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The purpose of this investigation '.^ras to demonsErate that a

technique of rearing aphicis on an artiiicial diet could be used to

determine the effects of chemosteriLants and gror,;th regulators on the

mortality an.d fecuncii.t¡i of Clee pea aphiC: -,þ..iq-t[9;i_plp-g .t*F]1-ûj (i-larris).

'fhe Cechnique enployeci for rearinz pea aphids r¿as that of Auclair and

Cartier (t00:¡ " i'lyrnohs '¡ere f eci on a chemical-1y clef ined diet to r,hich

test chemicals rvere added, anci progeny r'rer:e counted after the nymphs

became adults and- began reÞroducing" ¡\1L tests r¿ere conducterJ under

controll ed. condi tions o

In Ehis study tlLirEy cirernosterilants and three groI,rLh regulators'

rqe::e tested " ûf these n ei ght cornpouinds induced permanertt steri 1- i ty 
"

These compou-nd.s íncluded tíve aziriciinese tepa, apholate, 1, P-bis (t-

aziridinyl)-iq-ettrylphosphi,nic anicle (üi.{T-50,787), F_, å-¡is (1-aziridin¡¡L)

î.].-nethylphosirhinic amicle (111$lT-51 ,254>, ancl P, l-ni.s (L-aziridinyl)-!i

isopropylphosphinic amide (itUt-Si 1256) ! tu'o antimetabolites, metho-

trexace and 5-f luorou.::aci I ; one trîaz ine Cerirrative, 3,5-diainino-6-phen]¡l-

L 12rt+-trrîazine (EL'J:[-60 ,279) " "4rnong these maEerialse Eepa, apholaEeu metho-



ËrexaEe and 3n5-diarnino-6-phenyl-I,-2rt+-triazine inhibited reproduction

over a wide range of concenEratlons without apparent toxic effecE.

Two compounds, 1-aceEyl-Z-Ëhiourea (ni{t-Zar935) and an imidazole

derivative (ENT-60r19¿+) were found Eo be temporary sEerilants, The

sEeriliEy induced was reversed çrhen treated females starÈed feeding on

an unEreaLed diet"

Seventeen chemosEerilants, including some knorvn insecE sEeriLants

(metepa, hemel, and hernpa), and three growEh regulators, maleic hydrazidet

cycocel, and tDqueen substanceî1 signiflcantly reduced fecundiEy" The de-

crease in fecundiEy was apparenEly due to the presence of tesE chemlcals

ln the synthetic diet"

Three compounds, P, Þ-bis (1-aziridinyl) N, hl-dimethylphosphinic

amide (ENÎ-50r990), ENT-ó0P45 (s-Ëriazine derivaEive) and Ehiohempa' lrere

toxic at dosages Eested"

Ovaries of females EreaEed r+ith effecEive chemosEerilanEs shor'¡ed

marked recluction in size" The effecE rnras more pronounced on Ehe anterior

of the ovarioles" DegeneraEion of inhibiEed ovaries became progressively

more severe from anEerior to posterior"



,â C lCiC i. JI- E DGIÍri¡iT S

Thanks ai:e clue to lDr. À" G. iìobinson, Pi-ofessor of ilntomology,

Depa::tment of llntonologvu Universitr¡ oi i"ianitoba for suggesting the

prob1enrn for lcini help and rnosl r¡alued guiCance ì;hrouqhout the study

and. in the preparation of this thesis; to ilr. A, J"'.fhorsteinson, Hea,d,

üeparúnent of lntomolo.qirr ilnive¡:sity s¡ i,ianitobau for his encout:aøeÍnent

and f or provi.dinr5 f acïl i.ties in {:he department"

I arn greatllr inciebted io Dr. J. J" Cartier, Canada rlgricttlture

iì.esearch litation, St, Jean, Quebec, foi: suppllzing a sanple oi the pea

¡niri'i i=corìiT1n c ârye and for advicô ^n f-ha nraq:râtion Oi the ciremicaLly

def ined rlieE" The assistance of ür" .4" ll , 3orkovecu In Charge Che¡no-

ste::i1ant In-vestigations, iesticide Chemicals Reseai-ch,Jranch, LTnited

S tates leparimen¡ 6¡ :\._gri crrl ture , rtel l-svi 1 1e, iia::y1and, irr tecl:ni ca1 acl-

vice on ciremosteril-ants an-<i for su.pplying most of the chernicals useciu is

gratef u11]¡ acknor.¡l edgecl "

I am also grateíul to Ür:. it, òrust and l"ir" John Giardino, of the

ilepa.rEr,rent of intomclogy ., f.at help r,¡i Elr L1r.e photograpl-ric work entsailed

in this thesis"

Valuable a.ssistance Ì,ras suoplied b¡¡ Dr" l(. Subrahmaniaar, of the

Deoa::trnent of Actuaria.l- j',!at.hematics ancl Statistics, i-n sugSesLing the

rnetl'locl of statistical a-nalr'sis of data used throughoui tire thesis"

'Ihe r,¡ri ter r.¡i shes to exÐlress hi s deep grati tr-ide to Ëhe Facul ty of

;lraduate Stucii.es and l{esearch, úniversitl¡ of l"ianitoba ", for the ar¡ard of

a graCr-tate fellowship for L95L"-65 and 1965-5'c' The stud¡r r.ras a.lso



suooorred in part bl¡ a srant fron the i'ietional llesea::ch Cor:ncil" of Ca.nað.a"



CiÌAPTER

f.

II"

IIT.

TV"

ÎABLB OF CONÎENÎS

INÎROÐUCtION . . o . o o o . o . . . . . o . c . . . o

theproblenn o... o ö o. ô o o ô o o o o o. o. r

Importance of the problen . " o . c . c o e e e o . . o .

REVIE"IOFTHELITERATURE o o. o o o o â. o. c. o c .

I'IATERIå,LSAI'IDMETHODS o o. o o o.. o o s c o c o c. o

RBSULTS oo0cêoacoaocoaoooeoaecoo

AZIRTDINES, o o o c o e o o e o o o o . o o e o c s o

Tepa êo oc o o o o o o o 6 ge c o o o ô o ô o o c o

AphOlate o c o o o o o o o o o o o o o ô o o o. o.o

ìvieËepa o o ô ô o ô.. o o o c c o ô o o o o o a o o o

Þ, P-bIs(1-azlridlnyl)-I-eEhylphosphinlc amide

(ENT-50I787) c.. o. o......... o.. c e

F, P-bis(I-azlridinyl)-[r {-dlmethyl phosphinlc amide

(ENT-50'990) o.. o.. . c. o.... o û.. o o

þ(L-azlridtnyl ) -En[r$t r[r -teËrameEhyl phosphonlc

dlamlde (Et\t-50r991) o o . o c . o o c o c o o o o .

P, P-bis(1-azirldinyl)-N-bucyl phosphlnic amlde

(ENT-511028> o c o o o o o o o o o o o o o o o o o o

Er 3-bls(L-azlrf,dinyl) -N-propylphosphinic amlde

(Bl¡t-Sf 1253) o o. c . o . c ô c . o . c ô o o o o c

P, P-bls(1-azlrldlnyl) -¡l-meEhylphosphlnic as¡lde

(ENT-51 J54) o o e . o o o o . o o o o o ! o o o o c

PAGiT

1

I

2

3

15

26

26

26

27

27

28

28

28

29

29

29



vil
PAGECHAPTER IV. (Concrd)

P, P-bis(1-azlrldinyl) -S-tsopropylphosphinic anlde

(ENT-51 ,356) . o é È ò Ð D ,¡ ! ... ó ( r . 6 { . . . . 30

AI{TIMEI'ABOLITES . . o . . . o . .' . o . . . . . . " 56

MethotrexaEe o c o o o e . o a . . c e s . o o e . e 56

S-Fluorouracll o c o o c o . o o o o . . o . o . . o . 56

MISCETLANEOUS COÞÎpoUNÐS, . | . c ., . . o . o o o e o 62

TRIAZINES o o r c ô c . . . e o o o o . . o o . c . c 62

Hecnel . . o o . c o . s 6 o . o . q o . o o o o o o â " 62

Hexamethylmelamine, hydrochlorlde . o e c . . o q s o . 62

2 
" 

4-Dlamino-6-morphol ino-s-triazlne, hydrochloride

(ENT-51,143) o . o . o . o . . a c a , o o e ô c o q 63

ENT-51I454(g-trlazi.nederlvaEive) o ô o o o o c o o. 63

3r5-Dlamino-6-phenyl-L,2þ-trlazlne(ENT-60'279) o o. 63

ENl-60r2Bg (Lrzrh-triazine derlvatlve) c . . . . o . o 64

BblT-ó0r345(g-trlazinederlvaElve) o o o. o o. c ô. 64

ÐERTVATIVESOFPHOSPHORICTRIA},ÍIDE " O C O .. O ' C ' 75

Hempa . n o e ø ø . o o o o o o o o o o o o o o o o o a 75

thlohempa"r o o o. c o o o o o o o. c o c o o o o " 75

lrlphenyl tinhydroxlde (ENT-28'009) o € ô o o ô s. " 79

1-Acetyl-2-thlourea (ENT-24|935) o e e o o a ô a o o . 79

ENI-60r19t+(ln!.dazolederlvatlve). o o o o o o a. o " B0

2-Chloroacetâmldl.ne hydrochlorlde (ENI-511325) . o e o 81

ENT-60'109 (N-oxide of heterocyclic nlErogen coapomd). 81



vl11

CHAPTER IV. (conrrd) PAGE

ENT-60¡046 (ester of borlc acld) . o . é ô . o . . . . 82

ENt- 51 ,068 I ,1 t - (ethanedlyl idenedlni ero) dl

guanldlnen dlhydrochloride . . . o . . . . . o . . " 82

ENT-60'179 (Ehladiazole derivative) ô o o c o . c o . o 82

ENl-60r302(pyrtmtdlnederivaElve) c o.... o o o c 82

]tlalgic hydrazlde .' c . o o o o o o . . . o . ô c . . 98

Cycocel o.e. ocoooôcoco. coo.ooo " 99

tÏQueensubsEanceÊt. o. o. o e. o € e . o o e ó o o o 99

v. DISCUSSIoN o o o o o o ô o e . . o o o o o o o ê o e o . 104

Vf " SUI4'Í,¡ÀRY " " o o o o o o o r ø c ' o o o . e . o o . o o o o 108

BIBLIOGRAFHY" o o o o o e . 6. . c 6 o . o e . o. o o ô o o o o . 113



TABLE

I

II

III

VII

LIST OF TABLES

LlsE of chemlcals EesEed . . . o . . . . . .,
Conposltlon of Ehe syntheElc dlet fed to the

peaaphid e. c. c o o o c o.. o o o o o o

Effect of tepa fed in a chemical dlet to the

pea aphld fro¡n early third lnstar to adulE

stage oo6eôooooo ooooooøôo

Effeet of Eepa fed ln a chenlcal dleE to Che

pea aphld from early thlrd lnsEar Eo adult

sEage (tlrstEest) o o . ô o . o o o o

Effecc of Ëepa fed ln a chemlcal diet to the

pea aphld from early third lnsEar to adult

sEage (seeond Eest) o o . o o . . . o . o o

Effect of tepa O"05% on Ehe fecundlEy of Ehe

pea aphid¡ fed in a chemical dlet aE second

lnstar (72-84 hours of age) for one day

(24hours) 
" o ô o o o o o o e o o o. c o.

EffecEs of apholaEe fed in a chenlcal dlet to

the pea aphld from early Ehi.rd instar to

adulEsEage â c ô o o o o ô o o. o o c o o ø

Effects of metepa fed ln a chemlcal dlec to the

pea aphld fron early third lnstar to adulE

sEage . ea... ro o.ô.. o.....

FAGE

18-19

20-2t

IV

31

32

33

34

35

VI

VTII

36



x

PAGETABLE

IX

XIII

Ðffects of !r!-bls(1-azirldlnyl) -N-ethylphosphinlc

amide (EN1-50r787) ee¿ in a chemical dleE ro the

pea aphid from early thlrd instar to adult stage n

Effects of PrP-bis(1-aziridinyl ) -[-echylphosphinlc

amlde (EN1-50r787) fed in a chemical dleE to Ehe

pea aphid from early thlrd lnstar to adult sEage "

Effect of !,!-bis (l-azirldinyl) -llr$-dtmethyl-

phosphlnlc amide (ENT-50r990) fed ln a chemlcal

diet Eo Ehe pea aphid from early third instar to

adultsEage o o . o e o o o o . . ô c o o o c ê o

Effects of g- (1 -azlrídinyl ) -ErSrS' rSr -tetranethyl -

phosphonic diamlde (ENT-50'991) fed ln a chernlcal

dlet to tshe pea aphid from early Ehlrd instar to

adultstage o . o e c c . . ô o o . o o . c . . .

Effects of !r!-bis (1-azlridinyl) -N-butylphosphinic

amlde (ENf-51,028) fed ln a chemlcal dlet to the

pea aphid from early thlrd insËar Eo adulE stage "

Effects of !r!-bis(1-azirldtnyl) -S-propyl-

phosphinlc amlde (EN1-51 e253) fed in a chemlcal

dlet Eo Ehe pea aphld from early Ehird instar

toadultstage o e o o o o e o q e. o o o o o ø

Effects of !¡!-bis(1-azirldinyl) -N-meEhyl-

phosphlnic amlde (EI{T-51 ,254) fed in a che¡nical

37

XI

KII

39



xi

ÎABLE FAGE

dleE to the pea aphld from early third insEar Eo

adulE sËage c . o . . . . . . . . . . . . . . . . . 43

K/I Effects of lnP-bls(1-azlridtnyl)-S-lsopropyl-
phosphlnlc amide (ENT-51,256> fed in a chemical

dleE to the pea aphld from early thlrd lnstar to

adulE stage o o . ó . . o . o . . . c . . . . . o o 4!+

XVII Effects of !r!-bts(1-azirldinyl)-N-lsopropyl-
phosphinic amlde (ENT-511256) fed ln a chenical

dieE Eo the pea aphld from early Ëhlrd lnstar Eo

adulE stage o o e . o o o o o o o o o . o o . o c o 45

:{VIII Effeets of methotrexaEe fed in a chemlcal dlets to

the pea aphid at early chlrd insEar for three days , 59

X,IX EffecEs of 5-fluorouracll fed in a chemical dleE Eo

Ehe pea aphld at early Ehlrd lnstar for two days . . 60

XX Effects of S-fluorouracll fed in a chemical diet to

the pea aphid aE early Ehird lnstar for four days . 61

XKI Effects of hemel fed in a chemical dlet to the

pea aphid at early third lnstar for four days o . " 67

K1(II EffecEs of hexagrethylmelarnlner hydrochl.orlde

(Et{T-50o905) feê th a che¡nlcal dlet to Ehe

pea aphld from early thlrd insEar to adult

sEage oo.co. c.oooocroc.oooôo 68



xii

TABLE PAGE

It\III Effects ot, 2r4-diamlno-6-morpholino-g-EriazLtte,

hydrochlorlde (ENT-51r143) fed ln a chemical

dleE to the pea aphld at early third instar to

adulE stage o ô . . o Ò c . ô ô . . o o o ô . o . o 69

XNIV Effects of ENT-511454 (g-triazlne derivaulve) fe¿

in a checnlcal diet to the pea aphid aE early

thirdinsEarforEhreedays o o o o o o o o. o ! Ò 70

XXV Effects of 3r5-dlaníno-6-phenyl-LrZt[+-trlazlne

(ENf-60r279) fed ln a chenical dlet Eo the pea

aphld at early thlrd lnstar to adulE stage . o c o " 7L

X,¡I EffecEs of ENl-60r289 (1 ,2r4-Erlazlne derlvaEive)

fed in a chernlcal dleE aE O"l% Eo the pea aphid

aE early third insEar for three days o o . o o r . 72

KKVII Effects of Et'trT-60 1289 (7r2r4-irlazine derivative)

fed ln a che¡¡ical dieE at 0.05% to Ehe pea aphld

at early uhlrd insEar for four days . . o . . o . 73

KffIII EffecE of ENT-60r345 (g-Lriazlne derivative) fed ln

a chenical diet Eo the pea aphid from early Ehird

lnstar Eo adult stase . c o c o o o o o . . o e o . 74

KKIK EffecEs of hempa fed ln a chemical dleE Eo che pea

aphid from early third lnsEar Eo adult sEâge o o e e 77

XXI( Effects of thiohempa fed ln a chenlcal diet lo the

pea apilld aE early third insEar for four days o . . 78



xi 1t

TABLE PAGE

KLKI Effect.s of tripheayl tin hydroxide (Et'{1-28r009)

fed ln a chenlcal dlet to the pea aphld at

earlythlrdinsEarforthreedays .. o.. c,.. 8I+

K(XII Effeccs of 1-aceEyl-2-Ehiourea (ENT-24ì935) fed ln

a chemlcal dleË Eo the pea aphld aE early

thlrdlnsEarforEraodays . o o.. o o r o o o e ' 85

KKXIII Effecrs of 1-acetyl-2-rhlourea (EI'lt-24?935) f,ed in

a chemlcal dleE Eo the pea aphid ac early

EhirdlnsEarforfourdays o o a o c. o c c o c c 86

)LK,XIV ÉffecEs of ENT-60'194 (tnidazo]-e derlvative) fed in

a chemlcal dlet Eo Che pea aphld ac early

EhirdinsEarforl;hreedays e . o a ô ô e o o.. o 89

KXNV Bffects of 2-chl.oroaceEamidlne hydrochlorlde

(ENT-51 1325) fed in a chernical dleE to the pea aphld

aE earLy thtrd instar for three days o o à o . o " 90

KXXVI Effects of Et{T-60r109 (N-oxide of a heterocyclic

nltrogen conpound) fed ln a chemlcal dlet Eo the

pea aphld at early thlrd lnstar for Lhree days " . . 91

XXKVII Effects of ENT-60'046,(ester of boric acid) fed ln

a chemical dieE to the pea aphid aU early thlrd

instarforthreedays o o o c o o. o c o o o ô ô " 92

.t\XVIII EffecEs of EliÎ-Sl1068 1 11t-(ethanedlylidenedlnltro)dl-

guanldlne, dihydrochlorlde r Et.trT-60r179 (ttriadazole

derivatlve) n EllT-601302 (pyrimidlne) f ed in a



:<iv

TABLE PAGE

cheúical dlet at 0"1% level to the pea aphid aE

early thlrd insEar for three days . o . . . . o . . 93

&KXIX EffecEs of Et{T-511068 1r1t-(ethanedlylldenedlnitro)dt-

guanidine, dlhydrochlorlde, ENT-60r179 (thladazole

derivacive), nm-60r302 (pyrlnldlne) fed ln a

cher¡ical dlet at O.05% leveI to Ehe pea aphid aE

early thlrd lnstar for four days, . o c o . o o o . 94

XL EffecEs of EtrlT-60r179 (thladiazole derlvaËlve) fed

ln a chemical dlet Eo the pea aphld aE early Ehird

lnsEarforslxdays o o o c o o o o o ó o o o o. 95

XLI EffecE of chenosËerllanEs fed conElnuously, Ln a

chemlcal dleE, to ehe adulE pea aphld durlng

larvlposiElonperlod . c o...... ¡ o.. o . 96

XLII Effects of malelc hydrazlde (¡,ft{-30) fed ln a chemlcal

dlet Eo the pea aphld at early Ehlrd instar for

threedays c o o r. o c... o..... e c ô r 101

XLIII EffecEs of cycocel fed ln a chemlcal dlet Eo the pea

aphld at early Ehlrd lnstar for Ehree days . o o . o LOz

K"IV EffecEs of rsQueen Substanceø fed ln a chemlcal dleE

to Ehe pea aphid at early thlrd instar for Ehree

daystoooo ø.o.ôoorcoooeoo ooot 103



LTSÎ OF FIGURES

FIGURE PÁGE

1, Dlagrr¡rmaElc vier¡ of Ëhe component parEs of the aphl,d

feedingcage . o.. o.... r a o r. o,. o.. o. . 22

2. Aphldfeedingcage o o. o. c.. o.. c. o.. o o o o . 2j

3n Pea aphids feedlng on a synEhetÍc dieE enclosed between

ErEosfParafllmtgmembranes c r.. o...... ?. o ô ¡ . 24

4. Feedlng cages, contalnlng aphlds, set ln a Eray wlth T,{aEer

tomalntalnhigherrelaElvehunÍdity o. c o o o.. o c " 25

5. Normal ovariole clevelopment of the pea aphtd aE early

thlrd lnstar ê o . o o o o c o o o, o o o c e . o ô, 46

6. Ovarles of the adult pea aphid reared on a syntheEic dleË , " 47

7. ovarles of Ehe adult pea aphld reared on a broad bean plant,

ViclaEgEL. . c o. c. c o o o o ê.. o o c o. o o. " 48

8. Ovaries of the adulË pea aphid affected by feeding on a

s5mtheEicdietcontainlngtepa o o. o.... o. o... 49

9o Ovaries of the adu1E pea aphld affected by feedlng on a

syntheticdletconEainlngapholaEe ô c. o ô o o e e o o o 50

10" Ovarles of Ëi're adult pea aphld affected by feedlng on a

synchetíc dieE containing !r!-¡fs(f -azlridlnyl)-N-

ethylphosphinicanrlde(ENT-50'787), o o ô o e 6 o þ o o o e 5l

11' Part of the ovarles of the adult pea aphid fed on a

synËhetlc dlet contalning 3.r3,-bis(f -aziridinyl)-U-



:nrl

FIGURE PAGB

methylphosphlnlc amlde (BN1-51 ,251+). Figure shor¿s ful1

developmenE of embryos posterlorly and toEal lack of

developmentanËerlorly.... o. o.... o... o... 52

L2. Ovarles of the adult pea aphld affected by feeding on a

synEhetlc dleE containing FrP-bls(1-aziridlnyl)-N-

isopropylphosphinic amlde (EI.IT-S1 ,256). ,. o o o o . c . . 53

13. Effect of Eepa on the reproducElon of the pea aphld, fed ln

a chemlcal dieE from early third lnsEar to adult stage o ô 54

L4. Effect of apholaEe on the reproductlon of the pea aphiclt

fed ln a chestical diet from early Ehlrd lnsEar to adult

stageon.ocooco ooo oo c.o.occ. oooc" 55

15. Ovarles of the adult pea aphld affected by feedlng on a

s5rntheElc dleE contalning 3r5-dianlno-6-phenyl-l 12 r4-

triazine (ENT-60'279) o . o o o o . o o . o c o o e . c o 66

16. EffecE of 1-acetyl-2-Ëhlourea, on the fecundity of the pea

aphid fed for tÏdo days c o c . . o c o o . . o o o . o . o 87

17 " Effecu of 1-aceËy1-2-Ehioureê, on Ehe fecundiEy of the pea

aphld fed for four days o . e o o o o o c e o o ô o o ô o o 88

18" EffecE of chernosterilants on the reproductlon of Ehe pea

aphid fed on a chemical dief duríng larvlposltion " o o e o 97



CI-IAPTBiì I

II.{,TROÐUCTION

In recenÈ yearse Ehe use of chemosterilants ia:r clr\t'j:olÏ.ing

ínsect populations has received considerable attentíon. l'{any differ-

ent chemicals have been found rvhich affec! the reproduction of

various insecEs, and Eo date several- insecE species have been effec-

tively sterilized by application of chemicals'

X.Iu -gg}lçg1

The present sEudies \dere intended to supplement the rapidly

accumulating information on the inducEion of steriLiEy in insects.

AlEhough extensive work has been conducEed on insect chemosteríLiza-

tionn liütle r.¡ork has been done r^rith insec! species of Ëhe Order

Homopterao Earlier, Flarries and l"iattson (1963) and ilobinson (1959,

1960) sfir-rdied the ef fect of cer¡ain chemicals on the mortaliEy and

reproducEion of aphid speclesn buË Lhe techniques employed r'¡ere noE

enEirely satisfacEory" In their techniquesr tshere \¡Ias no \^7ay of knolr-

ing in whaC ditution Ehe material enEered Ehe body of the aphids"

Recen¡ly, Auclair and CarEier (f963) developed an artificial method of

rearing the pea aphid, Aryg*ggi*3g P-bu!l. (liarris), on a chemícally

def ined dieE" i..lith this Eechnique, measured quantities of chemicalsu

knor,in Eo affecE reproduction, can be addeci Eo Ehe pea aphid food. In

the sËudies reporEed here, Ehirty three compounds were investlgated

for Eheir effecLs on the mortaLity arrd fectrndily of the pea aphid"
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Jw-çexggI-!L.-så"9v
The present study is Ëhe first seriouts atEempL to use chemo-

sterilants on insecËs v¡hich suck plant sap" At present there appeârs

to be no practicaL way in which this informaEion, demonsErating inhi-

biEion of reprocl.uction in the pea aphid r^riEh chemicalsr can be used in

Ehe field" Honever, it has been shor¡n thaE the Eechnique of rearing

aphids on a chemical diet can be successfully used tso deEermine the

effect of chemosterilanls on Ehe mortality and fecundity of the pea

aphid, tlith the information availabl-e from these studies, it may be

possible Eo treaË plants in the field rtith chernosËeriLants, for aphid

control "
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REVÏEI,f OF THT LITEIìATUlìI

Reviertrs dealing r.¡ith chemosEerilanEs have been presented by

Borkovec (tSød) and Smith * 4 G96/4). Recenrly a book on rhe subjecc

has been published by ìJorkovec (fSO6)" The use of chemosterilants for

contsrolling insecE populaEions has received considerable atEention since

the successful eradication of Ehe screw-l^rorm f ly, C_o*cfr1,_i-omyj-e bq4i^Li-

ygl4$ (coquerel)in cerEain areas, Ehrough the release of adult mares

sterilized by ganma radiation Eo mate l.¡iEh flies of naEural populations

(Baumhover gg 4 1955; ituipling 1955).

Borkovec (fSea) discussed briefly the principles and shortcom-

ings of radiaEion sterilizaEion" l{nipling (f9SS, Lg6Z) pointed, out Ehe

advantage of chemosterilization over the use of an insecticide. For

exampler an ínsecEicide EhaE kills 9O% of an lnsect populaEion rviLl re-

duce iEs reproducEive potential Eo LO%u but a chemosterilant affecting

90"4 of a population ruill reduce Ehis potential to orie Þer cent" iÌith

only one per cent reproducing, Ehe populaEion would be greatly reduced

and af Eer 5 generaËions r.iouldn EheoreEically, be eradicated.

sEerilizaiion wiEh chemicals is noË a ne\\r concepE for insect

conErol, since it r¡as suggested as early as 1937 (trnipting l-960)" The

inhibition by chemicals of ovarian developmenEo and their effect on re-

producEion, \{ere f irst reporEed for Dr_o-qopþjlrg_ m_e]jL-noffrs_rs_r (Þfeigen)

(GoldsmiEh and Frank 1952), ancl laEer in the house fty, Ì'iuece ds¡grg,q,q:Lcg L,
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(IfiEli. * aL.L957) " Interest in the use of chemical sEerilants for

insect control has increased since LaBrecque (t96t) induced sEerility

in both sexes of the house fly by feeding apholate, tepa, and aphamide.

To daEer inhibiEion of reproduction rvith chemosterilants has been re-

ported in a number of insect species representing the orders of

Co1-eoptera, DipEera, lïyrnenoptera, and Lepidoptera (Borkovec L964.;

Chamberlai,n 1962; CrysEal 1963; Davis and Eddy L966; Grosch t963;tlair

and Adkins L964; Harris L962; Llarris and Frazar L966; Fiedin eg a: L9643

lienneberry eE gl 1964; Howland er- gJ L965; LaBrecque 1961; Lacid 1966;

Lindquist gg aL 196l:,; Shar,; and RivieLlo 1962; w-eidhaas eE al 1962) "

Study of the literaEure reveals thaE little is l<noirn abouL Ehe

effecËs of chemosEerilants on hausEellaEe insects. Harries and iuiattson

(1963> tested various antibiotics as spraJ/s, for toxicity and steriliz-

íng effects on three species of aphids. The possible sËerilanE effects

of the more acLive antibiotics vrere not evident because of their toxic-

iEyr and those r,¡ith lo'.+er or no toxicity did noE shorv any marked steril-

ant effects alEhough the nunber of progeny was generally less than in

Ehe Ereated conErol" i-iarríes (f eOS¡ studied the effects of some anti-

biotics and other compounds on ferEiIiEy and mortality of orchard miEes"

i'ie found that the oviposiËion of the Er.ro-spotted spider mite, !gE-æ¡¿c&g.

fe_leglgg (L,) and of Ehe lluropean red mitee þg+yçhgs. ulml (Koch) rùas

inhibi€ed by a number of antil¡iotics" Smith et g1_ (1965) treated tr,¡o

species of greenhouse spicier ntites vrith apholate dips, sprays, or

residttes" They reporEed that unEreated females of Ehe Er,ro-spotEed spider

nrite, w-hich maÊeci rvith males dippecl in 0"5% aphoLate in alcohol-f,r7aEer
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solutionn prodr-rced male progeny, Fernales exposed ta 2% apholate dip

produced no viable eggso

Two .groups of chemical eompounds, a-ntimetabolites and alkylating

agents, have shor.n the most promise as insecE sËerilants. Anti-

metabolites and alkylating agents have a different rnechanism for i.nduc-

ing sterilitv" Antimeta'boli.tes are conÐou;rds rvherein a mefabolite

essential to cel1 der¡elopment has been chaneed in one of several minor

\-,¡ays' and which ¡shen introduced into Èhe animal, r,'i11 eliciL signs

associated i.rith a specific lack of the meËabolite (l.loo1i-ey L952; Shive

and Skinner 1958)" An antimetaboliËe also rnay i:e clesignaced a ri:meta-

bolic antagonisEit or a "¡substraEe analogueii" AnEimeEaboliEes sucl.r as

the netabolic antagonisEs of amino acids, folic acid, purine and py¡!¡¡i-

dine have ireen EesEed as insecE sEerilants, Antimetabolites such as

aminopterin, ameLhopterin, 5-fluorouracil, and 5-fluorooroLic acici shor¿ed

pronise as insect su'erilants, but stei:iLizecl femaLes only (Crystal 1963;

GoldsmiEir and Frank L952; LaBrecque and Gouck rg63., LaBrecque eE al.

1960; ì':litlin S! e.l- L957. P'ainier and Kilgore L96/+, 1965; píqr_rerr and

I(el1er (t002¡ 
"

The alkylaEing agenEs commonly referred Eo as radiomimei:1c comp-

or;nds replace irydrogen r+itLr an a1kyl groui) in fundamenÈal qene¡ic material

r+iEir an ef f ect siroilar to irradiation (Alexan,Ce:: 1960) " The alkylating

agents are highly eff ecEive in producing fnitotic clisturbances or l.1ucleo-

Eoxic condii:ions particularlSr in tissues l¡here celI multiplicaEion takes

place aE a high rate. chemosterilants belonging to ihis group are

niErogen musEards and eEhylenimine derivaEives (aziridines), oi: the
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alkylating agents, aziridines irave proved particularly useful because

of their effecEiveness in steril-izing both sexes of insects and Eheir

ofÊen r,ride toxiciEy-steriliEy margin (Sorkovec L964; ilorkovec and tloods

1963; I{air and Adkins 1964; LaBrecque 19ó1). Flowever, there may be

exceptions to Eire above mentioned generalizationn depending upon Ehe

l,esE insecE and the rnode of administration. Some of Ehe most widely

used represenEatives of this group are tepa, meEepan treLa:nine, aphamide,

and apholaEe.

Laf:ely, large nu¡lbers of candidaEe chemosterilants have been

tesEed for their activiLy as insect sEerilants (Fye et aLL965e 1966;

Geering eE 4 1965¡ Goucls and LaBrecque 1964; i(enaga 1965; Ristich et a1

L965; i'ioods et e-l 1961+) ,

l'{any research wo::kers have evaluateci l-he effects of plant and

animal grorvÊh regulators on the fecundlty, grorvth and developmenE of

insecEs" Þlitlin and Baroody (1958) EesEecl fifteen syntiref:ics and Ëhree

maEerials of biological origin for iheir effect on ovarian grorvth, by

feeding them to tire house f15r" They reported Ehat coumarin, l-phenyl-

2-Ehiourea, piperonyl butoxide, p-quinone, and thiourea completely

inlribited ovarian gror.ri:h at concentrations of 5n5r1r5, and 2 mg4" lLitre,

respectively" Chanberlain and Hopkins (i960) observed ::educEion in

size of ovaries of 4- and 8-day old hotrse flies, obtained from larvae

treated r¿ith 0.0002% colchicine" Similar resulÈs r'¡ere reported by

I"iirl in eE al (1957) .

r'rQueen substanceí: chenically identif

acid (Butler et aL_ I96L) intriOited ovarian

ied as 9-cxodec-trans-2-enoic

developinent in the lermite,
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Karq_åeqr!çs Lllvjqol_Lt" (f") (Hr¿ty e! CL 1960) and in house flies (i.layar

1963)" Contrary to these observations, l4itlin and l]aroody (fgSA) iaí1ed

to obtain inhibiEion of ovarian development in house flies by feeding or

injection of queen bee extract. pain (1961) obEained no inl.ribiËion of

overy developrnent in r+orker ironey bees by synthecic queen subs¡ance

aI one 
"

Biologically active gro\^rth regulators have been founci to have

sone or no sieriLízing acLivity by nany i¡orkers (llenschoter L966;

[delrmai-r and Efros 1962; ]irnden 1964; I{eiser et al 1965; Robinson 1959,

1960; Simkover L964; lahori eq el 1965; yule qr el i966)"

iror biological evaluatíons, the mode of adminisLration of a

chemosterilant varies quite r.ridely according to Ehe insect species and

the compouncl employed. Larvae, pupae, and adults ilay be sEerilized by

chemical treatment" 'Ihe egg seems to be Ehe only stage on rvhich chemo-

sterilants have either no effect, or function as ovicicles. Á techniqLre

founC convenient for use in screening prograñìmes is to ineasure ihe fecun-

dity and ferEiliLy of adui-t inseets reared on a diet in which a specific

amoLrnt of chernosEerilant has been incorporated" The candiclate chemo-

sterilants have ireen adninistered Ëo house flies, in sugar or other dry

food (Gouck gg al L963a; i,aBrecque 196r), to screr¡-worm flies in sugar

soluEion (Crystal 1963), to Cephritid flies in a mixture of granulated

sugar or orange cr]¡staIs supolemented r.lith protein hydrolysate (Shavr and

iì,ivielLo 1962; äeiser g! al i965), to ptun curculios (Flays anc cochran

1964) and to bo11 rveevils (t{edin e} g! Lg6L) in parrlally arrificial diets,

OEher methods of ad¡ninistration of chernosEerilants are available, for
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exaaple, injecEion (Borkovec * gl L964., Chang l-965a; Chang and Borkovec

1961:; Chang ansi I"iearn.s 1962)u topical application (Chamberlain and

llamilton 196ú.; Crystal 1964b; Oulze S! et 1965; Parish and Arthur 1965),

contact with treated surrfaces (CoIlier and Ðorrney L965i Dame and

Schnridt 1964; iiarris 1962; Iìorvland -g9 C]" 1965; l(eiser _g!.3[ 1965),

dipping (Henneberry g * L96tt; Linclquist et al 1964-; Roach and iiuxton

1965), d.usting and spraying (Chanberlain 1962).

Fupae, because of Eheir inactivity, are more easil-y hancllecl than

larvae or adults" Bushla-ncl and iiopkins (f gS:) iound that the scre\,r-

ivorm fly lvas most su.sceptible to sterilizaËion by gamma radiation rvhile

in the pttpal sLageo and pupal irradiation has been nsed r+iih great

success in programmes involving the r,¡eekly sterilizaLion and release of

millions of flíes of this species (llar-rmhover gg.g! 1955; Lindquist 1955)"

Chamberl,ain (1962) achievecl sterility by dipping prepupae of the

scre\,r-vtorn ily in apholate, btrE pupal CreaËment resu-LEed in only partial

sterility, Piquett and l(elLer (1962) reported Ehat r+hen puparia con-

taining pupae abouE 4 days old r,¡ere ir¡mersed for 30 minuEes in equaL

parLs of aceLone and \,¡aEer saturaËecl r.¡ith a knoi.in chemosterilanC (2r2'-

dichloro-i'tr-methyldieEhsrl amine) oviposiEion r.tras prevented in Ehe emerg-

in.g house flies, Gouck (fS6a) induced sterility in house ilies by dip-

ping puparia containing pupae of different ages in apholate, tepa, and

metepa aE concenErations of 2"5 and 5% for 30 to 300 seconds" At all

dipping periocls and i.¡ith concenEratíons at 2"5 and 5%, apholate and

metepa gave mosE consistenE sÉerilitf itt flies emerging from puparia

dipped when pupae rrere 2 days old and Eepa in flies from puparia dipped



I

r^rhen pu.pae \"¡ere 1 da5z 6[d. Inciuction of steriL ity l>y trea¡ing pr-tpae

of Lhe face f11', j:lg""".ss g-_r;J"L'1grrgJ_i-s.llerleer, \,ras demonst::ateci by Hair ancl

":\cl(1ns \1yo¿rJ "

Sharv and iìiviel1o (1965) for-rnd that the ilerican fruit f112,

åtr3p-tfg.q-hg Ly-4_e¡S (Loer+), couLd be sterilized by diooi.ns pLlpae for 60

seconds in a 5'A so1ution of tepa in'netha.nole provided thaE Ehe adults

r¿ere alloi'¡ed to emerge fron the treatecl ptrparia, but not r..¡iren the

puparia Tù€Fe \râshecl an.d drained* Keiser et al (1965) also obEainecl

steril-j-zation of f-rr:it ilies b1z <iipping pupae in a chenosterilant solutionu

one Cay before u-he emersence of fruit f 1ies"

Contrar]r to these finclinEs. pr-rpaI treaLmenc r^¡ith cheinosterilants

at sEeriLizittg., dosages proveC ineifective against the gypsy moEfr,

"{--o:._tfgjç-f_lS "Çj_g."pgg" 
(L") (Cottier ancl Dormelr 1965) and the fa1-1 a::rny\{ûÍme

-9-p-g*çi-p-p---q-ç.f9, -f-5q".g-=,1p*g"5Sg- 
(J" ii. Sinitlr) (Yor-rnq and 0o:< 1965)" In gene::al,

the aqe of Ehe Pupae rras a crítical iactor anci sornetimes a hisher mor-

tal ity occu.rrecl than l¡as desired.

ïndticti on of steri 1 i ty 5.y treat ing the Larva! sta.ge ini,ght be

advantageous r¿ith some insect species, particu.larly if the insects coulcl

be reared ancl steriLized in large nnmbers f or releês€o i'ieidhaas Qg1Z)

observed complete to partial sterility r"rhen rnosquito larvae of i!,edes

ae-c'.ypti_ (L") \.rere reared in rüater trea-ted aE 10 D.p"tno oi

and Sctrmi dt ( 19ó¿+) otrta iirecl only 36 irer cent reduct i on in

inosqniLoes trith nreteoa at 10 p"p6m" in the Latva! nedium,

( f SOZ) obiained qreatl-y recitrceC f erti 1 i ty in screr¡-isorrn i1

larvae &-Or€ Ï.eâ-]:ed in rnedia coÍttâirríng ?5 r^ 5û p" p" m" o

^^L^1 ^í-^ ¡^-^aljtIUlALço ,G¡¡¡s

ñari- i I ìl-r¡ nf

üha¡.lberl ain

i es t^¡hen

f aphol-aLe buE
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treatnenLs had deleteriolls side effects. Gor¡ck et al (fS,1¡a)::eÐor:tecl

more toxicitlz than sterilit¡r r'rhen larr¡ae of the ironse fl¡r irei:e dippeC

in chenosteri lant sol-r-i.i:ions " Sini Lar f indinqs \{eíe nacle by Shar'r and

/. ^.^\lìiviel-1o (19ó2) in larval appl-icatio¡s to fntit flies"

The Lreat¡rent of ínsects ivith cirenrosterilants in the larvaI staze

seelrs impracticable not because sterilize.tion cannot be effecteC 'out

because of the concurrent iri-sh mortality. ïn addition, Eh.e adulLs i+hich

survive chenica-1- treatnent remain sina11, and ii is questionaLrle r¡irether

the¡r coul.C successfully conÐeLe with'.si1C rnales for fema1es"

There is iro doubt that insects can be steriLlzed by cheni.cal äreans

but the::e is conside::able species specificit¡r" llesponse oi a particnla.r

species could be as impo::Lant r,rith chemoste::ilants as r¡ith iirsecticicles,

Apholate -\.ras irore ef iective as a sterilant of stable f 1j.es tha',r of screr.¡-

r.¡orrn f l ies '¡hen both sexes r'rel:e treated LoÐical-1.'rr, Ciranbe"rla.in (1962-)

reported that screr.r-\.rora f l ies coulcl be sEeril ized at 150 .¡rg per f ly, or

abourE 31045 pg per grarn of body weight" SEable flies vlere sterilized at

1"0 ]-¡g oer f ly, or abou;:. 67 lt:z per grariì of body iveighi: (LIarris 1962) '
'ilheref ore, scl:eÍ.r-i.rorrn f l ies required 4'5 tirnes :lore apholate f or steril-

izatioit than stable f lies" Cha.i¡il¡erlain and 3a::rett (i qfi¿-) studierl the

ciifferential susceptibilitlz e¡ males and fenales to meLepao rvith topical

Creâtnents" llhe :ila1€ scfêr.r-rr'orm f1./ required 5"5 times as much meLelra

per gram of body';"ei,3hi as the male stab1e f1y, and the female screlT-

r,rorn fly required 18 times as much as Ehe femaLe sLable fly. the vaiues

f or f eeding il:eatnents of tire screvr-\dot:¡n f ly 6n¿1 si;abl-e f lV i,'ere 3 "9 and

l- a t:^^^vø¿ Lr*reÞ¡ ru>¡,cctiveLy, for inale and fe¡na1eo
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i(eiser Sg" gl- (1965) de¡nonstratecl that the male melon fly, _l¿1c*r1s-

"çjlg*çåÞj*t3r*9- 
Coqurillett t¿as tire most susceptibl-e to chemosterilants; Lhe

orienËal fruit f1y, ll" ¿o-gS-efjS- I{endel-, interrnediate; and tire þlecliter-

ra.nean fruit i1y, 9*ç_tg-tj!j*s_ SSpj_ÇgJ;1 (i',riedema.nn)tfre least sr-rscepEilr!.e,

Ti-re mode of Ereatrnent also has a considerable bearins on the

degree of steriLization desired and the mortality r¡¡ish cotild be toler-

ated" ChefnOStef i l:nl-< ârê dêñêr:l I r¡ mnr^o of f onl;iyg Ofal_1r¡ than tOpi-

ca1ly" Cr5rsEai (1966) examineci Lhe results of all aziridinr¡1 cornponnds

tested against tire scre'"+-rvorm f1y. i-le conclr,rded that nore componnds

\{ere pof:ent chemosteril-anLs (907:) and non-Eoxic (387j) i+hen administered

rnul-tiple-o::a11y than topicall-12 (.4.4% anð. 207d respecci.¡e1)'), iìe ftirLhei:

indica"teo that to:<icity of conrpounds r.¡as 1ar..;elV unrelaced to function-

alitvu Lo su,bsLitution, and only partly relaEed Eo mode of administra-

tion" i{o¡vever, he found Lhat aziridinlzl compounds cio dif fer r.ridely in

their toxicity to screr,r-lrorm f lies (C-rystaL t963, 1964.brc). ¡ie suggesteci

thaE Ehese clifferences are most like1r¡ due to substi.tuEion on the aziri-

Cinyl nitrogen, the carrier portion of the rnoLecule"

'l'he translocation and fate of cl-remosterilants in i.nsects and

manmals is, of cot¡rse, of Lhe greatesL inportance" The metabolj-sm of

i:he ¿llcvlatínp'azents b.¡ 1ar:ser animals has l¡een studiecl to a consider-

able extent, and lvork conducted before 1958 rvas revier¡ed by Suirh et al

(f SSg) " tharntrerlain and illamilton (1964) stuclied the rate of absorptionu
2,'

excretion, and inetabolism of P-'--labeled metepa b5i the scre\.r-r\"orm f l-y

ancl the stable fly to explain Ehe difference betrnreen the dosages required

to sEerilize Lhese trfo species" 'Ihey found that Lhe screr¡-worm f ly
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absorbed 6nlv half

size es the stable

f I r¡,. and r¡eîabo] islil-_J t ---''

âs inlr.cli radioJ-abele,J naterial in p::onortion to i. Ls

ff'r, a-nd the excretion'.¡as tr+ice that r:f tlr.e stairle

by iire sLabl"e fiy r,'as aboll{: tr.;¡ice as fast as r_'or

lìl ann ef- :l (1961\ inwa.ìt-iøat-ad the f ate cî p32-
_-*:-:--:- \r/v.r/the sc::ei¿-r..7ort¡ f lv ê

La.be1ecl netepa in nosgr-riLoes, [U"!"e;.t:-l-g_e.i-i-p_ CoqrriLlett; irr:use F1ïess

i.']. "Ç"p_rng,:.ç_i"çe 
t" and ¡irice, Dame anr-! Scl-rri.dt (L964) did additional ¡:e-

seat:ch i.riLir mo.saui Loes, ,_ArLqoþ-g-l-e,.s- qq1{ç,lj1a.glrl î_qlir lìar.r ancl Ae_d.cs .aeii.1ol:.i
a)(L, ) " Pa::is!r and A,rthrl: (1965) reportcd ¡neu'abol isin of P-'--l,aireled fhio-

tepa i.n -r:ê"f:s and four sÞecies of insects.

Ït is nosL inoortant í:hat ¡-he ti:eatecl rnales r:eina,in- in all biol.osi-

ca1 fltnciíons fu11¡,'conpelitir¡e r+i-th r-rnu-::eaterl or natliral insects.

^1^^-^:^^11.. ^Ê^.-:Lnerlìicat].]¡ scet-rlized rûales of ;\-ede--s-. aS.S)rpt"i. (1,") rìret:e shor/trn to l:)e as

conpetitive in naiing as unlreÐted nal-es (i,leicllraa.s and lichnidt 1963) 
"

Laiìrecque p-.. a\. (tSîl-a¡ found no irnpairneni in sextral conpetitiveness of

sie::il-e males of the hr:use f1y" P.aEher, tire LreeLer-l ¡¡aLes \{€rê ilìorê

colä'i:eLi t ir¡e sexual ly tiran the untreated mal es n g i¡,ri lat- resul t.s nere re-

portecl on i:he se:<lral aqgressir¡er.ess of nales in other insect species

(i-lays and Cochr ar,- L961,,; iiido e.':cl Staif orcì 1966; {}u.1'e -gq .e.1 1-9ó5; ijhar.r

ancl li.ivieLlo 1962: Yorrng ancl Cox 1965) * l{en:rebet'ry eL al (f çOfi) incìi-

caf ecl a clec::ease in inating ef f i c i ency of si:e::i 1e iral es of the cabbage

ì nnner - lri nhnrl usia ni (Ìltrb¡er) 
"r __"-:-..'^-.'.'-Y,''^:_.. *.- - - _

Thc lo,rqevit'¡ of cireinoste-::iliz,eci insecEs, oar'cicu1-ar:1y the:,lalesr

has a signif icance in f ield appl ications, Í-ioire ¡¡orl<ers have inclicated

LhaE steril izing dosages do noE af f ecL ::iale lon(evi t.z (llo-"rl.and 
_n_r rl

L966; KiCo ancl Stafford 195ó), çhil-e soine noËed reduction in Lhe



1on-øevity (Liedin 
ç_-1, .gl L961,; ijiennei:err]¡ et g-1" 1964)

found that âItirotrg;h metepa substantialLlz shortened

flies, 90% of the males survived the first 10 days,

suf f i c i ent to a1l- or¡ rnatins i¡i th mos t of the f e¡nal es

same tine as the inales"

.llhe che¡nosEerilanEs produce dominani leileal

qrovc..-ol r¡ rìá¡nAøe qeneti c ¡.al. eri al :- 4L^ ^-^-- ^-dèuvç!u!I L.q:¡¡q;ç -ie-rçurv r¡-4LUIrcI l-L! L!ls ÞlJç!r!l elL

cau.sing redr-rction- in tÏ're size of th.e reproducLive

Iìenneberry (19fr3) by feedin?' on-e per cent apholate

ohi1a melar-rouaster (iLIeigen) noted that a. b::eaL<dor,n of

. l,iurvosf-t gg _el

Eire life span of

l.¡hich time vras

Fl¡a{- n-^ø-a-1 a?
Lt!@q sJllç!<9lr aL

l.J

(1e64)

house

Lhe

nutaLÍol'ì.s e or

ova 9 thus r,r1 t inratellz

organs " Cantr'rel1 and

adul ts of !5o55t,-

Fl¡¡ -'r+-¡ ^^1 1 ^LIrç lLql òs çsI I ò t

oocl¡tes, a-nd io1. licle cells occur::ed i-ir the over:i01es of tbe t::eateci

females* i'iuch the same effecc rùâs observed in house fl1z ¡snrles,given

.|ne ñêr eent aniloJ-ate in the food for'neriocls tio to 2.t',0 hours after

eclosion (i.io,'::5aa an"d Lajirecque 1962). Regardless oi the stage of devei--

oÐnent the sEeril it5r in¿1uced rcas irreversibl-e" l,aClran.ce anr'j Crr¡sLal-

{fS6:i founcl thaE thj.otepa on.scr€\ù-rrrorm fliês r¡râs ¡rutazenic fo the

anaphase 1 stage oi ¡neiosis in the oocyte, and the end r-esult \'ras death

in the 7y3ote or..ring to the fai, 1u::e of the coinpletion of the rileioti-c div-

ision or chromosome Loss or imbalance in th"e enbrvo, Darie an-d irorrl (1964)

suggested Lha-t chenosteriLants applíed Lo inseninated ieinale ino.squi.toes

mê,v cause ste::i"l.itV b:¡ thei:: effect on tire sfo:aecl s?eûll rrritiri-n fenal.es"

ilerreral. l--yr i.n the adnirrist-.;atÌcir of ei'fg-ciive Cc;sa'¿es oil che',iro-

sLel:i.l-ani:s tc insecis. there has ìl,eci^, shcl"¡n narkecl redrr.clioir i.n the size

of r:rrc -reprod'-reLive nr1¡rr.s (Cirar:rìrci:Lain -1.962¿ "tie iser eL 
^.1 

1Ç65: Ki Co
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and Stafford 1966; Lindquist eS a! L964; i,liElin and ì3aroociy l95B;

Ì'Íitlin e! al 1954, L957; Þlorgan and LaBrecque 1964; Painter and Kilgore

19653 Shaw and Riviello L962) "

irield experiments have shor.rn that even in localities r.ilrere re-

infesEation is almost certaino chemosEerilants may offer a good insect

control method" '3ouck e!. at (1963b) applied a corn meal bait containing

0"75% apholate on a du-np at Fine Island, Florida, for Ëhe control of

house flies" The treatnent gave considerable reductioir of f1y popula-

Eion" In sinilar stucies, LaBrecque eE * Q962b, 1963) used aphoxide

ancl metepa at 0"57. to evaluaLe Ehe efficacv of chenosEerilants to conËrol

house flies in the field" i'íarked reducEion in the f1y populaËion and

egg hatch r.¿as notecl , Sharv and ltiviello (1965) released 2"5 million

sterile ivlexican fruit f lies, &ååEl"_pltg -UfÇStrs (Loei.¡) in a 10 acre mango

grove in Ìiorelos, iulexico, cluring L962 and 1963" They obtaineci subsEan-

tial proEection of the najor crop against fruit flies, F,ecently Davich

qt 4,1 (fS0S) demonsLrated Ehat the sÈerile-male release technique could

be used to elininaÈe relatively smal1, isoLaEed populations of the bol1

'¿eevi1, .AnEhoIro.æ grandL: Boheman"



CÌIAPT'Iì I T I

I'LATEITTALS Ai.{D }'ÍETHODS

The insect species used in these experiments r.¡as the pea aohid,

Acy-r.!,h-o-sighoe g:*qgg (Harris) (t-tomoptera: Aphididae), The pea aphid

culture vras mainLained on broad bean plants, vi.ci"q EgÞ L", variety

i'Iindsor. 'Io obtain young aphids for tests, adult apterous females \irere

placed on broad bean plants 2-3 inches trigh for less Ehan 24 hours and

then removed" The progeny remaining on the plants were approximately the

same age"

In these experimentsn the effects of various chemicals on the

mortality and fecundiLy of A. pjglrt! r¡ere invesEigaEed. 'llhe chemicals in-

vestigaLed are listed in Table I. ì"losE of the chenicals Lested u,ere

obtained from Dr" A. B. Borkovec, In Charge Chemosterilant InvesEisa_

Eions, PesEicide Chemicals Prêseârch i3ranch, UniEed States Department of

Agricultureo llelEsvi11e, i"iaryland. The code numbers from this laboratory

are lisEed under the heading ENT-i'lo. The test chemicals, at various col-
centraEions, r^7ere mixed in a chemical dieû and ied to the pea aphid"

'Ihe f eeding cage and chernically <ief ined dieË r,rere similar to Ehose

of Aucla.ir and Cartier (f SO:) r.rith certain improvemenEs kindly suggested

bv Ðr" J" J" ca::tier (ûanada Agriculture F-esearch station, st" Jea.no

Quebec)" the composition of Ëhe cliet is given in TabLe Ir. Figure 1

sho¡vs a diagrammatic vier^¡ of Lhe component parts of the feeding cage

(Figure 2) " lhe dieE r.¡as formulated as requirecl , stored in air-Eight

coniainers ancl held aE -zBoC"
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Aohids used in these tests were placed in feeciing cages at early

third instaro 10 aphids per caqe, unless othe::nise noted. The aphids

fed on the dieE through unstretched Parafitn.uriiir:(*)(Urr,rre 3)" The

nrernbrane kno,..¡n- as Faraf ilm rÍr..,li(1ì), *.d. by ì.Iarathon, American can com-

Panyr i'leenah, lr'isconsinu is available courmercially" They were given

access to the chenical- d,ieE containing the test che¡nical for varyíng

nulnber of days and then Eransferred Eo Ehe untreated diets, The cages

l^rere oPened after the nymphs had beeoine adulEs, The numbers of nvmohs

survivitrg to adulE stage in the dif ferent ireatlnents r-.¡ere observed. 'Îhe

adults ivere Ëhen transf er.recl indir¡i ¿firal I r¡ f-o rlâges on untreated clieis

for larviposiËion" lror the first seven clays of the reproductive period,

the feeding cages rrêr€ opefled daily in order i:o coLlnt live and deacj

l-arvae produced. The larr¡ae after counting \rrere relnoved from the cages"

All experiments i.rere conct.ucEed in a plant-groi¿th cabineE r,¡hich

maintained a ternperature of 69oi¡", rel-ative humidity oi lOlZy. ancl a photo-

period of 16 hours of light and 8 hoirrs of da::lrness" A relative hr.rmidity

hi,sher than Ehat of Ehe grorvEh cabinet rvas mainEained by setting Ehe

feeding cages in r.¡ater trays (Figure /+). I¡nmediately above Ehe r"eeding

cages r'ras orange lighting (595-600 *p) r,,¡ith a right intensitl' ¿¡ aphid

l-evel of 30-50 foot candl.e"

lrnalysis of variance í^ras performed on tire data on fecundiuv"

llefore i:he statisEical analyses r.¡ere conductedo Ehe nu¡nber of larvae pro-

duced per female rüas Lransformed by adding a commot-¡ loi¿ value to each

observation and Eaking the square root of Étre total (/n + C5) (iJartletc

1936). The t test t^¡as used Eo compare Ehe difference betrveen tr^ro
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treatments (Snedecor 1961) "

ÂååX_q_q4 ey..?} 1_an. deye1 oe

At all treaEnìenEsn 1-2 extra ieeding cages were maíntaineci to

determine the effect of the chemical on ovarian development" The adult

fenales were dissectecl, under saline solution, Eo o'bserve Lhe develop-

ment in Ehese organs. The phoEographs oí Ehe ovar5r, Þlacec on a drop oi

waEer, Irrêrê taken iry means of a 35 mm" irJikon camera mounEed on a comÞound

microscope "
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,IABLE I i

CûI,IPOSTlICIitï OF Îi{E SYIì'ITHXTIC DïET

FEÐ TO 'THJI PJìA AP,LIÏD

l-Amino acids and amides (*g)

Alanine
Arginine
Asparagine

Aspartic acid

c]'s teine
Cysr,-ine

Gamma-amino br,rEyric acid
Glutamic acid

Glutamine

Glyc ine

HisEidine
DL-llomoserine

ï so1 euc ine
Leuc ine

Lysine ¡nono-FlCl

j'{eLhionine

Phenyl al an ine

Prol ine

Serine

Threonine
'lrrrnl-nnlr ¡n

Tyros ine

Val ine

100

400

300

100

50

z0

2û0

600

20

2C0

800

200

¿UU

200

1nn

100

100

100

200

IUU

zo

200

/+3I5

(continued)
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T¡.BLI! I I (crll¡¡trttuiil)

COI''ÍPOSITIOIq OF TI-{]I SY¡]TI]ETIC

FE]] TO TI{E F]JA AFIIID

DIET

Vitaniqs (ng)

Àscorbic acid
iliotin
Calciuin pantothenate

Chol iire chl ori de

Folic acid

i-InositoI
üicotinic acid
p-r\minobenzoic acid
Pyricloxine HCl

iìiboflavin
Thiamine F]Cl

ûEhers

Cholesterol benzoaEe
'r¿ Þat

J LI.

l.'fsCl ^ " 6i-l^O''¿¿
Sal t nixEure 11o" 2 tJ ,S,E ,

Suc::ose

i,iater to make

L46 "t

2"5 mg

500"0 mg

200.0 mg

,{ITI 5"0 ng

35"0 g

100.0 m1

10.0

0.1

5"0

50.0

1"0

50.0

10.0

10"0

5"0
?5
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DIET BETWEEN TWO

PARAFI LM MEMBRANES

NYLON SCREEN

VENTILAT ION SLIT

SE HOLE

fþ,1, Olrcr!Ímttlc vlaw ol thð cornponont parts ol tho sphld lodirìg cage.

VI AL
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FÍ.g, 2' Aphåd feeding eageo



2t+

Fig. 3, Pea aphlds feedl.ng on a synEhetl,c diet encX,osed
beEsreen Er¡o ffParafllmtr membra¡tes*
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ili:::a:l:,:.tt,:.'.'11t..,,..,.:,r,,,,, :'

Flg, &u Feedå,ng eagès, eonba1ning aph[dse seE [n a Eray wåEh
waEèr Eo maå,ntaln htgher renaEåve humtdiEy.



CI]APTäR IV

iì-USIJLTS

AZI:ì.ÏDÏi'iES

Àziriclines have shornr promise as insects chemosterilants, Ia this
stttdye Een aziridines t^rere investigated for their effects on the norial-
ity anC fecr-rndity of the pea aphid,

T,IP,4,

The chemical name of tepa, also sometines referred to as aphoxicle

or APûo is Eri.s(1-aziriclín521) phosphine oxide. Tepa is not onl-y an im-

portant insecE chemosLerilant buL also has been used in cancer chemo-

therapy and in the fabric incltrstrlz. Toxic effecLs in man and laboratory

anin¡als r¿ith Eepa administered oralL5z or lry injection have been recorded

aE dosages as 1or¡ as 75 to 0.5 mg"/kg" (Anonymous, 1960).

ilesults of tests lriLir tepa are sholrn in Tables III, IV" V and VI.

Tepa caused a high mortality to feeciing nymohs at a closage of 0"1%, sone

at 0"05 and 0.025%, but none at O"Ol--0"001% (Uables IVn V)" R.eprociuc_

tion was inhibited at alL ciosages from 0,1--0 "0025./" and only partllu at

0"00L% (Tatrle iII and Figure 13)" ,jvaries of the pea aphid affected b}r

fepa are shor.¡n in Figure I,

Âs a resltlt of the feeding test on thirci instar nlrmphs r,rith Eepa,

the question arose âS to r..'hether the nea anhirl ¡-ould be sEerii_ized by

feeding tepa for a 24 hottr Ðeriod to seconci insEar nymphs" Â Eest r.¡as
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therefore conducËed in r¡hich tepa at O.O5% rvas fed for 2L, hours Eo second

insEar nyrnphs (lZ-St* hours oi age), Table Vf shor¡s thaE 11 out of 39

femalês lùerê cornpletel-y sterilizecl lvhile the fecundity in Ehe rernaining

28 females Inas conpa-ratively loirer than anong the unEreaËed females, Il:

seems that the difference in the amount of uptake of diet during a 2!+ hour

period bJt nl/mphs gave varying inhibitions of reproducLion. It is, hor.trever,

evident Ehat feeding for 24 hours by second instar nymphs of the oea aphid

on a diet containing tepa at 0"05% can induce sterilÍ.ty effectively.

AP!JCLA E

Apholate, a hexafunctional azirid.ine, has the chemical name 2,2r¿+r4r

6r6-hexairydro-2 e2r[+1416o6-hexalcis(r-aziridinyl)-tr: ,5rzr416-triazatriphos-
phorine. Since apholate has low solubiLity in r.tater, a particular care r.ras

Eaken thaf: all material dissolved (Chamberlain L962). Iable VII shovrs

Eirat apholate caused no appreciable mortality to the feeding nynphs at any

dosages from 0" L--O "0OI%" Reprod.uction ¡"ras inhibitecl at dosages f rom 0.1--

0.005%e but not at 0"0025 or 0"001%, Results of Ëhe test ruith apholage

are also presenEed in Figure 1/+" The effect of aphola¡e on Ehe ovaries

i+as similar to Ehat caused by tepa (Figure 9),

'fhe chemical name of

phine o><ide" It is a methyl

to as methaphoxide or I'ÍAPO.

i,iiiTEPA

meEepa is tris(2-meEhyL-L-aziridinyt) phos-

derivative of tepa and has aLso been referred

IleEepa caused sr-rch high rnortality to feeding
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nymphs aE closages above o"jL% LhaE no young could be reared to adu1E

sEage (Table vIIi), The fecundity ar 0"01--o"ooz5% differed signifi-

cantly from EhaL ín Ehe control, 'Ihe difference in fecundiEy was presum-

ably due to Ehe toxic effecË of metepa. The dissection of ovaries from

the treated females did not show any morphological abnormalities*

P, P-BIS ( 1 -AZIRTDINYL) -N-ETHYL-

ÞiìospHIL'lIC Ai.iIllü ( iiur-so 
"7 

87)

ResulEs of LesEs r'¡ith ililT-501787 are presenEed in TabLes I{ and l("

rt caused compleEe morEality to feeding nymphs aE dosages of 0"l%n 50 per

cent aL 0"03%e but none at 0,025--0.005%" i]ue to the deleterious effecË

of Ehe compound at the 0"05% level, high adult mortaliEy occurred. during

Ëhe reproductive period, Reproduction r,,¡as compleEely inhibited aE coflcefl-

trations of 0"05 and 0.025%? and only parEly aE 0"01 and 0.005%" IE ís

evicienL from l-igure 10 thaE this compounci also inhibited ovariâÍr ÊrorrrEh"

p , ,p-Ì3IS ( r -nZ rnloiNyL) _i'l, i{-

DïLîiitTHyL FHûSPHilflc .4l,fIDE (nur-s0,990)

lbl'I-503990 r+as so insecticidal to Èhe

tion as Low as 0.0A5% that no nymphs survivecl

h:ations ¡+ere noE tesLed (TabI e :dI ) "

feeding nymphs at a concentra-

to adulE stage. Lower concen-

P- ( 1 -AZIRIDIi.IYL) -i'J ri.I eN 
t 

rN ! -

TBTRAMETI-IYL PHOSPHOI.¡IC DIAÌ"IIDE (ENT-50,991 )

DaEa pertaining Eo Ehe effects of ENT-50r99L on ühe pea aphid are

shor,rn in Table .1r.II" The material at 1eve1s of 0.025% an-d" above causecl
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compleEe rrtorEality to feeding nymphs. Ei{T-50r991 did not inhibit repro-

ducLion eiLher at 0,01 or 0.0057/." Iiolever, there \ras a signiiicant

decrease in fecundity among aphids Ereated aE 0"OL% compared to that in

Lhe coritrol "

P, P-B rs ( r -¿z rnroir'{yI") -i.t-lluTyi'

F]jûSPHII{IC AþtIDE (Bi,iT-51,028)

ResuLts of a test r+ith Eì\lr-511028 are shor,¡r in 'rable xIIr" Trre

compound proved so toxic at ciosages as lorv as 0"025% tþ-at no aphids

lived Eo reproduce, ilemales treated at 0,01 and 0"005% produced much

ferver pro€Íeny compared to untreaEed females"

t, P-3is (t -Az.IRIOii{yL) -¡t-pRopyl-

Piìos.PFlIi{Ic Aì"tIDlÎ (lJi{T-51, 253)

Results obtained by feeding äi{f-51,253 Eo rhe pea aphicl, from

early third instar to adult sEage, are presenEed in Table;'lIV" The com-

pound caused complete mortality to feeding nymphs at concentrations above

and including 0 ^025%. The survivar ai o.oL"¿ rvas onry 30.0 per cenE.

!-ecundity data show that reproduction ¡vas parEly inhibited aE concentra-

tions of 0"01 and 0 "005%"

E, P..BTS G -¡ZIRTDTI.JYL) .T{-YÍETHYL-

PHOSPHINTC Aì'trDE (nitT-51,25t+)

Table líV slioi,¡s the resulEs obtained by feeding EI{T-51 ,251r to tlne
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Dea aphid f::om early third instar to adr¡lt stage" The conpound caused

co::rplete mortality Eo ieeding nymphs at 0.025%" It r.¡as soner¡hat Eoxic at
0"0!%t r¡hile no appreciable mortality occurred to the feeding nymphs aE

0"005 or 0"0025%. Reproduction rvas inhibited aL dosa.ses of o"0l and

C"0052 buE onlv oa,rtly at 0"0A25%" The cfi"ect öf jii\T-5L3?_5/¿ on the ovaríes

r+as símilar Co thaL r:aused by apholate and tepa (Figr_rre 11)"

F, P-P,IS (T.dT" IRIDTNYL) -i,]- ]SÛPROP:IL-

PI{ÛSFIIT¡IT C A],fTD]I (E]\iT- 51 ,?-56)

:EL{11-51r256 iaas t"erl at level.s oi 0. ?,--C"0057. in a cher:i.cal cl ieL to

the pea aphicl from early thirci instar to aduLt stage" lìesr:lts ob¡ained are

shor'rt in Tab1es )(VI and XVII" lilhe data shoi,, that the conpound r^¡as highly
toxic to feeding nymphs at concentrations of 0.2--A,05%, i^rhíle at levels
beEr'leen 0.025--0"005,"¿' it ivas onlv slightly toxic, Treated females ì{ere

r¡eal< comParecl to untreated females. SteriliLy was induced at closases of

C"025 and 0'017. lvhile at O"AA5%, Ehere iÍâs Brêât reduction in fecundity"

On dissectíon, Êhe ovaries of females fed liillÎ-5I ,256 Ì,rel:e very small and

did noE contain any d.evel-oping efibrSres (r"ígr.rre 12).
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46

Flg" 5' Normal. ovarLole devel.opnenË of the pea aphld at
early thlrd lnsEar,



47

fr
b

Flg" 6" Suaråes of Ehe adu3.E pea aphld reared on a
sSmEheËle dået"



48

Flg, 7, Ovarles of the adul.t pea aphld reared on a
broad bean planEn þþ €9Þ.3 L'



¿+9

Fåg" B. frar$,es of the aduS't pea aphl'd affeeeed by

feedl,ng on a synEhe€åe dlet eontaå'nlng EeFa'



50

Flg, 9" Ovarles of the adulE pea aphld affected by
feedlng on a synthetlc dleË conEalnlng aphol.aEe.



5n

F1g, 10, Ovarles of Ehe adulE pea aphl,d affecEed by feedl,ng on
a syntheEåe dtet contatnÍ.ng lrP-bls(1-azlrldtny1)-S-
eEhylphosph1nle amÍ,de (Etqf-50r787),



52

Fåg" trl* ParE of ehe ovarles of the adu3.t pea ap&åd fed on a
synEheElc dl,eE eonta!.ning peP-b1s(I.-azi.rldlnyn) -N-
rnechylphosphlnle amtde (EN1-51 e25t4)u FÍ,gure shows
fu3.3. deve3.openL of embryos posËerlorly and total
tr aetc of development anEertorlyo



53

Flg. n2. OvarÍes of Ehe adult pea aphÍd affected by feedÍ.ng
ora, a synËheEåe dleÈ eonEa[nlng Fuå-bis(3.-aa$rådlnyt)*
N-lsopropylphosphånle amå,de (EllÎ-sn e256),
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AÌ.TT Ï }Íìì'f ¡IBOL I T E S

In the present studye t\rro antimeiabolites, methoÈrexate and

f luorou::aci1 r+ere investi.gaEed iolLheir ef f ects on the pea aphid.

I'iETHCTIìììKA'I]1

i'iethotrexate (=amethopterin) , a f ol ic acid antagonist, ís che¡ni-

cal1y known as il-[g-{[fr,4.-.Jiarnino-5-pteridinyl)metl-iyl] methylamino]

benzoylJ gllrtamic acid. Ihe results of feeding methotrexaËe are presented

in Table l/,VIII" Tirese -r:esults shoi,¡ that meEhotre)<ate car-rsed slieht mor-

talitv Eo feeding nlrrnphs at dosages of C "025e 0"05 ancl 0"L%" At concen-

trations of 0"2 and O"L+7" lnigh moi:talitlr of the feeding nymphs occurred,

Females wl-rich survived these treaEmeiìts aÞDearect normal o l:tata on fecuit-

dity indicate Ehat methot::exate acted as an effective sLerilant at all

the dosages testerf" At a concentration of O.CZS"|L, 6 anong 31 fenales

deposiLed some J-ive nylnphs during the first one or tivo days oi la::vi-

position. Sterile fernales produced only deacl embryos and Ëhe sEerility

inducecl at these dosages r¡as irreversible.

5-lrLUOIitUlìAC ïL

5-Fluorouracil is one of the pyrimidine antagonisËs. the eifects

of feeding S-fluorouracil for tr'ro days Eo tire r:ea achid are given in Table

XIì(, lìesulEs sholr l:hat there r.ras no EoxiciEy at any of Ehe closages EesEed"

The avera.ge nurnber of live progeny produced per female in seven days r+as
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L"73 at.0"05% and 2.77 at 0"0251/.. Large numbers of dead nymphs rvere

deposiLeci by Che treated females. In the second tesE, 5-fluorouracil

r^¡as administered to the pea apirid aE levels of 0"05 and 0"025% for four

days" Ðata presenÊed in Table X,1( shor¡ Ëhat Chere was compleEe sEeriliEy

caused Lo aphids at 0.05%" At 0,025%, 19 fenales produced no living

young, r,rhile in the case of 3 females sorne nymphs rvere produced during

the iirsÈ two days cf larviposition" ûne r¡ould expect Lhai some harn

should have been done to the embryos, that had develoi:ed anlagen of

appendages, but the conpound dicl not inEeriere rvith normal developrnent

of these enbryos, and they rvere born a1ive. Results inciicate that 5-

fLuorouracil r+as an effective sterilanE againsE Ehe pea aphid"

LaBrecque gq C.l (1960) maintained aciult house f lies thror,rghout a

iesting period on diets containing the Lest cheinicals, A f e-u¡ chemicals

including 5-f luorou.racil and metirotrexaLe r.¡ere found to be chemosterilants.

MethoErexate and 5-fluorouracil have been generall]t shor.;rn a.s female insect

chemosterilanes (Crystal 1963; Groscll 1963; t(eiser S5 gL L965; Ì,litlin and

Baroody 1958; Painter and Kilgore L96¿+). Kilgore ancl Painter (f900) in

their recenE study observed that no 5-fluorouracil -Z-CL4 was incorporated

inEo spermo rnrhile a considerable amount r+as incorporated into Ëhe eggso

11,
Kilgore and Painter (1962) using 5-fluorouracil-2-C'-' estai:lished

thaE there is a correlation bet\ùeeir the amounE of C14 irr"o.ooraEed in the

eggs and egg viability. They reporbed Ëhat Lhe LargesË quantity of 1abel

rvas fonnd in eggs deposited during the firsE day of oviposition and each

1ttfollorving day of the oviposition period Ehe amount of C^ found in Ehe

e.ggs decreasecl considerabLy unÊi1 very 1ittle Ìras presenE in the eggs
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laid after the fourEh day" ConsequenEly steriliEy i+as partial and tempor-

ary, Þ'rom the results oi another studyo PainEer and Kilgore (L961+) ob-

served that rnethoErexaEe and 5-fluorouracil, at 0"01 and 0"O57,, respec-

Ëively, tlere temporarv sterilanEs ivhen given to Èhe house fly for 48 hours

after emergence. 5-FluorooroEic acid r¿as found Lo induce permanenE sEer-

ility, without ovipositicn, when fed at a level of L"0% for 48 hours after

emersence of house flies (Painter and Kílgore 1965)"
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l'tI 5 Cill,Ai'ïüCUS CCf it'Ciii'lDs

Tìì]AZIÌ.IBS

In the present inr¡estigatioa, seven Eriazine der j.vatives r'rere

Lested for their effecEs on the pea aphid"

ii ilMill,

Llemel , hexaarethylnrelainine or iit''IÌ'r, has a clnemical uar're 2rA-r6-ttis

(riinethylanino)--s,-triazine" :lì:ris compound has a lor,r solubility in \^Iater

cnâ i r-c T il f nr *^¡-^ i - 1^q. ^* /t,n 'll¡o raqrrl f-S of f eedirfg hene1 afedltu .f.Lb !j.r50 !ur !aL> l> Lwr lrr:t/ j\Àr

shoi"nr i.n fable =tXI" i'.ione of the f eecling n-Srntphs sLtrvived aE concentrations

abor¡e 0"025%" Àt ra-tes of 0"025 and 0 *0!7, the per cenE sL'.rvival of feed-

in..q nFnphs to aclult stage uas 78,0 anci 84."0' respecEively" 'Îhe adtllts

I'hich strrvirred at 0"025% tvere extremely r,reak; ouL of 2-C fernales, oirl¡z 4

survived 7 days larviposition period. FecundiLJ/ at 0"025 anci 0.01%."vas

signíficantLy less comPareC itith the control"

fiii ,!\ì'f Ilf i-iYLf'í;tLAn4I iillil " I-lYD:AO CLiLOll Ï D iI

lf lre resul ts obtained v¡i th hexamethrrrt¡1"1u*ine n hydrochl ori Ce ' 
aîe

presenÈed in Tabl-e Xi(II" The r-rortality to feeding nymphs was slight at

dcsages of 0"1-,0" 025i." 'Ihe f ecrrncìit1z 6¡ ireatecj. f emales \rê.s signif icanEl-5r

1ess, at the 17'å 1evel 3 coinÞareci irith unEreaLeC iemales"
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2, 4-.D IAi:iI N0 - 6 -I4CR.PLTOL lflû - s - TP. IAZ I l:'Itr,

iiYDIì,üCHLORIDI (EiiT- 51, 1 ¿+3 )

2 
" 

4-Dí anino- 6-morphol ino-s - tr i azine, hydrochl or i de lras ïncorpor-

ated into the synthetic dieE of the pea aphid at concenLrations of 0.1--

0"005% and ied irom early thircl insEar to adulE stage. ResulEs presented

in Table :r',""ÏII inciicate thaL dosaqes at and above 0.025% vere toxic. ¡io

nynphs reached adult stage at 0.I%o qfiile dosages of 0,05 and 0"025%

caused hish ¡norËality of fernales during Ehe reproductive period" Fecun-

díty at concenErations of 0"05--0"0057, differed from that in the checlc"

Inhibition of rep::oducEion r,ras noticed on a fer¡ iemales at 0"05 and

dliT-51, 4.54 ( s-TRI.ò.ZINIMRIV¿.TIVB)

Et{T-51e/+5zr (s-friazine cle::ivative) f ed at 1evels of 0 "I--0"025%

Eo the pea aphid. shor¡ed no toxicity to the feeding nymphs" At concentra-

tions of 0"1 and 4"05% hi.sh moi:falîEies of fenal.es occr'.:r'r-ed- r'ir-l'rinq t--he

l-ar'¿inosition perioci" Fecunclitlt 6¡ 0"1 and 4"05% r,¡as r:eCucecl, sionifie¡ni--

Ly (TaUte IC"IV).

3 , 5 -D IAi'l.li'JO- 6 -IrH j:ll'JYL- l- , 2 , 4-TR IAZ Ii'l'I

(ili\T-óo 
"279>

llesr,rlts of tests rvirh 3r5-diamino-6-phenyL-L e2r4-trriazíiìe are shorør

in Table l,ilV" The data show that the componncl caused no api:reciable
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rnorEality to the feeding nymphs at any dosages between 0,025--0.001i/""

)ji'fT-60 1279 causeci complete mortaliEy Eo feeding nymohs at 0"1 and 0.05%"

Reproduction was inhibiLed aE all closages irom 0.025--0.0017." The effecE

of II'{lf-óO 1279 on the ovaries \.ras similar to Ehat caused br¡ aziridines

such as tepa. and aphol-ate (Figure l-5)"

ÏLl,q-T- 60' 2 89 (l 
"2 r4-1lR IAZ- Ii'ïE DER I VAT I VE )

iIÌ'lT-60r289 (L12 r4-Criazine d.erívative) '.+as adninisEered at. O"Lî1

for three days (taUte:i.)íVI) and at 0,057á for four clays (ta¡te K:{VII) ro

determine its effec| on the morLâl il-r¡ ¡nrl Faarrnrlj.ty of E]'re pea aphid. îhe

compound l^ras noE toxic in any of the treaLments" lreated females produced

significanLly fei.¡er progen)z compared to untreated females"

EilT- 60, 345 (s-T1ì IAZ Ii{E DiiF-IV.rtTIVIi)

P.esults of a test r¡ith FiìilT-60"345 are shor,rn in Table )tXi/III. The

compound proveci so toxic at concentrations as 1or"r as 0.01% that no n5rmpþg

sllrvived to adult staze,

Among Lhe triazine derivaEives Eested, 3r5-diamino-6-phenyL-L"2r4-

triaz,ine proved nost ef f ective as a chemosEeri]¡nt. :o:i ncr- rha nea aphiri"

9ye gi-. eJ. (1966) invesEigated a group of triazirres against the house fly"

'Ihey found that 2rí--ò.iamino-6-(2-furyl)-g-triazine r.¡as highly effective aL

concenLrations as 1o¡¿ as 0"OOO25% r"hen incorporated into Ehe flv iood Lrr"rt

fa.iled to sEeriLize males ¡vhen adminisEered eiEher in sugar or fly food aE
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concenEratiorrs a.s high as L"07," Borkovec (iS00) re¡rorted that although

this compound proved an effecEive house ily chernosterilant, it has no

significants effecLs on mosquiLoes, screr.r-i{orm fLies, itexican fruiE f1ies,

and manv other insects.

Hemel has been shor,¡n more effective on nales than on females. Chans

et Q964) fournd. that hemel induced sterility in males of Èhe house fly.

Davis and Ðddy (fS6O) observed that hemel causes high but íncomplete

sterility of males of tl're LitLle hottse fly, Fenn:þ ggiçg:a-q:-q (L.)
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Flg" 15* Ovarles o€ Ëhe
o& ê synehe8åe
Ie2e4*hriezlne

adu3.E pea aphåd
dlet eoneaånång
(ENT-60e279) 

"

affeceed by feedång
3 n 5-d1 aull¡¡6- $ -phenyl*
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DEIìIVATIVES OF PiJOSP]-IORÏ C'TR ÏÄ},IIDB

Trvo derivatives of phosphoric triamide, hempa and Ehiohêfipâe \rrêre

included in tests a.gainst the pea aphid"

IIE}{PA

Hempa, or Fii4FA (hexamethylphosphoric triamide), one of the deri-va-

tives of phosphoric triamirie, has drar.¡n considerable attention because iL

is not an a-ll<yIaËing agent alEhough it has been sho';,rn Eo be an effective

insect sterí1ant, ilempa has a relatively !-or'; toxicit5r ior mamma.ls. Tl-re

acute oral minínum lethal dose for rats is 261,0 îîg"/kC" (Chang e-! g! L96t+)"

'îhe results of feeding hempa Eo the pea aphicl a-re given in Table

,íJ{iX, At none of the d.osagese 01--0"005%, did hempa inhibit reproducEion

compleEely" The progeny produced by the treated females \tere corûpara-

tively f ern'er Ehan in the control "

Tï{ ïOirE!¡pA

The chenical name of thiohempa is hexamethylthiophosphoric tria-

míde. This compound r¿as invesEigated at dosages of 0.1--0"01i{, fed in a

chenical diet Lo Ehe pea aphicl (Ianle ;Oí.d) " lìesults sho\.' Ehat Ehe com-

pound rvas Ëoxic to the feeding nymphso and tl"re adults rririch survived aL

concentrations of 0.05--0"017á r.rere ex-tremely tveali, -ione anon2, the treated

females lived for a seven day reproductive period, lioi.¡ever, at a dosaS;e

of 0,025%, live and dead n]¡nphs rvere produced by some aciulEs during the

firsE 3-4 Cays of rep::oduction.



76

iiempa and thiohemoa, in these investigations, shor,red slight acEivity

against the pea aphid. Thiohempa, due to its high toxiciEy, could not be

evaluaEed properly" Chang g-ç gl (i964) demonsErated Lhat hempa rvas

effective as a chemosterilant for male house f1ies" Siälilar resulEs r¿ere

reporEed by Davis anci Jidciy (1966) in the 1ittle house f ly, Glancey (1965)

in Ehe boll r'¡eeviL, and I{aynes gE gt (tS0A) in the mosqr-rito, Aedes- ggJ--¡lLi

(l-")" Generally the mal-es '.rrere shor.m Lo be more suscepEible to hempa than

the females.
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TRiPÍnli'YL TIii I1YDP,OÍIDE (rNT-23,009)

Triohenyl Ein hydroxicle has shor*TL favourable resuLts as an insect

sËerilant (f5'e e! al, L966i Kissam and llays I966i L(enaga f965), Generally

high morEal i ties \,rere recorded ¡,¡ith triphenyl tins. l(enaga (1965) f ound

that triphenr¡l tins are less effective on males Lhan on females"

Since triphenyl tin hydroxíde is not soluble in anlr of the sol-

vents, a dispersion ialas prepared with r¿ater containing Trveen-SO (1 drop of

Tr+een-80 in 10 ml " water)" The compound \"ras adninistered aÈ concenLrê*

tions of 0"1, 0"050 and 0.0L% and the results obtainecl are presented i.n

Tab1e ;ii{;{I" 'Iriphenyl Ein hydroxide shor¡red some toxicity at all dosages

tested" i\io nymphs survived to aclult stage at 0.L%" The f ecundiEy at 0"05

and 0"0!% vas reduced consicierablv.

1 -¿\CriTYL- 2 -TI-lIIJURrlA ( El¡T- 24, 9 3 5 )

Iì.esul-ts of feeciing l-acetyl-2-thiou.rea Eo the pea aphid are given

in Ïables i'".{l{II and ]/,X)(III. The compound rvas not toxic when fed at 0"05

ancl 0"025% Ievels for two days but iE resulted in high mortality of the

feeding nymphs when aCminisEered at Ehese dosages for iour days' the

fecundity...¡as greatl-y reciucecl at all treat¡rents, 'Ihe cornpound acted as a

Cemporary sterilant. Data on fecundity represented graphically in Figures

!6 and L7 n shor¡ that large numbers of dead nynphs \,rere born during initial

larviposition in Ëreated females, but laEer live as well as ciead nymphs

r¡ere born" It is eviCenE from the claÈa on fecundity that the chemical
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efiecE rvas higir in the beginning of reproduction but decreased subse-

quently" IC appears I ikely thaE Ehe ef f ecE oF 1-acetyl-2-l:hiourea l¡as

reversed when Ehe Ereated females began feeding on an unËreated diel:

containing essenti.al nutrientso Presumably 1-acetyL-?--thiourea acts as

an antinetabclite in inducing inhibition of reproduction in insects"

Thiourea has been reporterl to inhibit reproduction in l-iourse flies

(Laì3recque g,q_.eJ. 1960; Konecky and i'iiElin 1955; lrlitlin and Baroodv 1958)"

Large numbers of thiourea clerÍ.r¡atir¡es have been tesLed aqainst insects"

T.aì3recque and ,louck (tOe :¡ observed that 1. r3-cl i-nrethl'l-2-thioureâ r,ras

toxic at 2"0%u rqhile at i,A/, it proverl toxi-c as \7e11 as sterilant i,¡hen

incorporated into the food of the irouse fly, ..louck and ]-atsrecque (1.964)

aird Gouck gL- å| (f OO:¡ demonsi:rated ethlzlenethiourea as a sEerilant af f ecE-

ins onlv fenales"

EI,ii,]".- 60, L9 Ir (Ii,1T I]AZÛL ]L ùi'P' I VAT I VE )

Table :ilC{IV shoi¡s results obtained by f eeding lii'TT-60,L94 to the pea

apirid at 0,13 0.05, and 0"025%" The mortaliEsz of feeding nlrmphs was high

at the dosages EesEed, Only a s;naIl. number of fenales survived ín differ-

ent treatments for observations on fecundity" The inhibiLion of reproduc-

lio¡r r'¡as caused at dosages of 0"1 and 0.05% rvhile a snal1 nu-Inber of live

nyrnphs r.¡'ere born at 0"025%" lreated fe¡nal-es produced a large number oi

dead nymphs. EifecE of Lhe coinpound r^7as teinporary" FenaLes treated at

0"1 and 0,O5% procluced clead nymphs du-ring tire f irsE seven da1z5 sç Eire re-

productive period but after Ehis ûest period tre'aLed feinales, r,ihich were



B1

mainLained for observation, prod'urced live nlrmphs. The er-"fecE of Lhis

comÞound on the i:eproduction of the pea apirid r;,¡as similar to that shor.nr

by 1-aceÊyl-2-thiourea,

2 - C I-ILOROA C,ITAi,iI D I fl rl HYlll),CI C HLCR I Dli

(lrNT-51,325)

ltesult.s of feeding 2-ch1 oroaceLamidine hydrochloride are shor,¡n in

Tabl,e ril(;r'V, 'Ihe pe-r cent survival to adult staqe at concentratious of

0"lo 0"05, and C"025% rvas 64"0, 86,0 a.n-d 96,C, resr:ectivel-y, but Lhe

females r+hich sllrvivet.l the ci'renícaI treatment \.rere Ì.reako l-ligh rnorEality

oi Ereated females occurred during larviposition" Fecundity of Lreated

fernales decreased signi.ficantly as coilpared with that of untreated females"

ri¡lT-60,109 (i'l-oxllr 0F i-tETEitücycLIC

I\IÎRCIGEi! CC}4POUND)

P'esults of feeding Ei'.¡T-60u1-09 a::e írresented in Table l(,".XVI" 'Îhe

data shor,¡ that i:he cornpound r¡¡as so highly toxic at dosages of 0"1 ancl

O"05% ihat no nyrnphs could be reared to adult stage" l,íortality aE 0"025"/"

was 70.0 per cenc. Only a ferv females.survived at Ehis concentration to

girre fecundity data" Fecundity at 0"025% r¡as reduced considerably and aE

Ëhis treaEmenÈ, 3 ouE of I females ivere cornpletely steriLized,
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.iiirlI-60,046 (ES'tilR. OF BOF.IC ACID)

Table XIO'(VII shor+s EhaE Ei!T-60r0/+6 r+as

feeCin-g nlrnphs aE dosages beËrseen 0.f --0 "OI7;"

decrease in lru-rnbers of l ive progen¡r produced

r^ii Eh unLreated f emales.

not insecticidal to the

There i.ras a significant

by treaEed fer¡ales coinpared

EüT- 51 ,068 Ll , t ' - ( IITäAi\TEDIYL I Drrlll'Dli'l ITIìO) D I -

GUANInIì,U, DTHYDROüPTLûRIllE]

íii,iT-60, I 79 (THIAjiIAZOLii illilìIVATiVE)

r-1iiô 1^ â^ô /'^\r"1 Ìi!r\r-uu er\r¿ \.rrrtLi'ÍIDIi{E DERIVIITIVE)

ìIt{T-51e068, ËäT-60 }L79, and ill,lt-60r3OZ rvere fed at 0"I% for three

ciays (ta¡f e Kl(i(\rlIT) ancl a.t 0.O57. for for;r da1's (taUle :L{.{I;() to deter-

mine their efiect on mortal-ity an<l fecunditlr of the pea aphid" Results

obtained in these tesCs indicaLe thaE none of the Èhree che¡ricals at

mengioned concentrations and feeding durations sho¡ued any steril-izing

actirrity or toxicity" i-lowerzer¡ treaLed fe;nales produced fer¿er Progeny

compared to untreated females. Since an average of 1,64 deacl nymphs rn'ere

born by feeding ät'lT-60 
"L79 

aE 0"1% ior Ëhree daysn another tesL \.¡as con-

ducteci r^¡herein this conpound r.¡as fed at concentl:aEions of 0"I--0"A25%"

lìesults of this tesE are shoror in'Iabl-e I'IL. The ciata sholr Ëhat none of

the nyinphs feeding êt â concentratio!1 of 0.1% survived to adulE sEage'
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l;"ema1es

1- :1 i f-r¡

0.025%

rvirich survived aE 0.05,"4 were r¡eak

of treated fe¡nales during larvíposi

differecl significantly from Ëhat in

and Ehere occurred high mor-

tion" i?ecundity aL 0"05 and

f:he control.
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Fåg* ã.8 (A & B). Effeee of ehemosteråÍ,anEs 6n Èhe

reproducelon oË €he Pea aPhåd fed
on .ã ehes¡åea3. då.et durång larvå-
p6sg8åen"
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l'l\,Llji IC IIYDï,AZ ïDiJ

l"lalei c hydtaziCe (i:',Íi{) e L,2-dihydro-3 r6-oyridazindicleu is used

as a plant gror+lh ::egulaio:: in .\griculELu:e, 2',uke1 ftSSl ) L963) has

nade lite'¡a.ture su¡oraries o:-i. naleic hvdrazide for ti:le vears L949-L957

and 7.957 - 1963 
"

Än aqu.eous solution of l'ii{-30 '.ra.s used in tiris test" The results

of the tesË reporiecl in ïa1¡le i"'Liï shor,r tha'c ií,'i caused high mortalitv

of feeding nynphs at the dosages tesLecl, the survir¡i:r.g fema1es at

concentrations oi 2"0--0"57á i,rere ivealr" lecundiLy o¡ the Lreaced r--enales

dif ie::ed f ron thai of the u-ntreateci f enal-es "

llobinson (f SSS - I 960) observed ¡:educe,l f ecundi t\¡ of Lhe pea

¿nìri rl ieeclí1ry .,n l-hr. hørnrl ha¡n. \7: -: ^ Ê^L^ î iVhiCir ifari abso::bedL'rs L':veu ,r=.,,.e _1_+-Y-+4_.L.1'l:. -"e

n¡l ai a l¡vrltnq.ìr'la f-ìrr-nrr'rlr l-ira:rr4r Ç r v rrJ ur Ll r.L vLr':r r L!:s I uv LÞ à

.Íischnich eE al (fgSS) found a significanf:'i:eductioir in the fer''til--

iEy of rats fed with poLato t'-rirers from planEs spra.¡,'ed l.¡iti:r i'lll befo-re

ha.rvest compared rrriEh r:aEs f ed a cliet of fui:ei:s treated r,¡itlr i.ili du::ing

storage" YuLe g! g]" (f ç00> four-rd that ptranL netabolites resultin-E fron

a i'{ä ireatmenL had no deleLerioris effecE on the reì:roduciion of the hou-se

ily anci P" :¡"._1-efq';a_.:.F*e_l- (iiei.¡en). Ihey also repeate<l a parL of

,",obinsonr s (t.SSS, 1960) experimenEs and conf irr:led his results. The./¡

hor.¡ever, noEed. that the qror.rLh of i4ii-treated plairts i¡a-s qrea-tlr,z retai:ded"

'Ihe.¡ concllrcied Ehat lhc rerluction in aphici f ccundi t-v r.ras i:rdirectl'¡ due

fo ni:tritional d.eficiencies in less viqorous i'iil-EreaEed plants raEher

Eiran clirectlv due f o i'i]-i or i Ës ireEabol i Les '
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Irv /. r-ì l- ri. 
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The chemical name of cycocel, also referred Eo as chlorocholine

chloride, is 2-chloroeEhyl trimechl/1 anrnonium chloride" This compound

is used for causing retardaEion in plant gro\,rth and is used in the

United SEates for producing poinsetLias of marlceEable height and form.

Cycocel is acute in oral toxicity to rats (i"Ðr' = 1340 mg"/,*g" for

Albino rats) "

Cycocel containing 11"8% of active ingredient rvas used for Ehe

Eest" DaEa pertaining to the effects of cycocel are presenEed in

Table XLITI" The material caused 1iEtle or no mortaLiEy to the feeciing

aymphs at the concentrations used, ilowever, appreciable mortaliEv

occurred of the treated females during the reproductive period" Fecund-

iLy of treaEed females Ì^Ias signif icanEly 1or¿er compa-red to untreated

femal es.

Emden (1964) reporteci a redr-rction in fecundity of the cabbage

aphido 4¡eJ1-c-o-gyq-9- ¡g;gjc¡rs (L") on Brussel sprouts rreared wirh cvco-

cel. He suggested EhaE Ehe decreased fecundity ancl depressed ra¡e of

increase of apterous femal-es of Ehe cabbage aphid rvas due to indirec¡

nutritional effects rather than clue to toxic properties of any cycocel

Laken up by the aphid"

|çu!lEl.l suBSTAiilcü ri

'Ihe Lerm ,tqueen substancer'

a hormone-like maf:erial o secreEed

r.¡as used by l]utler (i954) Eo desisnate

by fhe queen honey bee, (,Epi_s $el_ljfera
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L"), r+hicl-r inhibiEs ovarian gror+th in attendant r¿orker bees" BuEler

g! rl (fSef) idenLified this substance as 9-cxodec-!æIg-2-enoic acid.

ríQueen substanceri has been siror.¡n to inhibit reproducEion in other social

insects (Carlisle and Butler 1956; l]rdry 9! 9_L 1960). IfiEIin and

ri'aroody (fgSA) found no effect on the ovaries of the house fIy, eiEher

by feeding or injection of queen bee extract" I'layar (19ó3) reported

that injections at Zt+-hour intervals of either 9-oxodec-trallq-2-enoic

acid or iEs salt inhibitecl ovarlan developmenE in house flies"

In this sËud]r syntheEic "rqtleert su-bstance;' (9-oxodec-Erans-2-enoíc

acid) shor¡ecl high morLaliEy of feecling nymphs at concentrations of 0"2--

0"05% (Table iOIV)" The data shor,r thaE treated females produced sig-

nificanEly ferver progeny compared to unEreaEed females.



::-
ìi:

:ì:
:.:

::ì
ì,:

Ì:*
::.

1:
,ì"

:',
:ì:

:,:
.]ì

ìî:
.ì.

..:
:.-

i:.
j-:

.].
]::

:.l
:':

:]ì
.::

::'
:::

.:ì
:ì:

::ì
];i

Ì]:
ï::

:::
:j.

Ü
os

¿
au

 
Ll

on
 o

f 
:lJ

o.
sr

-r
rv

iv
- 

F
er

 c
e;

:r
t 

üo
" 

oi
/':

t 
. 

, 
\

(.
r/

. 
in

 d
ie

t)
 

nv
fiì

ili
'ts

 in
g 

io
 

su
rv

iv
âl

 
fe

rn
al

es
te

s 
ie

d 
ad

i-r
l t

- 
to

 a
ch

_r
lt 

ob
se

rv
ed

st
as

e 
st

ag
e 

fo
r 

re
-

D
ro

du
ct

io
il

'fA
B

Li
il 

xt
 II

:iF
ir;

tc
T

Íì 
ü.

tr
'i,

'lA
1:

r,
jIü

 t-
ty

ili
ìA

iri
D

Î 
(¡

,il
.i-

3c
) 

iîi
iD

 Il
¡t

 ¿
i c

Ì.1
)Ì

Ì.i
Iü

¡t
L 

D
Ir

i,t
-

Â
gt

jtI
D

 Ä
T

 I
A

tìL
y 

'It
:tï

tìl
t 

IN
s'

Jt
.\t

:.i
. 

Lr
üi

ì 
T

t-
,]l

,L
rL

ìt 
ilÁ

ys

'| 
tì

co
nt

l:o
1

ft, 60 60 60

:ji
qn

if 
ic

an
tl 

r¡
 r

iil
f 

er
en

t 
E

o 
co

nt
ro

l 
at

 0
.0

1

11 I¿
1

lõ q7

)2
^

23
"3

3

30
,0

cl
5 

ô

iìo
 "

 o
f

f 
er

na
l 
es

 
iÌ.

an
ge

 o
f

t-
ira

- 
I-

 
f 

ec
r-

r:
rd

 i 
L5

r

nr
o¡

lrr
co

rl 
l1

 ì
.r

ç
\r

 
r 

v

i¡r
'-¡

¡¡
11

c 
f 
<

l¡ 
nl

/in
D

lìs
 )

J 
tJ

.a
ys

LL
,

LJ J¿

T
$ 

T
ìi1

ì 
l)i

iA

^

11 t0 /-
o

,\ 
-.

 
,\I

 ^
¡¡

Y
o 

|r
uo

 
P

LV
3Y

IL
J

f 
en

al
 e

 i:
ro

cl
uc

ed

e 
1?

0-
15

2-
L5

12
 

/)
1

,."
 . 
*-

 --
1"

+
_-

2,
 _

|J
e.

y_
-s

_

'o
or

n 
al

 iv
e 

bo
rn

 d
ea

cJ

'I 
ô 

S
ôJ

r

B
 " 

92
rt

1r
ì 

1ô
:?

17
. 

58

vv
r

o,
6J

O
 "5

Ll n n

ts o



'IA
B

],I
i 

ì{
i-I

ïJ
-.

:r
lÍF

lì0
T

lì 
O

i¡ 
C

Y
C

O
C

irl
l, 

tr
lìl

l I
i'l

 ¡
\ 

C
ijj

"I
äI

C
A

I-
 r

)T
iiT

 T
0 

T
11

lil
 P

l,l
Â

 z
\r

'l{
Iü

Ð
os

ag
e

(%
 in

 d
ie

t)
:.ì

o"
 o

f 
i'J

o"
su

rv
iv

-
nr

z¡
rr

¡h
q 

ìn
ry

 
!-

n

te
s 

te
d 

ac
lu

1 
t

s 
E

aq
e

2"
0

1.
0

co
nt

ro
l

A
'll

 ti
.{

R
i,Y

 lr
iIP

,il
 Ii

l:i
T

¿
i,i

ì 
irr

iit
 'L

'l-
liì

:i,
ìc

 ü
Â

Y
:i

60 60 60 ut
J

P
er

 c
en

t 
i.l

o"
 o

l"
su

rv
iv

al
 

fe
m

al
es

to
 a

du
lt 

ob
se

rv
ec

l
cl

-n
oo

 
fn

r 
ra

-

or
oc

lu
c 

t 
i o

n

-r
6

56

l:i
ig

ni
flc

an
tl.

,¡
 c

lif
fe

re
nt

 
to

 c
on

fr
ol

 a
-t

 0
.0

1

?a
 ?

2

o?
 ?

?

93
"3

3

95
,0

0

iio
 "

 o
f

f 
en

¡le
s 

r.
l-a

rt
oe

 O
f

th
at

 
fc

cu
nc

lit
r,

t
nr

nr
lrr

no
r'l

 
(1

iv
o

lrr
v\

.r
sv

\-
!!\

'r4
v\

l

nv
flp

hs
 f

or
 

n\
rm

ph
s)

7 
da

ys

/,? 30 5¿

22 .,1 LI ?,
6

1-
tv

, 
üo

 o
 p

ro
ge

ny
 p

er
f 
e¡

na
le

 p
::o

du
ce

d

-.
" 

_,
.. 

ttt
" 

"z
-_

,i.
e-

y,
_r

-

bo
rn

 a
l i

ve
 

bo
rn

 d
ea

ci

1_
 -1

5

ö-
t 

4

4-
1B

12
 

¡)
1

1.
0"

36
t',

L3
 " 

57
r(

13
,0

6:
',

11
 

(O

0"
0 "0

5 1,
)

o N
)



'rA
ill

ìt 
iil

-I
\,'

ri"
ri¡

ilC
T

il 
O

ir 
er

¡.
¿

liÌ
Ijl

iìj
 S

IU
B

$'
i¿

\i.
lti

l,'
i 

j:'
ll-

,)
 Ii

l 
À

 C
iii

li{
IC

A
l, 

D
I['

l 
tO

']l
lii

I 
P

A
A

 A
È

'fi
T

jl

,4
T

 ]
tÄ

iìt
,Y

 'I
tlI

R
il 

Iii
S

iT
A

R
 !

'0
1ì

 T
ät

ìÌì
t:l

 I
iÀ

Y
::i

i,t
os

ag
e

/.t
t 

. 
\

\/"
 

l-l
L 

C
l1

eE
,,

i'l
o.

 o
f 

i:I
o.

 s
ur

vi
v-

nr
¡¡

rn
hq

 i
nø

 
fn

te
st

ec
l 

ad
ttl

 l:
q 

i-:
 

ø
ê

n?

1

co
nt

ro
l

60 60 O
U 60

ïi 
zr

ri 
f 

i c
an

f:l
 "

 
¡ì

i 1
: 
F

ar
añ

l- 
'r 
^ 

ôO
¡t

1.
ol

 a
l- 

C
"0

1

'l 
j ø

rr
i 
f 

i c
an

tl 
r¡

 11
 i 

f 
f 
er

en
t 

i:c
) 

co
nL

l:o
l 

at
 

0"
05

P
er

 c
en

t 
iìo

, 
of

sl
-lr

vi
va

l 
f 

em
al

 e
s

Lo
 a

ci
tr

l 
t 

ob
se

rv
ed

ql
-:

op
 

fa
r 

ro
-

pr
od

uc
t 

io
n

tì 18 30 iì.
7

c(
. 

n

30
"í

J

50
-0

95
"0

i{o
, 

of
f 

em
al

 e
s 

ri-
ar

ra
e 

of
th

at
 

fe
cr

rn
cl

ity
pr

od
uc

ec
,i 

( 
1 
iv

e
tll

rn
D

hS
 fo

r 
iry

¡¡
r¡

l1
c)

7 
da

tls

15 .L
Ò

29 ??

1l LI /,t
)

A
v"

 i.
fo

õ 
pr

og
en

y 
pe

r
f 

er
na

l 
e 

pr
oc

lL
lc

ed

".
, 

. 
^ 

-it
"r

- 
Z

.-
4*

y.
-.

s"

bo
rn

 a
liv

e 
bo

rn
 d

ea
d

9-
r5

6-
t9

8-
?_

O

1'
¡ 

/)
l

12
.3

6t
,

1.
3 

"2
9'

:'

17
"5

8

ô

" 
V

qr n

ts o (¡



CHAPTAR V

DISCUSS ION

The poËenEial uses of chemosEerilanEs were discr-rssed by

LindquisÈ (1961) and Knipling (t962)" Chemicals inducing steriliEy in

insecE species have been adequately reviewed by Borkovec (1964, 1966)

and Smith g! g! Q96l+)" Results of Ehis study suggesEed EhaE the pea

aphid can be sterilized with Ëepa, apholate, 3, P-bis (L-aziridinyl)-

i\-ethylphosphinic amide (ENT-50 r787), P, P-bis (l_-aziridínyf )-iri-

methylphosphinic amide (Etvll-51 j254), P, F_-bis (1-aziridinyl)-t,l-isopropyl-

phosphinic amide (IINT-S1,256), metshotrexate, 5-fluorouraciln 3n5-diamino-

6-phenyl -L r2r/+-Er iazine (E¡iT-60 ,279), 1-acel1rl-2-thiourea (giqt-2t+1935) ,

and an imidazole derivative (El.iT-601194) by introducing them into an

arÈificial diet. The first eighE chemicaLs induced permanent sEerility

l¡hile the LasE Ëwo rvere only Eemporary sterilanEso Among these chemicals,

cepa, aphoLaEe, meEhoErexaLe and 3, 5-di amino-6-phenyL -L r2r4-tri azine

(EI\T-51 1256) seem to be the besE because of the wide margin of safety

between the sterilizing and Eoxic dosages.

In the presenE invesEigation, it became apparent thaE many chemi-

cals including some known chemosEerilants (metepa, hemel and hempa)

failed to inhibit reproduction in the pea aphid, Borkovec (tSO6) has

suggested thaE Ehe activity of chemosterilants depends r-rpon Ehe tesE

insect, sex, developmenEal stage and the mode of administration. Appar-

ently these factors r¡ere related to Ëhe eiiecEiveness of chemosËerilants

on Ehe pea aphid"
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l.r.esr.rl".ts suqgesreC. tliai ihe::e 1ì,âs Ê Êcsj,ti.,¡e cclrrelafion beiT,:eeil

Ehe p::esence of test chemicals in the sl¡ntheLic diet and the fecundiEsz

nf fha no¡ ¡nhi d c*:*^^ FL^ ^.'*thetic diet is a miX|ure of essen|ia.lU! LIIç TJgq AIILIIU@ J¿ILU= LTIE Þ.YI!

nutrients o the reduction i.n f ecundi¡r¡ cotild eitirer be ciue to direct

eifect of test chemicals on the aphid meEabolism or Ehe chenica-l changes

that consequenEl-y occurred in the synthetic diet du.e to Ehe adcìiiion of

test chemicals" IE coulci be possible that sone of Lhe test chemicals

reacEed r¿ith Ehe constitLlents of the s\rntheLic díei in an unpreCictable

ínanner. ancl thus 'cecame i-nacLive. In addiEionu for the same rea.son, Ehe

nutritional efficiencv of the cliet mlght also be ímpaired and this could

aifect the vigonr of the aphids.

Crlzs¡¿1 ancl LaChance (t963) foi.ind thac aziridinlzl compounds in-

hibit ovarian groi'rtir qreetly in f L ies 0-l:. hou.::s o1C but only sl ightly i,.r

those 24. hotrrs old" The age of the Lest in.sect is quite an inportent

factor in Ehe su.sceÞtibilittr to chemosterilants. 'Ihe sa!¡e is true in

'the case of aphids, The earlier Lhe insiar3 Ehe rnore easii-12 are Lhe em-

bryos affecLed by the chernoster:ilants. The develcpme::t of ovaries in

aphids starts ta.king place from the tine oi bi.rth of the firsc instar"

Uichanco (taZA¡ observed that aphids at birth contain Ehree eggs in each

vifellariuin, Ëhe one LocaLect inost anterj.orly being jusl in the process

of exLrusiono and the rest, in a Ìnore or less aclvanced sta-te of develop-

men¡" The oLdesL is in the early bLastoderm stage" i\rith the oea apliido

the earl-r' EhirC insEar was more susceptible to chemosterilants than the

adul"t stage" IE rvas evirlent from these sEudies thaf Ehe embryose con-
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iained in i:h.e ovarioLes, {-hat had forrnecl an3.a-gen of apcenda-ges ve::e less

af f ecteC by chem.ica.ls" Such einl¡ryos coniinued to ctevelop ancl r¿e-i:e born

e i ther clead or a.l íve "

On dissection* the ovaries of fenales trea-tecl ¡ríth efiective

chemosEerilants exhibited ¡narked reduction in size compared to i:lrose of

ttntreated females" The effecE oi chemosLerilants r.Jas more Drominenf on

the anterior Lhan on the posLerior of the ovarioles" Inhitrited ovaries

progressively started degeneratinq on Ehe anterior of the or.arioLes

',¡hil-e oosteri.orl)t they conEainecl f u11y rJeveloped cleaci embr5ros i.iirich

becane bror¡rrish, ie"etardation oi: con:p1-eie cessa-tiol'r of ovari.ail develop-

rnent becanse of chei'ricaL ef f ect lras ìleen cler:onsErated

(i<i¿o anrl Stafforci 19ó6; i{eiser et P,} Lg65; LindquisE

in otirer: insects

S._t- gl L964; ì:iiu-lin

LaBrecque 196Lr;and }a-roodv 1958; i"litlin g"E a_L L954, Ig57; i{orqan a-nd

Painter and Kilgore !965; Shar,r and íì.ivielLo lg62).

The research reportsecl in this Thesis has denronstratecl fo:: the

first time tLrat ít is possible, b1z usinq an artificÌat feecling medir;-n

enclosed by Lr^Io artifj.cia,l mernbra.ne*se to test the use of chernosterilant

cornpounds aqainst an insecE whic!-i suclçs plant sap, In viernr of previous

successes in the practical use of chemostei:iLan-ts against other insect

pests, of crops and livesLock, it is appropriate to su¿5gest that the

fi,ncl ings in Lhis'.ìlhesis may lead to practical uses of chemoste::ilan's

against aphids an<j othe-r: insects r.¡hich f eed on plant sap"

A further signif ícant f inclin..q is the demonstraLion of Ehe action

of fhe several chemosEerilants on Lhe embrlres l.¡ithin fhe ovarj_ol-es"



107

ilost insecEs produce eggs, but aphids produce living young" There are

implications he'i:e for further studr/ on the ef fects of chemosEerilants

on embrvos of other animals,



CHAP'TEII VI

SIJ}T'Í.ARY

In this sEudy, thirEy chemosterilants and three grolrEir regu-

lators r+ere tesËed for their effects on the mortality and fecundiËy

of the pea aphid, ASyr$ho,glpþg+ p.l_sltm (Harris), an economic pest of

leguminous cropsê

A pea aphid culture was maintainecl on broad bean planEs,

V_iq_þ faba L" llxcept in Er^¡o experimenËs, pea aphids aE earLy third

insEar were used. Tests rvere conducEed in a plant-grovrEh cabineE

rvhich maintained a temperature of 69oF,, relaËive humidl ty of 7O-:2

pef cent and a phoEoperiod of 16 hours of light and eight hours of

darkness.

The feeding cage and chemicalLy defined dieE were similar Eo

those of Auclair and Cartier (1963) " The tesÈ chernicals rnzere incor-

porated lnto the synthetic dieE anci fed Eo the pea aphid" For each

tesË, the morLality counEs were recorded after nyarphs had becone

adults, AduIt females l.rere caged individual l-y for larviposition"

The cages r¡rêrê êXâÍrined daily in order Eo count live and dead larvae

produced" The count of progeny lras made for seven days from Ehe day

of initial larviposition" Data on live progeny of treated and un-

treaEed females were subjecEed to statistical analysis"

Ten aziridines, aE different concentraLions, rùere administered

from third instar Eo adult sEage" Anong the aziridines EesËedn Eepa,

apholate, F, P-bis (L-aziriainyl.)-N-ethylphosphinic arnide (ENT-501787>,
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Fn F-bis(1-aziridinyl)-lrl-methylpirosptrinic amide (llNT-51 1254), and

Po P-bis (1 -aziridinyl ) -N- i soprophylphosphlni c amide (Ei{'I-5I j256)

r¡ere found effective in inducing sterility in Ehe pea aphid" The

sterility caused rvas permanenEo

Tepa r.ras fed at leve1s of 0"1--0.0017." Tepa inhibiEed repro-

ducEion at dosages of 0,1--0,0025% but caused some morÈality tr¡ feed-

ing nymphs aË dosages hígher than 0"025%" Tepa fed aE 0"05%, to

second instar nymphs (72-8¿+ hours old) for a 24 hour period, causecl

sEerÍlity in 11 out of 39 females. InconsisLency in Ehe inducËion of

sEeriliEy rvas possibly due Eo difference in the amounE of uptake of

treaEed diei to nyrnphs. Apholate inhibited reproduction at dosages

fron 0"1--0"005% bu9 caused no mortaliEy fo feeding nyrnphs at any

dosages from 0o1--0"001%" En P-bis(1-aziridinyl)-iil-ethylphosphinic

ami de (fiff-SO e7 87 ), P, P-bis (1 -aziridinyt ) -Il-merfrylphosphini c arnide

(Ut'lt-Sf ,254) and !, P-bis (1-azirictinyl ) -N-isopropytphosphinic amide

(nNf-Sf,256) rvere incorporaEed inEo the synthetic dieE over a rvide

range of concentraEions. ENT-50r787 was Lethal at 0.1% and a delayed

toxic effecE i+as observed at 0"05%" BIVI-51 ,25t+ and itiiIT-5l ,256 rvere

LeEhal- at dosages above 0"017., ReproducLion was inhibited with

lillT-50t787, EiqT-51 u254 ar.d E¡'lT-51 n256 aE dosages of 0.05--O"OZ57.o

0.Cl--0"005%" and 0,025--0,01%, respecËively,

Nietepa, P-bis (1-aziridinyl ) -SrNrlt ,NI -EeEramethy!.phosphonic

amicle (Sl.1T-50r991) o and Eu E-bis(1-aziridinyl)-!l-luuyf phosphinic ainicle

(EllT-si rA28), Pe P-bi s(L-azftictinyl. ) -i'l-propylphosphinic amide
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(EI"IT-51 ,253) I^Iere ínsecEicidal at concenErations above O"O!%. Signi-

ficant reduction in fecundity was caused by Ehese naterials at ior¿er

dosages buE none caused compLeLe sterility. p, p-bis(1-aziridinyl)-

Er N-dimeEhylphosphinic amide (fl¡f-SOrg90) was highly Eoxlc Eo feeding

n5rmphs at dosage.s of 0"1--0"005%. l:To f ecunditv daEa could be recorded,

MeEhotrexate Ì.res aclrni"nistered aE dosages from O,t --O,OZ5% fot

three days" ïnhibiEíon of reproducEion i.¡as caused at all dosases

Eested but appreciable mortality r"ras observed aE dosages of 0" 4. and

0'2%" 5-Fluorouracil fed at levels of 0"05 and 0.025% for tr,ro or four

days índuced sLerility. !íetshoErexa.te and 5-fluorouracil rÍere perma-

nent sterilants against the pea aphid"

Seven triazines rvere investigated for Lheir sEerilant and Èoxic

effects" 3r5-Diamino-6-phenyl-r¡2r1.-triazine rvas the only Eríazine

that induced sterility eifecEively aE dosages of 0.025--0"Oor%. The

compound shor,red some Eo:<icity at 0"025% but rEa-s lethal above this dos-

ageo The sterility ind.uced r.ras permanent" I-lemeln hexamethylmelamine,

hydrochloride (ENT-50r905), 2rt+-ð,ia:rnino-6-morphoLino-s-Eriazine, hydro-

chlori.de (EhiT-51,143), ÐNT-51r454 (s-triazine derivarive) n and EhlT-60,

289 (I ,2rl+-triazine derivaEive) rEere found to reduce f ecundity signif i-

canE1y but none caused sEeril"ity" EliT-60r345 (g-Eriazine derivative)

r"Ias so toxic at dosages of 0.1--0.0I% that no n¡nnphs could be reared Ëo

adulE stage.

Hempa fed aE concentrations of 0,1--0"0057, resultecl in a sisni-

ficanE decrease in fecunctity" Some toxic efiecEs rvere observed. at

levels of 0'1 and 0"A57." Thiohempa shor¡ed a high degree of toxiciËy to
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feeding nymphs aÈ concentraEions of 0.1--0"017"" Females which sur-

vived Ehe chemical treatmenE T^rere r{eak. None of the treated females

survived the seven day reproductive period.

Triphenyl Ëin hydroxide (ËNT-28r009), 2-chloroaceEamidine

hydrochloride (Ët{T-51 r325), Ei'{T-603109 (lrt-oxide of a heterocyclic

nitrogen compound), Ei\T-601046 (Ester of boric acid), 1, lr-ethan-

ediyl idenediniEro)di-, Guanidine, dihydrochloríde (ENT-5l 106g),

ENT-60,179 (Thiaclozole derivative), and tiNT-60r302 (pyrimidine

derivative) reduced fecundity slgnificanEly compared r.¡ith Ehe check"

fn no instance r¿as steriliËy induced.

1-Acety-2-thiourea (ENT-24,935) and lIt{T-60 
"L94 

(Imidazot e

derivative) induced temporary sterility" the effecE of tshese chemi-

cals was reversed r¡hen Lhe treated females began feeding on an un-

Ereated diets conEaining essentlal" nuErienEsn TreaEed females initialLv

procluced dead nyrnphs buE subsequenEly live as r,reIl as dead nynrphs were

born" Presumably Ehese compounds acEed as antimeEaboLites"

Þfaleic hydrazide (þlH-30) and cycocel rsere adminisEered at con-

centrations of 2"0--0"5%" BoÈh materials caused significant reduction

in fecundiEy compared Eo the conErol" I'laLeic hydrazide ey'}ribited con-

siderable toxicity to feeding nymphs and the survÍving adults were r.¡eak"

lio noËiceable Eoxicity was observed with cycocel"

SynEhetic ¡tqueen substancerte which rvas administered aE levels of

0"2--0"057", caused high morEaliEy Ëo feeding nymphso The fecundity of

treaEed femaLes rvas reduced significantly compared to unËreated females"
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¡\ test r¿as condu.cted= r'¡irere 5-fluoroura.cil and meLhotrexaf:e al:

0"05% 1eve1, and F, L:-bis(1-aziridÌnyl)-ir'i-ethl¡lphosphinic ami-de (Ci'lf-

50,7E7), P, F_-bi s(L-aziriclinyl)-¡t1-isoprop)¡lphosphinic arnide (li¡ïT-51,

256), 3, 5-diamino-6-phenVl-1, 2 r4-triazine (E¡l'.f-60 r279) r aÐholate and

l-ena ar 0"027'l ,,tet e inr:ornoral:erì in|-o i.he sr¡¡rihetic dieú ancl fed con-

tinr-rousi-y to adult females to determine the extenË of inhibition in-

duceci, Ei{T-51r256 r.ras lethal to f eeciing f errrales. The reoroduction r,¡as

inhibiteci by tlre renaining material-s administered but all embryos i¿hich

trad fu11.y developeci appendages at the tine of adrninistration of cheni-

caLs to aduLts i"zere born either alive or clead,

Adu.1 i fernales ti:eatecl r'¡ith effecti-¡e che¡nosterilant.s r,¡ere

Cissectecl in saline rvaLern rlvarí-es i,-ere founcl atrotrh-ied due to the

effect of chemosteril"a.nts, The effect of chemicals r-¡as rtore pronounce<l

on the anterior of ovarioles. Ovaries inhibitecl clue to cheinical effectt

progressivell,z sþe1¡eC degeneration. SteriLlzed females assumed a dis-

tinctive transl-r,lcenç:r7 ot" boô¡/ conten!.
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