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EEFECF OF SOTfiE HMBICTÐES AT{D HT.,ÂIM ffiOWffi REffitAfORS
0¡[ TT{E PEA ¿,PHIÐ, åo th,osfphoër pfsun (garrfs) e cAe,ED

O}I BEATEB BEA¡I, .[lola faba L.

&e purBose of thts lnvestfgatfon was to rearn so&ê_
thtng of the effeets of herbrofdes and- prant growth
regulators oa ühe arthropod. fauna of pLants" fire pea aphfet,
.AcyrËhoslphog pfsqg (Rarrls), wa.s usect as a test anlma].,
&e aBbld.s were eaged on treaüecl or unËreaËed broad beaa
pJ'ants, v+îli ltl r' .a11 experf.mente urere oonduetecr. ia a
greenhouso or ln a plant @owtb Cabfnet,

&frty chenloar.s !Íere appliecr to prants fn separate
tests, both by root absorptl0n and. Þy reaf dlpprng. ra
e'ery üest Bea apbÍd.s were eaged. for fr.ve clays oa treaËed.
ancl untreated. Bla,'ts and eor¡nts were mad.e on ad.ult or
nyuBhal morËallËy and on number of progeny prod.ucecln

henty-gev.n of the ehenieals shewe* no effeeta sn
ühe pee ephld.su either benefleial sr cteleterLouso MaLeåe
hyelraziele by rooü absorptron eaused, a recr.uetion fn feoundlËy
aad sone nymphal mortalrty, Iilo reason oourd, be d,emonstrater¡l

BROå3



for this reducedl reBrod,uotlsn otber than lnbibltion or delay

of partr¡ritioa. anitrole by root absorption eausecl a recluoecl

feeundlty ard high nynphal mortal1ty' apparently actlng as a

systemle lnseotleld.e agalnst the nympbs" Zytton ' both by

root absorption anril by leaf dlpplng, aetedl as a systenia

iaseetlclde agalast both nyuphs and. adults.

SeveraL observatioas on pea apbld. blolory are

reportecl, lnoJ-ucllng a clemonsüratlon that weigbing lndlvld.ual

pea aphid.s þefore ancl after feeding f.s not a reLlable nethoel

to meagure amount of Lngestlon of BLant sap by aphlcle.

lVelght galns during feecllng can not be rellably oalcuJ.atecl

beoause of wolgbt loesos by excretlon ancl reproênetLon,
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rr{m,0Ï}ucgt0r\T

rhe era siaee the seoond. c.reat trfar hae seen the
introd.uetion of agrieultural ehomioals into our national
eeonony in unpreaeil.ented, aruberc" Ibousand.s of ehemt eaLg
have been teeted as r.nseetrcicresu fiugieid,es, herbierdes,
rod.entlefdes and for other usos, encl mqn]r of them have been
aeeepted. as valuable assets in or¡r efforts to procluee more
a¡cl better agrioulËural produets. In some instanees they
have unfortunately provecl. to be a nixed blesslag. Some heve
been ÍaJurlous to ff.sh, blrds anel other wiLcllife, fn other
eases whlle one pest b,aa been s'ppresse* another has beea
eneouraged to Ínorease beeause the flrst Bestlofde Berhaps
uBset the eo-oar.le. trbar.anee of natr¡reo by d,eetroylng
beneffolal parasr-Ëes and. pred,ators or ine eecond. Best. lûany
arthropod,s have become reslstant to the ehemf.ear.s whfoh
prevl0usly destroyed them" some of Ëhe ebenleal.s &re d.anger*
olx¡ to htlæano, elthor by orlilnal oontaet or subseguent
eonsunption of oontamiaated food. prod.ucts, In other eas@s
the ahemicals have aecræulated after repeaüedl usage ra so1lor 1n plants" rhese ancr, st'll 0ther probloms are belng
lavestfgaûeel by researeh workers so that the most offf.oient
use may be mad'e of tbese varuabre agrlcurtrrral ,henleals wr.th



a mlnimuu, disroeatlon of a itesirabre envlronment,

?: o,"?!17

lbe purBoso of Èhis stuåy was to attempt to rearn
sonethlng of the effects of herbleldes on Èhe artbropod. fauna,
0bvlously there are na,ny pest arthropocls, and. many herþiciôes
at Bresent being useci¡ aBd tbore nust be a definite Llnlt Ln
suob. a study to the nr¡mber of üest anÍmals, the number of
herbrcid.es tested anil the aumber of plaats to be Ëreated " ru
thls sËudy thÍrty herbield.es or pLant growth regulators srere
applled both by reaf dipping and by root absorptlon to tbe
broad. bean, Vtçig Egþe L. Fea aphicls, Ao t&oFlpþoa plsr+
(Earris) r werê eaged. on ühe treatecl. ptante so that mortarity
and feeu¡dity eou]-d be s,easurecl. llhe thtrüy herbicides tested
were ehosen to fnalude alr. those eornmonly fn u,se aË present
ln Western Canad.a" Bhey also represenË a wlde raage of

I{ot aLl herbleld€s are plant growth reguJ.ators and,

only a few Brant growth regrrraËors are regard.ed as h.erbåerdes"
Both bave Eany and. varled. useg fn agrleultr¡re but herbieÍd.es
are lntond.ed malnly to clestroy rrnd.esfrable Blants in fiolds,
pastures or gard.ens, flre estlmatecr ûotal eale of berbicicies
ln the Unlteei States fn 1!!6 was thirty_five miltion êollars

bfologieally aetive ohemfealsu

ïmpo_rtanae of übe stuqr



(Flscner, 1956).

nfLllon pouacls for
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Tonnage sales of 2r4-D alone werÊ ,4.t
Èhat yee.ro fn 1!l$ ln the fou¡ provinoes

of trTestera Canadla, 15r949eOOO acres were treatecl wlth herbl-
sldes (tralg, 19591. ïlhaÈ effects do all- these herblcld.es

have oa the arthropoð fauna? Ítre herbiolcles may be benefl-

elaL or ileleterlous to arthropods¡ or there may be ao

measurabLe or notieeabLe effeots" lery few observatf.ons

have been macle on the effects on arthropocls of wld.espreacl

spraying or dusting of herbiclcles. fÌre Bresent stuðy was

begun to supply sone of thls much neeclecl lafornsatioa and.

aphids were ehosen as the teeË anlmals beoause they are

lnportant pests on many of our eon¡nerelal and, srnam.ental

plants.

Çr++tÎl_æt3q+ qf the thqs.iq

Common nas.es for herbisLdes are usefl througþout the

thesfs beeause the correet ohemioal aanes are in Esny

insËanees very long anê or¡mbersorae. llrese nanes are given

{mmecllateS.y folt-owlng thls paragraph. 0f tbe thlrty
ohenioaLs testeci only Ëhreee Im, a¡a1üroLe and Zytron sbowed,

marked effeets on the morÈal.lty or feeund,ity of the pea

aphful" Íflae fírst two are d,iseussecl flrst, followed. by the

oth.ers f.n no specfal. ord.eru exoepË that vdhore the herblold.ee

are oLosely related. cbemåcarLy they are groupeel togetber in
eLose sueeessÍono fhe ].j.terature revlerq covÊrs aot on].y the

meager d.ata available o¡r the effects of herbloicles on
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arthropoôs, buË also attenpts to d.iscuse oertain inseoÈ and

bosË-Blant reLatlonshlps whlob are pertinenü to this stutly"

In eertain easse it has been found more appropriate to

cliEcuss oüher resoarch work along with sBeciflo observations

mnd.e during the present studly.

$eq.e s_q4 _eåesi qqle qeç4

fh.e aomeaclature 1s that aecepted. by the Tertlnolory

Comlttee of the lïeed Sooiety sf Ánerlea and. publlsheð in
Weeclso Volu d, Nôu 3u luly 1960"

t*31 "rq",
l_n ME

2" asl.Èrole

.t. 2r4-9

+o 2 r+ s5-Í

5. MCPA

6, sesone

7. erbon

d, slLver

10. 4*(nrcrs)

Ll" ÐI{BP

g" 4-(zr4-on) 4-(aul+-aienlorophenoxyluutyrlo aeiå

cliii,!* 
'iT'9maleLc hydrqzlðe s 1r2-dihydropyrldt-

azLne-], b-d,ione

J -anLno-}, 2 o 4-triazole
2 u 4-dÍ enlorophenoxyaeoüic aelet

2 u4 u!-trichJ.orophenoxyaeetf.c aolê

2-nethyl-4- ehlorophenoxyaeetl- c aoldt

sodl,um 2 rlt-alonloropheaoxyethyL suLfate

2-(214, 5-trl ehJ.orophenory) othy].
2, 2-d,i ebloropropionaÈe

2- ( 2u4o !-trf.ehlorophenoxy) propLonLe
eold

4- ( a*nethyl-4-ehloropb.eaoxy) butyric
aclel

4*6*AtnlËro orüho seeonüary buËytphenot
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L2" fPO lsoBropyJ. N-Bhenyloarþnmate

¡.5. CIPO isopropyl }I-(5-ehLorophenyl) earbanate

1l+. EPT0 ethyr N, N-di-n-propyl,thiorcarbanate

15. barban U-"äåiilä3;l*".-i'T- ( J-ohroropheuyr)

l-6' -avad'ex t'5;ålüå#roa11vr*dlr,soproï¡y$hior-

L7 ' cffio 2-chloroalryr dteühyrdlthloearbanate
ld. gna,å, 2-ohloro-lTtru l{-dial}ylaeetamli[d;
L9" laonuroa j-(p-eAforophenyl)-l¡ 1-cH.methyJ.urea

20, TcÁ, trlohLoroacetio aold,

2L" dal,apbn pr 2-cßohl.oropropionie aoiit
22" ÐMTf 5 , 5;-apethyl.tetrabydro_ L u|,*5 s?f._thiacliazine - 2- thi one

2t' chrsrazlae 2-chl,oro-4'6-uis(aietnytanlno)-E-
briazlne

e4' slnazin€ 2-ehroro-4r6-uis ( eËhyr.nnino) -s-
brl.azine

25. atrazi.ne t-"Hii3:Ï_iliälanlno-6 isopropyr-

26. 2u5 o6*m¿ 2rj r1-txlohrorobenzol.e aeLd

27 " 213 u5 r6-me Zu3 ,jn6-tetraohloroþenzolo aalet

2é. IrPÅ N-1-rs.pbtbylphthalamlc acld.

29" Zytron o-( zr4-üohlorophenyl) o-nethyt f eo-
pro pylpho sBhoro anldotbioat e

30" gibberellåe aeid Botassfum gibberellete
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REïIIEW 0F ryrTr: LIrEnj.mIRS

There are very few referenoes 1a the llterature to ühe

effeets of herbieides or plant growth rogulators on arËh.ro-

pocle. fngram, e! al (f947¡ showeil that the use of Zr4-D to
eoatrol weed.s ln sugaroane fíelås in some way causeä. a

material lncrease in lnfestations of the sngareane borer,
Ðlatraea saeeharali_E (?" ) , Fox (f9t+6) drew attentloa to a

reratlonship between the use of zu4-D and. ðanage to wheat

aausecl by the wireworm Gtenicera, aerlpenaig dpssruetor Brosn"

lffhere 2r4-o was applied. for weed oontrol just prlor to the

seed.ing of wbeat u the enou¡.t of damage ühe wirewornrs Lnfllotod
on the erop was Ínoreased.. Rrtnam (L949) suggested that
2e4-Ð coulð be an environmeatal factor in the eoorogy of
grasshoppers, because of possibJ.e influences on vegetatlon"
Eofnaster aad. Danielson (f950) shovred. that spray applications
of the herbicid.e dlnltro ortho secondary arnyl phenol to
eontroL weecls ln strawberry pLantlags arso greatly reclueed

populatlons of red. sBleler mftes" Bearcl (r95r) Èrsated eorn
pranÈs wlth malelc b.yclrazid.e, rn those prants dosignated

ob 26 in which growth was retard.ed, th.e whorl d.id nst expend,

and. no tassels nor ear shoots appeareil. But on Èhese planüs

e heavy lnfeetaË1on of coxn Leaf aphld bullt up wiËhln the
whorl. lhfs eondltlon was siellar on].y to a very susceptible
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ú5L ltl inbred llneu Munger aad. Broadbent (fg¡t+) usecl 2r4-D to

prolong the l1fe of l-emons ln süorage" fbis treatment did not

interfere wlth the use of the frult as hosts for eultures of

CaLffornla recL scale, Áonldlel-la uïT!Ï (Maek" ), lìlatsoa anal.

Ioasure l1gSgl found that goocl conÈrol of ants was obtalnecl Ín

turf treateiL with Zytron for erabg¡,ass controlo Slakotos and.

Ðewey (fg¡g) inelud,ed gibberellfe aelct ln the ðiot of American

coolcoaehes, Per,åplaneta -qnqT¿.eæ L" There was no steniff-
sant lnteraetlon between weigbts of lnseets ar¡cl. concenÈrations

usecl and no slgniflcant etlfferences ocor¡ruecl ln egg proiluctlon

betvueen the ûifferent ooneentrations of glbberel-Ile aoid feel,

Idaxrcell antl, Earwooô (f960) olaimed. that certaln eoncentrations

of 2n4-D on broacl bean inoreaseil the reproiluetive rate of pea

aBhlùs feeôing on the treated. p].ants" fbey also founcl that

longevity of aphid aðuJ-tso and gfowtb rate of grasshoBper

n¡¡mphs, MelallgpLus blvittpïqs- (Say), aBBeared. unaffeetecl.

Ad.ams (fg6o) founcl that sBrays of 2r4-Þ oaused. en i.nerease ln
lengüh of cleveLopnent perlod of larvae of tiiree speeies of

eoecj.neLlld beetlosu

An exeellent review with lengthy bibliography on the

effoets sf herbleLd.es and fungicides on wildlife fs that by

sprlnger (fg¡Z), $ome references are macle to the effects of

herblcldes on arthropods or orustaeeans ln water. fire ar¡thor

ooncLud.es that there ls little hazard. of poisoning w1ld, bircis

or tsa¡una}s fron the prosent-clay usa of nost herbiciðes and.

füngioides,
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Shortly after the apBearq,nee of the first of ùhe post-

war b.erbleld.es and plant growth reguJ.ators .Lllen (191+7) c[ls-

cussed. the roJ.e of plant growüh regulators in the expresgion

of lnseeù d.emage to plants, referrlng to inseet galls and

other tlssue rec¡ponsesó Ee expressed tbe hope that further
resoareh ntght Lead to the use of syaühetle plant homrones to

suppress laseot d.amage" In 1$10 an ecl.ltoria]. 1n the ilotrrnal"

of Eeonomfe Entemolory by Haeeman Euggested. that more oor-

slderation be given to conÈrolring Lnsect pests ührougb. thelr
nutrltlonar requirenents" Proof that entomoLogtsts have not

been ldtLe in their effsrts to learn eomethlng of the relation-
ohips between lnseots and. thelr plant food le evid.enoed by

the exeellEnt reviews by lrienct (l-956) aad lhorsteinson (1960),

3. brlef mentlon w111 be mad.e here to the rlterature on

nutrttisn of aphfd.s and esBeelally the pea apbiè. fhis search

of the llterature beoane neeessary to flnd a posslbre expJ.ana-

tlon for the effeets of lfiH and. qs'r trore on the fecundity of
the pea aBhið, Most of ühe present-clay researcb on aphfuls

eoncerns one or more aspeets of the foLlowlng aphld-host

plant relaËioasbips:

1. Size and. weÍgbt of adult aphfds, Lnclucling a study of
biotypeø"

2, Feeund.ity and. rate of reprod.uetion"

5"

4,

Host seleetioa

Concentrs.tíons

by

of

alate foms"

anlno acLd.s ancl sugars ia host Blantsu



5. Mortal,lty to nyuBhs or acluLts (one asBeet of host plant
resLstanee),

6. Rate and frequeney of excretfon of honeyclew"

T" årtiflelal feeding teehnlques.

Bod,enhelner anit Swlrski. (fgfZ¡ clevote ehaptor Vf of
thelr book to a d.iscusston of the neooJ,ogy and. physlology of
nutritiona of apbittsn with a goocl UfUff"efaphy. Other useful
reeenü general artiol-es on aphld. nutrltion are those by
Palnter (Lg|t) , Kenned.y Egfi, 1956) , -auolair (r95$a) u Kenned.y

aacl, Süroyan (fg:g) and. Shaposhnlkov (fgtgl u One of tbo
ourrent ËbeorÍos of the relatÍonshlB beüween host plants and
aphlcLs ls that by Kenned.yu whlch resulted. from the observatioa
Ëhat gFowing ancl' senescing leaves of eertain plants were nore
susoeBrible ro MIg! rrî*i.Îi! (surzer) *d 

10Êi"- 4þ?", igroBu*,
than mature greea leaves of the same plant" Kenaec!.y referred,
to thls as a ilclilaL d.lserÍmination theoryü, to explaf.n at least
1n part host alternation by many speciee"

Other Bapers whieh attempt to exprain host pra¡¡t
seleetfoa aad host arternatlon by aphlds are by Eþans (rgjd),
rbbotson and Kenned.y (r950¡u Kennecry et a1 (r9¡o) , Kennecry and
Booth (rgl4) o Kennedv er at (rg¡g) , MiæIer (r95s), Mtrller
(r95da, r9l6u) , Kenneclv and Boorh (rg¡g) , and raylor (1959).
rbo very fmportart reports are those by Bonnemai.son (r9lr)
and. MarkkuLa llg5j'l " I1¡rËher papers whlch eteal arore

spectfiealty with hosü plant resistance to aphtd.s are by
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Dahns and ?ainter (f94O¡, AueLalr and Maltals (f950¡, fonee

et a]. (fglO) , Cartier ani!. painter (f916), pathak atct painÈer

(195d) and. paÍnrer (r95da, 1956b),

Crltleal stud.ies on aphld, nutriËion have been hlncierecl

by J.aek of a suitabre feed,ing teohnique. .å.s early as l!J0
EamllËon ctescrlbed- attempts to incluce aphlds to feed, througþ
membranes of washecl fish skin. EamiLton (]glil ctescrlbecl a

further artlfíctal membrane consistlng of tbe epld.em.is of
cabbage leaves with some of the leaf tissue renoved, pletseb

Ãglf'l deseribed an f.nproved. d.evÍce for feed.ing aphids

through a afish-sklnn or ngold-beatersi s.|¡íntr, Eowever,

naËural anLisaL or vegetable membraaes are not bacËerJ.a-proof

and they oannot be sterl.lized. by steaø. heat or kept sterile
by ehemlçals" such membranes also tend. to sag or break"

Maltals l,tg5Zl attempteil to lmprove on these deviees by

uslng a rubber membrane¡ with very rÍmlËed. success" MaltaLs
(rg¡g) clesorLbeil a method. of feedlng the Bea aphld on Blant
cuttiags in organic nutrient solutions, ReeenÈry Míttler
(rg¡Z) has d.eseribedt how the wiLlow aphiti gr¡be€orachnus

sallgnuq feed.s by lnserting its styJ.ets into a siagre sleve
element" rf the lnseet is severecl from íts Broboscls whirst
feeil1ng, sap from the phl-oem sLeve tube erucles from the cuË

enel of the styJ-et canal ancl may eontinr¡e for nany hounsn Erat

boüanlsts are using thls lnfomatLon in a stud.y of the physioå"*

ogy of the sleve tube ls shown by the work of weaüherley et al
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(rglg). stud,les on the feedlng of aphids oB rad.ioaetive
prants are ËhosE by Ðay ancl, rrzylcewisz Ã91131 , watson aail

t{lxon |,]g53l , and feecÉng and exoreüion by Banks and. NLxon

(1959).

Rate anci frequenoy of exoretion ar6 frequently ueed

to d.eternfne anounts of B1a:rü sap ingosÈed by aphid.s"

Mlttler (rg#) d.efLnes nfrequenoy of exereüfon' as tho
number of honeyd.ew clropiets exereteel per hour per aphicl. and.
Itrate of exoretionB ae the total volum.e of honeyd.ow exereteci
por h.our per aphlit" ttB,ate of feed.ingÉ f.s d.eflned, as the
vol¡¡ne of sap ingesteil. per hour per aphid., There is at
present some oontroversy as to whether freqnency of excretion
Ís a rellable neasur€ of rate of feed.ing. finith (lgll) usecl

rate of d.eposltÍon of boneyd.ew by the mealy prun aphtd to
¡Beasure am,ounü of intake of planü sa.po sohaefer ltgl¿) and.

Broadbent (r95].) have pof.ntect out that aphid.s may lose
moisüure througþ evaporaülon from the integument as well as

Ín honeydew" .&uclalr (f956U) anA Maxwel1 and painter (tg¡g\
have presentecl. suitable method.s for measr:rtng rate anct

frequency of depositioa of honeydew, The physlorogy of
exsretlon ln lnsects in generaL has been reviewed. by cralg
(1960),

some inforoaËion is availabre oa Èhe effects on aphids

of varyiag the nutrients fed to host prants. Barker and.

[auber (r95ra) reeord.ecl the effeeÈs sf deflcleaciee of Nu p,
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K, Ga or nfig on the green peach aphÍd on nasturtlum ancl founcl

no slgnifÍcant d.ifferenee anong treatments at tho rateg used.,

rhe same autbors (r95ru) founcl that Plsum satlrrum grordn on

soils severeLy deficient ia eiüher N, P, K, ta or Mg wou1d. be

lnJureð worso by Ëhe Bea aphid than would. plants grown on

solls of good fertil.ityu not beoause the infestatlon would be

more severe, but because the nutrltlonally rüeaker Blaaüs

would, be less tolerant of tbe feeðing inJr¡ry superf.mposecl by

the aphldls" fn 1$!4 Barker anct Tauber reporteci oa the

feoundity of tb.e pea aphtd on garclen pea uncler various oour*

binatioas of llgþt, moísture, and. nutrlents" .Arant anil Jones

(r9lr) studled tbe lnf].uenee of lime and nLürogenous fertf-
]lzers oa the populatLon of greenbugs lnfesttng oats"

ïnfestation couats showed that as the rates of uftrogen were

increased. tbe popr:Latfon of greenbugs per r¡nlt of Leaf

sitrfaee d.eereased.. Ihe acldition of lime aLso dleereased the

popul.ation of greenbugs anci the d.eerease was greatest where

no aitrogen was usecl, layror gg gI lfg|al reportect thaü Èhere

ïrrere no slgnificant dtfferonees 1n ¡rcËato aphtcts on potato

plantsr or pea aphid.s on pea plants, on various fertilj.ty
ploüs. Þaníers and. Porter (rgÉ) founcl that inereaseel.

greeabug populaülons wer@ positively assoeiateð wftb hleþ
nltrogen levers in the soil anel Lncreased prant vigor*
Daniels (rg¡Z) reportecl that reducecl greenbu.g d.amage ani!,

less greenbugs per gFam of wheat prant are posltlvely
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associated. wlth Blant size ancl vlgor (resul-ting from

fertiLlzer appllcaÈlon) o Coon (fg¡g) studied ühe effeats on

ühe apple sraia aphid, Rh".oilîl1o¡ri'T t1t1o,.11 (sand") on oats

grown 1a varlous nutrlenÈ solutlons. Tbe d.ata lndieated.

that there was a signifleantly greater populatlon inerease

potential where nitrogen was available to the plantsu

A research Ëea¡¡. at St. tean, Q¡ebec, has been lnvestl:
gatlng the relatisns between the pea aphid ancl anrino aclcls

present ln various varieties of oanning peaso One of the

pe,per partition chromatography techniques is reported by

Auclair and Maltals (fg¡+). Auotair -gll gI l]-9Sfl found that
varieties of peas susceptible to pea aphids had. higher

eonoentrations of free and. tota]- amlno aeids arrd anides than

resistanË varietiesn

A oomplÍeating facter in stud.les on

been that of bLologieal raees¡ or blotypes.
Bea aphfd.s has

Harrington (1945)

reported that he had. testecl thirty-one aphld liaes from wíèe1y

separateå pea gfowing aroas of Ëhe Ïlnitecl Statesn 0n the

basís of experlments involving compaxative feeding lnJury,
bod.y size and. rates of reproductlon he for:ad five separate

bÍoì.ogleal raoes of the pea aphid." Íhe research team.

previorlsly mentionecl from St, Íeanu Srebec, now stipulate Ln

their reports which blotype h.as been used. Cartfer (fg¡g)

reeognlzecl three bíotypes of the pea aphid from Southern

Srebec, Cartler ll-g1ll lsslated tr¡uo llnes of the pea aphid
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ancl rearecl them for forty-four consecutive geaerations on the
pea variety Perfecü10n. lhe two lines d.iffered 1n mean

welgb.ts of the acl.uIts"

Íh.ere are several fairly comprehensive worlrs on the
generar bioJ-ory or llfe history of the pea aphid.. Recent

stud.ies in fugland. are those by Kenten ltgS¡) and Ðunn and

ïsrfght (t955a, 1955b) o the pea aphlct has been studled. ln
carifornla by Davl-s .]19z6! , la Kansas by tuith anct Davls
(rgz6) , 1n Malne by Pateh (rge7) , rn trfaryland by Ðttroan eü ar
It945i uoa in New York state by E\rans and. Gyrf.sco (rga6) u to

mention only a few" nfialtaLs (fg46) diseussed Ëhe B". .pnta
in canaela, and Dudley and Bronson (r9j6) the pea aphid in
Ëhe ïInltecl Statee,

Reseerch on the use of herbieid.es to eontrol weeels Íe
reported. in many agrioultural Journals, fnoludín8 the publiea*
tlon lfeed,s c ârird. herbf cldes are wid.ely d.iseusseê in varfous
trad.o journars. 3" brief and useful guide Ëo chemfeal eontrol,

of weeels is ühe u.soDuA" speeial ReBort Æs 22-46 by Klingnan
eÈ al (rg¡d), Literature on plant growüh regulators Ls

vuidely seattered throughout various botanlcaL ancl agrleultural
periodicals. å. useful reoent book on pJ-ant growth substarces

with an extensive bibtlography ís 6hat by åudus (L959l,
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fuoept for the few preliminary tesüs reported by

Roblnson (fglg) aal apbld.s were deseend.anüs from one apterous

female ÍsoLate¿L 1n December 1!!6" Uncler g€enheuse oondiülons

the sun¡ßer fono, the female su$ner 4q"1î?o eould, be maintalneel

ln suecessíve generaülonso 8re young nyæpb.s were born partheno*

genetieal.Iy and. vlvlparouslyn ss there were no problens of
mal.eso natingr or waitf.ug for eggs to hateh" Ehue all apblðs

used. after Deeeso,ber 1956 eoulcl be regarcled. as a elone,

Cultures were maintained on V1"+ {t!i, variety Ifllnðsor,

ln soreeaecl cages of varlous sizesu in tbe greenhouse,

Tenperatures fluctuated wiðely 1a Ëhe greenb.ouse over a yearly

perlod, rarel.y falJ.lag beLow 60oF, , but oeeasfonally reaehing

ll0oF. in the stüanerø ÏInd.er cerialn concl,ltlons of orowcl1ng or
pLant cleterloratloa th.ere was a large pereeatage of alaüe

aeluLts, but nomally most of the fenaLe aèr¡It aphld,s were wing-

loes, Ibansfer of single apbf.cls was aeeomplished with an

aspirator whieh beLd them by suetion against the encl of a f,1ne-

J.y drawn out gJ-ass tubLng"

For any one test the aphlcls wore approxlmately the sam.e

age 5.n all replieates, but between tests the ages et whieh the

aphlðs Tvere ueed. varied, aeeord.ing to avaf1ablllty ln the stock

eulüures on a given clateu Ehls was arrangecl by plaeing
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apterous, bearlng females oa Blants Ln screened. eages for
forty-elgb.t hours and then renoving the fema]-es" The result-

ing progeny renaining on the plants woulô be within forty-
eigbt b.or¡¡s age of one aaother andl ooulô be used. for tests at

desireê nymphal. or ailult ages6

.4,11 broacl bean plants usecl ln tests with berbielðes or
pl-ant growth regulators were grovflo ia sol.l üo a helebt of two

ts four inches ancl then transpJ.anteð lnto vermieullte
(Zonotitel) ln lnetlvid.ua]. three aacl one-ha].f lnob oLay potsu

f'wenty plants were useel ln each treatment. [h.e tweaty Bots

vrere pLaced in galvanLzed metal trays twenty-ühree f.aches by

eighteen Lnohes, three inches dleepo lllhen the ohemicala were

apBllecl by%ooü absorBtlon*. two galJ.ons of the approprlate

ell.Iutlon with wator wefe aðd.ed. to tbe trays ani!. the pots vrere

thuS partJ.y lrnmsrssd. Beeatlse of ühe use of the Lnert

vem,ieuJ.l'be the pLant roots ooul-ð absorb only ühe chemioal-

andl-water dl]utloa as a nutrleat" With the root absorptlon

method the pots remaíned in the trays for forty-elgh.t hours"

trThen tho cb.enlcals were apBliecl by nJ.eaf-dlpBlngr the J.orver

d.oubJ.e leaves of the BJ-ant were dipped for about five seconds

1n the approprf.ate ohemieaL-Ln-water ililutlon to slmul.ate

fletd sprayingn fbo gallons of tap water Ìqere arld.ed. to eaeh

tray ancl ühe pot partly inmersecL ia the water for forty-efg56

lfnsutatlon Industrles I,{nited., tr[lnnlpeg,
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hours" fþays wer@ ln aLl oasest pJ-aeed for the duratlon of the

tests ia a Coldstreen P1ant Groutrh Cablnet2 at a temperaüure

of 69o g zoF. ancl an average relative hrmfullty of f0 per cent,

wlth oontiauous ltgÞtiag.
At the oncl of forüy-eight hours the poÈs were removecl

and. the metaL traye w6re emptied." In tests where feoundlty of
fenå.Ie aI¡hlcls was measurecLl onê aclult apterous sÌrnmer vivlpara

was caged. on one Leaf of eaeh plant for flve clays, In oarJ.y

tests one of the lower ctoub].e leaves was removecl Ëo faellltate
eneloslag the remainÍng J.eaf in a cage of Vlsking dfalyzlng
tublng (16 nll.. dianeterlJ" In later tests the cage used. Ìsas

vasÈIy superf.or, a clip cage sinilar to that reported. by

lüoble (1956) (I'lgure t). When chemiears were aBplied. by rooË

absorptlon th.e eages were eJ-ippeû on on6 of Èhe lower ûouble

l.eaves, Tlhen chemleals wer@ applledl by leaf-dtpping the eages

Tvere plaeecl on one of the next hlgher d.oub].e leaves" Ðuríng

the five cl.ays of thls test a nutrient solutLoa of PLant prod.

2O*20*2A4 *r" supplied Ín aLl traysu lncJ.ud,ing the oontrol
tray (3lgure 2', " Áfter five days Ëhe ürays w€ro removecl from

tne G,rovuth Cabinet and the nr¡nber of young procluoecl d.urlng

2tr'l,ening-Pedlar Linclted., lVirlaipeg"

5Rr".hu"ed. as Cat" No. 2g-O7A from
l+
PLant Prod 20-20-20 purehasect fro¡n
Port Cretlft, Ontario,

Canad,lan taboraËory Supplles 
"

Plant Procluots Company,
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that tl¡oe by eaoh female was recordeilr âs well as any laortallty

to rynphs or actu].ts,

An exanpl-e of the recorà sheet use€t ancl origlnal ciata

oþtalned ls shown as Appenclix -4., Thls is reported 1n the texü

of the thesfs as shown ia Appendix B. fa the statistÍeaL
analysis of data on feeund.ity, because of Bossible :.ero countsu

a11meangweTetransforrgeelbyusÍag\Ñ(c,out¿enu1945)"
.å¡a examplo 1s shown as Åppendix G"
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HIffi'RE ].

OLTS gÂGE USÐ TO CONF'JNE PE.A, ^åPT{TES ON
ï"EÁSES OF BBOÅD .BEå,I{ F[,A[TT$
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TTq'RE 2

PEÁ. .A.PHTDS TN OLTP CAGÐS ON BROAÐ BE.AT{ PT,A,T[Í5 IN
Ïû.ETAÏ, ÍRÀY CO$TATNING NTTIEIENT SOLT]TTO¡{
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SOME BTOIÛGISAT NOEES ON TS{E TEA .APIilD

flle Bea apbld, Acyrtþqlphq,n qislm (narris) , ocours Í.n

synoaymy ln the literature also uuiter the soientlflc names of

^il,phls T1"y, 4" oaobrye4í-qu 4. lathrrl, t, uil1, Sl,phonoBhora

ll"p, M.qeroslphr¡m .EÅ.ÊSE, Neetaroslphon pisqs aad ÏLligoia
.@,

No detalLed. llfe history stucties oa the pea aBhld. have

been maila iu Manltoba, but lts rife history ls be].ieved. very

sinilar to that 1n other Xlarts of Canacl,a ancl the aorthern Bart
of the unÍted staües" Because ft j.s regarclecl as one of the

more Í-roporÈant inseet pests Ln North america ft has been wid.e-

ly stud.íed." rt fs also welr-løown Ln Europe as aa inseet of
eeononlo lmp,ortance. rt feeds oa the sap of many speeies of
the planü femfly r.egur,lnosa.e" under canadian conditíons the
prlmary host Btanis Íncrude perenalal-s and blennials such as

the soffi'?on olovers and alfaLfa" Íhe seoondary host, Ì¡rants
fnalude most varieties of curËlvatecl peas, vetches and. swoet

Beas" Primary hosts are sometlmes referred. to as wÍnËer hostsu

and. second.ary bosüs as surürrior hosts.

The winter is passed as an egg on the prinary host,
loeal3-y ühLe is probabJ-y most].y alfalfa. When plaaÈ growüh

süarts 1n the sprlng the egg hatohes, and. after passing

througb four n¡¡nphal stages becomes a wingless adult fenale
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krown as the stem motb.er" lhe sten mother in turn prod'uoes

parthenogenetically ancl vlviparously a generation of wlngless

females, fieis tyBe of reprodluetion contlnues until the

second.ary host plants, genera[y peas, are weLl establlshed

as groreLng BLa¡.ts" Ât that time a generatlon of both wingLess

ancl. winged. female aphiôs appears oa the prinary host, f'lre

wínged lnðlvldua1s mlgrate to Èhe seoondary hostsr althougb

some vuingless generations may remaln all suf,mer on the pr5-roary

host, In late sumer winged. ad.ulüs return to the prlmary hostu

fre last geaeration before winter eonsists of both males anê

females, which mato to produee the overwiaüering diploid e88s"

fn wannor cllnates e or' u,nd.er greenhollse or Laboratory eondi-

tions, only the suaner form 1s present, the wingl-ess sumner

vlvlpara, althougb wlaged lndlvid.uals often oecu.rr for roasons

whicb are not elearly unclerstood"

At varlous tlmes during the present stucly it was

neeessary for some parùlcuJ.ar seasoa to d,etermine some aspoot

of the blology of the pea aphid. or sone aspeot of aphid-host

plant relatLonship" lhe results obtalnecl. are reportetl here

und.er the general ehapter heacllng of biological notes oa the

pea aphfel,

Although only wingless atlult females were used. in alJ.

teste with herbieldes or pJ.ant growth rogulaforsr a stucl.y wae

nad,E to compare tbe feeunð1ty of wlnged aad. wlngless pea aphids

on broail bean. "Lphid.s wgre nlne to eleven d,ays o1d," ReEuLts
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are shovm in Table I, Wlnged apbicls prod.uceel a srea].ler

avelage number of n¡rnphs than dlð the wlngless, results being

signifieantly d.lfferent at the one per cent Level.

Ear1y in the study the questions arose as to wheüher

the aBhlðs shoulcL be cageä on the upper or lower srrrfaees of

the broad. bean leaveso or whether lt nade any ttlfference lf

one of the lower pairs of Leaves was usedr o3 one of the nexf

higþer of the double leaves" Sable fI shows the results from

a test of fecun<lIty of aphld.s caged. on uBper or lower

surfaees, Apbids werg put on as n¡ruphs fot¡r to six d.ays o1å,

and keBt 1a indivitlual cages u¡til they clfecl" Because

females d,tedl on varyf.ng d.ates u the erlterion Wetl to neagure

Ëhe average nrrmber of progeay rtlas the total nr¡mber of days

females ware alive ln übe cageso fb,ere was ao signifiea¡'t

d.ifference in fecu¡dity per dlay between upper and lower

surfaces, fr aLL tests whlch folLow the aphld.s were confinecl

to lower surfaces of the Leavesr aLthougb tbe clata ln Ïãble

I1 show that tbey can sucoessfully Llve on upper surfaees"

Table III shows the resuJ-ts fron an lnvestigatlon to

detennine if resuJ.ts woulð d.tffer if aBhids were oaged. on

one of the lower leaves of broacl bean or on the nexü higberu

on both üreated. (m Uy root absorptlon) or untreaüeð plants,

Ðlfferences ln feeundlty between lowest anË!. next hlgber

leaves, for both treated. and. untreatecl.e were very close to

showing sigaiflcant dffferences aü Èhe five per eent 3.evelu
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ÎÀBLE Ï

COMPÅILTSOI\T OF FECT]TilÐIÍY OF WTNGTÐ ANÐ 1ûIINGI,E"9S

HEå. ÂIHIDS CAG@ 0N uI{IREA.Tffi BRoÂÐ ÐEAII
PL.ûI{TS FOR FT\TE DAYË, !fiARCH 1I, 19bO

Éú sfgdfloanü at the L/o LeveL

No" of
aitu].ts

Fonu.
Total- no"
of Ilve
aymphs

Eota1 nou
of d.eacl
n¡nnPhs

.&verage no,
of live
nymphs

f¡'cng-
fomredl
average

59

l+o

Wlnged
.'

lïlng1ess

?d4

L222

6

26

20,L

30 "5

:t[" 40üå

5.1+4
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TABI,E TT

T,ECTJIVDITY OF ME PEA ATTilÐ Cå.GEÐ ON UPPÍR,
OR LOWM SURT'åCES OT' TJEÀVES OT' M¡:B}T T*o**offiofr,tffie1**

teaf
flrr-
faee

No. of
adulte

Tlot,a1 d.ays
l-Lvecl, by

aL1 fena].es
fiotal

progeny
-Average
feoundity
per day

lrans-
formed.
average

Upper

Ï,oruer

2A

20

tlé

169

6sg

élg

4.é

4,9

5,45

6,27
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ÏÂBT,E TII

trECT'}üÐITY 03' ÍHE HEA APEÐ C.A.GEÐ ON TOI$EST OR NÐTT-EffiEl I,EAvtrl oF $lm[TfY BR0AD BE.L\T PLAlqrs ffiE.A'ffiD*ülG 
¡m t¡,0õ0 P;Þ.M. qr Acrrvr rt¡eær'm¡r) EM

Roor ars-onrtnotr, AND rq¡ENffi PI"AI{Í'S IJNmEÀTEÞ,
AITG,UST L2e L959

flreat-
meat

teaf
posi-
üion

Non of
adt¡füs

llotaL clays
llved bY

a].L fenales
fotal
plogeny

-åverage
feounåíty
Ber day

Trang-
forraecL
evgragp

MH towest
Next
higher

20

20

us
]d'

566

772

5"2

4,2

4.54

5"4e

Water
only

Lowest
Next
hlgþer

20

20

201

2+5

1.o53

1l+65

5.2

,,9

6,66

é"rj
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but La neither cace eoulct signifieaut differenoes be eloarly
d.emonstrateil" Apparently the ehoice of leaf positioa on the
plant between the lower d.ouble leaves or next highest is not
an important faetor 1n tesÈs with cagecl aphids on young

broaËl bean Blants,
Ðrring the various iavestfgations, wtth eagecl. aphid.s

at constant tenperatures and. continuous llghto certain
iaterestlng observaËfons on llfe hlstory were sad.e" Íhe
longest ]lfe of any one inclivld.ua]- fennaLe ia a eage, inoltrd,-
lng nSrmphal lnstars, was thirty d.ays. Msst females began
prod,ueing young on the eíghth day of 1ife, although a few
procluoed. young on the seventh day" the peak of prod,uetion

of young was usue.lly ühe thirteenth to fourteenth day of Llfe,
rhis is il}r¡.strated in Figure J on lage 13" sre greatesü
nunber of youag born to any one female in a twenty-four hour
period was twenty-one but the average nl¡mber was ten to
fifËeen, oue fenar.e proclueed. one hundrecl and. twenty-three
youag d.uring its reprod.ucÈive period and several gave blrth
to more than oae hundreci"

an attempt was nad.e d.uring these investigations to
fiad sone methocl to deter¡cine the ar¡.oun6 of ¡rlant saB

ingested. by aphlcls, Tt was hoped that if sueh a method.

exfsted. 1t &ight be used. to explaín cerüain recluetions ln
focundfty of aphids feedÍag on plants treated with marole
hydrazld.e and anitrore whieh will be reported. later, a
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search of the Llterature renealed two published. reBorts on a

methocl whereby aphlds tvere starveal, welgheil, fed aad agaln

welghed." Eamllton ltgl¡) measured. the volume of liquid
ingested from leaves by the green peach aphid., Myzus persleae

(SuJ.z, ). One hunttrecl aphids were welghed. colLectively,
starved for fourteen hours r and. showed. a eoll,eotive gain ln
weight after six hours of feeclÍng" watson ancL Nlxon (Lg55l

oomiented on the disad.vantages of this method. of neasurlng

feeding rates" Pathak ancl Painter (r95d u) for¡ncl that eorn

loaf aBhiclsu Rbopalgglpþgq maid.iq (¡'rten) s resBoncled more

consisüently in tbe a¡aount of Blant rtquld intake when they

were kept wlthout food for a period. of for¡rteen to slxteen
hours and. thea allowecl to feed. for ühree hours. Íhey

measurecl dlfferentiaL a¡nounts of material taken up by for:r
biotypes of corn leaf aphlôs from resistant and. suscepüible

sorghumso

several tests were made, using eiËher a tahn F,.Leetro-

balanoe (O*50 mg. ) or a Êo1ler-Srith nËcrotorsion Balance

(0"05-t00 rg"), Íhe tesüs were all unsuecessful, so the

results f?on only Èwo of the tests wifl be reportecl here to
illustrate what happenecln Beeause the aphld.s ferl off or
walkecl off the maIl d.e]ieate balance pans ðuriag weigblng,

an effort was mad.e to fnrmoblrlze them first. Aphld.s were

subJecteti to a few seconcls of bel-oriu zero temperatures, in the

bope that they would. be temporarlLy {nmobilized." However, it
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vras found thaË subsequent exposure to the warm hunld alr of

the room resultecl in an lncrease ln body weight d.ue to Goll-

d.ensation oa the cold aphid. integrrment. .A,ttempts to use

carbon dioxide anaesthesÍa oeoasionally proctucecl detrimental

after effeets. One accurate method., whieh proved. to be a

very tlme-eonsuming one, wae to plaoe eaob aphld in an

lndlvidual gelatin capsule, size No. 5 (gff Ï"iil.y and

ComBeny) " Eventually uÉth increased profleiency 1t became

posslble to siraply place ühe aphid.s free on the pan and.

qulekly weigh th.em"

Ádults of the pea aphid.o apterous suturer viviparae

not yet 1n parturition, were sÈarved. for fourteen, slxteen
or eighteen hours ancl then plaeeð ln elip eages on broad.

beaa plants to feedl for poriod,s of three or six hours"

Results are shown in Íable IV. $ris üest and, several pre-

vl.ous tests wlth both mlerobalances showeal that the average

per cent loss In welght for the pea aphld veries betweea

fÍfteen and. twenty-five per cent for any perlocts of sÈarva*

tlon between for¡rteen and eigbteen hours" Íhls eompares

favorably ud.th the d.ata of sehaefer (1956) of pea aBhicts

from pea seedllings where there wae an average per cent loss

of 1l$,4 per cent in Ëwelve hours of starvingu and. 2I,$ Ber

eent 1n twenty-four hoursu with rapid lsss ln weigbt by

evaporatlon of body mol,sture d.urlng the first feru hor¡rs of
starvlng, followecl by a levelllng-off as the remalning bod.y
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llÂRffi 1Y

GAII\T OR LO5S I}f ïüEIHT OF PEA .AgMDS EffiDI}TG ON BRO.å.D

BE¿N PLAlTrg .âS[ER glARrrrNG, lgN .åPmDS 4lAClI IEST9
rüEEGHm r$Ðrvil)IlÄrÃrr MAY 1I, 19b0ô

Eours of
starvlng

-åverage per
oent Loss ia
wetgþt after

sËarving

Hours of
feedf.hg

-Average per
cont galn or

loss ln weigbt
after feediag

14

1,4

25"5

20.g

3

6

@

f

5.5
7t

16

L6

2L"5

2t"9

3

6

6.4

L"5

tú

16

2t,5

25,5

5

6 +

6"9

3,5
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eoateats þeoaoentrated.F" 0f the three groups in Table IV

none showed. an avexage per eent gain after only three hor¡rs of

post-stervation feeeling" Of twenty-nlne individr¡als only nlne

sho'¡veil a gain ln weigþt 1n the three hours, Of those feed-

fng slx bor¡rs after starving two groups out of three and.

üweLve furðivldlual,s out of twenty-seven sh.owec!. a s!ûal} gain

fn weigþt" In none of Ëhe flfty-sLx aphids was üh,ero a galn

eturing feeellng of ühe welgbt lset d.uring starvlng,

A further test is reported, in fabLe V. Aèults nlne

days olet wbleh had begun reprod.uclng Rtere süarveå fourteen

b.or¡rs andl then all"owed. to feeet for perlods of sfx, twelva or

twenty-four hours" Ílre itata Ehow that even twelve anril twenty-

four bours sf feeding afüer a perÍoel of fourteen bours of

starving nay not be suffielent for an lntake sf plant Eap

that can be rellably measured. as an inerease in weight of

the pea aph.le[" Bris ls probably beoause of two reasons;

the aphlcts begin producing young as soon as tbey resune feeil-

íng, and they also begin exereting honeyd,ew, .å,lso, .&uelair

(fgld ¡) has shown that tb.e pea apbid iRereasee in weigþt

from 5,éL0 mgu to 4"0d6 ng, fron nnew aduLt$ to ñboarlng-

acl,uJ.åú. The aphtd,s used. 1n the test slrown in Eab1e IT'nay

therefore have mad.e sllght gains during ühe feediag period.

d,uo to tbis nattrral lnorease in wefgþü. ïlhen a test extend,s

over several bours of feeôlng a nr¡urber of yonng are proiluoed.,

as shown 1n *abLe V" Newly born nynphs of the pea aphld
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T.¿tBLE V

GATN OR TOSS IN WgTffiT OF HE.û, .APIilÐS EHSÐING ON BR,OAÐ

BEAII .45'mA STARVTNG r.oûRqEEhI HoIIRS, fEN- A.IHTÐS
EACH IEST, WmGHED IliIDnl:IDüÀIJ,Y, l,tlV t6, L960

Average per
aent loss ln
wet{ebt afÈer
L+ hours
starvÍ,ng

õ 16"6

- zt"d

20,9

* LT.T

- 19"4

* 21"6

& ? aphlas ouË of L0 dtÍect before ead of Jd hours"

Ave, no.
of nymphs
prod.uoecl.
during
feeel-
lng

3.9

4,1

6"é

6,7

4"9

9,4

.&verage
per eent

gala or loee
after feeellng

Åverage
per eent
further
,Ioss, no
feeding

Average
per cent
.gain or

Ioss,
eontLnuou,g
fee(llng

6 hor¡rs -r4" ?

2$ hrs" - Luif

6 hrso*lJ,1

1.2 hrs" -zL"L

20 hrs,-L1.5

26 hrs" +10.7
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weigþ sHghtLy less than 0u 2 mg" ff several of these are

born during a perioð betweea welgbt measure&entso how are

these roEees Ëo be eorreoËed for? Honeydew exeretlon almost

oeases during starvlngo and. resumes wb.en feeding beglns.

-Aue1alr (f956 U) stated. that Èhe pea aBbid. exeretecl its own

weight in honeydlew in efgh.teen to thirty-tlryo hours" ff
rate of honeydow exeretlon is apBroximatery equar to intake

of planü seps one migbt even argue that the aphids could

never regain theÍr original npre-starviagn welgþt!

Mean welghts of pea aphids after soveral d.ays of
d.evelopment on plants¡ âs useit by Cartler (fglg) and.

Mal-tais (fglg) should. show wlth reasonable aecuraey gains

or loeses due t'o nutriËion. But Ëhe ilata shown in sabres

IT anù V inelieate tbat weighing eiÈher young adult Bea

aphids or those whieh h.ave alread.y begun reprod.uclng, aftor
starvlngo 1s aot a reliable methocl of measr¡ring lngestlon of
plant sap d.uring imedlate subseguent hor¡rs of feed.ingo



CHAPTM, V

TESTS ÏITÍH MAI,SIO HTDRAZTDE

MaLeic hydraz5.d.e, or M[f , has the ohemical nane of
J.u 2-dihydro-pyrl dazLr.e-lr6-d.ione" It is a synthetlc plant
growüh i¡hibitor. It has a linitecl conrmereial use to Euppress

suokering, to d.eJ-ay flowering, to suppress aploal cloninanee

and borting ln vegetables, to lnd.uce clornanoy in root crops

such as onions and. potatoes, and to retard. grass growth on

lawas, ldo reBorts were for¡nct Ín the líterature of posslble

effeets on arËhropocls"

rn early tests MIf was usecl as a forty Ber cent solubLe

powcler, and. 1n later tests oaly the nÃH thlrty per cent amlne

was avallable" Brsaci bean plants treated with IdE by root
absorption at the rates used. !!ere very mueh inhlbited. in
growth. .å.t rates over 4,OOO pup,m, tbe plants were kÍI1ed,,
Table llt gives results of ad.ult and n¡rmphar survíval and

feound.ity of the pea aphld afüer flve days eaged. on broacl.

bean Blants treated. r*1th MH at raËes of 4o0oo, 5r0oo and 2rooo

p.poln, (aotive ingredf.ent) by root absorpËion, ten aphids per

treatment" Table 1ITI shovJs the results of a further test with
fvlenty aphids per treatment" In both cases the average nunber

of live progeßy of survlving ad.urüs afüer five days on the

treated. Blants dÍffered. slgnífioantly at the one per cent

].evel from that on the untreated. check sarnpleo N¡ro.pha}



TABT.E VT

åÐÜLt' AUÐ XYMFNÀI SURVTVAI, .tr}iÐ FECiNIITTV OF ffiE PEÅ, .APHID A3'TER FTI':E DAtrS
0AGEÐ ON BROAÐ BE&t{Ë m$ifflEÐ ïrITI{ XffiIt+o (nOOr aSS0RPT[oN)

Ðate
applled

Rate of
apBlloa*
tion

Íuly 5,

1956

ilrooo Þup,rß,

No" of
surviving
aclults

JrO00p,p"ru

Noo of
deacl

ad,ul"ts

2u000p.pim"

9

Tota1
progeny

ïlater onJy

9

I

*& Signifloant at the Lfo LeveL

Total no"
of d.ead,
n¡tmPhs

L0

r0L

1"

.Average nou
of live

progeny of
survlving

acl.ulte

d

0

70

l+6

119

16r2

1'

fbans-
fornedl
average

6,1

to

6"1+

Range
of

fecundity

2.Zt¡fI*

2

s"g

L6"l+

2" rqs*

2. gogü

0-15

O-2?.

It"o5

1-17

10-50

\r.¡
\r'l



TA3T,E TITT

.AÐULT ANÐ I\TYMPIÍAI SUREIVåJ, ^AND FECUTSD]ry OF T¡TE gEtq. APTTTD .À¡'TER FTVE DAYS
cs.GEÐ 0N. BRoXÐ BEANS rREÅ.TEÐ UrfiI Am{o (n0Or ^A.BSORPîIoN)

Date
aBplloct

Rate of
applioa*
tlon

A¡eHs67'

L958

l+rooop.p"m.

No. of
strrvlving
ad.ults

5ro@P'Pg"

No. of
ðeatl

ad,ulte

2p0Op"pn"

6

TotaL
Broger¡y

L7

WatæonJy

L2

Sf.gnf.ff cant at tt.e Lfo level

Total no"
. of d.eacl
nyaphs

r6

7L

7

"Average ito.
of llve

progeny of
survlvlng
adr¡l.fs

20

LT'

t+

66

17r

0

L25

lrans-
fortecl
average

o"6

fi6

119

. :l

Rango
of

fecund.lty

2"5

o" gdfú

t.45ffi

1" ?I&**

o

5"2

o-3

0-i.6

L6,d 4"ol-

0*1a

5-37

\7.I
lol
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mortality waq high" lfiany of the nyrrphs appearod. to have been

born d.eacl, because legs and. antennae stlL]. closely adhered. to

the bociy.

ïlhen MH was applied by root absorption at rates of
Le500 anil 11000 pup"tp. p1ant growth was inbiblted, buü there

was no sÍgnificant d.ecrease in feoundlty"

Table EIIï shows results obtaineil uslng wfngeil ad.ults

of the pea aphicl. instead. of wingless, ât 5rO00 pnÞnnr" of
nÂH5O amine. Aphíd.s usecL ln this test were of the sâme agês

but past thelr reproduetive peak, ae indioated. 1n lable ,il-III

by ühe low average of 12.1 nyuphs on the untreated. sanple.

Howevero the average num.ber of Live Brogeny of survivlng
ad.ults on the treated. plants differed. signíficantty et the one

per cent levo1 from that on the check, showing a red.uctlon l-n
feouncllty,

The next test was to d.etenoíne 1f Ëhe red.uction in
fecundity of wingless ad.uLt females on plants treatedl with

ffi50 at 4IOOO, Jr000 and 21000 p6p.Elo wouLd contlnue if the

se:ne females were eagecl for a fimther flve days on unüreatecl

planÈs" Table IX shov¿s tbe beginning of this test, aad.

fable X shows the resuLts obtainecl after they were transferrecl

for a further five d.ays, ResuLts showu ln frable IX ôemon*

strafe the ueual rectuetione 1n fecundíty, antt the n¡mphal

morÈal1ty, slgnificant at the one per cent Ieve1" TabLe X

shows clearly that Èhe lnJwious effect on the reprod.uotive



T¿.BLE I':TIT

ÅÐUl,T A1{B }m,{IIlAt ffiIRFIIIJIL AND SECUIrIÐIIY 0ï SIE A]-.ATE PEA ÁPHIÐ .Aï'[ffi,
FITI DAY$ cå"GEÐ 0N BROáÐ BEA\TS tllEA.fffi !ffiÍH lûH50 (noof ÁBSoRITION)

Date
appllecl.

Rate of
apBllea-
tlon

Íuly 1!,

Lg6o

No. of
survivlng
ad.ults

J,000p.B"n"

No" of
d.oad

adulüs

lVater orä.y

ffi SlgoifLoant at the L/o J:eveL

11

fotal
Brogeny

Total- no"
of dead
n¡nnphs

t6

9 5+

Average no"
of live

progeny of
survlvlng
adulfs

4

17

2L4

fþans-
formecl
average

,"5

0

Range
of

fecundf.ty

1" 74ee

12"1

0-11

3.5t 4-eo

\^l
e-



TA.BI.E ÏX

.ê,DI]LT .4I{Ð NYÀNPHÀL ST'NMTVAI ¿¡W ¡NCTNç¡TÍY OF THE
O,AGËD ON BROÁÐ B3/I1{S ÍREATTD $l TU ffi,O

Ðate
aBpllod

Íune 25u

L959

Rate of
applica-

tisn

4uooop. p"m

Nou of
surviving
aclults

J u000p,p"m

Nou of
cleact

ad.ults

16

2r000p" p,m

Toüal
Brogeny

ffi Stgnificant at the Lfo teveL

lillater only

t9

4

PE.å. åPHID AT'TER FIIrE ÐCTS
(naor ABsoRPr[oN)

Total noo
of d.ead.
npnphs

1s

l+er

I

1l+

.Average no
of live

progeny of
surviving

ad.ults

496

2

7Lt6

o

50d

5t?'

4"7

Fra:ls-.
f ormecl
avelage

6zT

416

9"6

Range
of

fecundlty

1. ?4*.&

2ð6M

109

5"7

o-t6

tr"L

1.44**

0-45

5"7+

o-27

r6*It-7

w.l\o



TJIBT,ff X

ADUTT .û.iSD I\]T}A:PHAI ÊT'R\ruV/¡T, å,ND T'ECUTIDTTY 03 PEA APITTDS T'ROM

PLAi\ffi tREAfm ÏE$I iVllttIIC ffÏDBJIEIXE' CAGF;D FOR A
fiJRTTTffi 'IÏE DAYS ON UNTREATED BBOAD BEAT{Ë

Source
plants

4rooo p.p.itr,

Nou of
strrvivlng
acluLts

3 e000 F"p"rtr"

Noo of
d.eacl

ad.ul-ts

2r0O0 þ,p,fir"

1t

Toüal
progeny

ürater only

L2

5

Tota1 no.
of cleail
nyæphs

** Sf.gnf.flcant at the L/o Levøl

é

7

0

Averago'no
of }1ve

progeny of
survlvlng
ailults

7

L0

59

0

6

u-2

Trans-
formecl
average

272

0

1l-

Range
of

fecundlty

0.? ffi

4.5

L6

1,4rffi

70

0-0

52,t

r lrÁ*t.

o-16

5,6j

o-26

2.-+r

F()
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metabollsm of the female apblds persists after they are ro-

moved from treated. plants and. pLaoed. on untreated. planüs for

a further fÍve d.aysn

In a fr-¡rther test nyaphs wero allowecl to remaln untll

they becane acluJ.ts on plants treated, with I,tH aË 4rO0O P.PoÍt"

by root absorptlon and. then were transfemeci to untreatecl

plants for the rer.aincler of their livso. fhis was d.one to

ascertaj.n any dleleterious offects on nymphs born nnd rearec!. on

treatecl plants, and. whether such effects night continue after

they beoame adults, even tbough ao longer oa treaÈecl planfsu

Results are showa 1n Table ffi, fhey show that fhe harmful

effecüs of the }üH on tbe npphs are expresseä as a d.ecrease ln
fecund,ity of the adult females, differences from the eheek

bef.ag sÍgnifícant at the one per oent level,

In aaother test twent¡r planüs were treated. wlth ffi50

at 41000 p*p.mu by root absorBtlon and Ëwenty plants with

water on1y" At the encl. of forüy-elgþt hours Late instar

n¡rrrphs were Blaeed. sing3-y in elip cages on the plants la
nutrlent solutionn As soon as thoy becane actults and. began

reprodueiag counts were mad.e dally oa tho ntuber of young

proiluced, d.uring the remainder of tbeir Lives" Results from

this test are illustrated. in Sigure 3t which shows the peak

of reprod.uction in boüh cases on JuIy 2S, the ühirteenth day

of llfeo antd. also the greatly il.ecreaseö feound.lüy of the

aphids on the plants which had. been treated. with &fiÍ for
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TABI,E ffi
NECI'NÐT1T OF PEA APHIDS BORN .ù}IÞ REARffi ON BROAD BEÁ$
pL.å,I\Trs TREATIED rrrrFl MALET0 HgÐÊazrDE å.T 4r0oo p.p"fifi" r
Al[D I'ROXf Uhï1R5ATEÞ Fï,A]TTS; TR.åÌdSEffiREÐ T0 UNB.SATEÐ

gi,ANTS 0N BEoOMTNG ¿SIrtïS e ÍULY 29, L959

û& Sígnlficant at tine I'ft leve1

Souroe
I\troo of
ad.ults

îotal d.ays
lived by

all fenales
Total

Brogeay

Avorage
feeundity
per ciay

fþansfolted.
average

From
Blants
treated.
wlth tr{H

From
plants
treated.
wlth
wafer
only

11

29

L+5

557

326

2rO25

2.3

5.7

4, ro

d.t9
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forty-eight horrrs, The treatecl plants were inbibited 1n

growth for several d.ays, but began üo grow again before the

experiment conclucled."

To ðetertine lf maleic h,ydraziil.e ls insecticld.al as

a d.Írect contact spray at 41000 peB.me of actlve ingred.ient

on the adult female aphid.s two tests were conducteiLo Sprays

were apBlied with a ÐeVilbiss No, JJ Pocket Atomizer, soaklng

the aphlds almost to the point of cirowning 1n the Petrl
plates in whfch they were hel.d, Check aphids were sprayecl

with water" Åfter the sprays had. been applled the aphlds

wore placed inmediately 1n clip cages on untreated broad bean

plants and counts on mortality and. fecundity were record.ecl

after five clays. Results are shown tn TabJ.e ÆI, fn both

tests Ëhere was no signiflcance between nunber of progeny

from aphlds sprayed, with [dH and those sprayed. wlth water

onlyu and no d.irect toxiclüy to ad.uJ.t aphld.s was ilemonstrateclo

Crafts et a]. (fgld) stated that maleic hyôrazide ls
effective as a growth inhlbÍtor of plants wheir absorbed.

througb eiühor leavos or roots, lhe present study showed.

thaË broad bean growth fs inhlbited. by d.ippfng the lower

leaves for fíve seconcls in solutions of MEu although much

higþer eoncentratioas (usualIy as high as 20e000 p"P"IB,) are

required. than for root absorpti.on" lo avoid. possibLe resl-
d.ues on dipped Leaves¡ and also because Ëhe dipped leaves at

hlgh soncentrations often werÐ severely damageô, aphids 1n



TABT,E ]GÏ

rgcÏllfDÏtY o3' EEA API{IDS SPR/{YED 1/r¡r$I MH AT 4,000 FoPoM.
0R ltirfr{ iryATffi, AI\TD OAGED 30R I'IVE STIBSEqUffiT

DAYS ON UNIRE.åTED BROJ,D BEAN PIAT{IS

Date
app1led,

Rate of
appllca*

tion

üuJ-y 10u

]-959

¡/TE +u000
P, P,Itr,

No* of
rurviving
ad.u]-f s

tuly 22,

L959

lVater only

No. of
d.ead.

ad.u].ts

t6

Toüal
progeny

MH 4rOO0
P. Þ'Itrn

20

4

Total no"
of deacl
n¡mphs

ïIater only

l{4d

0

L9

Avorage ûo"
of l1ve

progeny of
survi.ving
adults

555

18

75

1

Tkans-
formecl.
average

9

llgo

20 "7

2

Range
of

feeund.it

,35

27,2

2'

4" a9

4z

2+,6

v

5"O9

t-39

26"5

o*45

+"95

5,14

7-37

6-41

-tr
\JI
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the following tests were caged. for the five d.ay periods on one

of the next higher d.ouble leavesn

Table ÐTT shows resuLts obiained when concentrations

of L{H were 4r0OO, }1000 and 2eOO0 p"Fotno of active lngred.ienüu

Tabte ffiIÍ results at ].OrO0Oo drOO0 and 6e000 p.Fortr,, Table

ffi resu]ts at t6uOOO, 1l*u000 and. 12eO0O p,p,l¡l., Table XFf

the d.ata at concentrations of 241000' 221000 and 20e0O0 pop.rtr,

and. fable lCfitI the d.ata at 4O'OOO, 5Or00O and. 201000 p,p,rtro

r{t none of th.ose eoncentrations by leaf-dippíng was there any

red.uetlon in fecundity or adult mortalfty d.emonsÈrated, among

aphlds on treated. plants and. those on the cheek plants" Ítre

aphid.s used. for the test reported Ín EabLe firuT wer6 past

their reproductive peak as shown by ûho row average number of
progony in all treatments" ürring thls series of tests the

water soluble powder was replaced. by the tbirty per cent

amine because a supply of the former was no longer avai.labIe"

The results of all these tests with maleie hydrazide have

been reported. by Robinson {1g>g, 1960) . fhey indicaËe that ME

by root absorBtion at certain conoentrations deflnltely causes

a d.ecrease in feeunclÍtyu and. hlgh nyrnphal mortallty" Ehro

questlon ari.ses whether these iteleteríous effects are caused.

by changes within the treated. plant¡ or by soroe clÍreet toxÍe
effeet on the reprocluotive metabolism of the fe¡rale aphÍd.¡ ot
perhaps sone change 1n feeding hablÈs,
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ADUTT ATTD IUTMPITAT ST]RIrJTåT -[ÀTD TESUNDITY OÏ TT{E PE.A. AP}TÏÐ AT'TER
fltTE D¿yS CAGÏD 0N BRoAI) BSAITS ffiEÀIED lXtIrH n/fü+o (L945' urpprmc)

Date
applled

Rate of
appJ-lca-

tion

Mareh I
L959

4oooo trl"pnrß

No. of
survivlng
ad^ults

5e000 Þ"p,tn

No" of
d eacl

actults

2s000 po pern

L5

Tofal
progeny

Water onJ.y

L5

7

lotal no.
of d.eaci
n¡mphs

14

2é2

5

.Averagg'no,
of l1ve

progeny of
survivlng

adults

r1

291

6

t6

510

T

L5

4

Trans-
foruecl.
aïrerage

t7.5

1t+

L6.T

Range
of

fbeundlty

4,:.d

2Q

2L"2

4"oT

4" 59

4.57

4-29

20,5

5*25

10-lg

L6-zú

s



TA3Itr ]CTV

AÐTJLT AND NNIPHÀI SURVIVAI ¿NP ¡UCUiVTUY OF TTTE PEA ATflTÐ .AT'TER

FrrE ÐAYs oAGED oN BRoaD BEÀNS TREå'ÏEÐ l{rrII }üilio ( ¡;n¿¡' orrgrxe)

Ðate
appJ.fed

Marob26l

L959

Rate of
appllca-

tloa
Nou of
survlvlng
adu].ts

10,000
F" F'IlI"

No" of
clead.

ailults

d nooo
P" P"ltr'

16

Total
Brogeny

6uooo
P" P.lllu

19

fbtal no,"
of öead.
n¡rmphs

4

llater
only

132

19

"&verage bo.
of live

progeay of
surviving
ad.ults

1 1+9

15

5

1

-lnanxg-
formec[
averago

3é+

0

L9.-3

5

Range
of

fecundity

360

0

16.4

4.59

4

4" e6

20 "2

T*30

20 "5

4.5t

T*52

r1-50

4,5l+ g-30

-,F
oc



TA3I,E ]ff
åÐTITT å]SÐ I{NEPHAL STJHruVAT Æ¡O TTCTN$DTTY OF TINE PEA APHÏD A.T'TER
STTE T)ÁvS CAGm 0N BRoAÐ BEÀNS IBEÀE@ UIrT[r lvfü{o (r-ee¡'Orpprre)

Ðato
applleð

Rate of
applloa*

tlon

Aprll Í

L959

Non of
survf.vln6
ad.ults

t6uooo
P" þ.Itro

14,;000
Þ, Þ"ü1"

No, of
d.eact

atlults

20

Total
progeny

12e0oo
P, PoIn"

lilater
onJ.y

LT

llotal noo
of ðeacl
nyuphs

0 460

20

Average nq
of ].lve

progeny of
survivlng
adults

t 5t{4

LT

0

0

Í?ans-
forued.
avesage

506

0

3

23 'o

Range
of

feoundlty

+rg

o

20.2

4"70

b

4"52

25,3

t-79

26 "é

]-2*12

4" 9t

5"L9

o-l+r

r4;5d

.F
\o



TS3ilE X\rï

ÂDULT .41{D \TTffPHAI STJRI¡"JVÁT A}TD T'EOUNDTIY OF U{E PEJT A.PiuÐ AT'TER
FrrE Ðalrs 0.ÀGm 0N BRo/rÐ BE/ll\TS mr/rgm lmï$r w5O (I;F./II' urpprmc)

Date
applled

Rate of
appllca-

tlon

Iune 25

L959

Noo of
survlvlng
ailults

a+uooo
P'P'Ilt

22eo0o
P, P"II}"

No" of
cleaiN,

ad.u].ts

19

Total.
progeny

20 r 000
P" P"lt"

L9

Tota1 no.
. of d.eail
ny:nphs

1

l

1,

L
l,Vater

only

225

L4

Averáge non
of llve

progeny of
survivlng

adu].ts

204

r.9

4

fþaJog-
fortotl
average

L5T

d

tl"5

Rangg,
of

eeuncllt

5L2

2

10"5

,.L6

v

1

5.L5

9"9

o-51

16"If

2"83

0-20

3.76

o-25

o-75

\JIo



TA3I.E XMT

å.DUtf AND i\mUPHAt SURVÏVÁI¡ At'TÐ ÍECUNDIIY OI' fTfE PEA. d.PmD Al"lffi,
SIIilE D¿vs cÅGEÐ 0N BRo.AÐ BEÄN5 $3rÂTffi TtrfÍi nmSo (r"ge¡' ufpfflqe)

Date
applled

Rate of
applloa-

tlon

ilune 20

L959

No, of
survivlng
ad.ults

\orooo ,

P' ÞoIIl".

No, of
d.ead

ad,ults

30 e000
Þt Poü.,

20 e000
Pu P"ltr"

15

Total
progeny

15

llotal noo
of d.ead.'
n¡iæPhs

I

5

2

2
ïllater

only

149

1d

ilverage no;
of Ilve

Brogeny of
survlvlng

ad.ults

109

0

16

fþans-
formecl.
average

L7'

L5

9.9

Range
of

feounô1ty

92

0

5"1

2.66

0

7"1+

o-5+

2.O3

5"L

0-16

2"59 0-50

2,05 o-27

\tl
H
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ft¿lts and Payne (fgl6) reporteci on the effects of
maleic hydrazid.e on the tops of potatoes, sugar beets and.

pínto beanso lllhen rel-ative total free a.mino acids rlom
plants treated wÍth foliar sprays were compared., lm Brod.ucecl

a significant increase in both sugar beets and. potatoeso but
the effect on plnto beens was not signifÍcent, Ilowever, there
ütas a large d.ecrease in relative total protelns ancl a change

in characüer of the proteins, orafts et al (r9lg) reviewed.

fhe herbicidal properties of maleic hydrazid.e and reported.
on further stud.ies mad.e on bean, barley and Bermud.agrass.

r ll
Uslng tr+ - labelled. MII they found thÍs chemical transLocated
flreery to aLL parts of the planÈ, TheÍr studies showed. tulH

to be primarÍly a dormaney - ind.ucing agent" .åud.us (1959)

has revlewed the evidence that malelc hydrazid"e is an auxin
inb.lbitor" He coneluded that there Ís not yet sufficient
evid.ence that I{H fnhibits plant growth primarÍly by upsetting
tho auxin balanoe. Other observations are revj-eweä on the
possibili.ty that earbohyd.rate metabolisn is seriousLy d.is-
turbed" ãukel (fg¡Z) has mad.e a l_iterature surunary on maleio

hyðrazide for the years f!t+9-f gjT 
"

[here is general agreement on the non-toxioity of
malelc hydrazid.e for mammalian tissues. Barnes et aÀ (rg¡Z)

concLud.ed after extensive tests wíth rats and mice that Mfl

had. no effect on the grorarth and. general health of rats or
mice, ancl no carcinogenic properties, ltihen MH was inÊrod.uceil
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into mlce both orally and. by skin injeetion there was no

evidence of any effeet on mltosis or cell d.ivisionu TC-ingnan

et al (fglg) state that the LD5O for rats is 5rd00 mg.lkg"

fn thÍs connection 1t is lnteresting to note the fÍndings of

Tisehnfch et a]- (1956) " Potato tubers were treated. with MII

to prolong tuber d.ormancy" Iong-terrn feeèing trials showed

that lf rats were maintained. on a d.iet incLuding tubers fro¡r

plants sprayed with IÍH fertlLity was reilueed.n No such effect
was noteit where the dÍet includ.ecl tubers treated with Mif

after lifting, lhis report on reduced. fertility from I¡1H was

one of two founcl fn the literaturen on any anima]-, Zukel

(f957, p, lf5) reporteiL that C, J" Nusbaum found. that follar
applications of MIf inhihlted the development of gal1s on

tobaeco planÈs and the reBrocluction of the nematod,e

Meloidogrne lnoognita, The signifiearee of these two reporüs

is their similarity to the present findings wíth Ëhe pea

aBhid."

Little is h.own of the effeets on iasects of natural

lnblbitors present in BLants" Lipke and TraenkeJ. (fg¡4)

revlewed this subjeet briefly and. coamented. on the lnability
of certain pests of stored. gfains to d.evelop nornally on soy-

bean products" From tests with fþ1boIluq I"fl"ry where

extracts of raw soybean were üoxic to aII the larvae at Ëhe

2.5 per cent level and ir¡bibited the d.igestion of proteln in
vitro by 50 per cent, they oonclud,ed. that the releüive
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freedom of soybeans from lnsect d.anage may be due fo the

presence of a hitherto und.escrlbeil toxln.

As nentioned. above, researoh reporÙs on the metaboJ-ic

d.isturbances caused. in planËs by MH are coutrad.ictory, Dtrring

tire present stucly one aütempt was mad.e to d.etermj.ne possible

p1a¡rt ehanges, foltowing the methoil of Porter -g!, gf (f957)"

Visual conparisons of ehromatograms from extracts of broad.

bean treated. wlth MH at 41000 puportr. and. r¡atreatecl pla¡ts

faiLed. to show qualltative differences in amlno aoicls,

MeT,eish Ã955) nas shown that rnelelc hydraziêe srrB-

presses nLtosis in al.l actively growing plant tissues of

Vicia" It breaks ehromosomess howeverr only in plants with

vlsible b.eterochromatin, Breakage can occur in up to four-

teen dlstlngulshable segments, eigbt of which are tcnown to

be heteroehrome.ülc" Breakage frequenoy 1s proportlonal to

the visible slze of the several heterocb.romatie segments,

As mentionecl above, Barnes et, gI lpffl founil no evlctence of

any effect fron nÍH on mltosls or oell division in mice,

SiniLar negaÈlve findlngs on the effect of ndH on d.ogs,

rabbits, guinea plgs, rats, mloe, frogs, toacls ancl saLamanders

are reBorted. in the lLterature sunnary by Zukel (fglZ), TbÍs

ean be coneÍsely staüed. by the followlng excerpt from page 7

of Ëhe above sunmarys mfhere is a fund.amentaL differenoe in

response of plant and. aninal tlssue to MII, CeLl division ln
plants is lnhibited. at low d1luÈ1on whereas cuJ.tures of
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maÐnalian tl-ssue are unaffeeted. at hlgb concentratlonso

Sinllarly, growth of tr:mors in plants ts lnhlbited whereas

anirnal tumors are aot affeetecltf"

Because none of the above lÍterature surnmary containec!.

lnfornation on the effects of MH on arthropoÖs r ancl the

present stud.y hail offereci no suitable hypotlresis to aceount

for the recluction ln feound.ity of the pea aphid.s, an attempt

was mad,e beginning in Julyu t96O, to fÍnd sone embryologioal

or hlstological explanatÍono

One sanple of pea aphids was allowecl to feecl. for five

days on plaats treated wlth MTI by rooü absorption at 4uOO0

pnÞ"rrrus ffid another sa.mple was eaged for five clays on urtreat*

ed. plaats" Aphids ïuere then k1}led ancl fixed. in Zenkerls

Fluld., hard.ened. ancl d.ehydrated in succeesiou Ûhrough !0 anÖ

l0 per eent ethyl al.cohoI, d0 per cent alcohol witb. 1od.Íneu

!6 per oent ancl absoluËe ethyl aleohol, and further treated.

with xylol and. eed.arwood. oilu fubedding was d.one in paraffin

waTô SerlaL sectlons wero stai.ned with Malloryc s TbtpLe

Stainu

Figures 4 and ! are phoËographs of longltudlnal. soc-

frlons, eut at É rnicronsu of aphlds from untreated Blants"

Ftgure 6 ts a Bhotograph of a transverse secüioa, cut at

é mlcrons, of an aphld from an untreatect plant,

Sigures f and 6 are photographs of longitud.lna1 sec-

tionsg ctrt at L0 mJ.erons¡ of aphlds from plants Ëreatecl
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with naleio hydrazide" Flgure 9 is a photograph of a trans-
verse seetion, cut at 6 microns, of a¡ aphid from a plant

treatecl wlth maleic hyd.razide,

Ehe slx figures were chosen from many serial sections

on several d.ozens of sliiles, to LLlustrate typical secüions

showlng embryos in all stages of ilevelopment insid.e the

mother aphld." AlI the sllcles r#ere examined at a nagnifica-
tion of 120 x" During exaninatLon reference was made to the

text and. very fine d.rawÍags of aphld. embryos founil. in
Ulehanco (r9¿4).

No hist'orogieal differences could. be founð in tlssuee
of femaLe aphÍds or their embryos between Ëhose fuom untreat-
ed plants (figures 4o 5 and. 6) and. from plants treated. wlth
maleia hyd.razlde (Tlguras 7, 6 and 9), Enrbryologlcal

d,evelopmeat apparently Broaeed.ed. normarly in aBhíds from

prants treatecl with MII" However, the dlata ltlustrated in
Figure J show ühat a red.uceil feer¡nitÍty occurs for übe life
time of the aphlcl, One can only assutre tbat rate of elu.bryo-

loglcar d.eveloBnent ls retard.ed. and. that Barturi.tion is
iablblted. or suppressecl,
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TTGÜRE 4

rr{ofoffia-pH 0r' loNcrEuÐrlfat sEoTf0N 0T, á.ÐutrTEA APTüD .TR,OM UiVTRE4.TED BRO^AÐ BEAT$
HLAtvB, g MrtroNS, ÐF,åRGEÐ Ee-x -'
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HrffiiaE 5

THTTOGR¿,SH OT trONGTTTIDTT{AT SrCTTCIN OF AÐT}LT
PEA .ASETT} TB,OM U}qMEATED BRO"A3 BEAN

HLA¡TT, 6 MrgRoNs, tNr"aS,GEy 4z x
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5TGTJHE 6

rHCIT0ffiÁrH oF m,Á$gïffisE ffiøgroN oF .a.Dlrf,T
gEA ¿PIilÐ TB,OM TTNMEAEÐ BROåÐ BEÁ,N

PLAIsr, "d nmctoNso ENT.ABffiD j6 x
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TTGUA3 7

PHOTOGR.APH OT' TONGTIUÐTIIÄL SECTION OF .ADULT
PT.q, ATFTÐ TBOM BRO.A3 BEAI$ PT"AITT' TREAflED

ï¡rffi trme 10 3m6no¡$s, ENL.ARm 4a x
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rTffi'RE d

ÏHOTOæA.EIÍ OF ]Æ¡IGTTTIDTNAT SECgtO$ OF å,DTTLr
EEÁ. .ATHTD T'R,OM BRO.åD B AIT PT,AIIT BEåffiD.

ïlIE{ ndE, 10 rm{Eorus, Et\Tr,åRffiÐ Le x
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rÍ{oTocfi,A-eH 0F TR.å-t{svffi,SE SEgrToI[ oF ÁÐutr
PEA ÁTHTÐ FROM BROÁ.D BB.åN FT,A$T TREAflEÐîIrsI 3fiHe d ¡mgBomss Eß[LAfrffiD 56 x



CTÍAPTER TE

rEsrs l',l-rmf åMITROTm

T*e chemiaal n'ne of amitrole, arso sometimes referred
to as amlnotrlazole or ATá,, is j-amino_ls Zs 4_trlazole" It
hae shown promlse for contror of canaila thistlen reafy spurges
Russlan hrapweed, quackgrass, Benmud.agrass, seilges, horsetall
rushu oattairs, anil tules, and. several wood,y plants sueh as
Boison lvyo polson oak, white ash and. prickly ash, -Anitrole
is transrocated throughout the prant anä affects the growing
Bof.nts, producing chlorosls and tnhlbftion, It is Low in
oral toxiclty (rÐ50 = 1!1000 mg.,/kg" for mf oe),

T[hen amitro]e was applied. to broad. bean, both by root
absorption and. by reaf d.ippingo pla:rts were quite severer.y
damaged by the end of one week at rates of J00 ancr. 200 p.Þ.!r.
of aotive ingredienün At borlh rates and. also at 100 p"pnnl,
Ëerm'lnal leaves were highry ehr.orotic, Ov,er J00 B"p.nro
plant injury was so severe that the plants died." A twenty_
five per eent rlquld fomur-ation was usecr ia all tests.

Table xrrIl shows the results obÈained when wingless
Bea aphids were caged. for five d.ays oa broad. bean plants
treated. rryíth amitroLe by root absorption at rates of 1o0, l0
and' I p"p.rtrn There was a reduetion rn average number of rive
progeny of srrrviving ad.uLts signifieant at the one per cent
level of aphid.s on the plants treated at 100 pnp"m., but not



S.DTTT,T AT\TD i\Y[{PHÀt SURVÏVÄÏ,
DAYS CAGTD ON BRO"åÐ BEANS

Date
appLled

Nov. 2!u

t959

Rate of
appllea*

tion
No, of
survivlng
adults

100 p.p"P,

NÀBTÆ XVTÏÎ

Al{D T'3CLTI\TDITY OF THB PTA .APIüÐ .4FTM, FI1Jæ
IREÀTED ÏETII ÄXIITROT.,E (NOOT ÁSSORPTTOIü)

10 p,p"m"

No. of
ileacl

ail.ults

L9

I p.Brm.

Total
progeny

20

ffi sigoiflcant at the Lfo levej.

Tfater
only

I

Total no,
of d.ead.
n¡mphs

r-9

296

0

Âverage noo
of llve

progeny of
survlving

ad.ul-ts

19

6o1

t

267

555

I

f?aas-
formed
average

0

1"5

6¡z

Jo.1

0

Range
of

fecundity

I, 2t*û

2é.2

0

5"52

0-d

5\,3

5,51

ao*41

5.éT

20-*2

Id-4ó

C'\F
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on those treatecl at 10 and. 1 p, p,nu Table Elt shows the

results obtained. when rates by root absorptíon $Jere increased.

to J00r- 200 and. 100 p"p"m. lhere was no significant adult
mortality, but higb n¡mphal morüal-ity. rt was observed. that
ny:aphs crawled. off the leaves on to the sid.es of the clip
cages to dle, average num.bers of l1ve progeny of surviving
adurts were recluceä significanüly at the one per cent level
flcom the eheck at all three rategn fotal fecunctlty was re-
d.ucecl" Table ffi shows results obtaÍned. when wingecl adults
were eaged on plants treaüed. at 100 p"Þuxr, Total nr¡nber of
progeny ï!'as greatly red.uoed. and. n¡nriphal mortality was high,
There utas a recluction in average number of rive progeny of
survÍvlng ad.ults signifieant at the one per cent 1evel from

the eheck"

Ttventy adult wingless female aphids were sprayed wlth
amitrole as a coatact spray, similar to the tost reporteci in
the previous chapter wlth MH, and. twent¡r were sprayeeL wíth
water, Ihey were caged. im¡redÍateIy for flve d.ays on untreatei!,

broaiL bean plants" Results are shown in Tãble Ðff" Ad.ult

mortality appeared. to be faÍrly high (tnÍrteen d.ied out of
twenty) but those that lived produced. almost the same number

of progeny as thoso sBrayed. with water,

.4. further test was coaducted. to d.etermlne if thís

disËuxbance of reproöuctive metabollsm and. high n¡rm,phal

mortality would conüÍnue 1f wingless aðuLt females vrcre cagocl



TABTÆ M,X

ADUIT AND I\TTTUPTIAL ÊURVTTSI, A}TD TEfiJNDITY OF' THT PEA APHTD ¿T'TER IVE
DATs cAGrÐ oñ nno¿¡ BEANs mr,agnp TfrrrII .åMrtRor,E (noor aBSoRt,TtoN)

Date
applled

Rate of
appllca*

tlon

Ðeê" 9,

L959

Non of
surviving
acluLts

J00 p.p"n

200 p"p.p"

Non of
dead,

ailu].tE

L7

Total
progeny

100 p.p.m,

19

5

Iotal noo
of deað
nyæphs

TVater
only

ffi slgttlficant at the 116 J.evel'.

320

L9

I

Avefage no
of llve

Brogeny of
survivlng

aclults

+71

320

I

2A

Trans-
formec[
average

\gl

+lz

0

o

Range
of

fecundity

459

0, ?1**

662

0 0,flffi

2"0

0-0

o

L''gffi"

55 "L

o-0

5.7\

0-9

l.7-50

o\o\



AÐUI,T AISD TTYIWPTÏAI ST'RVTVA.L .å1{Ð
TTTE ÐIIYS C"å"GED ON BROAD BEANS

Date
applled

Rate of
appllca*

tion

tuly ltu
1960

No. of
surviving
adults

100

TA.BT,E ]ffi

T'ECT]NDTTY OT'
ffiEå.TM ÏTTTE

p, p 
'ttre

Non of
d.ead.

adults

Water
only

L1

TotaL
progeny

ffi Slgrrifiaant at the I/o kevel-

fifE /$ATE PEA

^åMrlRor,E Roog

Total noo
of deacl
n¡rmphs

T

L9

L23 
,

.&verage nou
of li.ve

progeny of
surviving

adults

.å.PHD AT'TM,

.A3ÊORPTTON)

1

105

4zz

Trans-
forned.
average

1,4

Range
of

fecundity

0

1. ITs*

22"1

0-9

4.Tz g-28

ct\
-¡



Date
applled

TA3T,E XICT

SECU}ilDTÍY OT' PE"A, SPTilDS SPR.AYm T¡-I'ÍI{ ^AMIÍR,OT,E AT
100 P,P.Iü, r 0R 1/{rÍH ÏrAlER, ND tAGfrÐ r'oR rr\m
STIBSEQUENT tsAYS 0N UNTREÂTW BR04Ð BEAI\I Ptii¡ÏTs

Rate of
appllca*

tion

Sept. 9,

1960

No" of
survivlng
ad.ults

.A[&TTROT,E
lOO p"p"4

No" of
d.ead.

adul-ts

[ot'al
progeny

7

rÀfater 
,

. oafy

Total no"
of cLeacl
n¡':nphs

L3

16

.....'...'.''./àverage noo
of llve

progeny of
survivlng

aclulte

222 0

l+

Trang-
formod,
average

44¡

25,7

Range
of

fecundlty

0

5"06

27,6

L+-13

5" 14 o-4e

o\
@
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for five d.ays on plants treated. at I00 PoP"Itror and' then

Ëransferred for a further five days to untreated. plants'

Table ÐCfI shou's the beginnlng of this test, wíth the higb

nymphal mortality, Table rrrIl shows the resul-ts obtaLnecl

when the aphid s were caged. for a further fÍve d.ays on uÃ-

ùreateil. plants, Average number of llve psogeny of sr¡rviving

ad.ults from the Blante treated. with anÍtro}e at l-00 P.P"ltro

differed sígnifioantly at the one per eent leve1 from the

check, but a¡rmphal mortallty was relatlvely lowu flrls

Índicates that Ëhe n¡rophal mortaLity oI3 treated' plants must

be cl.ue at least in Bart to toxic Blant sap lngeeted. by the

firsü instar n¡nnrphs,

fn another exBeriment the Lower ôoub1e leaves of broacL

bean plants rflere d.tpBed in concentratlons of amitrole of 500t

200 and. 100 Pop,ttr" "At the encl of forty-elght bours wl¡gless

ailult females were eaged on one of tbe next higber leavos for

five d.ays" Results are shown in Table ÐClV' DespÍte the faet

that termlnal leaves weTe highly chlorotlc, there was no adult

or nymphal mortality and no recluctions 1n fecundity. fÌrere l-s

no ready explanaËion why amitrole by root absorption causes

signifioant toxiclty to the n¡¡nphs, but not by leaf d'lpping"

A, hypothesis was ad.vanceð that reductions in fecundity

of aphids eaged. on broacl bean plants treated' with either MH

or nmitrole mlght be d.ue to a decrease in plant sap lngestetl.

fn ord.er to make a conparlson, aphÍds wero starved. for twenÈy-



ÂDULT ÀI{D IVYMPTTÄI SUT5I;T'ITAI
DJIYS $ftGÐ ON BR0AÐ BSANS

Date
applled

Rate of
appli-ca-

tion

Aog" 3Q,

1960

No" of
survlvfng
aclults

TilBLr Ðilï
-[\TD TEOUM]TTT OT' fHE PE/\ APIilD AT'TER FfiTE
TREAIM WIßI AffTTTR,OI,E (NOOT .LBSORPIION)

100 p"puln.

No. sf
iteac[

ad.ults

L3

ItJater
onlY

lotal
progeny

ffi SignifÍcant at tb,e L/" leveL

7

fotal no.
of d.eact
n¡mBhs

llf

99

ilverage lroe
of llve .

progeny of
surviving

aitults

Ê,

dé

50L

Tbaåg-
formed.
average

0.6

Range
of

fecundf.ty

0

o, 96Íú

2L,2

o-6

4" 5t 5-17

-l()



TABT.E ÐMTT

¿DULf .ÀTüD IÍÏMPHAT SURUTVÁJ, Al{D TECT]I{DTTY OF PEA AI)HÏDS
fR0I\d PLANIE mEAtED ÏnEI .AAiIITROLE, CS.Gffi FoR A

T1]R1TTER FTTE DAYS ON UN$TEAfEÞ BRO/i.D BSAIIS

Source
plants

Amltrole
100 p"p,m,

No, of
srrrvlving
aclulüs

läIater only

No" of
dead.

a0u1ts

f1

TotaL
progeny

ffi Sigotficanü at Eine Lfo Level

Total no"
of cieacl
nympb.s

t5

2 r.6Il

.Average'no,
of llve

progeny of
survlving
aðu1ts

I

25

350

Tr.qn.g*
formed
average

12" 6

é

Range
of

fecundlüy

,"z'lss.

2\"7

o-27

4"95 L3-55

f-r



TASLË lOffV

^AÐULT "A}]Ð ]{YilTEHAt STJRTruV¿T ÁTID FECUNDITY OF TIIE PEÀ ^A^PIIID Á.TTM. ÏIi':T
DAys c¿,em oN BRoAÐ Bg.+Ivs fREå"rED T[rrI{ Ahilm,or,E (¡æ¿r orrptmg)

Date
aBplieÕ

Rate of
appllcao

tion

"Apr" 21,

1960

Noo of
survivlng
ail.ults

J00 p"p"m,,

Nou of
d.ead

adults

200 p,p"m,

20

Total
progeny

100 p"p"m

20

0

Total no"
of d.eað
nyliphs

llVater
only

616

20

0

Àverage no;
of live

progeny of
survlvlng

adu].ts

6zs

0

0

t9

6tT

ftrans-
formed.
average

0

51,d

I

Range
of

focund.ity

)o,

0

3t,T

5 "65 20-4d

50"d

0

5,57

) ")o

29,.7

5-50

t6*\3

5"+7 r6-l+r

+¡
t\)
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four hours to d.eterüine if starvation for a short period.

woulil decrease fecund.it},. Dre data shov¡n in Table V indicated
Èhat starvation per5.od.s of thirty-elght hours caused the death
of seven out of ten aphiil.s. Aphids starved. for twenty-forrr
hours ruere oagecl for five subsequent days on untreatecl broad.

bean plants, and. comparecr wiËh others from prants treated.
with Mf aÈ 4'OOO p.Þ.1ß", amítrole at 100 pnputtr, and water
onlyo Resurts ars shown 1n Table JÐfvu There was no slgnlfi-
cant red.uction ia feeundity of the aphfd.s starved. for twenty-
four hours" fhese data and. those in Tab1e V indlcate türat lf
aphiits are starved. for short period.s normal reprod.uetion
commenees on resrmption of feed.i.ng. Tho red.uctíons in
fecund-ity of aphids caged on broad. bean Brants treated. with
either MH or a¡nÍtroLe at the rates indicatecl. in lb.ble ffi]I
are not d.ue to non-feecling by the aduLt aphid,s,

.an atterapt was nad.e to d.eter¡sine if nyraphs born ancl

rearecl on broad. bean p]ants treated. wíth anltrole at 100

p'p.rtru would. show a red.u.ction in fecund.ity when caged. as

adults for the remaind.er of their lives on untreatecl pranûs,

Results are shown in Table Ðc\m, I'or sone unhown reasons

of the twenty aphids from plants treated. wÍth water onJys

fifteen were winged. after beconing ailuLt. of ereven nyuphs

which wero transferred. from the planÈs treated with arnitroleu

on13r Ëhree survived.u and these were alt winged. as adultsu
Tire d.ata show that there was no sfgnificant differenee ln



TJ!3T,8 ]ffiV

S.DTJLT .A]dD lIYftJTi{/It STJRVIV.AT, Á}iiD FECUNDTry OF PEA .A.PHID"g
STAR\I-ED f'OR T',\rENff-f'0IiR HOIIRS¡ C0MPéRffi '[îmfTI 0ÍTtrRS
trROÞT BRO,A} BTL{\T PLÁ.NTË TRLATM T,\iTMl MiT "AI\TD "ål\4TTR,OLE

Date
applled

Rate of
appllca-

tion

Sept.1!

Lg60

No, of
survivin6
ad.ults

MII
4r ooop.pn

"årnltro].e
100 p.p¡m"

No" of
dead,

aäults

19

[otal
progeny

Starved.
24- hours

1)+

t

6

0

0

Total no.
of clead.
nymphs

lfater
only

S* Significanü at tine I/o Level

2\g

20

Average no,
of live

progeny of
survivíng

adults

205

6z

20

69z

T?ans-
formed.
avorage

t99

9"6

Range
of

fecundity

750

0

0,4

2.69$*

5+ "6

0

o. É64*

o*37

37 "5

5.d4

0-5

6.t4

5*+'

2L*+7

-{
-tr'
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TA3IE ]CC\rI

OOMPATTSON OF TEú'TINDIIY OF "V]IINGm HEA åPHTDS_ - 
BORN ON BROAD BEAIV PIå}TTS IREI{IED ÏITEI
åxfrtTR0rÆ AT IOO P.P.M", 0R l4rIrEI WATER',

rNATS¡'ÏNNEÐ TO UNTREé'TM PL^åNTË T'OR

ETE RTÏd.AINÐER. OF ff{ETR TJ]IBS

Souroe Nou of
aclults

Total d.ays
lived bY

aLl females
Total

progeny

.,{verage
f eeunilitY
per daY

ha¡re-
formed.
average

From plants
treated with
amitrol-e

From plants
treated. tsit'h
water only

3

15

72

15é

167

780

2"6

2"2

7"d6

7 "r9
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average fesund.ity per dqy between aphid.s from the plants

treated. r¡¡ith amitrol-e a¡.d. those treated with waËer onlyo

This incLicates that the reprod.uctj.ve capacity of the three

survivors was not impaired.

Table f shows an average number of live progeny of
winged females for a five day period near the peak of produc-

tion, of 20,1 (or 4,02 per duy). The average fecundity of
wínged. femaLes shown in Table lanrr is baseci on their total
life span as aclults, including in most indlviduals a fairly
long post-ovlposition period., whÍch red.uces average fecundity
per d.ay to 2,6 ar 2,2 nyrnphs"



TEÀPTER. TrIÏ

TB TS ÏMffI OTHffi, ffi,BTCTDEg OR EIANT E.N,Oi{TE RSGUL{TORS

2.4-Ð

2r4-Ð has the chemlaal aane 2r4-dictrlorophenoxyacetic

acid.. It is wid.ely used. as a posü-emergenoe selectj.ve

herbicld.e to eontroL broaðleaved. weeds i.a corn, small grafns,

sorgþum., rÍeer flnx, l-awns, and. to control brush and. weed.s

in pastures, along road.sicles and in d,raiaage ancl irri-gation
ditches, In the present seríes of tests 2r4-O was used. at

several cl.ifferent rateE on broad, bean plants, because of the

recent report by Maxwell and. I{arwooil (f960} whicn will be

d.íscussed. later" In al]. tests the fifty per cent anine of

eu4-O was usecl" 't¡ìlhen rates over 2 p,Puttr" were applied. by

rooü absorption to broail bean plants the plants were killed..

Rates as lolt as 0"01 pop"Itru caused. notlceable epinasty of

the plants.

Tabte EftrII shows results obtaineil when 2r4-D was

applied. by root absorBtlon for forty-eigþt hours at rates

of 1, 0"lo and.0"01 p"Þ"lou and. acLult wÍ.ngless female aBhids

were caged. for five days on one of the lower ôouble leaves'

Table ffiTITI reports results obtained at rates of 2s 1 and

O,5 P,p,Itrø fhe Öata show that therevÞrê no slgnificant
j.ncreases or d.ecreases !n average number of live progeny of

survivi-ng ad.ulÈs at any of the rates used.,



T}3I,8 Ð(IMT

ADUTT ,/TND ]VYIfPTI*LI SUR]ruVAJ, AI\D FECUNDTTY OF THE PE.A. .APHTD
AT'TER TIVE DÅYS CAGEÞ ON BROJ}N BSAI{S TR,EATED

firrtr 2u4-Ð (noor ¿Bsonprrom)

Ðate
applie

Rate of
appJ.ica-

tion

May 29

195d

I,O pupot$.e

Noo of
surviving
adul-ts

0o1 p"B.n"

No" of
d.ead.

aclults

v

0,01 Foþ,mo

Total
progeny

d

1

lÂlater only

Total no"
of d.ead.
nymphs

LT5

6

2

Jlverage no"
of live

progeny of
surviving
actults

161+

11

2 2\2

fþans*
formed.
average

17" 6

5

7 174-

Range
of

fÞamdlty

16.d

5

5 "95

27 ,+

0

4"01

r-5,

2+.9

2*5O

5 "oz L2*69

l+.96 15*+r

{G



TÁ3T,8 ÐT\MTT

ADULT ÂIID IM{FHAI ST]R\TTVÁI ÁT{D TECUNDTTS OT TItrI PEA. ÁPIilD
ÂT'TER T]il-fr Ð.AÍS C.A,GED ON BROAD B&A.NS TR,EATED

ïltmr zr4-o (noor ¿¡sonprrom)

Ðate
applled

-âug,16

1956

Rate of
applica*

tlon

2 B,p.mo

Nou of
survlving
ad.ults

Non of
dead.

adults

Þ' P"m"

1d

o' 5 p'p.&

Total
Brogeny

L7

2

TVater only

Total- no"
of dead.
n¡rupbs

229

r7

5

Averageno;
of Llve

progeny of
survivlng
ad.ults

160

0

1d

5

Trans-
formed
average

L57

3

]-2"5

2

Range
of

fecundlty

N3

0

9"1

1"4-6

6

9"0

5.t2

o-23

9"5

2"87

r-22

5 "O9

O*26

5-t9

+r\o



do

In the next series of tests 2r4*D was applled by

dipping lower leaves of broad. bean¡ âod. caging ad.ult wingless

females for five clays on one of the next hlgher l-eavesn

fable ÐCIX showe results obtaineil at raües of 1, OuI ar¡d.

0.01 pupono, anil Table ffi at rates of 1000e ]"00 and 10Þ"pJ1"

The data show that therewere no signifieant increases or

d.ecreases in average number of live Brogeny of surviving

ad.ults at any of the raËes used.u

These resul-ts are contrary to the finðings of Malrwell

and. Harwood. (f960). These authors olaim to have d.emonstrateil.

an lnereased. reproduetlon of pea aphÍds on broad. beans

treateil with zrl[-D, However, theír experinents vuere not

cond.uetecL under eontrolled. temperatures or photoperloiL ancl

this probably accounts at ]east in part for the very erratic
results shown in thelr TabLe 1" Percentage increases over

ten days varÍed. from a low of 4,d per oent at a eoncentratíon

of 41.0 poputn" in .åugust to a higþ of 450 per cent at a rate

of 4"1 p"pu&, 1n July. No mention was maile of the nr:mber of

reBlicatee used, and. the d.ata ldere not analyzed, statistically"
Tab1e 2 oî Maxr¡¡ell- and. HarwoocL (f960) gives the prod^uctlon of

nynphs ( presu$.ably both l1ve and dead.) in fÍve d.ays in four

tests, four aphids each test¡ oo broad. bean plants treated. at

4,f pup,nl, of 2r4-D, ^ån overall lncrease of eight per cent

is claimed, altlrouglr the data wero not subjected to statistí-
cal analysis. It is worühy of note that in four out of the



TA.BIE ]üilX
ADT]LT AND IVYMPILILI fflR\MVAL J{,ND rEgLllvDTTY oF TTIE PEII .AP}üÐ

AFflqR ETIrE DÀYS CÂGM ON BROA.D BEANS M,E*.TM
wrftT 2n4-o (r,g*¡, orpÞrñc)

Date
appl3.eð

Rate of
applica-

tion

fanu 29

L959

No. of
survlvlng
aclulüs

P" P"I11"

0,1 p"pultr.

No, of
dead.

ad.ults

o.01 n.n"*l

ïlrater orryf

s

ToÈal
progeny

lL2

15

Total no.
of dead.
ny:nphs

t,T

z\3

15

Average ng
of live

progeny of
surviving
aclults

zTT

L5

27

5

i, 3\

278 
1

Tþan.s*
fonneil.
average

2l-"5

5

Range
of

fecuadity

,l+o :i

T2

ld"O

4.65

t6. j

l+

4"26

16-ed

' 5"96

2l-,5

r-0-51

l+,65

o*25

l2-r0

cÀ
H



TJiST"E EO(

ADULÏ AND ¡lln4PIIÀL SURÌIIIVA.T. rtND TECUNDITY 0I' THI IEA .å.PHID
T'rcR FT\M DJffS CI|GEÐ ON BROÂD BEAT{S ÏREJLTEDïlI$I 2r4=D (f.n¡¡' DIPFING) ------

Ðafe
appli.e

Rate of
applica-

tÍon

Feb" ]2

L959

1000 p"F.lü..

Noo of
surviving
ad.u]-ts

100 B"p,m"

No. of
dead.

ad.ults

t2

10 p"p,m.

Total
progeny

16

ïfater only

d

Total no"
of d.ead.
nymphs

15

224

4

Average no.
of Live

progeny of
survivlng
ad.ults

295

a5

2L

5 2l+1

frans-
formecl
average

5

ltL"d

2T+

19

16"o

Range
of

fecund.lty

3,75

2I

L1"9

5,99 ,

g_25

l.5"2

5.62

,-26

5 "87

I*26

5-26

6-
tu
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slxteen tests there was aa actual d.ecrease in fecu¡ä1ty. flre

resu.l'bs reportecl by Marrell anÕ Harrsooil (f960) are not suffí-

clently convfnci.ng to demonstrate their claim that repro<lue-

tion of pea aphids is increaseil on broail beans treated. with

2 e 
l+*D"

2-it. q-T

The chemioal narne for Zr\u!-T ls 2r4u!-trichloro-
phenoxyacetic acj.il." Ît is used. as a post-emergencg seleoti-ve

herbicide to control broad.leaved weed.s" fts main use is as

a ttbrush-killertt, elther alone or in combinatlon with 2e4-Ð.

A 42,5 per ceaü l-iquid formulation was available for
testing Bossible effeets on pea aphid.s caged on treated. broacl

beans, Table Erff shows results obüained when concentratÍons

oî 2r4r5-T at 0"01, 0.00I and.0,0001 p.pntïtn were applied by

root absorptlon" Results in Table mffï were obtained at

rates of 0,1, 0.01 and 0,001 pop.frr, Severe eplnasty occurred.

at Ëhe higher conoentrations and at 1 poB,¡a. plants were

klIIed" I¡llhen 2r4r!-T was applied by dipping the lower leaves

of broacl bean epinasty was severe at Oul p,purtrou and. less

notlceable at 0"01 ancl. 0.001 p"Þ"rtr. Results of the leaf
dippÍng experinent are shown ia Table EQffïT, -A.t none of the

rates usei!. of 2r4u5-T, eiËher by root absorption or by leaf

dipping, was there any signifieant increase or d.ecrease in
fecundÍty of pea aphids caged on the treated plants, nor evi-
tlence of adult or n¡æphal morta1ity wh.en compared. with the eheck"



ra.BLE l00m

,qÐUTT ÀIüD I\TNATNÀL SUR\TTV.EAI, Æ{D TESUI\TDTTY OF THE TEÁ. ATI{TD
ff'TER ETVE DAYS. CAGÐ ON BROAÐ BE^&I\TS TREATED

Trfl tH 2n\ r5-T ( ROoT ASSORPmON)

Date
apBlfed

Rate of
appllca*

tion

tune J

rg56

No, of
survivlng
adults

0,01
P 

" P 'lllø

No" of
d.eacl

ailults

0"001
Fr P'ltrr

9

TotaI
progeny

0"0001
Þ"PrIlIo

9

Tota]. no"
of d.ead.
nlrnphs

1

lÂiafer
only

191

t0

-Averagg no"
of llve

pÏogeny of
survlvlng
adults

I 150

IS

10

o

Trans-
formecl
average

205

6

20, s

0

Range
of

feeundity

156

I

13,tþ

4" rt

5

20.4

3 "23

6-5:.

L5 "'

+"55

o-25

11-29

3.7t 4*ed

@
F



T!/ßï;ffi ffir
ÂDTII,T JL\TD I\]ÏM}IilTL SURVTVÅ], .qNi] EEOUNT]iLY OÏ TT{E PEA. "àHïIDAFTM T'JT-E DÀY[i 6,A.GRD ON BRO,{D BEATTS M,N¿.TMD

i¡IItFJ 2,4,5-T (nOOr ¿¡SOnpUrOlr)

Ðate
applied

Rate of
appllca*

tlon

Fept" 1l
L958

Soo of
surviving
adults

0*1
þr P.I11o

0.01
P" P"ill'

Nou of
d.eaä

adults

9

Total
progeny

0"00L
Þ" þ"Itr*

11

7

Tfotal no.
of dead
nyrnphs

l,ltater
onl-y

244

10

13

Average no"
of live

progeny of
survivlng
ad.uLts

27r

41

T2

10

Trarrs*
formed.
average

36+

51

16.0

6

Range
of

fecundity

25r

4ó

L3,9

5,9+

24.1

6

5 "52

o-rs

ld.d

4,dT

o-3é

4"zj

6*s$

1-2d

cÀ\¡



fltSI;E l0üüII
$.ÐULT ÅND IWMFHAT SURVIVåJ, AT\T} FECTJNDTTY OF TTIE PF-A, å3HTD

"åI'Tfll ITVE DAYS CÀGm úN BRO¿å.Ð BE^åIIS fll,EATEÐ
i'rr${ 2r+u 5-T (r,r¿¡' DTPPING)

Date
applied

Rate of
applica-

tion

Feb, 25

t959

Noo of
surviving
ad.ults

0"I
P. P"Itro

0.01
P. P,Ítln

No, of
d.ead.

adults

rT

TotaL
progeny

0"001
P 

" Þ olllo

16

1,

îota]. noø
of dead.
nyinphs

ïVater
onfy

4e4

tt

l+

åverage no,
of Llve

progeny of
survlving
adulfs

586

14

1t

7

iltrans-
formed.
average

J65

L5

22'r

9

Range
of

feouaðity

37L

1+

22,O

4"67

76

22"2

)"Tz

5-r7

23 
"9

r4-51

It* zo

4"9t

7 -1L

L74+

@o\
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MCpÁ"

The chemical nane of MCP4' 1s 2-nethylu 4-chloro-

pheaoxyacetle aciil" It is used as a post-e'urergenoe selec-

tive herbicide" fn Manitoba it is recornnend.eð for oontrol

of weecl.s j-n oats, because oats are moro sensitive to 2e4-D

than are wheat or barley" The formuLation used in the

foll,owlng tests was a fifty per cent amine" Tlhen MÛPA was

used. at l0 p"pultr, by root absorption most of the plants were

killsd." Table ÐemV shows results obtained. when pea aphid.s

were caged on plants treated. at 6, 4 and 2 pupnltr. by root

absorptlon, Table Ðüff gi.ves the results from rates of 10,

Ie ancl 0,1 Boportr. by dipping the Jolver leaves, At none of

the rates usecl, either by root absorption or by leaf dipping

was there any signiflcant inorease or cLecrease in fecundlty

of pea aphids eaged on treateci planüs, nor evidenee of

aduLt or nnmrphal mortality when compared with the cheek"

Sesoae

Sesone, also lstown as zr4-nES, has the chemical na¡ne

ot 2rl+-aiehLoropb.enoxyethyl sulfate, It is forsulated as

the sod.iuxl sal.to a white crystalline powd.er Ëhat ts solubJ.e

1n wateru 1fr.en applied to molst soíLs sesone is converted.

lnto a herbioide with properties slmilar to 2r4-D" ft is

effectlve as a pre-emergence herbiciôe for weed. control in
a nrm.ber of cropso



T"q^BT-E ]EffiV

ADULT A}I-D iIilYUJTL{t SUR],TVÁT AND FECUNDTTY OF THT PEA IIPTilD
A¡'TER, TTIrE DAYS C"åGED ON BROIID BEANË TB,EAruD

lurrn McPÄ (noor $Bsonprrom)

DaËe
applled

Rate of
applloa*

tlon

Sept" 2

]958

No, of
surviving
ad.ults

Fr P ollLø

No, of
dead.

ad,ults

Po PøllLo

t2

TotaL
progeny

PrP"II1"

1+

é

Total no,
of clead.
ny'mphs

iïater
only

566

tT

6

-Averagg rc"
of llve

progeny of
survlving

aöul-ts

3+3

I'

7

16

ïþans-
fonned.
average

599

22.-3

d

l+

Range
of

feaund.lty

2] .6

6

44e

\ "63

22,6

4"4:-

5-41

?

4 
"67

26 "2

o46

,-56

5,49 g-40

@
@



TABT,E rufiI
ÄDTJLT ¿ND ÀTYfuTTTTAI ST,IR\EVÁT AT$D F]TTITNDTTY OF TT{E TEÂ Á3MD

AT'TM Filru DAYS C*.GÐ ON BR.O.A' BÏ/TNS M,ÍAIED
rMMi M6ÌJI (T..E,LT' DTPTING)

Ðate
applled

Rate of
appllca-

tlon

,åBæit 9

1959

Noo of
survivín6
aclults

10 p"poltr,

No, of
d.ead

ad.uLte

Pe PoIIl,

12

Toüal
progen}

0,1" p"p"ta

14

6

Totaf no,
of deacl
n¡rmphs

Water onl

259

t3

6

.Average no,
of 1lve

progeny ol
survlvlng
adults

267

25

1L

7

Trang*
formect
average

ry6

'T

L6,g

9

Range
of

fecundlfy

26

220

l}t,g

4.t5

25

14"0

3 "r1

LL*27

].3"5

5 "72

6-2\

5 "56

6-\t

L-25

o[\o



90

ResuLts proved to be erratic using a soluble powaler

and. several tests were ðiscard.ed before those reportecl in
Table leCfVf where sesone was applied by root absorptlon at

rates of 1000, 100 and. I0 pap.m, Tn some tesËs a rate of

100 p"p,üI, would. kllL some of the plants and. in other tests

many of the plaats worrld survive at a rate of 1000 F.Þ.[r,

by root absorpti.on" TabLe lCOCruf reports resuJ.ts obtainecl

vuhen sesone was applied to lower leaves of broad. bean at

concentrations of dr000o 41000 and 21000 popurtr" At none of

these rates, ei-ther by root absorption or by l.eaf dippingu

was ühere any increase or decrease in fecundity, or evid.ence

of ad.ulË or npr.phal mortality of the pea aplrid.s oaged. on

the treated. broad. beans.

Srbon

fhe chemical nane of erbon is 2-(2r4r5-trich]oro-
phenoxy) ethyl 212*d.ichloropropionate, ft is classed. as a

systemic herblcÍde, toxic to both grasses a¡d. broad.-leaved.

plants, ït is persistent in soil anil useful for non-selective

weed. control-. * 4t"5 per cent liquid formulatlon was used,

during the present tests" Table ÐAfi¡TII gives the results
obtained. when erbon was applied. by root absorption to broad.

bean plants at rates of 1r000e 100 and l-0 po,Ðorn" and Table

ffiX when erbon was applÍed by leaf dÍppíng at 101000, 1000

and 100 p. p.ûI, In all treatments when pea aphid.s were caged.

on treated planÈs for five d.ays there were no signiflcant



ÎABIÆ ]AOç\N

"A.Dutr al{D IIYMPHÀL suRl¡rrrAr $,ND rEflnrÐrrr oF IHE pEA .apHrD
A'*ER %idif;'8f i-8ä*ul8flo¡Bffifi ) 

*REÀTBD

Date
applied

Rate of
appllca-

tion

0ct" 7

L959

Noo of
survivlng
ad.ults

1r000
Pu P"Í1.

Non of
d.ead.

adultE

100
F" P"lB"

L6

Total
progeny

10
F" þ.I1.

20

Total no.
of d.ead.
n¡rmPhs

4

lMator
only

35+

19

Average no.
of live

progeny of
survivfng

atlults

0 40+

0

I

Trans-
formed.
average

541

2L "6

0

2

Range
of

feoundlûy

4og

20 "2

0

4" zl

26,2

0

4"45

4-4a

2L,9

5.3L

é-39

4,6d

r4-45

8*3'l

\o
H



rA.BT.E lcünnr

åÐ.Tl.f À\TD NYMPHAT SURWVÁI, AND T:ECTINDTIY O¡' TNE ÆÄ .APHTD
.AT'TM, FTVE ÐA]TS CÅ.GÐ ON BROAD BEAIüS TREATEÐ

x[rß{ gES0IW (r,F*q¡ ÐrPP.rNG)

Date
applled

Rate of
appllca-

tlon

tune $

L959

No, of
survivlng
ad.ults

6,ooo
P" P"1ll.

Nou of
d.eacl.

ad.ults

4rooo
Pu P "Itrn

L7

Total
proger¡y

2e000
Þr P'Itr"

1s

Total no"
of dead.
nynphs

,

lllater
onlY

t76

L7

Average no"
of llve

progeny of
surviving

ailults

2 19tf

rg

2I

t

Tkans-
formed.
aveTage

226

r+d

6"d

2

Range
of

feound.lty

195

26

7"9

2"95

10"6

t5

2. Ú0

1-16

l0,0

5.29

0-12

5 "lo

4*r9

0-Id

\o
t\)



TABTE ]ffiNrffI
-{ÐUTT ,AND IWMPITÄI SURVIVåI ¿TCg FECUNDTTY OÏ TIIE EE$. A^PIIÏÐ

AI"I'ffi I'ïVI DAYS C,Àcm ON BRoAÐ 83.-{NS TREATm
IOISH ERBON (NOOT ÁBSORPT'JON)

Date
applled

Rate of
applioa-

tlon

0cto Lz

]959

No, of
survlving
ad.uLts

1s000
P'P.ltr"

No. of,
ilead.

ad.ults

100
Po Pultr"

20

Total
progeny

10
P' P"1ll"

20

0

Total no.
of d.eait
nymphs

I/tlater
onlY

5á2

20

0

Sverage no,
of live

progeny of
survivlng

ad.ults

6o6

0

0

fbans-
formed,l
averago

8r

29,1

I

0

Range
of

feoundity

65o

30.3

0

5,36

51.s

0

5" 51

lo-41

55 "2

)n00

ld-4]-

5.72

29-l|I

llLt$d

\o
w.¡



TÁ3T-B ]EOMX

Á.DTII,T AT{D XM\iTTHÄI SuRtrIVAT .A¡ID T'ECTNVD TY OF TTTE PEA /IPH'ID
"A 'TM rurr ÞAYS OAGM ON BEO,A¡ Bru\NS B&q.TED

Trrmi ERBON (r,g¿¡ DTPPTNG)

Daüe
applÍod

Rate of
applica-

tlon

Íune J0

Lgrg

No, of
survivÍ-ng
ad.ults

10 e000
Po P.IlL'

1e000
P" P "Itr"

Noo of
ilead.

actu].ts

16

Tota].
progeny

100
P, Þullt"

19

2

Tota1 no,
of dead.
ny:nphs

Water
only

599

20

I

Average no.
of live

progeny of
surviving

a0u1ts

7tr

19

10

0

fþans-
formec[
avesage

6rr

I

70.9

2

Range
of

feoundlty

6zz

76 "t

7

5"+5

50,I|.

0

5" ds

1*lFg

3L,9

5,3r

o-52

5 "5+

o-5il'

5-w

\o.F



mortality to ngiphs or adults, compared. with those

eil plants"

Silvex

95

on untreat-

SiLvex has also been d.esignated. as 2-l2r4r5-fe) , ærd

trad.e names are Kuranrine and. Kuron" Its chemícal nâme 1s

2-(2s)+, 5-trichlorophenoxy) proplon1c acid., ft is recommend.eil.

as a post-emergence seleetive herbicid.e to control broail-

J.eaved. weed.so A 42,5 per cent liquid ester formulation was

used. in tests on broad beans by root absorption at J-00e 10

and I p"p"rtr, (ta¡fe fCf,) aad. by l-eaf dippÍng a-t IOO$ 10 and

1 p"Þ,rtr" (faoLe KtI), Epinasty was severe at alL rates for
both method.s of application, Results in Tables lG and ]fi',Î

show that there were no significant íncreases or decreases in
fecundity of aphid.s caged on treated. plants and no significant
aiLult or nymphal mortality,

4-(e.4-¡n)

TLre chemicar name for 4-(eu4-oe) Ís 4-(er4-¿ichloro*

phenoxy) butyric acid.o Tt has shown promise for post-

emergenee control of broad.leaved weeÉLs., particularly ln
relativel;r toJ-erant legumes sueh as white clover, alsíke, red

cl-over, alfalfa and. birdsfoot trefoil, A forty per cent

liquid amine salt was used. Ín the fol-lowing tests" I¡fhen

4-(zrl+-m) was applied by root absorption at 1000, 100 and.

10 Þop,rno epinasty was so severe aË 1000 puporiro that onJ.y



rABUE ]f[",

.EDU:I1f ÅNÐ t$yMgIåqJ. ËI]RV]VAI ¿}{O ¡'¡CUND]TY Or THE HEII APTilD
AT'ffi SIVE DAY$ CJI.GEÐ ON tsROAD BEÄI{S TREÀIED

T,¡JIH sr:,vgn (Roor *¡sonpmolt)

Ðate
applled.

May 29 u

r960

Rate of
applica*

tion

100 poÞ,rßo

No' of
survivin6
adul-f s

L0 popuin"

Noo of
dead.

aduLts

LT

Total-
progeny

P" F ollio

20

7

l,(later only

Total no.
of d.eail
nymphs

72r

1d

1l

Average no.
of llve

progeny of
surviving
ad.ults

6ár

22

eo

L 750

Trans-
formed.
average

0

59.+

0 721

Range
of

fbcundity

0

3+"'

6,23

0

3¿"6

8-r1

5.79

j6 "t

1-+5

6.:.é TT-56

6.oa 19-46

\oo\



TA3LE XTT

JtDULtl AITD XllrMEHi¡J, SIIRVïV./ùI AND IECA\TDIIY 0F TÍIE PEA ¿lPilID
ASMR FTIIE D,{YË CAGEü ON BRO*D BEA}IS [B,E"A.TED

l[t]I]. SItt¡mt (r,e¿¡' DTPPING)

Ðate
applled

$,pr11 25

1960

Rate of
appllca*

tlon

100 þ, p"tll,

Noo of
survÍ.víng
acLults

10 þop"rl

No. of
d.ead.

adults

16

Total
progeny

P. P"tTI

1s

)+

l4later

Total- no 
"of d.ead.

nymphs

4l,e

2A

t1á

nlJ

.Average no,
of live

progeny of
srrviving
adults

)25

16

1d

0 5L5

Trans-
formec[
average

?

9

2T 
"O

4rI

Range
of

fecund.lty

0

22"1

5.2r

5

25."7

t+" 65

]-5-37

22,.O

5"O9

9-ré

4.67

rT *36

6*r6

\o
-¡



gé

one Blant of twenty survived., as shown in Table EÏf,

Table K,III shows results obtainecl. by dipping lower leaves

at rates of l-00u 10 and. 1Þ"Poltn There was no signiflcant

lncrease or d.ecrease in fecundlty of Bea aphids cageCl on

treated. broacl beanse nor any signifleant adulü or nyuBhal

nrortallty oompared with the oheckÊ sh.ovm in Tables F.II and.

lftïrl,

l+- (MCpe)

Tbe eb.e¡oioaL na$.e of 4-(¡¿cpn) is 4'-(2-raethyl-4-

ohloropheaoãy) buÈyric acid, Tt has shown promise in

experimental- trials for'post*egergence control of broad'-

leaved. weed.su Ia the present series of tests it was used'

as a }lquid. forty per cent amine salt at rates of 100u 10

anil 1 p"P,IItu by root absorption aS shown in fable jCtTVr ancl

at Lr000e 100 anÖ 10 P"Poltl, by leaf dipping as shown in

Table Jil,V, 'l¡'llhen ¡+-(¡¿Cpgi was applieð by rooü absorptlon at

I'OOO p"p,m, all the broad. bean plants were killecl. There

was no signiflcant increase or d.ecrease ln feeu:adity of pea

aphids eaged. on treatecl broad. beans, nor any slgniflcant

aôu}t or nyrnphal mortality comparecl. with the cheeks shown

ln Taþte jg,IT and. F.V"

DNBP

ÐNBP is a dlnitro compound., )+u6-ainitro ortho

secon6lary butylphenol, It is recommend.ecl. for pre-emergenoe



TS3T,E ]ff,TI

åJIIIT .AND I\TTMTH^ÀL ST]RVTV/IL AISD FESI]NDTTY OF TTTE EË.û' 1\.PI{TD

AT'TER TTVE ÐAYS CAGEÐ ON BROAD BF*ANS M.EATED

'¡rrtsl 4-( eo4-on) (noot ¿¡sonprrom)

Date
applied

Rate of
applloa*

üion

tant" I}F

rg60

11000 p"P"m'

No. of
survivÍn6
ad.ults

l00 p,p.n"

No" of
d.ead.

adults

Plants

Total
progeny

1o P" Polllø

k1lled

20

Total no"
of d.eacl.
n¡rmPhs

iffater onJy

20

0

.&verage r:o.
of llve

progeny of
surviving
adults

771

20

0

Trans-
formecL
average

Sro

0

0

Range
of

fecund,lty

77+

Õ

3ö,7

0

}rc.5

6.2\

36,7

6,j6

28-5l.

6.2\

eI-51

24*JL

\o
LO



T"{BT,E ]G,Ïf,T

AÐTII,T AT{D IIYIûPHIII STTRVTVAI, A}üD FESI]NDTÍY OT IHE PSA APMÐ
.LT'TER T'TVE UAYS g"EC@ ON BROÂÐ BEÁ.I{S ftsEATED

lrrrri 4* ( e,4-on) ( le^t¡' DTPPTNG)

Date
anplÍeô

Rate of
applica*

tion

Mayal 9g

1960

100 p.ponlo

No" of
surviving
ad.ults

10 p"puIIIu

No. of
d.eacl

adu1ts

16

Total
progeûy

P' P6lfl6

L9

2

lVater only

Total nou
of dead,
n¡nnphs

609

16

1

/tverage EGt,
of llve

progeny of
survlving
adults

6r4

19

16

l+

fbanÊ-
foruaed.
average

6s6

t+

0

51.d

Range
of

fecundlüy

526

14

5Ih.4

j"6e

22

37,2

5'8"1

15*+É

10,6

6.o7

22J+É

5 "3á

IJ*J2

6-116

Foo



Tli.Bilffi IILIV

ÅDTjLT ANü }M\/IPHÀL SURV'JVAI åND FEST]NDtrTY OF T}IE PT¿. .APÌilD
ATTffi, TT\TT ÐÀYS CAGEÞ ON BRO.{D B3-4}TS ÍREA1ßD

Tffffi 4-(mcpn) (noor ÁBSoRPTToN)

Date
applled

Rate of
applioa*

tlor¡

Febu 18

1g60

100 p.p"Itro

No" of
surviving
adul-ts

I0 p. p,trle

No" of
dead

ad.ults

t9

Total
progeny

F" F.IIle

20

20

1d

T

o

0

2Tfater only

TotaL no¿
of dead,
nymphs

769

Average no"
of llve

progeny of
survklng
aitults

dod

0

TOL

Tratrs-
formed.
averago

0

IÐ,1

752

Range
of

fecundlt

0

l+o,4

6ð5

3

,5,5

v

16-55

6.r3

Ifo,7

5,92

d-5r

21*46

6"j6 15-54

Ho
H



TABT,E XtT

A-ÐUIT AI\I-D }TYIVI3TÍAI S.TRTIV¿J, .$[D IECUNÐITV OÏ MIE rE/!. .APEÏD
AT'TER T'TUE DJI:rS CAffiÐ ON BROA.D BEAT{S TRTATED

ïEfII 4*(vicPs) (r,n¿r DIPPTNG)

Date
applleô

Rate of
appllca*

tisn

May 9u

r96û

11000 p" p"rtr"

Noo of
surviving
adults

100 p.portro

No. of
c[ead

ailults

LT

Total
progony

10 p"p"rl,

19

,

![ater onfy

Total no"
of d.ead,
n¡rnphe

526

18

I

':::Jrverage ftoo
of l1ve

progeny of
survlving

adults

6z4'

20

2

0

596

10

fbans-
formecL
average

0

29,6

6ll

Range
of

fteunèi't

11

3r,9

5,\'

0

tJ¡'

32.O

Lt*+2

5,6t

33 "d

5,6é

4*4t

25*rg

5,d4 19-i+2

Ho
f\)



Lo3

and. nonselective post-emergence weeil control, fhe materíal
used. for the present tests was a fifty-three per cent amine

salË, which when sold. as a conmercial formutation is carled

Dow Premergea llhen DNBP was applied by root absorption to
broad- bean plants at 500 B" p"rtr" all plants were kil].ed." At

200 and 100 p,p"rtrn soae plants i¡Jere killed., whlch accounted,

for the large number of d.ead. aduLts shown in the data of
TabLe J(IJru, Resr¿lts are shown ín Table ]mVIf for DNBF

applied. by J-eaf dipping at rates of l_e000, 100 and l0 p,þ,ttrn

[hrere were no signlfÍeant íncreases or d.ecreases in fecundity
of aphid-s caged for five days on the treated broad beans and.

no sÍgnÍfioant ad.ult or nyrnphal- mortaliüy except on dead

plants,

IPt is a carbamate lçaown ehemieally as isopropyl
$*phenylcarbamaten rt' is a serective herbloide to eertain
grass-type Blants" rn Manitoba it 1" ¡essilrmended. for ruird.

oat eontrol in pease sugar beets, sunflowers, soybeans and

rapeseed.¡ &s a pre-planting treatru.ent, rn the present tests
it was used. as a twenty-five per eent liquid formulationu

ït was applied. by root absorBtion at rates of 1e000e 100 and.

10 pnp.rlr, OnIy three plants survlved" the treatment of 1e000

trt"Þ,rtr,, which explains the seventeen d.ead ad.ults aû that rate

ín Table l(LTrrr" rPc was apBlied. by leaf dlppi.ne at rates
of 1r00or l-00 and 10 p,Þ,rïr" and the resuLts from this test

ïPt



TABLE ]TttrI

$.DULT .åNÐ XlIn/iTAAt SUËVfit{f, .Aiim I'E6[]I[DITY 0I' TIIE fEÂ 4PIIID
-{T'TM, T lrE DAYS O]LGED ON BROIID BEA]\ilÉ 1REATEÞ

ïmTH DI{BP (nsÛr Á.BSOA,Pru0N)

Ðate
applÍeð

3eb" 3 u

1960

Rate of
apBllea*

tion

3oo PoP'lno

No" of
survivin6
adults

200 þ,p"m"

No" of
d.eacl

ad.uLts

Plants

100 p"p,rt"

Total
progony

killed

L0

tlVater

Total no"
of d.ead.
nynrphs

r3

10

nly

Average rc.
of live

progeny of
surviving

aclults

Bn

L9

7 537

lbans-
formed.
average

l{o

l" 6+3

Range
of

feoundity

l1

,7,O

0

2|.70.'/løJ

6,az

44,0

6 "r5

T5-5L

6,66

L+-53

3r-55

Fo
-F'



TJ\3LE }ü,WT

Á.ÐTIÀT AI{D XTN\fPEAI ST]RVTV.AT, .A}]D FTCUNÐITY OF TT{E PE/I ^æI{-JÐ
JIT'TER T'IVE B*YS C$.GEÐ ON BROA.D BT'ANS TR'EAIÐ

ïirrrr DNBP (ræ¿s prpptlçc)

Date
applÍed.

Rate of
applica-

tlon

May 11,

1960

1r000p" p,tTr.

No" of
survlving
adults

No, of
deail

ad.ults

100p" polrr"

rd

Total
progeny

10 Þ"Þ,rr

L9

2

Total no"
of ileacl
ny:nrphs

ltlator onl}

632

20

I

Averagg no,
of 1lve

progeny of
survlving

ad.uLts

6o6

o

20

0

Tbans-
fonnecl
average

6sl

?1

35.t

0

Range
of

feound.lty

722

tÌ+

50,5

5"93

0

Jl.1

5"IF9

1+-p+

56.t

5 "55

1t-+d

6.az

9*l$.e

25-+6

Fo
\JI



TÁ3T,8 XtlMÏT

JI.DULT AT\TD I{Y[4SHÀL StmÏIiT^I, .A\TD NECN¡¡T¡TTT O¡'
AT'TffiR TT1M ÐAYS C¿,ffiÞ ON BROAD BE^L}IS

tqnul rpc (noon ¡¡sonptrom)

Ðate
applled

Rate of
applloa*

tlon

Octu 14u

l"959

1e000
B6 p oltro

Noo of
surviving
aiLults

Noo of
cl.ead.

acl.ults

100
P" PnIfI"

t

[ota1
progeny

10
P u P olllo

L2

frTE PELA, ArfTÏD
trTEA.TÐ

17

[ota1 no,
of ilead.
nymphs

l'llater
only

ss

20

Average no.
of llve

progeny of
survivlng

aduLte

d l+r7

20

0

0

fbans*
formei[
average

5t{o

o

29 "5

0

Ran ge
of

feound.lty

595

0

34,7

5.+5

0

27.0

25-r5

5.65 12-54

29.7

,,09

5,\7

5-t+4

LT*59

Po
Oì



are shown in Tab].e lßIXo There were

or d.ecreases in fecund.iüy of aphids

treated plants, nor any sigaificant

ity"

ffiPC

107

no sígnificant increaseg

caged. on any of the

adult or nym.phaL mortal-

Ttre chemical nane of 6[Ptn also sometimes ca],]ed. chl-oro

IPC, is lsopropy] N-(J-ehlorophenyl) calbanate. It has

BroBerties simllar to those of IPC, It has a sonewhat longer

resÍclual action ancl controls wlId. oats and. green foxtail and

a varÍety of broad.-leaved weed.s" For the Bresent tests a

forty-eigþt per cent líquld formulatíon was used." CfFt was

applied by root absorption to broad bean plants at rates of

SrOOOe 2eO0O, and. 1e000 pnÞuÌn,, (faute t) and by leaf dipping

at rates of 10rOO0, lr0O0 anð 100 poÞoltr, (fable lJ), There

r¡¡eireno significant differences in fecundity of aphids caged.

on the treated plants and. no significant adult or n¡rmphal

mortaLity compared with Ëhe checks,

EPTü

EPÎO, also lanown as Epta.m, is a thi.oearbamate, with the

ehemicaL na:ne ethyl N, N-di-n-propylthlolcarba¡rate, ft has

been used experimentally as a Bre-etnergençe herbieide to

control various grasses and. broad,leaved weed.su A. tiquid

seventy-elghÈ per cent formulatlon was applied to broad beans

by rooü absorption at rates of 100, 10 and. 1 Pupoltr" Results



rA T,E ÏÎ,ÏX

-¿\ÐTH,T .AI\TD I\TnVTPHAI SI.IRVIVÁJ. AND trUOUNÐITY 03 TTIE PEA ATtrID
AT'TM TTT-E ÞAYÉ CÄGEÐ ON BROÂD BEANS 1AEATED

ïnrrÍ rPr (rs¿¡ præprme)

Ðate
applie

Rate of
appllea*

tion

Ii{ay U,
r96o

1e000 p" FoIn*

No" of
survivlhg
ad"ults

100 o" p"m-

Noo of
d.ead.

adults

16

Total
progeny

10 p" B"m"

16

2

Tfater only

Total no"
of deail
n¡rmphs

711

rT

+

Average no"
of Llve

progeny of
survi.ving
ad.ults

628

ró

3 6Ltg

Trang*
formecl
average

4z

3é,3

2 66s

Range
of

fecund.lty

I+o

36,7

6,LT

L6

5+"1

10*49

6,oT 27 -\7

15"2

5"62 t6-5o

5,65 7*50

H
@
og



TABT.E L

AÐTTLT ANÐ NYIfiEHAt SURVTVAT ATID FSOIJNDITY OT TTIE EEA APHTD
ÀT'ffi. FTVE Ð¿YS C¿.gTÐ ON BROÁÐ B3ÂT[S 1REJTTEÐ

rÂrrrtf crPc (noor ¿¡sonpmoiv)

Þate
applied

Nov" 11,

J.959

Rate of
applioa*

tion
No" of

survlvlng
ad.ults

5 $000
Þ" P"ß.

Noo of
deail

ad.ults

2e000
P.P"!Tl"

L9

fotal
progeny

1e000
P" PoIIl"

1d

Total nou
of iLeail
nynphs

I

Vfater
oaly

Qr

20

r'\verage no
of Llve

progeny of
surviving

adults

2 6og

19

0

o

fbans-
formed.
average

6s6

0

35 "6

1

Range
of

fecundlty

6dr

0

13,8

5 "99

0

5t"9

5 "83

1g-44

35.6

5"65

rg-46

6,01

17-4Ð

25*+é

Ho\o



1143ÏJË LÏ
AÐT]LT *{IdD XTN\/TPTIAL s"Uì\TJV¿I AWD ¡'ÆCUIV'ÐITY OF ffTE HEA åPiilD

/{J ER trT\TS DAYS CÄ.GM ON BROAD BE.AJ{S TREA.TED
rmrîI crPc (ræ¿g' ¡t¡pruc.)

Ðate
applied.

lune 14

rg60

Rate of
applica-

tion
No. of

survlvlng
ad.ults

10 e000
Þ o P.lllo

1r000
Þ"PuIl["

No. of
clead.

aclults

19

Total
progeny

100
P"Þ"1l1r

20

I

Total no
of d.ead.
nynphs

ïVater
onLY

559

20

0

Average no
of Live

progeny of
survivlng
adults

6zo

t9

0

0

Íhans-
for"noed,
average

590

o

2T "6

I

Rango
of

fecunttlty

6M

0

5L,O

5"25

0

29 "5

5 "5L

d-40

54,1

5"27

6-46

5, d4

0-47

L9*l+6

H
Po
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are shown in Table I.II" At eaeh of the three rates some of

the plants were som.ewhat injured, in that the leaves !üere

dry like papere Both adul-ts and. npnphs of the pea aphid.

caged on such. leaves d.ied., because of laok of plant sâpu

However, other plants were uninjured at the same rates and

large populatious of aphids were fou¡rd.u EPTC was applied by

leaf dipplng at rates of 11000, LOO ancl ]O pnpoltro (Tabte

LTII), In all tests there v,ere no significant ðifferenoes

among aphids cagecl on troated. broad beans comparecl with the

check as to feeund.lty or aitult or n¡¡opha] mortal-ity.

Barban

Barbanu also ls.own as Carbyne n is showing great

promise in extensive Ëests against w1ld. oats in ïlestern

Ca¡acla" fts chemical na¡ne is 4-chless-!-büüynyl irT-

(5-cntorophenyl) carbamate, Tühen barban was applied by root

absorptlon to broad bean plants at 10e000 p,p"nlu thero was

severo epinasty, At rates of 11000 and 100 p"P,Itr, fhe plants

appeared. to þe etioLated. ancl. spindly" However, this d.1d. not

appear to have any effeot on the aBhlds¡ âs shohrs 1n Table

TJV, when concentrations of L2"5 per eent barban liquid-

formulation were applied at rates of 3r000e 21000, and. 1e000

Þnpoärn of aetlve ingrecLient by root absorption" Table LY

shows results obtained. when barban vuas applled by leaf d-ippf.ng

at rates of 6e000, 41000 aud.2eO00 P"P.ttru -At none of the

rates used. was there any significant differenee in fecund.íty



TÁ3L-Ë LTT

A"DULT -{T{D }ilNWFHAL STJIìVIVAT /\ND TECUNSTTY OF THT PEA AI}TTID

AT''TE1ì FÏIIE ÐåYS C/IGEÐ ON BRO$.D BTI{NS IRBATM
ïn${ E}To (noor ¿¡sonPurors}

Ðate
applied

Rate of
appllca*

tlon

Deco 26

r.959

No, of
survivÍng
adults

100 p" p"rrl"

fQ p,p,tßo

Nou of
dead.

adul-tÉ

14

Total
progeny

P" P "ÏfI'

t5

6

Total no"
of itead.
nyuaphe

T\later onl.y

lIl

702

5

Average no"
of live

progeny of
survi'ring

adults

6t+z

1d

55

6

lrans-
formed.
average

6t6

6o

41"9

2

Range
of

fecundity

9t+

77L

4a. d

6,Wg

56,L

52-5\

0

6 "53

42"6

2+-55

6,t6 L7*5?

6" 56 33*5+

H
H
tu



IABT.E ffiÏÏ
AÐIII.T AIiID ÀTfl/iPll¿rt SURVIVAI AND fEflINÐITy OF ffiE HEA JIfmD

JisTM, F$ru] DIIYS TAGED ON BROAD BEANS ffiEAÍED
ÏII${ EPTO (T.M¡¡' DTHPTNG)

Date
applled

Rate of
applica-

tlon

nïay 3-J

1960

Noo of
survivÍng
acl.ults

1e000
P'þ "ltr.

No, of
ilead.

adults

100
P. P"üI.

Ld

Total
progeny

10
P"Þrlilu

r7

2

Total no"
of doacl.
n5rophs

Vüater
only

6zT

rT

4

Average no.
of live

progeny of
survlvlng

adul-ts

l,6:"

3L

r.9

3

f?ans-
fomeil.
average

6zg

u

32.8

1

Range
of

fecundity

69a

d5

30 "ú

5 "69

L1

51"É

5"39

r3-+6'

3+.'

5,54

5-+9

5,é5

rl_rtz

10-4d

H
H
\Àl



TÁ3Ï,8 ]JV

^åÐTIT AUD UTIPNCL SIIRrJTJII AT\TD TECUNDTW OF THE PEiA "AI)HTD
"É$'TER FT\TE D¿ÍS CAGffiE ON BROAD BTATTS 1RTATED

",qru{ BriRB-A.N (noor åssonpÏrom)

Date
applied

Rate of
appllca-

tion

Sept" 2I

t959

Noo of
survlviag
ad.ults

J r000
PoFnIlIo

2e000
Po Þ"ltr"

Noo of
d.ead.

ad.ults

1l+

Tota]-
progeny

1e000
Þ" Pultro

t5

6

Total no,
of iLeacl
n¡rmphs

v'faùer
only

55L

t2

Average no.
of llve

progeny of
survivlng

ad.ults

555

0

2A

d

Trans-
forrneil
average

462

0

54"6

0

Range
of

fecundity

6gl

32"6

0

5.92

0

31.2

22-+6

5"TL

3+.7

10-40

5.72 11-46

5"9L 2r-+5

F
HF



T.ABLE LV

ADÏI¡T TND IITI\IÍFHAL STJR\TTVAT ANÐ }-BCUNDTTY 03 ÏTTE HEA å3TtrD
Æ'TMì. FÏTE DIIYË CÅGED ON BRO.4,D BTAJIS TR,EATED

1l1lII5 B¿RB,,q.lif (r,g;r¡' DTPHING)

Date
applled

Rate of
applica-

tion

tune L6

l-959

No" of
surviving
adults

6 rooo
BE pulllo

l+rooo

P'P"Itro

Noo of
d.eaiL

ad.ults

LT

Total
progeny

2e000
Po Þ.1I1o

æ

7

Total nou
of d.ead.
nynphs

lllater
onJ.y

],26

15

0

l{verage no.
of live

progeny of
surviving

adults

270

)+

T8

5

Trans-
form.ecl.
average

t66

3

7"0

2

Range
of

fecund.f ty

ltg5

13 "3

0

2"+t

L2,5

0

3 "50

o-21

ro" É

3.27

o*27

3 "49

o_29

a-52

Flr\'|
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of pea aphids caged. on bhe treated broad beans, and no

significant adult or nyn:phal mortality.

Avad.ex

Avadex has the ehemical- name of ZrJ-ùLcb.,loroal-lyldi-

isopropyl dithiocarbamateo Tt has shown great promise in
control of wild. oats in extenslve trials in ',ilestern Canad.a"

It was avaiJ.able for tlre present tests against aphids as a

fifty per cent liquld foroulation" It was applÍod to broad.

bean plants at rates of 4n000, Jr000 and.21000 P,F"ltr' both by

root absorption (taUte tIru) and. by leaf dipping (faUte LIEI).

In neither of the experiments were there any significant

differences a¡1ong counËS of live progeny of surviving adults,

nor was there an'y slgniflcant ad.ult or nyisphal mortality.

TDEO

lhe chemical nane of CXEC ls 2-chloroaLlyl- d.lethyl-

dlthiooarbainate. It has shown promise for the pre-emergence

control of certaln weed.s in several vegetable croBso It ís

nore effoctj.ve on weed.y grasses than on broadl-eaveil weed.so

a 46"4 por cent llquid formulation was used in the following

tests. Table LIIIII shows results obtained when CDE0 vuas

applled by root absorptlon at rates of 100u 10 and f P"P'IB"

to broad. bean plants on which Bea aphid.s were caged for five

days" Tabl-e LIX shows th.e results obtained by leaf d-iBBing

at rates of 1e000, 100 and 10 Þ,P.tIo Therew.€reno slgnificant

d.j-fferences in feound.ity anong any of the treatments a¡rd. no

signiflcant adult or nyrnphal mortality,



TAB].ü LW

AÐUT,ï J\ND I\TYIVIPIT¿\I STIR\ru-\T-AJ, AI\TD I'ECU}TDÏfY OÏ
/l'tr'TEA, fTïE D-ô.YË C.¿rGflD 0N BROÂD BETUVS

rrrj'rT{ AVé-Dffir (noot il.BsoRPtfoN)

Ðate
appJ-led

Rate of
appJ.lca-

tion

tune 21"

r96o

NJo " of
survivln6
ad.ults

4rooo
Þ" Polfl"

S rooo
þoÞolÏI,

Noo of
d.ead.

adulüs

1d

Tota].
progeny

2e 000
P " þ "1T1'

15

TIilg TEA APIIID
TRE¿.TED

2

Tofal no.
of d.ead.
nymphs

iljater
only

5ó9

20

5

J{Verage no.
of Llve

progeny of
surviving

ad.ults

)+d4

T2

20

0

fbans-
formed
average

614

2L

5r,l

0

Range
of

feoundity

6gé

0

50 "Il

5,+5

0

5t.7

5"+T

0-4d

1+.9

5 "57

d-4¡

tro?

l-44

22-+3

HF--l



TÁBLE TVÏI

AÐTTLT ÄNÐ }ill,[PHI}T SIIRVTV"I,I AND TECUNÐT TY OF TEIE ÏEÁ. -åPIITD
Á.T'ffiR T'T\TE DåYS TJ\ffiD ON BRO¿,D BEANS Tts,ËJi.TED

-'ilJITITT AVJâ.Dffic (TJEA3' DTPSING)

Ðate
applied.

Rate of
appllca-

tíon

June 2L

t 960

No" of
survlvlng
ad.ults

4rooo
P"ÞuI1l"

J e000
þ'Þ oITI"

No, of
d.eail.

adults

1d

TotaI
progeny

2e000
P" PoIÏIu

19

2

Total no"
of ilead.
nyapbs

ltrater
only

614

20

].

Average no.
of live

Brogeny of
survivlng

adults

éel,

20

0

0

Í?ans*
formeil
average

752

37 "+

6

0

Range
of

fecundlty

782

\2.6

6 "t3

37 "6

0

6 "i5

2].*5I

59.L

6"t4

35*54

6.27

15*50

27-+á

ts
H
CA



[¿3Lg r,\Ëffi

ADUT,T -AJ\D I\]Y[/TFHA], SURVIU¡i .AND FSSI]NDT'IY OF TTÍE ?EJ¡. .A.EHJD

^LÏ'Tffi, FIVE DA]Ë C$.ffiD ON BROA^Ð BEÄ]üS M,r.{Tffi
rffir[r cDEr (noor ¿¡sonpmom]

Ðate
applied

Maroh J

r96o

Rate of
appllca-

tion

100 p.B.m.

No" of
surviving
ad.ults

10 p"pomo

No" of
clead.

adults

18

Total
Brogeny

Poþ"1TÌ..

16

2

VÍater onl¡¡

Total non
of deail
n¡mphs

657

1g

2

AYeragg no"
of ]-lve

progeny of
survivlng

ad.ults

725

20

t1

2 6gr

fbans-
formeiL
average

5+

35"9

0

Range
of

fecundiüy

616

12

56.7

5.97

53

57 "9

6 "zo

l.5-51'

3r"2

6,t6

27-5L

20-53

5,52 d*4É

HF\o



Tå^BT,8 TTX

ADTAT -ANÐ NTIIPTTAI ST]RVIVÁT S,ND TEOLN\TDITY O3 fdE PEII AFIITD
JI5'!ER FÏÏE DAYS CAffiD ON BROJI,D BE/I,NS ÏAEATEÐ

T,üJm{ cDrü (r.g"l¡' DIFF]}TG)

Ða.te
applio

Rate of
applica-

tion

May 2l+

1960

11000 þ.p"r,nu

Non of
surviving
adults

100 Þ"p"ITr,

Non of
d.ead.

ad.ults

20

Total
progeny

10 p.B,fr.o

1€i

0

l/üater only

Total no"
of d.ead.
nsrnPhs

669

19

/ì

/ùverage no.
of livo

progeny of
surviving

ad.ults

6sl.

20

0

1

Tbans-
formed,
average

6y

0

55 "+

0

Range
of

fecundity

66r

2+

33,3

5 "76

1t

33.L

L5*52

5"72

32,+

5.71

d-4d

10-4d

5"66 g*+7

F
luO



T2I

The chemical name of oDA¿A. is 2-clrloro-N, N-d.lallyl-

acetamide. ft is commonly so]d. und.er the trad-e na¡ce of

Rand.ox. It has shown promlse Ín tests in lufanÍtoba as I Bro-

emergence eoatrol of weed.s in corn and soybeans, but incon-

sistent results in tests against wild oats" A forty-seven

per cent liquld formulatj.on was avail-able for tests on broad'

beal plants. CÐÁ-4. was applied by root absorption at rates of

Lo0, 10 and l p"potro and. by leaf dipplng at 1r000r 100 a-nd 10

p"Þuril. Results for the root absorption tests are shourn in

Table T,X and. for tho leaf dipping tests in Table IJçf, there

were no significant differences among live progeny of sur-

viving ad.ults caged. on treated. plants and no si gniff oant

ad.ult ox nyrnBhal mortalltY,

Iüonuron

I',{onuron is a Úsubstituted urea'f, former}y calIed. gSfU'

It has the chernical nal!.e 5-(p-cnforophenyl)-1, I-dimethyl-

urea6 Íh.e formulation used for the following tests was an

eighty per cent i,vottabl-e powd.or oalled Karmex lV' Tt is a

soil steriLant which will usually keep the soil free of

vegetation for severaf years when used. at rates of 2 to J Ozø

per 100 sQ" ft. When applied. by root absorption to broad'

bean plants at 10 þ.Þu1r1" aI1 plants were ktll-ed' Table TJCII

sholvs resÌ¡Its obtained when applied by root absorption at

rates of t, 0"L and. 0"01 þ"Þ.lgo only four plants survived.



T.{BT,E T;{

ÄDU],T AT\TÐ IrYI\mIr¿t], SUEVITAJ, A}'TD I'ECUNDIÏY 03 trIE P&\ ,A3IIID
AT'TER FT]TE DAYS CÅGEÞ ON BRO"AÐ BEA}TS TREIITFJÐ

1¡TTE{ TDÁ.A (NOOT IßSORPÍTON)

Date
applled

Rate of
applica-

tion

I'eb " d

1960

100 p"pome

No, of
survivin6
ad.ul-ts

10 Þ,Þ"r1"

No. of
il.eacl

adults

1d

Total
progeny

P " þ nlIl.

rT

2

V/ater onl-y

Total no"
of d.ead.
nymphs

6ég

r6

3

Äverage nô.
of live

progeny of
survÍ-ving

acLults

6n

t7

36

lr-i!

Trans-
formed
average

572

10

t6 "a

5

Range
of

fecuncLity

51é

34, j

5.66

I

L7

53 "9

5,69

o-55

2é.6

24-44

5" s0 16-44

5"29 l-41

H
[u
t\)



T/I.BTE T,ET

ADUl,f ,ANÐ l\nf1rliPHAt SURTJ"IV.AI, ÁND F3CII]{DITY 0F lTIlI PEå. ê3IIïD
AT'TM T'TT¡.8 DAYS CÂG}:N ON BROAD BEÄMF TRE,{MÐ

1,frETH CDIIA (Tg:¡¡ D]SPTNG)

Date
applied.

May 2\u

1960

Rate of
applica-

tlon

1r000 pop. ttr.

Noo of
surviving
adu].ts

100 p"p¡1.

lrïo " of
d.ead

adults

aT

Total
progeny

1o P"P,m

L7

1

l{ater only

Tota] no"
of d.ead
nymphs

6rl+

16

4

-Average no.
of live

progeny of
surviving

aduLts

580

20

L2

2

ïÞans-
formed.
avorage

597

10

35 "2

0

Range
of

fecund ity

766

35,tr

5.6)+

9 32,7

5"66

0

6-m

5é,+

r,1-55

5 "7r l:6*\6

6" tIL L5-52

P
N)

\J\|



TJTBLE TJtrT

å,DULT AIID 1\lri\.,ÍPn/,lI, SUR\¡TV"{IJ, J'úü] flICU]i-ÐI'fy 0T ¡ITIE p&t .qPHïÐ
ÁSTM NñTH D;TYS TAGED OlS BRO-,iÐ BTL/.NS rREÄrrD

lfi tri r[oNr]RoN (noor :tBsonprroN)

Ðate
aBpli.ed

Rato of
a.pBlf.ca-

ti-on

Jrprll J

1960

No. of
surviving
aduLts

Þu PoÏl1o

0o1 pupo1ÏIo

No" of
d.ead

ad.ults

t¡.

0.01 ÞopoTtro

[otal
progeny

5

16

Tota1 no.
of dead
ny:nphs

'r4later only

1é

235

t5

/,verage no
of live

progeny of
surviving

ad.ults

19

2q1

d)+

2

Tbans-
formed.
average

fi6

121

26 "5

I

Range
of

feonnd,f.ty

616

26"6

0

5 "26 L2-34

2é "g

CJ

5,20

55 "+

2L46

5 "29

5.96

6-4s

25-55

P
lu



l-25

the f p"þ"rß, treatment, but the four aphid.s caged. oa them

produced a aormal number of progeny" SimÍIarly, only fÍve

pl-ants survived. the treatärent of 0"1 Pnporfl" Tab]e T,IGII

shoril¡S results obtained. when monuron was applled by leaf

d.lpping at rates of 1rooo, 100 and 10 Þ.P.m" In none of

the tests were th.ere any signifieant d.ifferences s¡nong

nuglber of I1ve progeny prod.uced. by survivlng ad.ults e nor

was there any significanü ailu}t or nynphal mortality on

ptants that survived. the treattaents'

r.Õ4

ft$. ls trichloroacetic acid." In ltfanitoba it has been

used. to control green foxtail (wild. rniLlet) in fl-axr peas

and. sugar beetse and. to erad.j.cate patches of quack grass.

.A sod.ir¡m salt wíth seventy-nine per cent acid equ'ivalent

vì'as used in the following tests" Table T,EIV sbows results

obtained. when Tt'& r¡Jas applied by rnoot absorBtion to broad'

bean plants at rates of 4r000r 51000 and.21000 Þ,P.lllne and'

Table l,EV rosults when lt was applied. by leaf dlBping at

101000, lr000 and. 100 P,PnIlLu nlrere were no signiflcant in-

creases or deoreases in fecu-ndity anong aphlds caged. on the

treated Dfants and. no significant adult or nyaphaf mortality"

Dalapon

Dalapon is lm.orvn also bY

Rad.apon, tlte chemical. na&e i.s

the trade na.nes Dowpon and.

2 r1-dLchloropropi onie acid."



TÁBTJN TiüÏT

ÁJiULT AND NNVÎPzutL STIR]ruVAI ¿qND T'ESIX\TDTTY OF ffiE PEA A.}HTD
.A¡'Tffi. FTT$ DAYS TS.GED ON BRO-åÐ BEA¡IS fiffi¿,TED

1m$I MoNURoN (r"p*qÏ nrpprmc)

Date
applíed

Rate of
appllca*

tion

Iune f,
r96o

No" of
surviving
ailults

Ie000
P u P"Itr.

No" of
d.eacL

ad.ults

100
Po Þr1ÏI'

1l+

Ío$al,
pTogeny

10
p" p.m"

T6

6

Total no"
of cleacl
nymphs

l¡liater
only

460

1d

Äverage no.
of live

progeny of
survivlng

adults

)¡. 4zd

20

22

2

T?ans-
formecL
avexage

595

10

30,2

0

Range
of

fecundity

5+5

28.2

0

5,52 18-jé

50.4

0

5"2j

2T ,L

5.55

2-40

r6-40

5 "2o é-ré

H
ruo\



.I'ÁBI,T ÏJCTV

AÐTËT AND }iY]VËHAL SUR1EVÁT A}TD TETUI\TDTTT OT' THE Ë&A ATHTD
SJ'Tffi. TT\TE DAYS CA@D ON BROAÐ BE,A,NS 'TREATEÐ

wrru rc¿ (noor ÁBSoRPrrom)

Date
applled

Rate of
e-pplica-

tion

Íano 5,

1960

No. of
surviving
ad.ults

tf 
r ooo
P' þoltr"

3 e000
Po Poltro

No, of
cleaiL

ad.ults

20

Tota1
progeny

2s0oo
p6B"IIIo

14

Total no.
of deacl
ny:nphs

0

Water
onlY

l'6z

19

,Average no.
of Live

progeny of
surviving

ad.ults

6 59+

20

0

I

frans-
formod
average

6o7

0

2s"t

0

Range
of

fecundity

14

5go

2s"L

5 "33

2

æ-4j$

3r"2

5 "32

29"If

t9-55

5.5+

5,44

4-49

16-40

H
N)-{



TÁ.BLE TJCY

ADULT AND NTMPHAT STIRVTVAT ¿IIO TEfiINDTTY OF THE EEA. APHTD
^AT'ffi, FNTE DAYS TAGED ON BROAD B3"ANS Ttr,E/ITED

rrfrn TcA (r,rur¡' urpprNc)

Ðate
applied

Rate of
applioa-

tion

Íune 1+

1960

10 eoo0
T\ñh
l/o }¡eÁ¡¡o

Non of
survívlng
adults

1e000
Fo þul1l.

100
Þ" PolÏlu

Noo of
dead.

ad.ults

1q

Total
progeny

1s

"t¿llater

only

Total no"
of d.ead.
nymphs

1

20

6gl

J{Verage ïtoo
of live

progeny of
surviving

ad.ults

2

20

TIT

0

6

74.4

ftsans-
formed.
average

0

0

)).o

Range
of

fecundlty

7)z

0

59 "1

5.97

0

37 ,2

6" z\

25-52

57,L

6"09

t4-51

16-46

6,oT rr-52

H
f\)
oq



L29

Its maj-n use is to control pateh.es of quack grasso TLre

fortruLatj-on used. was sod.ium 2, 2-dichloropropionate, seventy-

four per cent acld equivalent" Ðalapon was applied to broad.

bean pl-ants by root absorption at rates of Ir000 e 100 anil

10 pop,rnu (ga¡le f-,iclE') and. by leaf dipplng at rates of

10ro00e 11000 and 100 p"p"rtr. (fab1e IJffIII), TJ'dhen aptrids

]/ïere caged on the treated plants for five d.ays there were

no signifieant increases or d.ecreases in fecundity and. no

significa:rt ad.ult or nyu.phal mortality compared- with the

checks"

ÐbTTT

Ttre chemical name of D[iiTt is 3r!-dímethyl-tetrahydro-
In3o5, 2Ë thiadiazine-Z-thione. Ït is being tested. experi-

mentaLfy as a soil fumigant against certaín weed-s and. soil
nenatod.es" It is avall-able as an eighÈy-five per cent

wettable powd.er ls.own as llylone" Rates of 101000 and. 11000

p" p"ro, killed broad bean pLants when applied b]t root absorp-

tion" Table T,{ïtIf shows results obtai¡ed. when D\d'ÏT was

applieô by root absorption at concentrations of 100, l0 ancl

f p"p"m. Tab1e ljttX shows resuLts obtained by leaf dipping

at rates of Le000e 100 anil L0 P"P.Itr" -tiltren aphids were

caged on the treated. broail beans there $Jere no significant

d.j-fferenoes am.ong counts made of Live progeny of su-rviving

adults, nor was there any significant ad.ult or n¡¡nphal

mortaLity when compared vuÍth the checks,



TJLBIIS Üil/T

AÐULI ¿.I\TD NYMÏII-LL SURVIïAI é.lrTD I'EflnTDITy OI' IIIE HEA APHID
A3'Tffi. FI DAYS CJ{C"EÐ 0N BRO,q,D BEÁ-ITS TREATEÐ

ïfi TH BrtT*A-poN (nOOr :18,$0Rp[t oN)

Date
appJ-ied

Rate of
appllca-

tion

April 2

1960

11000 p,p.rso

No. of
surviving
ail.ults

No" of
d.eacl

adults

JOOp"p.m,

18

TotaI
progeny

10 p" Þ"Itr.

1d

2

ïu'ater only

total no.
of d.ead.
nlm.phs

6tz

t7

2

Average no.
of 1lve

progeny of
survivlng
adults

64r

r7

0

1

firans-
formed.
a.velage

6\t

¡+

7)o

1

Range
of

feaundity

6zz

20

53 "L

5.75

2é

:-2-+6

32.7

5.70

3+.6

5,66

8-53

5 "65

9-44

t7 -52

H
\}Jo



T/IBLE I,X]ÆÏ

ASI]I,T JI.i\iD }I]]N\TTIAI STIRVTV,U, A}TD TECU1VDTTY OF TTU EE/\ ,APIüD
Â3''Iffi ANTE DJYS C/IGED ON BRCIAÐ BEAiVS TR.TIATED

wrrrl ÐJrr-A"poI[ (ilg,tÏ nrppruc)

Ðate
applied

Rate of
applica-

tion

June T,

1960

No, of
sr:.rvÍving
ad.uLts

10 r 000
po p,m.

Noo of
d.eail

ad.ulüs

1e000
P. Þ"Elu

Iö

I'ota]-
progeny

l-00
Pr Þ'ltr.

L9

Total no"
of d.ead.
nynphs

2

'ÂIater
only

51+

Average no.
of llve

progeny of
survÍ-ving

ad.uLts

16

L 575

20

2

Tbans-
fonned
average

4ig

9

27 "6

0

Range
of

fecund ity

494

5.26

29"7

0

l3-4Ð

5 "46

25.5

L6-57

2+"7

5,05 r+45

4,95 La*37
H\x
H



TA3]JT I,X]ruTI

JTDULT Jri\TD I{YMPILIT, SURVIVIiL A-t\D Ï'ECI]ISDIIY O3' TITE PEA /{3HfÐ
.Aj]ltm'ITVEUAYScÄffiD0NBROJ'-DBnANs1E3j"{!,r,ED- 

'?ï-ITr.{ i&îTI (nOgr ir3sORPt[oN)

Date
apBlied

Rate of
appllca-

tion

lviareh l-

t-g60

100 p,Þ,rtr"

No" of
survivlng
adults

10 þ" pnI11"

No, of
d.ead

adul-ts

1d

Total
progeny

Po!"1o"

20

2

Total no"
of dead.
nymphs

tr'riater only

5s0

20

0

Jlverage no.
of llve

progeny of
surviving

ad.ults

660

16

19

0

fbans-
formecL
average

6o3

50 "2

0

1

Range
of

fecundity

59t

3).O

5"1+

0

o-46

25

30 "2

5"76 6-Lr6

Doz

E"o 1-51

5.39 15-+g

H
\r.l
f'ù



TÁ3T.8 ]JCT]T

.AÜUTT ÁND NYl\,iPHItt ST]i?VTVIAJ, .{iNÐ FECUNDITT OF TTIE PEA Ä}HrD
,¿IS'TM, FIVß DAYS T"ê,GM ON BROAD BEJUiIS [ruT/TT5fl}

1,,j.tEI m{TT (i¡nr prrprms}

Date
applied

Rate of
applioa*

tion

June 26

1960

1r000 p,p,m.

No. of
surviving
adults

I00 p,putno

No" of
äead

ad.ults

19

Total
progeny

10 p,Þ.Itru

19

I

Irlater only

Io'bal no o

of d.ead.
nymphs

732

r9

L

Average no"
of llve

progeny of
surviving

ad.ults

725

20

v

t 766

lbans-
forrred.
average

0

37 "5

0

Range
of

fecund.lty

69o

o

36"6

5 "gé

0

39 "\

6 "03

1-50

3+"5

15-49

6,tT

5"ód

5-52

17-44

H
w.¡
\¡¡



v+
ühLorazine

ChlorazÍne ís a "triazine?r, which has also been

called. ODT, fts chemicaL nane is 2-chloro-4, 6-¡is
(aietnytanino)-S-triazine. It Ís stil-l und.ergoing experi--

mental trials as a herbicid.e. ït was avaifabl-e for the

present stu-dy as a 49,5 per cent liquÍd. formulation, It
appeared. to have little effect on broad- bean plants v¡hen

applied at rates of 11000, 100 and l0 p,Þutn, þoth by root

absorption (faule rJrr) and by leaf dippíng (ra¡te Ticft) 
"

There were no signifícant d.ifferences in fecund.ity of aphids

caged on treated. plants and. no evid-ent ad.uli or nyr:rphal

rnorüalj-ty v,rhen conpared. with the check plantsu

Simazi-ne

The chemical- na¡ae of sirnazine is 2-chloro-4r6-Uis

(ethylanino)-S-triazÍne. lt is being tested for pre-energence

conürol of weed.s ín corn, tomatoes and fruit crops" Used. at

10-20 pound.s per acre it is an effective soil sterilant.
It was used in the present tests as a fifty per cent ¡,vettable

powd.er. Broad. bean plants were lcÍll-ed when simazine was

appJ-ied by root absorption at a rate of l0 puÞ,ttn Table T,Ð[II

shows results obtained by root absorptíon at lu 0"1 and. 0.01

þ,purtr" Íhere v¿as some plant mortaLity even at I Þ"þ"rtr,

Tab1e IjÐtrIT gives the d.ata for application of símazÍne by

leaf dipping at rates of l-00, 10 and. l PuIr,IIIn fhere lvere no

significant d.ifferenees in nuro.bers of live progeny of



TABT.E T.]AI

ADULT Á.I\TD NUVTFTLIL ËTIRVÏT-AI ,I{I\TD F}TOUNÐTTT OÏ TIffi PEA APi{ID
Á¡''lTffi 'TVË DAYS CS.GM ON BROAÐ BEANS IREA.TEÐ

i/\nrH OH],ORAåII{E (nOOr ¿¡SORprrOm)

Ðate
applled

Rate of
applica-

tion

feb" lQ,

rg6a

11000 p, p"ttr,

No. of
survivlng
ad.ults

100 pn p"rtt,

No, of
doad,

ad.ults

15

Total
progeny

10 F"p"Ito

11

5

'itlater only

lllotal no.
of dead,
nynphs

56é

t6

9

Å'rerage n.o.
of live

progeny of
survivlng

ad.ults

4r5

tT

A

lr-1'

Trans-
forrned
average

54r

l+d

36,6

Range
of

fecundity

6dd

3r

26,g

6.01

46

3r"2

l-3-5].

5.56

56 "O

16-+d

5"59 :-3.+T

5"76 o-55
P

\J'l\,



T¡tr3LE UüCt

,q"ÐTI!T ATID IiilftûH{AL ST]RV]VAJ, IT,ND FECInüDITT OF HE TF-q" TËIID
STTTffi. T'ÏÏ:M Ð]TYË TJ].ffiÐ ON BROÁ.Ð BEATVS TREå.TSD

WTTTI CHLOIì.A.ATNE (T.M,LT' DTSPING)

Ðate
app11ed.

Rate of
applioa*

tion

tune 1¡

1g60

1r000 p. þut0

Noo of
survivlng
ad.ults

Noo of
dead.

adults

100 p"p"¡¡

u

Total
progeny

10 Þo þurtr

20

7

Water only

Total no"
of dead.
nyrnphs

512

19

0

.Average tn
of live

progeny of
surviving

ad.ults

52+

2+

tT

1

kans-
formed.
average

t+61

26.7

5

7

Range
of

fecund.lty

4Te

5Õ6

2CO

0

1+-5d

25 "5

0

5.O3

27 ,5

4"99

346

x cll

d*tfl

t6-57

H
v-l
Ot



T.4.BIË IJCtrÏ

ADT]I,T A.ND }N'};IPIL.1T, SURVIIIÀI, ItNÐ T'SCU}TDIW OT' UTE PE{ .åTHTÐ

ÄTTm ITVE D/{fS C,¡'C'ED 0N BROJI^Ð 8I*L1ITS TR&\TE'Ð
1iJ'ITTT SIT/IAåTNE (NOOT .¿.IBSORPTI ON)

Date
applied

Rate of
appflca-

tion

Àprll 27

196o

No. of
surviving
ad.ults

Po P"l0o

0o1 p.p"m

Non of
d.ead.

ailults

11

Total
Brogeny

0"01p, polno

L6

9

Toüal no,
of d.ead.
nymphs

'/üater onl¡

360

20

)+

Avel:age no"
of llve

progeny of
su-rviving

ailults

377

'71

1q

0

fbans-
forned.
average

fi6

23.7

0

1

Ra"nge
of

fecund.ity

qT<

21"4

4, d5

0

10-J4

26 "6

4,61

V

11-3r

27.1

5.r5 L5-+3

5 "25 t646

H\tl
-¡



TA3TJT ]JÐETTÏ

ADIITT JIND I\InUTH/,T. STIRV-IVAT. AND TECUNDÏTY OF IBHE PSA /{PHTD
A3'TER IT'UE DAYS C"â.GID ON BR0/'D BEANS ÎREATEÞ

flT$T S]]V1AåINE (T,g¿¡' ÐTPHTNG)

Date
apptied.

Rate of
applica*

tion

truIy l,
1960

100 p.Þ,lno

No. of
survlvin6
adu]-ts

L0 p.Fotü.o

Noo of
deacL

adul-ts

20

Total
progeny

p. pum.

19

0

ïriater on1y

Total- no"
of dead.
nynphs

759

20

1

Âverage no,
of l-ive

progeny of
surviving
ad.ults

6do

1d

0

0 766

Trans-
formed.
average

0

57 "9

2

Range
of

fecundity

614

35"ê

6,td

0

25-4d

38 "1

6.ol

36 "t

25-+6

6.zr 32-+7

5"6d 0-5r

H
\J.l
oç-



L39

surviving adults of aphid.s caged. on the plants and. no

significant adu-ft or nyrnphal mortality i¡lhen. compared. t¡vith

the untreateö "olants"

Ätrazine

TLre ehemieal- naroe of a'brazj-ne is 2-chloro-4, ethyl-

amino-6-isopropyl amino-S-triazine. Experimental results

are not yet sufficiently concfusive to evaluate its value as

a herbicÍd.e. ft is availabl-e as a fifty per cent wettabLe

powder, ïlhen atrazine was applied by root absorption to

broad. beans plant mortal-itJ¡ was high even at a rate of 0"1

p, þ"trr, Tab1e IiQ(IV shows results obtaíned when aphid.s were

caged. on plants treated. by root absorption at 0,OJ.e 0"001

and. 0,0001 p"p,m" Table I-{fV gives the resul-ts froru appliea-

tions by leaf dipping a.t 100, 10 and. 1Þ"P"rIn TTrere lliere no

slgnificant d.ifferences in fecu-ndity of aphid.s on the various

treatments and. no significant adul'b or n¡ærphal mortali-ty.

2Õ "6-rF,A-
?2u3r6-tgg ís an experÍmental herbicid.e wÍth the cheni-

cal- name oî 2r3r1^ttíchlorobenzoic acid.' Tests have shown

that ít is translocated in some plan't's and. thaf it has a

resid.ual herbÍcidal activÍty in the soÍI. Tt r,vas used- in the

present tesËs against broad. bean plants as a 2Il."d per cent

]iquíd. formulation at rates of l-00, 10 and l- Þ"Þ"ill" by root

absorptlon (ra¡te Ijtr\n) and at 'l e000, l-00 and. l0 F'Porllu by

leaf application (Ta¡le TæC\ffiI) u 'Ihere were no significant



TABI,E TJffiTV

a.Durr rrlTD Nlt{Pn4r suRvrvÁJ, AND rEcuNDrrY oF :tHE }Eå. ÁpHrD
Á.TTEA T]rE D]ITS OÂGED ON BROÁ.D BEAI{Ê TRE¿.ÏM

TrrTH ATRAZT}üI (noor A¡SORPIION)

Date
applied

tüay 4,

1960

Rafe of
appllca-

tion
No' of

survivlng
adults

0 .01_
P" P.Illn

0.001
PoP"lllu

Noo of
d.ead.

ad.ul-ts

r7

m^+^ 1¿v vct.L
progeny

0.0001
PrP"1l1.

19

Total no.
of dead.
n¡¡nphs

1

I'fater
only

500

19

-Average no,
of Live

progony of
surviving

ad.ults

I 448

19

2+

1

Tbans-
fórmed.
average

557

36

26.5

L

Range
of

fecund.ity

)16

T2

2r"6

5.t5

14

26"7

15-59

4.60

D2c

q"?

5-37

1l-44

4" z4 T -3+

H
0



TII.BTJÏ IJü(17

1\ÐUI,T ]tND }TYITPNAI S\IRNTV,II, JTIVD TEüINDÏ'TT OF UTE Ttr-A, A.PHID
ATTER FI\I.F] DAYS C/LffiD ON BROÂD BE,4L\TS TREII.TED

ïrrTH r\TR.aËrNE (r,e"tr nrpmivc)

Date
applied.

Rate of
applica-

tion

Íune 2S

1960

100 p"p"ITt"

No" of
surviving
ad.ults

10 po pnttro

No" of
d.ead.

ad.ul-'b,s

16

TotaL
progeny

P" P"1[t

20

2

-t¡üater only

Total noo
of d.ead.
nynrphs

55+

20

0

Average no.
of llve

progeny of
surviuing

ad.ults

6gg

19

LJ 64g

Thang-
formed.
average

U

30 "é

1

Range
of

fe,cundlty

6Tt

3+.9

5,55

0

52.+

1d-46

5,9L r6-45

35 "L

5.69 t7-\z

tr02 20-46

ts
-tr
H



l:a3],8 LitflJiI

ÁfiII,T Á,ND \TyMPII/rf, SUR.VIVAI, Ai\lD FEflTNDITÏ 03 TIffi fEA AFffiD
"&T'Tffi FTVE DAYS C"ê,SfiÞ ON BROAS BE/INS TREATED

TmTT{ 213u6-rg¿ (nOOr /IBSOR?TION)

Date
aBplied

Rate of
applica-

tlon

Ðeco 16

1 qEq

100 p"p,m,

Noo of
surviving
adults

10 p,Fnltr,

No. of
d.ead.

a<i.ulf s

L6

- Total
progeny

P " P uÏllr

20

0

lliater only

Total no.
of ilead.
nyrrphs

500

20

Jtrveragp no.
of live

progeny of
surviving

ailults

649

L9

0

0

lbans-
formed.
avere.ge

716

0

5t.3

I

Range
of

f eouniLity

653

0

32,5

5"59

0

20-4é

55"9

5 "59

Jl+,4

6.ol

0-l++

27-50

5 "ê5 1I+-+d

PF
tu



TÁBT,E T,Ð(1ET

.A"DIII,T AND }{Y[[PH'â.I, S,UPJruVAI AND T'ÏCTINDTTY OF TTTE PEiT ÄIHTD åJ.ÍER
ITVT] ÞAYS ftiGJil) ON BROAD B.E"AT\TS TAE:TTED 1,f!"IT[1

zr3 r6-nn¡i (rp¿¡' DTPFTNG)

Ðate
applled

Rate of
applÍca-

tion

lfay 25s

196o

1r000 p"p,&

Noo of
survlvlng
adults

100 p.F,ul

No' of
ôead.

adults

1É

Tota].
progeny

10 p"p.rlt

1d

2

Water only

Total no"
of d.ead.
nymphs

6ss

t9

2

.Average no,
of llve

progeny of
survivÍng

aclults

6z\

20

4r

I 661

Trans-
fonned.
average

55,+

0

0 70d

Range
of

fecund

Ird

720

5,75

dlty

52.2

U

5 "58

6-).t4

55,+

5"6t

0-50

5,90

10-+7

9-5r



144

d.lfferences in fecundity among a.phids caged on treated.

pl-ants and. no obvious ad.ul-t or nymphal mortalit;r"

2,7 "5 r6-EBA

The chenical name of 2r3u5r6-tS;r is 2r3r5u6-teËra-

shlorobenzoic acld." It is still u-nd.ergoing tes'cs on its
herbicidal vaLue" .A 47"7 per ceni liquid. formulation was

used for the foLLowlng tests" EpÍ-nasty was severe when

broacl bean plants r¡iere treated by root absorption at 100

þ"pnrn. Table ï.ÐilÆTI shows resul-ts obtained. when aphlds

r¡dere caged on plants treated. by root absorption at rates of
100, l-0 and. L Þup,nl" and. Tabl_e IÆgX when ihe material was

applied by leaf dipping at 1e000e L00 and. l0 tr>.Þ"rtru [here

v'\tere no significant increases or decreases in fecund"ity

among aphid,s caged. on any of the treated. plants nor was

there any significant ad.ult or nymphal morta'ìíty.

}TPA

The chemical nnme of NFÁ. ís N-l-naphthyl phthalamic

acid" fne formulation used in the present tests wa-s a

sodium salt lcrown as lì.1-anap-}, At the present tinre i{P¿ is
being used for pre-emergence control of grasses and. broad.-

Jeaved. rrueed.s in cucr:mberse squash, cantal-oupes and. other

crops in the cucurbit groupê It v,¡as applied to broad. bean

plants by root absorption et rates of 11000, I00 and. t0



N1BUS IjililruIÏ
,{DTrlT JIND NlTl\æHAt sURTrv¿1r Ai{D FEcur\TÐfrr oF a-IE }EA aJ]HïD

.A-Ï'TE? T]:\IE DAYS CJ!ffiÐ 0N Bn0Á-D Btr*qNS TB,EÁ,TED
TtT:tÍ1" 2 r5 05,6-trÄ (noor Áss0RprÏOlT)

Ðato
applied

Rate of
applíca-

tion

Dec. 2I

]960

100 p, polrL"

Non of
surviving

ad.uLts

10 pop,m"

liTo. of
dead

adults

18

Toüal
progeny

p"p,m,

20

2

Vliater only

ToËaL noo
of d.ead.
n¡nmphs

6lg

20

0

J{Verage ng
of Live

progeny of
surviving

adu].ts

6za

19

0

U

Trans-
formed.
average

66r

i-

Ë,ange
of

f ecund.ity

710

ô

57-"O

)' Yö

0

3' "+

19-+4

5.5é

57.+

1g-44

5,7é 18*50

6,11 ry-5+

H
F\JI
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ADUtf AND t\llnffH.qr 5LIRfJVéf. AND fECUISÐTry 0F TT-IE PEA AmtrÐ
AF gm l{1r¡l EJtys cAqffi ON BROAÐ B3_Ð{S TREé,TÐ

ïnfFr 2 13 15, 6-18.{r. ( r¡¡,qs DIpr[NGt

Date
app1led.

Rate of
applica-

tion

July !u
196o

Lr000 þ.p"nl

No, of
surviving
adults

100 p" p,tn

Noo of
dead

ad.ulûs

19

TotaL
progeny

10 pn p,ûi

1d

Wãter only

I

Total no,
of dead.
nymphs

66g

17

¿

/Iverage noo
of live

progeny of
surviving

adults

6st

t9

0

6ro

t*rans-
formed
average

0

36,o

I 6\z

Range
of

feound.ity

0

36 "t

5"96

0

34"t

5,9t

7-+6

,3 "2

5,é5

2-+6

2L-+5

5"67 0*5r

ts
o\
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Þ,Þurtr, (fa¡le T.rrT). Severe epinasty occurred. at 1e000 and.

100 p"P.It" Table T.ffiT shows the results obtained. by the

leaf dipping method. at rates of Le000r 100 and 10 p"P.rlø

flrere were no significant íncreases or decreases in numbers

of Live progeny of surviving aduJ.ts among any of the treat-

ments and. no significant ad.ult or nymphal mortality.

Zytron

Zytron is the traile n&ûe for a new pre-emergence

herbicid.e u O-{2r4-aicnlorophenyl) o-methyl isopropylphosphoro-

amidothioate" Th.e formula-tion used. in the present tests was

a twenty-five per cent emulsifiable concentrate, It has

shown promise for control of crabgrass and chiclcweed. in
Lav¡ns, and. for control of certain broadl-eaved weed.s as a

pre-emergence application, -When Zytron was applied by root

absorption to broad. bean plants at rates oî 51000, 21000 and.

1r000 potrl"rTr" only slight phytotoxicity was evj-d.ent" Ilowever,

adult and. nymphal mortality of aphids \,1¡as very higlir âs sholvn

in Tabl-e LEüIII" ,4t rates of 100 and 10 pupnm. b]'root
absorption there was no significant increase or decrease in
fecund.ity and no significant adul-t or n)æphal mortality.

l¡rlhen Zytron rr,ras applied by leaf dipping at rates of 11000,

100 anrl l-0 p"purlo there was no evid.ence of toxicity to

adults or nymphs on the treated plants, Ióil:en fhe rates lTere

i-ncreased to 6rO0O, l+rO0O and 2e000 poponl. there was further

evidence of both ad.ul-t and nymphal mortalíty¡ âs shown in



T-4.BI,8 I.,ffi
ADIrJ,r ÁÄTD I\IYI\4PHAI guRlrrYAr. -¿rND ÏEtiINDrry 0ï rffi rE¿. apIrrD

"q-f'TEA, f'fVE nÂYg C¿1.GEÞ 0N BRO.AJ) BEANS TREä.TÐ
füï$I NPtt (noOr assoRP'j[oN)

Date
applied.

Rate of
applÍca-

tion

tan, 11

1960

11000 p. Þ,Itlo

No' of
surviving
ad.ulfs

100 p"p"m

No" of
dead.

aduLts

19

Total
progeny

10 Þ"þ"ffi

20

I

Water on13

Total no"
of d.ead.
nymphs

67t

19

0

:lverage no,
of l-lve

progeny of
surviviog

ailuLts

6gr

20

0

L o+)

Trans-
formed.
average

0

35,3

o, 7+6

Range
of

fecundity

0

5+,6

5"96

0

73 "9

rg*+5

5,9t

37 "5

20-46

e rle
)" ö) 25*+ 3

6.10: 16-54

H
-tr'
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rasLE r,iffit
ASUTT ,ô"1üÐ NInviPEAt SII-RWVAJ, AND FETUNÐITY Otr' mIE FEA AFIIID

Æ.TM, 3'TVE DAYS TAGEJD ON BROJID BEANS TRËATED
TITfiT NP¿. (T.NT¡' DTPPTNG)

Ðate
applied.

Rate of
applica*

tion

I;Tay Jl,
1960

LrmO p.Þ.rtru

No" of
surviving
ad.ults

100 p"p"m,

No" of
d.eai[

adults

19

Total
progony

10 p.p. m"

1d

I

-lVator only

fotal no"
of Õead.
ny:nphs

6lg

15

2

.Average no.
of Iívo

progeny of
survlvÍ-ng

ad.ults

604

0

19

5

[rans-
formed
average

)ao

13

35 "5

I

Range
of

fecundity

616

10

5L,+

5,77

0

50.é

r4*5d

5"52

))"o

5"50

5*+5

5, gd

6-tid

21-It6

HF\o



TJTBLE I}TÇÆÏ

A}ULT AI{D }ilN.{PHÁ], SURITTVÄT Jì]'iÞ FËCUN.DTTY OT' THE !HA. å}T{TD
ATflTR TTVTT ÐAYS C"¿IGTID ON BROÁ.D BEÀi'{S TNEJ"ÍED

T'üTTH ZYTRON' (TIOOT A3SORPTTÜN)

Ðate
applied.

Rate of
applica-

tion

IVÌay 2 u

1960

No" of
surviving
adults

5 e000
P' P ' 

Ï11"

2r 000
P'þ"I]1n

No. of
d ead.

adul-ts

0

Total
Brogeny

le00o
Þ. P u 111"

20

0

Total no.
of d.ead
nymphs

Water
onl"Y

15

20

Average no"
of live

progeny of
surviving

adults

L

2q

15

20

1q

Trans-
forme0
avorage

To

to

CI

Range
of

feeundlty

505

6,a

32 25,5 o-ro

H\¡a
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Table LleüGII. At the rates of +r00C and' 21000 tr)nPoltro the

effect seemed to loe insecticidal, rather than some influence

on reproductive metabolism, because ad.ult aphid-s that Ëur-

vived. prod.uced. tþe safi.e number of young as those oa the

untreated. plantso The insecticidal properties of Zytron

have been noted- also by "lTatson ancl Leasure (rglg) 
' who found'

that ants were lcili-ed in ant colonies 1n turf being treated.

with Zytron for crabgra-ss control.

Gibberetli,q ,Aç.i4

The literäture on the rosponses of plan'bs to gibber-

ellie acid is extensive, Current research has been

sirnma.rized in Bulletin Tdo , JL2*5 of velsico] tlremical cor-

poration, 'r.àbstracts of ürrrent Research on the Effects of

Gibberellic Acíd on Pl-antstto ftre type of plant response

varies a¡nong species and. accord.ing to environ¡rental cond'iticns

so that 1t j-s necessary to cletermine how each species or

variet,y of plant lvil-I respond. for a. given set of conditionsu

A ninet¡r-four per cent pure powd.er was avail-able for the

present series of tests" Etiotatfon occurred on broad- beans

when gibberetlio acid. was applied. by root absorpüion at rates

of 1roo0, 100 and. 10 p"p.mu Data for this experiment are

reported in Tal¡]e Llfiffi[V, Because of the possibi]íty that

plant response might differ over a period longer than five

days, aphi-d-s were allor¡;ed. to remain on the Satne plants for

a further five d.ays ([a¡te TJffiV) , IL'. nei'i;her of these tests



TASLEÏ I;ilÐtrTT

Á,DULT r\ND ifYlvtp¡t¿tl ËURtrrfT-/il, /,ND I"ggUNmfY otrl ÏIIE IßÂ AFIITD
A5'TER I.Ti,fE DAYS C/tC.Ð 0i{ BRO¿|D BEANS TA,EAIffi

ïn'fir ,tr18.0N (ræ¿¡' DTpPING)

Date
applied

Rate of
applica*

fion

May 2e

rq60

No" of
surviving
adults

d uooo
pn poltro

4, ooo
!. P"fllr

No. of
d.ead

ad.ults

Total
progeny

2rooo
Þ. Polll.r

17

6

Total- no,
of ilead
nymphs

'Water
only

205

10

14

llverage no.
of live

progeny of
surviving

ailults

27r

15+

rT

10

fbans-
formed
average

35r

Lzt

5

Range
of

fecundity

4oa

111

2r"5

ró

2L "7

?.r,2

H\tt
N)



TASLE T,PPTÏV

ADUÏ,T AND T\]YIVJ?HAL ST]R\TTIiÁT ,\}üD FECUNDITY O3 MI.s FEA A3ItrÐ
AT'TER T VE DAYS CAGED ON BROAD J3EA}TS TRTATM

iru${ GTBBERELLTc A0rÐ (noor ¿nsonpmom)

Date
applied

Rate of
apBlica-

tion

Sopt,J0

r.959

11000 puþorTr"

No, of
survivin6
adults

100 p" p*n1

Non of
dead.

aôults

15

lotal
progeny

10 p. p.trt

L2

5

ivater only

Total no"
of dead.
nynphs

587

16

s

Jtverage lto.
of live

progeqv of
strrviving

ad.ults

257

0

16

+ 59r

fbans-
formecL
average

0

2

25"é

Range
of

fecundlty

4'i-o

U

21.IF

5"06

0

2l+.1+

4, 54

10-40

24,4

4 "Tg

L*5+

4,89

o-37

4'-lg

ts
\'l
\N



T.A.BTE ]JffiV

Á}UÅT IÀTüÞ I\TYI\{PTIAI SI]R\NVAI /LI{D T'ETUNDTTT OT THE PEA ÂP}TTD
rlFfER A. SEO0ITD FIl¡ã DAY ?ERIOD Ûá.GED 0N BRO/|D BÏ¡LNS

$ìT,{TED ÏNTH GIBBffi,TI,LTC ACID (NOOT /$ËORPT[ON)

Date
applied

Rate of
applica-

tíon

SepË 
" J0

t959

1r000 p.p.[l"

l$o " of
surviving
ad.ults

100 p"porTl

No. of
d ead.

adults

15

TotaL
progeny

10 þ, p"rn

Lf

0

Vdater onLy

Total- no"
of d-ead.
nymphs

3+5

16

1

Äverage no,
of Live

progeny of
surviuing

adults

250

0

15

I

Tbans-
forvneil
average

72q

o

7

21.O

Ran ge
of

fecundiüy

44d

0

2A,9

4"Td

0

2I,7

4.45

Lo46

26"7

+ 
"57

t-29

5"52

L-57

6*+6

H
-tr'
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fiiere there any significant effects noted on fecundity or

mortality" Tabl-e Lffi[\ru sholvs resu]-ts obtained- when

gibberellic aoid. was applÍed. by dipping lower l-eaves of

broad. bean at rates of l-r000, 100 and. 10 Þ,P.rtÌ" Tn tbis

tesù also no significant increases or decreases l{ere noted.,

or ad.ult or nyrriphal- mortality. TÏrese find.ings agree wiüh

those of Siakocos and. Dervey (fglg) who includ.ed. gibberelllc

acid. Ín the d.iet of the American cockroach, Periplaaeta

arßericaqa f,, ¡ and. found. no significant interaci;i-on befvieen

weight of inseets and. concentratj.on fed., nor any signíficant

d.ifferences in egg production by female coclsoaches" Lfitlin

and Baroody (f956) found that potassir.:rn gibberellate intro-

d.uced into larval or ad.ulù house flies had. no effect on grovrth

or as a toxic agent and no effect on ovarian d.evelopmentc



TÁ.BLE ],jcffi]rl

Aû'ULT ,,{úVD NnûFITAL s-URv-Jvi:tr, /uüD I'EcUlfÐfTY oF THE P$lt JL?HID
AFTm, 3I1IE Dily$ C/iGitD 0iV B1T0/.|D BÏÁ,NS 1R]üÄfSÐ

IffiTH GIBBEREI.LIC 4,üTD (Ll$"At' orpprlrc)

Date
applíed

Rate of
applica-

tion

June 9,

r96o

1r000 trl" p,n

No" of
surviving
ad.ults

100 Þn Þ"n.]

No" of
d.ead.

adults

1s

TotaL
progony

10 þ" Þ"tll

1q

2

iidater only

Total no"
of d.ead
npnphs

211

L7

L

"Average no.
of Live

progeny of
survlving

ailul-ts

500

- lrl-+

7

r 275

T?ans-
formed.
average

0

6

l_L" 1

Tln n o.c

of
fecundity

267

n
I

¡ e r'1,f)o 0

900

25

l-7" 0

) "or

0-56

15 "4

5"s0

o-Í6

5 .52

o-39

0-5]

H
o\
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SUlviÏILA-RY

Tb.e aim of the invesiigatj-on rvas to determine possible

effects of the wídespread. use of herbicid.es and- pl-ant grolvth

regulators on the arth.ropod. fauna" Toe test animal chosen

!!as the pea aphid., {çË,th.qs:!.É,* pisum (Harris), an econornic

pest of many leguminous plants, and the plants which were

ùrea'bed" with the chemicals were broad beansr ViciÍ faba T."

1Ïrirty herbicid.es or plant growth regulators were tesÈed.u

covering a nrid.e range of chemical-s and ineLud.lng all those at

presen'b i-n common u-sage or und.er test in Tdesi;ern Üanada"

Broad beans were germinated. ia soil in the greenhouse,

and transferred. to pots containing verroiculite when 2-4 inches

higþ" Plants viere treated. wit'h the chemicals either by roof

absorption for forty-eight hours or by d.ipping lower l-eaves

in various concentrations, During the time that aphiðs were

caged- on the plants, the plants were fed a nutrient solution

of Plant Frod. 2O-20-2Oo and kept in a Pl-ant Growth tabinet,

The pea aphid.s were a clone rnaintained. continuously as

surxner vÍvíparae in the greenhouse. In all the tests reported

here the aphid.s used. were within forty-eighi; hours of being

the sarne agê¡ and. with two exceptions were ruingless adul-t

females, rì"fter treatment of the plant by root absorption or

leaf d.ipping, aphids were caged. for five days on the treateiL
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plants after whích time possible mortality of nymphs and

ad.ults and number of young prod.uced. were record.ed.o

Seventy-four such tests are reported, here, in separate

'i;abl-es" I'or each test the d.ata on live progeny of surviving

ad.ult aphid.s after fÍve days caged on treated. and unöreated

planfs were subjected. to statistical analysis to evaLuato

possible increases or d.ecreases in fecundÍty d.ue to the

applicatÍons of herbicj.des or plant grovuth regulators to the

plants,

Ð'uring the course of the investigations cerbain aspects

of the tife history of the pea aphid. under greenhouse cond.i-

tions were noted. l¡JÍnged. aphÍds prod.uced. a sÍgnificantly
smal-ler average number of nprphs than did- the vlingl-ess.

=àphid.s confÍned. to the upper surface of a leaf produced the

same number of young as those on a lower surface, although

unconfined. females establ-Íshed. their colonies usually on

Lower surfaces, There was no significant difference between

the nu¡rber of young prod.uced. on the l-owest leaf pai-r of broad

beans or on the next higþer pair, The longest life of any

one female in a cage, i-ncluding nyrnphal instars, was thirty
d.ays" Ivïost femal-es began proöucing young on the eigb.th day

of Iífe, although a few produced. young on the seventh day,

The peak of prod.uetion was usually the thirteenth to fourteenth

d.ay of LÍfen The greatest nurcber of young born to any one

female in a tweaty-four hour period. was twenty-one, but the
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average nurûber i¡,as ten to fj-fteen. one female produced. one

hundred and. twenty-three young d.uring its reproducüive

period and. several gave bÍrth to more than one hund_red 
"

Á,n attempt was mad.e during these investigations to
d.etenirine the amount of lntake of plant sap by aphid.s, by

starving the aphid.s, weighing them, atlowlng them to feedu

and. then weighing them again, This nethod. was unsuccessful

because the aphid.s ceased. reprod.uction and- excretíon of
honeydew öuring the period. of starving, ancr recommenced

im¡rediately wh"en allowed. to feed., which eaused. d-ecreases in
weíght that more than compensated for increases d.ue to inses-
tion of plant sâp"

ltlhen maleic hyd.razide was introduced by root absorp-

ti-on into broad bean plants at rates of 41000, jr000 and-

2e000 popom", the average number of l-ive progeny of surviv-
ing ad.ults, both winged, and. wia.gless, after five days on the

treafed. plants differed significantly at the one per cent

level- from that on the untreated check" fnere was no signifi-
cant ad.ult mortafity bu-r, n¡rriphal mortality was high and. many

of fhe nyrophs appeared to have been born dead., Ttris injurious
effect on the reproductive meüabo]ism of the fer¿al-e aphíd.s

persisted. after they were removed from the treated. pLants and.

placed. on untreated. plants for a further five d.ays, li¡rrrphs

which had been born and reared on plants treated. luith rnaleic

hydrazid.e by root absorption i¡Jere removed. on becoming adutts
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and cagecl for the remainder of ùheir lives on untreated.

plants. these ad.ul-ts al-so showed. a significant decrease in
fecundity, i{h.en fif,{ was appried. by root absorptíon at rates
of l-r5oo and. l-r000 p.Þonn plant growth was inhibited. but

there vJas no significant d.ecrease j-n fecund.ity,

l¡nren ad.ul-t femare pea aphid.s were sprayed with a con-

tact spray of maleic hyd.razid.e at 4ro0o poþom. there was no

significant adult or n¡rmphal mortality and. no increase or
d.ecrease in fecundíty" Litren aphids were caged on broa.d bean

plants treated. with mal-eic hydrazid.e by leaf dippíng, no

apparenf effects were noted on adul-ts or nymphs even at a

concentration as hígh as Il0e000 p"puÍr,

/"d-ul-t lvlngless female pea aphids were caged. for five
d.ays on prants treated. with mal eic hyd.razid.e by root absorp-
tion a-t 41000 poporno, and. on untreated. pLants. TheSr riïJere

then kill-ed, fixed- and. embed.ded. in paraffin lvax. serj.al
sectÍons were stained with ]vlalloryr s Tbiple StaÍn. An exa¡r_

ination of the embryos und.er lzoj{ magnification showed- no

apparent histological differences among aphid.s from treated.

or from untreated. plants, lËnbryos in aphids from plants

treated. lt¡ith maleic hyd.razid.e apparently d.eveloped normally
but parturition was greatly d.e1ayed. or suppressed".

l¡¡l:en amitrole was appried- to broad. bean plants by root
absorption at 5o0o 200 ancl l-00 Þ.pufir., there was no signifÍcant

ad.ult mortality to luingless aphids caged. on them for five days,
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but nynph.al morÈality was high and thore was a significant
red,ucfion in fecund.i.ty, sirnilar resuLts were obtained when

winged. ad.ul-ts were caged for five d.ays on plants treated by

root absorption at 100 p,p"r-. -A.t rates of ro and l p.pomn

no effects on the aphid.s r{ere noted., rr'ù:enbuenty ad.ult wlng-

less female aphids were sprayed. with aroj.trole as a contact
spray, ad.ult mortal-ity was hieh (thírteen d.ied out of
twenty) but those that Lived produced almost the sarne number

of progeny as those sprayed. with water.
rltrnen ad.u-l-t wingless femare pea aphids were caged. for

five d.ays on plants treated vr¡Íth amitrole aË 100 po F,ffi" by

root absorption, and. then transferred for a further fj_ve days

to untreated. plants the average nr¡mber of Live progeny of
surviving ad.ults from treated. plants was significantly ]ower
than from those which had. only been on untreated. plants.
Nprphal mortalj.ty was reLati-vely low d.r:ring the second. five
d.ay test, Tllis indicated that nymphar mortality on treated.
plants d.uring the first five d.ay test must have been d.ue

mainly to toxie plant sap ingested. by the firsË instar nymphs"

i'"Jhen aphids r'lere caged. on plants treated vr¡ith amitrole by

l-eaf d.ípping at rates of J00e zo0 and ro0 F,pnrn" there B¡as no

adul-t or nyrirphal- mortality, and no reductions in fecund.ity"
To ascertain Íf the reductions in fecund.illy of aphid.s

caged. on broad. bean plants i;reated by root, absorption vùere

d.ue at least in part to nonfeec.íng of the ad.ult aphids,

aphid.s l\rere starved for twenty-four hours and. then cased. for
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five subsequent days on untreai;ed. plants, and. compared v,rith

others from plants treated with maleic hydrazid.e at 4r0OO

þuÞ,Íú.. aacl aroitrole at 100 poputnu fnere was no signÍficant
reduction in fecund.íty of the aphids starved, for twenty-four
hours, fhis ind.icated- that red.uctions in fecund.ity of the

aphids caged. on treated plants were not due to starving.

A.d.ult rilingless aphid.s were caged. for five days on

plants treated lt¡ith amitrole at l-00 popofrl" El-even nynphs

were transferred from these plants to untreated- ones but only
three survÍved" 'Ihere was no significant difference between

average nurnber of progen¡r of these three winged femaLes and

fifteen other winged females from untreated plants, based. on

number of nymphs prod-uced d.uríng the remaínder of theÍr lives,
TLrÍs ind.icated that the reproductive ca_oaeity of the surviv-
ing atrrhiÈls was not impaÍ.red.

"i'fhen Z¡rtron was applied. to broad. beans by root absorp*

tion at 5e000e 2e000 and 1e000 Þup,!r", and by leaf dippiag at
dr00o, +1000 and. 21000 Þup,rn", both ad.ul-t and nynr.phar mortal-
Ít¡r in¡st. high, ind-icating that Eytron must act on the aphids

as a syst,emic lnsecticid_e, -åt rates of 100 and. L0 p,p.r!u by

root absorption no harmfuL effects were noted.

TTre remaining tv'renËy-seven herbicid-es or plant growth

regu.lators tested had. no effect at the rates used on fecund"ity

of wingless femaLe aphids and. there was no evj-dence of adult

or ny:r.phal mo::tality" These d.ata are presented. Ín tabul_ar



form with the highest concentration of chemical-

for botlr root absorption and leaf dipping. Tn

hÍgþest concentration gave some phytotoxicity,

mortality.
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used- ind-icated.

general each

but not plant

ûommon nâme
of chemieaL

Highest rate
used- io p,pollto ¡root absorption

Highest rate
used. io p"ÞoÏtr. ¡
l-eaf aipping

ae4-D

2 14 o5-T

ï!iúiFA

$esone

Erbon

Silvex

4- ( 2,4-nn)

4- (tvicpe)

Ï}NBF

ïPt
tfPt
EFTT

Barban

Avad.ex

CDET

tÐÁ-q.

lVionuron

¿

0"f
6

I,000

1e000

l-00

100

100

300

1 eo00

S rooo

100

5 e000

4nooo

100

100

I

f ,000

0"1

10

6 rooo

l_0,000

100

100

lrooo

1e000

1r000

l_0 e000

]r000

6 rooo

4rooo

1e000

Lr000

1r000
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Common naÌEe
of chemical_

Highest rate
used. i* p,p"fiL, rroot absorptÍ-on

Highesü rate
used. it p, Þolno ¡leaf dippíng

TCA

Ðalapon

nT\,f rFil

Chlorazlne

Simazine

Atrazine

ar5r6-IBA

2r5 ,5, b-ttsi,

Np"i,

Gi-bbereLl-ic ,{cid

4, ooo

1r000

100

1e000

1

0 "01
100

100

1r000

l_r000

l_0 r000

L0 r000

l_e000

1r000

100

100

l r00o

1r000

lroo0

1e000
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