was
present in suwiicient pcnulations to mermit a sirnificant

evaluation of checrilcal coatrols,



AT T AT Y
O35 I0TIVIES

The major objccrtives of this rcsecarch vere:
(1) To correlate the biclorical factors of tie ocnnle

arhid, Aphis pomi DeGeer, with,

(2) The evaluation of several comnounds susnected
of insecticidal nroperties for the control of the oprle

enhid exposed to local field conditions, and,

O]

(3) The develomrent of a simplified methced of col-

lecting perfoiriance data on a»nwnle avhid control.

(o]
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Synonyriy. "“he srecilic deterninction o. the annle

aphid as Aphis vnomi was credited to Charles DeGeer in 1773,

according to Baker and Turner (1915). liowever, the species
was redescribed in 1775 by Johann Christian Fabricius as

Aphis mali as indicated by Baker and Turncr (1916) and

subsequently noted by lMatheson (191¢). Investi~ations by
Parrott, Ilodrkiss and Lathrop (1916) aad by Itatheson (191¢)

()

support the initial description of Aphis romi DelGeer empha-

sizing that this s»ecific narme sh-uld be apnlied to the
apnle aphid. Personal corresvoondence with l1iiss Louise 1,
Russell of the TUnited States Depurt ent ol Agriculture,

Agricultural Research 3ervice, Intomology Rescarch Division,

a specialist in arhid identification, has veriiicd this foct.

Orifin ancd Distribution. The apple aphid is of Zurcpean

origin. First appcarence in orth America according to
lMatheson (1919) was recorded to be prior *o 105l.., This author
based his opinion from an article by Fitech (1C556) describing

v

the life cycle of the anmle a-hid as obscrved in Ilewr York

plantings, FHowever, Filtch errinnly aprlied the na e Aphis
avenae PFabricius, adding to the conlfuzion on nomenclature.
l'etcall, Flint and iletcalf (1951) stated that the apple a»hid
is distributed generally throushout the annlie producing
sections of licrth America., The first sericus ccrrcrcial
infestations were revorted by Hodsliiss (1919) to nave occurred

in New Yorl: State as early as 197,

I



Flant Iostse. 1atheson (1919) listed the Iollouing

plant snccies as rossible hosts of tue or-le onhid:  aprle,

Pyrus nclus Linnceus; pear, Pyrus comunis Iinnceus; wild

crab, Pyrus coronaria ILinnaeus; hawthorn, Crataesus oxyacantis

Linnaeus; Mountain ash, Fyrus americona iarsh; anc c.ecles

of Cydonia and Crataegus. The author also obscrved the
following vericties of apples as rost succectible to apple
achid injury: Twenty Ounce Piprin, Maiden Blush, Xing, rall
Pippin, Greerins and Baldwin. An extensive listing of host

plants of the avple aphid was comwnlied by Patch (1923).

Type of Injury. Fecirs (1950) stated that A. poni
injury to e»nple fruits was limited v»rimarily to the period
irmediately following, bloom, Injury to folirse was also an
invortant factor 2t that tire. During nid-surmer apple aphids
were vicre liliely to be found on young trees and infesting
new shcots than on mature apnles or hardened vegetaotlcn,
Early season injury by apple anhids was describted by lfatheson
(1919) as a partial folding of the leaves. Farrott, et al.
(1¢15) discussed the tendency of the stem-mothers to ocscend
the growing shoots, feedinrs continuously on tender leaves.
Hodgkiss (1919) rcnorted that in New Yorl: orchords the apnle
erhid was consldered more important as a dwarfing anc defoim-
ation arent on the growth of younrer trees thon eas & ajor
nest ol riature epnle trees.

An interestin~ observation rwide by Parrott, et al,

(1915) was thzt during thce latter »art of surrier the teiminal



portions ol new ;ro.th appeared less able to withstond the
f'eeding of apple aphids than earlier in the season. _xtreme

cases oi infestaticn resulted in curled rolilcre, blackened
. 1

by scoty fun-us, with associuzted leafl drop and possible

death o.” the terminal portion ol tie shoots.

l1ife History and e nal Activity. 3nith (19C0) was

onc of the first to present ¢ ccncise account of tne 1life
cycle and havbits of the arple a~hid in America, zlthcuch he

referred ~—istalienly to the incect os Aphis meli ! och. 3aker

and Turner (1926) presented a factual account of the structura

features and violory of the annle anhid, and a swmery of

this worl is reproduced herein from Iottes and rrison (1G31).

"The 1life history of Aphis nomi oy be briefly
outlined as rollous; The ers 1is Taia upon tender
twigs of the awnple, thouch occasionally it is laid
upon the bark of the older twigs. It is lisht yellow
when laid, but lster chonpges to shining black.
Developrient for a few days 1s very rapid, after

which the ens reste [or the winter. 'Jhen revolution
ol the evbryo is cownleted in the s»ring, an increace
in temperature will causc the egs to hateh, Before
this revolution a high tewperuture only tends to
cestroy it. Eorly in April the ess hatches by a
uniform splitting over the insect's head.

The stem rmother is win—less and beco=cs mature

about 10 cays. She produces live swmuner foins,
both winged cnd wincless, with the win~ed ones
predoriinating. There sre G to 17 generutions of
the surmer fcrms at Vienna, Va. after the seccnd
ceneration the winncless forns always outnu:ber the
cthers, but winced for:s may occur 1n every g.ncr-
ation, Thney becciie rare toward the cnd of the
seascn. On the other hand, a wing.ess line may be
corried from the stert ncther teo the eqs-e A third
form, the interredinte, mey occur throurhcut the
sirmer.,

The wincless sexes bein to « mcar ahsut the
1lst of Se.Lember. They occur in n11 generastions,
fron the eleventh tc the ninetecnth, inciusive, and

1
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probobly also in the ninth and tenth,.
”“c sunrier wincless fors end the ovioarcus
Teales, which live longer than the nles, rcutin
on the trees at Vienns, Va, until the lccoves drop,
suelly about the middle ol lloveriber.
ating ccerarences toward tlie cloce of seterber,
one rnole usually servins mere thon one Ifenale. 3oth
eres Ieecd. The oviparous female ricy lay infertile
e rs if not reached by ¢ rale, and thacse eg;s do not
bec e blaclkke ™The I'crtile enr dove]ons to the resting

stare before the first hcuvyurrosts, otherwlce it

rnoy be uinteriiilled and will not hitch to o ste -

mother the followins s-ring.”
Further examinctiocns werc —ade by Parrott et al. (1¢1hA),
Hodgliiss (1919) and I'atheson (1¢1¢)., Infommtotion derived
from these studies closely »orallcled that of 3aler ond
Turner (191%5). Brittain (1915) mnde the re «arkoblie
observation thaot on several vorieties of aprwles A. pomi eggs
hatch ¢t the time the buds brecok., This rhenomencon nmay
vary desnite identical environnental cocancitions for different
varieties according to llathescn (191¢). Ile also stated
that the apprle anhid was the major anhid pest of a»nples,
because it was the »nly svecies thnot remained on the host
throushout the srowing season. Other s+ecies co monly

nigrate to alternste plant hosts socon after bloom.

llatural Control. Steiner (192!).) noted thict the

toxicity of DDT to certnin marasites cnd »redators hod
cauged sulficlient recuction oi tie natural enzvies of a=ple

aphids to 2llow increcases in o»nhid »nonul-tions, leteslf,
et al. (1951) listcd lady bectles, syrphid fiies and o-hid
lions as corron »redators of the a»nple a-hid,

Thne lotter cutnors stated that control problems becarme



(@

coiplicated durin-~ cool, damp seasons, since A. vemi

'3

increases more ranidly than its enemies when extosed to these

concitions,

Host Resistence Factors, Varietal srecificity and lhwost

resistence was first observed by Giichrist, an asscciote of
Fitch, =nd reported by Ritch (1055) early in the revorded
studies of thc annle aphid in lTorth America. I atheson (191¢)
discovered variances in A. pomi ~opul:tions on different
varicties of apnles in the same crchards and ettributed

this to a resistance factor.

Cultural Control. Certein culturel mctheds of ccntrol

were nrovnosed by Hodgliiss (1919). ™hese included wide spacing
of trees, removal of succulent water-sprouts during the
growing season and the use of sod in orcnards to 2id in

reducing the amount of tender tissue available for feeding.

Chemical Control. Teterson (1¢19) ccnducted one of the

first extensive studies ol cherical control of tihe apple
aphid. Arong the watericls investirated were fich oll soap,
laundry soap, lime-sulfur, vari.us petroleum oils, and
nicotine sulfate. Fro- this basic research nicctine sullate
in cormbinoticon with lime-sulfur beca:e the standard control
reasure.

Since the advent of synthetic organic insecticides
during the early 2G1.0ts the revious stondard cenpounds fcr

control of A. pomi have becorme obsolete, Dormant snrays






irere not sufficient to prevent swwier rmopulction lacreases
of 2onle a~hids according to Cutrisht (19053). e evaluated
scveral chweriicals durine the groiwring scascon, coacluairg
that certain orjonic insecticides were the most eflicient

D)

for ashid control. ¢Class and Chamnan (1955) reported that
paratihhion, melethion and Diazinon vere toxic initlally to
the apnle aphid, but lacked extended rcsicdual activity.
This worls 2lso eriphasized the effect of systemic insecti-
cides as illustroted by Dereton (Systox) and ileta-3ystox
which were effective for three weeks 1n »nreventing rein-
festation.

Recent investi-ations by Garman (1959) who evaluated
cormbinctions of insecticldes and fungicides for control of
insects and diseases, showed the complex nature of present
day pest control. Ile concluded that control, fruit quality,
cost and safety o the materials are important factors in
profitable orchard practices.

ladsen and Tailey (1959) screened a sroup ol new com-

pounds involving an oricinal technique of evaluation.

=2

They determined thc actual nuwiuber of living aphids on the
third leaf fror the terminal tip of an infested new shoot.
Comparisons of rnean values were made statistically for

the various treatrments but simniiicant differences were

not deterained.

O
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Diazinon (0,0-diethyl 0=-(2-isopropyl-li-methyl-5-
pyrimidyl) phosphorothioate).
25 per cent wettable pouwder; Geiry Chenical Cornoration.,

Dibrom (0,0=-dimethyl 0-(2,2-dibromo-1,2-dibromoethyl)
phosnhﬂte)

0 pounds per gallon emulsifiable concentrate; Zalilornia

Spray=Cheriical Corporation.

Dimethoate (0,0-diemcthyl S-methylcarbamoylmethyl)
phosphorodithioate),

!} pounds per gallon soluble concentrate; Amcrican

Cyanamid Company.

Endrin (1,2,3,!,10,10-hcxachloro-6,7-enoxy-1,",la,
s 758,0a-octahydro-1,!,5,3=-endo-endo
dirmethanonephthalene).
75 per cent wettable powder; Corona Themical jpivision,
Pittsbursh Plate Glass Zompany.

Ethion (0,0,0t',)'-tetraethyl 3,3t'-mcthylene diphos-
phorodithloate)

25 per cent wettable powder; Hiasra Chemical Division,

Food lachinery and Chermical Corporation.

Zthyl Guthion (0,0-diethyl S-(lL-oxo=-3H,1l,2,3-benzotriazine-
3-methyl) phosphorodithioate).

2 nounds per gallon emulsifiable conceatrate; Chemagro

Sorporation.

Guthion (0,0-dimethyl S-(l-oxo0-3H-1l,2,3-benzotrieczine-
3-wethyl) phosp hOPOQltth&te)

1.5 pounds per ga2llon emulsifiable concentr:te; Cheriarro

Corneration,

Korlan (0,0=dimethyl 0-(2,l1,5-trichlorophenyl)
ohosphorothioate)

2 pounds per vallon enulsiflable concentrate; The

Dow Themical Company.

llalathion (0,0-dimethyl S=(1,2-bis-carboethoxyethyl)
phosphor0u1thloate)

25 ner cent wettable powder; General Chemical Division,

Allied Chemical Corwnoration,
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10,

1l.

12.

13.

1.

17.

18.

20,

11

lethyl Trithion (0,0-dimethyl(p-chlorophenylthio)
methyl phosnhorodithioate),
25 per cent wettable powder; Stauffer Chenical Corpany.

Parathion (0,0-diethyl O-p-nitrophenyl phosphorothioate).
& pounds per gallon emulsifiable concentrate;
California Spray-Chemical Corporation,

Phosdrin (0,0-dimethyl O-l-methoxycarbonyl-l-propene-
2-yl phosphate).

2 pounds per gallon emulsifiable concentrate; Shell

Chemical Corporation.

Phosphamidon (0,0-dimethyl O=(2-chloro-2-diethyl-

carbamoyl-l-propene-2-yl) phosphate).
i, pounds wer gallon emulsifiable concentrate;
California Spray-Chemical Corporation.

Phostex (mixture of bis(diallkyloxyphosphinothioyl)
disulphides).

8 pounds per gallon emulsifiable concentrate; Nianra

Chemical Division, ood !'achincry Cornoration.

Nyania (Ryanle specilosa),.
CO per cent vieTtable powder; 5.B. Tennick and
Company.

Sevin (l-naphthyl-l-methy carbamate),

50 per cent wettable powder; Union Carbide Chenicals
Company, and [1 pounds per rallon enulsifiable concentrate;
Stauffer Chemical Corpany.

Systox (0,0-diethyl O0-(and 5)=ethyl-2-thioethyl
phosphorothioates),

2 pounds per gallon ermulsifiable concentrate;

Chemagro Corrvoration.

Tniodan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,%a-

hexahydro-6,9-methano-2,!;,3-benzodioxathiepin-
50 per cent wettable powder and 2 pounds per gallon
ermulsifiable concentrate; MNiacsra Chemical Division,
'ood Machinery Corporation.

Trithion (S(p=-chlorophenylthio) mcthyl 0,)-diethyl
phosphorodithioate).
25 per cent wettable powder; Staullfer chenical Comnany.

Compound 11,02 (1,3,):,5,6,7,8=-octachloro-3a,/.,7,7a

tctrahydro-!, 7T-methanophthelan),
1.25 pounds per prallon emulsifioble concentrate;
3hell Developent Cormpany.



22.

Comvound 5539 (llot relcased).
2 pounds per callon ermlsiriable concentrate; Shell
Levelopricnt Cormpany.

Compound 5727 (llot released).
1.25 pounds per allon enulsifiable concentrate;
Hercules Powder Conmpany.

Compound 22108 (Bayer) (navhthaloximide 0,0=-dizthyl-
phosphorcthioate).
50 per cent wettable powder; Vero Zeach Laloratories.,

Compound 25151 (Bayer) (0,0, diethyl-O-p=-methylsulforide-
phenyl thionovhosphate).

2 pounds pcr gallon emulsifiable concentrate; Vero

Deach Laboratories,

Corpound 29493 (Bayer) (0,0-dimethyl 0-(/-(methylthio)-
n-tolyl phosphorothioate).

i, pounds per r~allon erulsifiable concentrate; Vero

Beoch lLaboratories.

Coripound 3701:9l. (1Tot released).
2 paviGs per callon emulsifiable concentrate; Gelsy
Cherlical Corporation.

Compound 30586 (Bayer) (quinoxaline-2,3-trithio-
carbonate ).
SO0 per cent wettable powder; Vero Reach Laboratories.

VCc-13 (0-2,li-dichlorophenyl 0,0-diethyl phosphorothio-
ate).

O pounds per callon ernulsifiable concentrate;
Fermsylvania Salt Manufacturing Company of Washington.
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TPERICTIUTTAL PDOCTIDUIES

A. Obscrvations on the biology of the avnrle arhid,

lletheson (1S19) reported that Twenty Ounce FPi;

IS

win
variety of apnles anpeared to be more suscentible to
injury by the arple aphid than most other varictles.
Preliminary to exnerimentation 2 bloclk of Pinnins with

a nast history of aphid infestations was incpected weelily
beginning at petal fall, ‘ater-sprouts on the scalfcld
1limbs and new shoots at the periphery of the trees were
exanined to deterrine the presence of awnnle aphids.

Observations revecaled that the ster-mothers would
locate initially on the terminal tips of new growth
shoots. Their parthenogenetic offsnring would nigrate
prosressively inward, infesting each leaf of recent srowth
in relationship tc the population density. NHowever,
infestations seldom exceeded the fourth rair of leaves
from the shoot tiwn.

By wmid-July, anple aphids had populated the interior
watcr—sprouts of the currcnt season's growth throush the
third pair of leaves from the terminal tips. Peripheral
shoots contained cclonies of apnle aphids through the
second pair of leaves. The described amount of infest-

ation would be considered scricus by cotiercial orchardists,

B. Desi~-n of Ixperinent.

l.h

Decause the block had received no specific anhicide

treatients, and sullicient 2pple aphid populations

13



1

exlsted, Zxperirient 1(a) was initicted., This test concisted
of 22 trcatments (Table I) each repl.cated four times and
randorized within the renlications (iicure 1). A stondard
methcd of random selection of plots was used with allowances
riade for variable environmcntal characteristics in the orcharc.
The fovr revliceticns were designed as single-tree nlot systems
including two controls per rerlicate.

Experirnent TT(P) consisted of 15 treatments (Table IT)
arransed as in Sxperiment I (Figure 2), with the exception
of Cormpound 5727, which was su nlied after the treatment
desicn vias establiched.

The treatwents of Ixperiment I were ap»lied between
the hours of ten A.i7. and two T.i'., ond those of I xperi-
ment II were a»nplied betwee the hours of nine A.i.. and
one P.lM. No precipitation occurred during either application
(Table III).

All treatrients were apnlied at a pressure of hi0
nounds ver square inch using a John Bean hydraulic-gun
apparatus., Approximately 12 gallons of spray mixture
were apnlied per tree. Aflter the application of each
treat icnt all parts of the spraying mechanism were rinsed
with clecan water. Complcte coverage was obtained by

spraying in a2 circular pattern around each »nlot.

(a)

ilaterials apvlied July 19, 1959, =t iatervliet(3errien
County), l.ichisan,

(b)  laterials apolied July 30, 1959, at Watervlict(Berrien
County), lilichigan.



|_J
Ut

C. Techniques of Svaluation of Control licasures.

Since this vroject involved conslderable nuibers of
treatments, revnlications and snmall insect forms, a ranid
technicque for evaluation of chermical control which would
be statistically scund was nccessary. The problem of
counting individual aphids live or dead was ftzo tine
consuming; therefore, o count-rate netihod was devised
that would provide for reliable evaluation.

ive new growth shoots on the scaifold limbs and Tive
shoots on thec pcecriohery ol each plot were exa:ined vicsually.
The first eight leaves of each shoot werc sepaz-ated into
four pairs. If the first pair including the tip contalned
more living thon dead avnple anhids, a coﬁnt deternination of
one was assicned., II more live than dcad aphids exicsted on
the seccnd pair of leaves as well as the first pair, the
terminal shoot received a rating of two, and continuously
for the third and I{2urth counlet of leaves. Lach terminal
had a possible raximum rating of four in all cases.
Criterion for death was thec browmn, dried remains of the
aphidsj ¢l11 live formis were characteristically green in
coloraticn., Since the ccunt=rotings were nade 2t frequent
intervals, porulation chansies were observed closely.

The data was talien at seven-day intervals beginning
with a pre-spray count and continued for five weeclis. A
subsequent 10-day exaninntion followed the last seven-
day count. The intervals were chosen arbitrarily to

closely anvwroximate a stoncdard sproy schedule,



The count-rate data »er nlot were avera ed, and

analysis of varience was made (Tables IV-V) based on

-
[3

2}
[2%

e

complrison anong all means as devised by Tukey (1‘?,"53).1

Referenced from 3nedecor, 1956 p. 290,

=]



Table I, IMatcrials, forrmlotions, cquantities cnd code
nunbers for Lxperiment I.

Amount Active

Insecticide
Per 100 CGallons Treatmcnt
llaterial Formulation}  of Spray Identification®
(7) (1b.) ()
Diazinon 25 WP 0.37 1l
Dibron 63 EC 0.50 5
Dimethoate e 33 0.25 1
Dimethoate L5 sC 0.50 2
Endrin 75 WP 0.25 17
Ethion 25 WP 0.50 11
Guthion 18 =C 0.30 12
‘alathion 25 I 10,50 16
lethyl Trithion 25 WI 0,37 15
Parathion 76 =C 0.25 20
Phosphamidqn Lo EC 0.25 3
Phosphamidon 19 EC 0.50 Iy
" Phostex 72 EC 0.50 6
Ryania 100 WP ;.00 18
Sevin 50 WP 0.75 12
Systox 26 EC 0.19 7
Thiodan 2L ©e 0.50 10
Thiodan 50 WF 0.50 8
Thiodan SC WP 1.00 9
Trithion 25 P "e37 16
Control — - 21,22

1 p= vettable powder; EC= emnulsifiable concontraote;

SC= soluble concentrate.

2 3ee Fimure 1.



picure 1. Plot Design of Experiment It
Rep. T Repe. II Rep. III Rep. IV
22 2 1 22 Control
D* 17 D 11 Ethion
D~ i 1 2 Dimethoate
10 20 22 19 Malathion
2 5 13 16 Trithion
17 6 19 20 Parathion
7 12 13 6 Phostex
I 27 3 1y Diazinon
6 p¥ 9 17 Zndrin
12 11 2 18 Ryania
8 15 8 3 Phospharnidon
9 13 17 21 Control
18 15 10 13 Sevin
1l 19 7 12 Guthion
19 9 11 15 liethyl Trithion
3 21 5 7 Systox
15 18 I 10 Thiodan
20 1 20 D¥
16 10 6 8 Thiodan
21 D D it
13 7 21 5 Dibrom
1l 12 1 Dimnethoate
3 15 9 Thiodan
. 8 _ 16 | Phosvhamidon

1

sach plot represents one tree; trces spaced 36 feet square.

#2Z Jot in test; D= Red Delicious, P= Twenty Ounce Pipn»in.,



Table II. Ilaterials, formwlotions, quuntlties cnd codc

Y

nwrbers for ITxveriment I7T.

- o -

Anount Active
Insecticide

] .1 Fer 109 Gallons Trga?nen? 5

llaterial Formulation of Spray Identillcation®-
() (1b.) ()

Ethyl suthion 25 &C 0,50 6
Xorlan 2l =C 0,50 11
Phosdrin 25 ¢ Ge25 2
Sevin 75 ©C 0.5C 12
Compound 102 15 ©g 0.50 I
Coripound 553% 20 7C 0.50 5
Somncund 5727 15 ¢ 0.50 13
Cormmound 22120 S0 P 0.50
Jompound 25141 2L ¢ 0.50
Comnound 29,93 1.7 EC C.50 9
Compound 30"9) 25 &C 0.50 1
Cormpound 305636 50 WP 0.59 10
ve-13 75 EC 0.50 3
Control -—- -—-- 1l.,15
1 WP= wettable powder; LC= erulsificble concentrate; C=
5 flouable concentrate.

See Micure 2.



Floure 2. Plot Des’ga of Experiment 11.1

Rep. IV
13 Compound 5727
10 Compound 30666
Rep. II 7 Compound 22103
13 p¥
3 8 Compound 25101
2 5 12 Sevin
Rep. I 10 15 Control
13 p 6 Ethyl Guthion
3 6 6 1 Corippound 30L9L
L 7 li Compound !J;02
9 15
11
15
6 1
7 12
2 5 11 Korlan
8 1l 3 VC-13
10 It 1y Control
12 11 D*
5 9 2 Phosdrin
1 6 9 Compound 291,93
1), 5 Comnound 553C

1 Eaech plot represents one tree; trees svaced 36 feet sguare.
#m ot in test; D= Red Delicious, P= Twenty Ounce Tippin,



Table 177, Terweradture and »rcecipitoti n dota, Ialy 10-
Senterber_1ll, 1959, Zenton arbor Stoti-on,

I‘ichifan.

Date Daily Irecipitaticn Averace Tenmperature
(inches) (dezrees Farenacit)

July
19 .05 70
20 0 67
21 0 72
22 0 75
23 1.77 13
2l Trace 72
25 0 63
26 0 66
27 0 72
20 36 73
29 .20 79
30 .09 30
31 0 72
August
1 0 72
2 0 72
3 27 71
L Trace 72
5 0 75

- -

Climatological Data of 7ichigan, U.3. Devartment of

Comrierce, ‘leather Bureau. Volume IXZIV; ‘umbers 7,95,9,
195¢9.



Table III. (continued)

Date Daily Precipitation Average Te :pcrature
(Inches) (degrees I'arennhcit)

Auzust

6 0 76
7 Trace 7
z Trace 69
9 0 60
10 0 66
11 Trace 75
12 0 79
13 : 0 30
1 0 79
15 1.26 80
16 .13 75
17 1l 76
18 0 71
19 0 75
20 0 &0
21 0 83
22 0 €3
23 .10 83
2l 0 19
2s 0 (G
26 0 32
27 0 80
28 0 70




Table III. (continued)

Date Daily FPrecipitation Averepge Tempcrature
(Inches) (Cegrees rorenheit)
August
2¢ Trace 76
30 0 76
31 0 Th
September
1 Trace 68
2 0 70
3 0 73
I 0 72
5 0 75
6 0 81
7 Trace 81
8 .05 75
9 0 73
10 ' 0 72
11 0 63
12 0 53
13 0 5l
1l 0 60
I“onth Total Precipitation Average Temverature

TULY o o o o o 207 INCHES & 4 0 o 0 v 0w o . .. 13°5.
August + « « o 1.90 InCheS . o« « o « o o o o .« o o 16°F

A0
P4

September . . W05 1NCheES v 4 & o o o « o « « o o T0°F,



EXZERIIENTAL RESULTS

The analylitical results of Experiment I and II dre
presented in Tables IV and V. An analysis of variance was
perforried using means derived from the count-rate
determinations. The mean values presented in the tables
depict the average leaf pairs containing more live than dead
apple aphids and not actual numbers of insects per leaf.

Interpretation of the analysis of means for the
respective treatments is facilitated by a lettering system
corresponding to the sienificance of the results. This
method provides for a rapid and accurate comparison of the
individual results within a comnlex experiment designed to
evaluate an extensive group of treatments.

Any two means within a specific interval may be compared
by association of the adjoining letters. Results of treatments
presented in conjunction w..th common letters are not
significantly different at the five per cent level, Means
. sharing all symbols dissimilar are different significently
at five per cent. Treatments with greater mean values
indicate inferior control to materials exhibiting lesser
nean results, and significant differences may be ascertained
readily by the letter system.

Granhic analysis of per cent reduction from controls
and delineation of actual mean values for those treatments of
Experiments I and II with initigl effectlveness in excess of

80 per cent are presented in Firures 3 through 6.

2l



Calculcotions of »er cent reduction were based on tnc averape
of the ccntrol mcans and by a modified avnlicetion ol Abbot's
Formulal for the use of count-rate determinotions. The ner
cent reductions (Ficures 3,5) were derived [rom the numerical

values depicted in Ficures !i and 6 resrectively.

per cent effectiveness
= (count-ratq_pontrol)-—(count-rate treatmont)

(count-rate contrcl) X 100

o
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Table IVe Mean nwnbgr of leaf pairs.with more live than deag apple iphids
ag determined for the various treatments of Experiment I.
Mean Nymber of Leaf Pairs with.more Live than Dead Apple Aphids

L at Various Intervals from Application“ and Slgnlflcant Differences
Material™ Between Treatments
Dlastnon | 1id5e 0.65be  090be Lo0e  2.33be e 200
Dibrom l.63a 0.58bcde 0.90bc 1.95b 2.4iab  2.18ac  2.10a
Dimethoate 1.55a 0.38cg 0.LOc 0.95gh 1.50ij 1le83de 1l.70eg
Dimethoate l.48a 0.03fg O.l5c 0.93gh  1.23k 1.53f 1.53g
Endrin 1.70a 0.28cg 0.L4Oc 1.60c 2.13ce 2030ab  l.95acd
Ethion l.65a  O.L5cdef 0.58c  1.85b 2.28bcd 2e33ab 1l.98acd
Guthion 1l.48a 0.25cg 0.50c l.38ce 1l.98ef 2.20ac 1l.85ae
Malathion l.28a 0.25cg 0.70c 1.50cd 2.03def 2.23ab 1l.93acd
Methyl Trithion 1l.30a 0.63bcd 1.03bc 2.03ab 2.38ac 2.43a 2.03ac
Parathion l.63a 0.60bcde 0.90bc  1.95b 2.20bce 2.30ab  2.00acd
Phosphamidon 1.55a 0.18eg 0.50c 1l.33def 1.58hij 1.90cd 1l.75def
Phosphamidon 1.60a 0,00g 0.28¢ 0.85h 1.23k 1.60f 1.58f¢g
Phostex l.43a 0.93b 1;3050 1.98b 2.4ab  2.40a 2.00acd
Ryania l.45a 0.65bc  1l.05bc 1.90b 2.38ac 2.38a 1.98acd
Sevin l.68a 0.20dg 0.58¢ 1.53cd 1l.88fg 2.15ac 1l.90ae
Systox 1.78a 0,10fj 0.28¢c 1.10fgh 1.48ij 1.85de 1l.80ce
Thiodan 1.28a O.l43cdef 0e.63c lel5eg 1l.70ghi 2.00bcd 1.80ce
Thiodan 1l.4,0a 0.35cg 0.58¢ l.18eg 1l.78gh 2.00bcd 1l.83bce
Thiodan l.45a 0.20dg 0.23c 0.95gh  1l.LO0kj 1.68f 1l.35ae
Trithion 1l.25%a O.l45cdef 0.78c 1.93b 2+.28bed 2.40a 1.38acd
Control 1.50a 2.13a 1.98a 2.10ab 2.40ac  2.25ab 1l.98acd
Control l.68a 1.98a  1.80ab 2.33a 2.63a  2.23ab 2.03ac

2

1 Materials applied July 19, 1959.
Data taken;y July 19, 26; August 2, 9, 16, 23; September 2, 1959,

3 Means not bearing a common letter are significantly different at the 5% level;

means sharing any similar letter are not 31gn1ficantly different at the 5% levels

h’Refer to Table I for formulations and dosagese.
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Table Ve Mean number of leaf pairs with more live than dead apple iphids
as deteniined for the various treatments of Experiment II

Mean Number of Leaf Pairs with more 2ive than Dead Apple Aphids
h at Various Intervals from Application® and Significant Differences
Material™ Between Treatment

(prespray) (7 days) (1L days) (2L days) (20 days) (35 days)(L5 days)
Ethyl Guthion 1.)423 0.08d 1.124 l.?Oef 1.78('16 1079)0 00583

Korlan 1l.35a 0.15d l.32cd 1le92ce 2.00bc 1l.88ac 0.50a
Phosdrin l.60a 0,184 0.8&0e l.75de 1l.75de 1l1l.88ac 0.58a
Sevin l.52a 0.05d Oe75e l.h2fg 1l.68e l.70ce 0.50a

Compound L4402 1l.48a 0,184 0470e 1.25g 1.32¢g 1.58e 0.58a
Compound 5539 1l.L8a 0.20d  0.75¢  1l.70ef 1l.75de Ll.75bc O.55a
Compound 5727 1l.18a 0.08d 0.78e 1.38¢ 1.50f 1.58e 0.L45a
Compound 22408 1.50a 1.28b 2.08b 2.25ab 2.08ac  1.95a O.L8a
Compound 25141 1l.45a 1l.1l5b 2.05b 2.38ab 2.25a 1.92ab 0.60a
Compound 29493 1l.60a 0.40d  1l.52¢ 2.05bcd le92cd 1l.78ac 0.50a
Compound 30494 1l.55a 0.384d 1.40c 1.82de l.82de 1l.82ac 0.50a
Compound 30686 1l.32a 0O.T72c 1.52¢ 2.18ac 2.08ac 1l.85ac 0.50a

VC-13 1 .52& l olOb 2 . OSb 2 ) 358.b 2 . 00bc l 08830 0 . 508.
Control 1.60a 1le55a 2.38a 2.32ab 2.10ac  1.90ab 0.58a
Control 1.55a 1l.60a 2.35a 2.42a 2.18ab 1.90ab 0.65a

1 Materials applied July 30, 1959.

§ Data taken; July 30; August 6, 13, 20, 27; September 3, 13, 1959.
Means not bearing a common letter are significantly different at the
54 level; means sharing any similar letter are not significantly
different at the 5% level.
Refer to Table II for formulation and dosages.
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Biological Activity of Aphis pomi DeGeer., During
1

the course of this study™ observations were m2de on the
biological activity of A. pomi in Southwestern lilchigan.
These facts ore correlated with experimental evaluation of
recently developed insecticides to provide additicnal know-
ledge of the control of the anple aphid.

Initial anple apnid populations were observed to be
in the proposed test area during petal fall (ﬂay 15-22).
By the first weelk in June, the aphids had infested the
interior shoot growth, through the first palr of leaves
from the terminal tip. Actual counts ranged from 10 to
more than 100 ar»hid forms per leaf pair. Reprocduction
had taken place by early June because some of the apvole
aphids present were alates.

The exvcerimental blocks had a history of serious in-
festations of this pest. Cultural n»nractices, such as
extensive dormant pruning, a perennial fertilizaticon
program, and sod-mulch-cultivation produced vigorous
growth of new tissue each season, Combinations of these
factors with the specific host relationship of the Twenty
Ounce Finpin has created an ideal environment for apple
aphids. Because of increasing populations in recent years
specilic controls have been required to nrevent economic

losses of fruit. Chemical choices were dormant oils and

1 .. o ‘
llay-Sentember, 1959,

I\'o
[R]



dinitro-compounds with the inclucicn of avhicides during the
srowing season. The constant use of conventioncl dosoges

of parcthion as a -reventative measure for increases in 2-hid
—opulations became less successful and mcre costly each year.
The need for efficient aphicides had become important.

Actual counts of A. pomi populations were continued
throush June, but as infestations increased, counting
vrocedures becarie cumbersome. Population densities of aphids
resulted from vrolonged migration of both alate and apterous
forms to actively growing tissue. The adult avhids seldom
were observed beyond the fifth pair of leaves from a terminal
tip; ccnsequently, active colonies of A, poml were located
consistently :icarest the shoot tips. Parthenogenetic young
invariably fed on newly expanded leaves, cfowded between the
tip and fourth pair of leaves. Factors such as migration,
intense feeding ancd rapid plant growth have created the
necessity of systemic compounds.

The method of »nopulation sampling used in these
experiments was based on the biological activities of A. pomi,
with speclal emphasis on feeding habits. The count-rate
technique was desipgned for rapid evaluation of surface
residual and systemlic-type aphicides; ond, also to provide
a practical sampling procedure.

By mid-July count-ratings from the neripneral area of
several trees averaged one and means of water-sprout counts

equeled two. Siuce the population density had attained
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sufficient pronortions to cause foliage and Iruit
the exrerimental treatments were ap=lied.

nle anhid is an economically imnortant insect,

EY

The ap
generally being cateporized as a nuilsance rest. In the
plots, the ephids were persistent., Wherever consistent
control was not obtained several types of injury usually
occurred. Excreted matter on fruits was the nicst serious,
Fluid-like ond sticky, this substance became discolored
by & secondary fungus growth which reduced the marlet value
of many fruits. GExcessive feeding had caused terninal die
back and leaf drop; and some fruit did not attain wature
size or color as a direct result of aphid darmage.

Therefore, since the apnle & hid is considercd more
of a nuisance than 2 serious apple pest, it is logical to
assume that control methods should not be disproportionate
economically to the degree of injury.

Fopulation densities of apnle aphids had cttained
maxirmm values during mid-August (Figures L, 6). This
increase which was in opposition to the results of chemical
treatments indicated an ideal testins; of the natericls.
Infestctions declined rapidly follouing the peak. The prime
factors for these ponulation decreases were lack of precip-
itation, temperatures in excess of the normal (Tedble III)

and maturity of plant tissue,

Evaluation gi Chemical Controls, A detalled stotistical

analysis was made of the treatment data. The apnlication of

significant differcnce constants to the ranlied means of
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treatrents for the various intervals svarating the rieans
provided a riporous statistical proof of the merits of the
evaluated materials. This method will produce reliable
conclusions from ex»derimcntal reéults if the sampling
techniques accurately represent the population.

A condensed description of analyzed data can be
complicated by the many comparisons possible amcng the means
of the treatments. Therefore, a lettering system was attached
to the mean values. Thils method simplified the interpretation
of the data in tcrms of significant difference.

Because ISxperiments I and II were autonormious no
conparative conclusions were mede. The exnerimcnts were not
repected because duplicate {ield o .1 environnental conditions
Wwere unobtainable. Iowever, the data from the statistical
analysis permits reasonable expression of coni'idence that if
the treatments were reproduced, comparable results would
occur., Therefore, a quantity of insecticidés was evaluated
exposed to similar field conditions in the anticipation of
providing o wide range of information concerning chemical
control of apple =z hids.

Materiéls uith outstanding arhicidal properties from
Exnerinent I (Table IV) were Dimethoate, Phosphamidon and
Thiodan. Each of these chemicals provided cormercial control
through 21 dnys frori date of apnlication. Cormercial control
is defined herein as equivalent to 1.5 or less mean count
rates. TIncreased dosages of Dimethoate and Thosphamidon were
successful for at least four weeks, All materials with the

exception of Diazinon, Dibrom, l'ethyl Trithion, Parathion,



Thostex and Ryonia piroduccd control for 1 days after arpli-
cation. There verc sirnificant differences between Diriethoate
and Fhosphamidon and the controls at the 15 dey interval, but
in 211 treatnents population densities exceeded c-rriercial
acceptability.

Diricthoate, Phosvhamicdon and Systox exhiblited systeridc
qualities with extended resicdual activity, since plant growth
dilution and continuous anhid migretion eliminoted the possi-
bility of surface ccntact control, Results frow: the mazimum
rate of Thiodan indicated 2 possibility of systemic activity.,

In Bxperimcnt IT several coripounds were tested for aphid
control for the first time (Table V). Phosdrin and 3evin
were established as standard naterials for comparicon.

Results were renerally disappointing, since compounds
221108, 25111 and VC-13 were not effective. Zthyl Guthion,
Korlan, Compound 29193, 3049l and 3046063 produced partial
control with ineffective resicual activity seven days cofter
apprlication, Cormpound 5539 compared favorably with the stand-
ards, but acceptable ccntrol did not ccntinue beyond two weelis,
Only Cormmounds I'"02 and 5727 exhibited extended aphicidal
nroverticecs.

1 reveals the

I'rom1 these expcrinents exanination of data
fact that surfoceeresidual motcrials were limited in duration
of control prinarily because of plant growth and reinfestation.

lowever, several of the compcunds could be included

satisfactorily in a corriercial control vnrograri. The obvious

Refer to Tables IV,V and Fi~ures 3,5.
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choice shonuld be systewics since the longevity of arhicidel

o

vroperties reduces the necessity of Ifrequent avplications.

ilethod of Samplin~, The accuracy in antlysis of variance

and subsecuent avnplication of statistical devices is dependent
on the sampling ricthod utilized for data collecticn., ‘hen

the sarmpling techniques reflect a truc random section of the
percrcter ponulation, the stotistical procedures will produce
an cccurate potrayal of the effects of the variable tested.

Madsen and Pailey (1959) reported on onple avhid control
using total numbers of cdead and llve forris on 2 single leafl
as criterion for evaluation, Tlovever, thelr method entciled
extensive counting procedures and failed toc acccunt for trans-
location factors of systemic materials.

The technique applied in this research was an attenpt to
sarmple the entire povoulation of apple aphids for each terminal.,
Because the count-rate rictnod included the expanding terminal
tips the system was avnplicable to cases of translocated
materials,

Therefore, it would be reasonable to ascume that since
the count-rate —ethod was rapid and reliable, the technivue
could have practical implications. Growers troubled by apple
aphid problems 1In their orchords could estimtte easily the
necessity of chemical control by arnlying the principles of

this method.,.



STITARY ATTD COLISIUIZICNS

This investigcotion is briefly surrorized as follows:

l. The biological activity of the apnple arhid, Aphis
pomi DeGeer, in a 3Southwestern lichigan orchard was observed
during the srouing season of 1959, Distribution and feeding
habits were correlated with chemical control exneriricnts,

2 A proup of 28 insecticides were evalucted on Twenty
Ounce Pippin variety of apples. Performance data were analyzed
statistically; control nerits were established by cormparison
sisnificant differences among the treatment rieans,

3. A rapid method of sampling pararneter nopulntions was
developed to facilitote the evaluation of the cheriicals for
aprle anhid control.

Tne [following conclusions were drawn from the results of
this researchst

1. Apple arhids v»refer feeding on succulent follioge and
continucusly .:igrate to newly expanded leaves,

2. The insect 1s economically innortant because of 1ts
persistent occurrcnce. 3Several types of injury result 1f
coneistent control is not obtaincd.

3. Aphid populctions increased to treatment proportions

-

by mid-July. Peak period occurred during mid-Aususte. Infest-
ations declined ra=idly following the pcalk,
l.. Insecticides outstanding for chemical control of

the apnle anhid were: Dirmethoate, Phosphamidon, 3ystox,

Thiodan, Compounds "!.02 and 5727. 1lione of the matericls
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tested dermonstrated satisfactory control in excess cf [our
weéks after treatecnt.

5. Chenicals exhibiting systenic properties with ex-
tended residuel activity rave the best control, Surface
residuel compounds were limited in effectiveness by plant
growth dilution and reinflest-tion.

6. {Count-rate determinaticns renresented an accurate
sampling of the varnmeter nopulation. 3tatistical procedures
Tor prool of significance were apnrlicable to count-rate data.

7. Tnhe count-rate metiiwod for evaluation of annle a—hid
control eliminates actual determinations of aphid numbers.
Techni~ue 1s r~-id, zccurate and »Hractical for usage by

cormercial annle growers.
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