
 
 

 
 
 
 
 
 

 
Lincoln University Digital Thesis 

 
 

Copyright Statement 

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand). 

This thesis may be consulted by you, provided you comply with the provisions of the Act 
and the following conditions of use: 

 you will use the copy only for the purposes of research or private study  
 you will recognise the author's right to be identified as the author of the thesis and 

due acknowledgement will be made to the author where appropriate  
 you will obtain the author's permission before publishing any material from the 

thesis.  

 



m'J'BCT OJ' SOME CHEMICAL StJBSTANCa ON THS 

'.IRTILITY OJ' TftRANYCBtJS UftICAI KOCH 

A th •• ill 

submitted in partial fulfil.ent 

ot the require.enta for the Degree 

of 

Maater ot Agrioultural Saience 

in the 

Uaiyerait~ of Oaaterbur,y 

by 

D.R. Penman 

Linooln Colle.e 

1970 



CONTENTS 

CHAPTIR PAGE 

, INTRODUCTION • • • • • • • • • • • • •• , 
2. REVIEW or THE LITERATURE •• • • • • .; . , 

Introduotion • • •• • • • • • • · .. , 
Chamosterilanb .. .. •• • • • • • • • • 8 

Induetion of Sterility • • • • • • • • 1, 

Chemo.terili.ation of Spider Mite. • • • • 16 

BioloD aad Behariour ot Tetraazohu. urtioae 18 

J METHODS AND MATERIALS •• •• • • •• • • 2., 

Spider Mite Taxonom7 and Straina • • • • 2, 
Maintenalloe. Isolation aad. Di8posal ot 

Straiu • • • • •• • • • • • • 2.6 

Cheaioal aoreeaina Method.s • • • • • • 28 

Che.osterilant Ser •• nina Method. • • • • " 
Chelllioals • • •• • • • • • • • • • • ,4 

RESULTS AND DISCUSSION •• • • •• •• • • 
,,, 

Preliminary Sor.eaing R.sults • • • • • • ,,, 
St8rilit1 Test. on Trlalk11 Phosphat •• 

and Chemioal Relativ •• •• • • • • • • '9 

Paraanene7 of Sterilit1 • • • • • • • • 46 

a •• idual Itte.ts •• •• • • • • • • • • 48 , GENERAL DISCUSSION •• • • • • • • • • • • !SO 

6 CONCLUSIONS • • • • • • • • • • • • • • ,4 



11 

PAGE 

SUMMARY •• • • • • • • • • • • • • • • o. 00 56 

ACKNOWLEDGEMENTS • • • • • • •• o • • • o. • • ,8 

REFERENCES • • • • • • • • •• • • • • · . • • • • '9 
APPENDICES • • • • • • • • • • · . · . • • 7' 



PLATS 

1 

LIS! OF PLAtU 

Part of a Population of ,.tranzohua urticae 

on a Bean Leaf •• •• •• •• •• 

2 Barriers Against Contamination of Straina. 

Int •• ted Bean Plant aeld in a Water-filled 

i11 

PAG!: 

• • 20 

'raJ and Enclosed by a Plastic-walled Cage 27 

Treated Leaf Dis.s on Blotting Paper and Held 

in a Perspex trar •• •• • • •• •• • • 



iv 

LIST OJ' TABLES 

'l'ABLJ; PAGII 

I Classitication ot Chemoeterilants • • • • 8 

II Sterility Etteats at Chemicals Te.ted in 

Preliminary Sor.en •• • • •• •• • • 

III Preliminary Screening at Trialk7l Phosphates 

and ahe.ical Relatiy •• • • • • • • • • 

IV Summary ot Sterility Ettecta of the 'l'rialkyl 

Phosphates and Chemical Relatives •• • • 

V '!'he Permanency at Sterility Induoed by 

'l'rieth7l Phoephate (TIP) and Diethyl 

Oyano.ethylphosphonaie (DECMP) • • • • 

VI Residual Iftects ot Triethyl Phosphate (Tmp) 

and ntethyl eyanomethylphosphonate (DICMP) 

on the Induction at Sterility in Female. 

ot T. urtioae - •• • • • • • • • • • • 49 



CHAPTER I 

INTRODUCTION 

The two-spotted .pider mite, Tetranychus urticae Kooh 

(Aoarina: Tetranyohidae), is a partioular peat in apple 

orchards and field crop. in New Zealand. Due to the rapidity 

with which the organism deYelopa resistance to insecticides, the 

populations become eaoh year more difficult to control. Because 

of this problem, methods of population suppression other than 

by the application of pestioides are being explored. During 

investigations into the poasibilities of u8ing 80me sort of 

reproduction suppressant to control spider mite populations, it 

beoa.e clear that a considerable amount of research was needed 

to find new and different ohemical compounds which would not only 

cau.e reproduotive sterility in mite populations but could also 

be applied under field conditions. 

As m&D7 of the recently reported insect reproduction 

suppressants, or 'chemo.terilants' as they have become termed, 

are extremely toxic to vegetation ae well ae being highly poisonous 

to ... mals, it was coneidered de.irable to conduct the search on 

a broad basie and to ignore che.ioal groups such as the aziridine. 

and triaaine. whioh, although they contain quite a few known 

chemosterilants of insecta, are often phytotoxic and usually 

are highly poisonous to mammals. 
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Apart from pure curiosity to see how substances such as 

mammalian hormone derivatives, mitotic poisODa like .ercapto-

ethanol, miticidea and so forth affected reproduction in adult 

Tetranyohids and their subsequent progen7, there waa, as in all 

research on chemosterilants, a hope that something eould be 

found to alter the reproductive potential of a naturally occur-

ring population of mite or insect pesta and thereby greatly 

redu.e or even eradicate a population. 

The impetus for research into reproduction suppressants 

mainly began with the eradication of the screw-wora fly, 

Cochliomyia boainovorax (Coquerel), from the island of Curacao 

which was accomplished in 1954 by liberating laboratory reared, 

sterilised, adult male flies by the million over the island 

(Baumhover et &1., 1955). Each successive liberation of sterile --
males was carefully planned so that the numbers of sterile 

males would be about ten times that of the normal male flies 

resident on the island. Pollowing a series of releases of the 

reared sterile flies, all of the native screw-worm flies 

disappeared from the island whioh, from all reports, is still 

free ot this speoies. 

In this classic experiment, sterility was induced by gamma 

irradiation of the pupae, a dose ot about ,000 r&ds beiDg tound 

sutficient to aterilize both males and females {Bushland and 
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Hopkins, 19", '9"}. Because the production of radiation 

from X.ray generators or cobalt 60 sources involves much 

auxiliary shielding and equipment, use of radiation to sterilize 

insects in the field is severely limited. !reatment by chemo­

sterilants therefore offers a more flexIble means ot rendering 

insects sterile. 

Most reproduction suppressants are used for male steril­

ization, howeyer, because of the reproductive characteristics 

of !. urticae, male sterilIty does not hold any great advantage 

over temale sterilization. ~he !etranyohids reproduce by 

arrhenotoky, the process whereby males are produced from haploid 

untertilised eggs and temales from diploid tertilised eggs. If 

aale. only are sterilized, the temale will theretore produce 

only male progeny and with the short lite cycle ot 7 to 12 days, 

the male proge., at the spider aite. are available to mate with 

their parent. 80 producing diploid eggs whioh result in females. 

Sterilization ot the female. has a dual effect in that the 

sterilized temale. will still mate with the male •• 0 reducing 

the number of etfective matings carried out by each male, and 

the production of eggs and the hatchability thereot is al80 

reduced. 

The short life oycle is advantageous ho.ever, in that 

experi.ents on the chemical influences on reproduotion can be 

rapidly conducted since, tollowing the addition of the adult 



fe.ale mtte to the test substrate, egg production can be 

.easured almost immed1a~e11 and egg hatch oan be reoorded a 

te. day. after the ce.aation of egg laying. The present aearch 

for ne. chemoaterilants of !. urtioae therefore was concentrated 

on tho.e chemicals aftecting reproduction in the temales. 



CHAnD II 

REVIEW OF THE LITERATURI 

INTRODUCTION 

Th. us. ot ch.micals as reproduction 8uppr.saants was 

firat cont •• plated in .arly r.s.areh into oontrol of the scr.w • 

.ora fly, but ta.t., oarri.d out b.tw •• n 19~7 and 1950, fail.d 

to r.y.al aD7 ch.micals poa •••• ing substantial sterilizing 

.ctiYity (taChaDO •• t .1., '968). Radiation had earli.r b •• n --
shown to _'.riliz. in •• ot. wh.n Bunner (1916) d.teot.d st.rility 

in the oigar.tt. b •• tl., Laalod.raa •• rrioorne r., att.r .xposure 

to X-r.ys. Radi.tion, in the tora at g .... -r.ys, was sub •• qu.ntly 

us.d to st.rilis. m.l. screw.worm tlies in the highly 8uco.s.ful 

.radio.tion progr .... iD Caraoao (Baumhoyer !! !l., 19") and in 

south-.ast.rn Unit.d stat •• ot '-erio. (Knipling, 1960a, b). 

With the suco ••• tul ... ot radi.tion-induc.d st.rility in 

population oontrol, int.re.t ••• r.yiy.d in tinding ch •• ioals to 

us ••• stariliziug agents. 

enamio.l .tt.cts on r.produotion w.r. tirst DOted in atudi •• 

OD .utag.n.sia in ins.ot., but aub •• qu.nt .ntomologic.l work, 

dir.ct.d towards the •• aroh tor n.w source. ot sterility, 

app.ared to be conduot.d independent ot the finding8 at the 

g.n.tici.ts. In the genetic .tudle., the oh •• ioal induotlon ot 

mutations .as apparently tirat r.oorded when heredit.ry ohange. 
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w.r. induo.d in •••• ral plants by inj.oting solutions ot o.rtain 

oh.mioals into o.ari •• imm.diat.ly att.r tertilisation (MaoDougal, 

1911). Conclusi •• results w.r. Dot how ••• r, obtain.d until about 

19~2 wh.n Au.rbaoh and Robson (19~, 1946) not.d the mutagenio 

.tt.ot ot nitrog.n mustard (.ethyl bl.(b.tachloro.th7l) .. in. 

hydrochloride) on »ro.o29ila melanosaeter Meig.n. The mutationa 

result.d in the sterilization ot male. and this was sub.equently 

contirmed by Dem.reo (19~) in .tudies with 1,2,5,6-dibenathrao.ne. 

Nitrogen mustard haa been ahown to ha •• similar ett.ot. to X-r~. 

in Dro.ophila in that mutation ot the sperm results in a deoreas. 

in the proportion ot .iable egg. produo.d and a ohange in the sex 

ratio (Iallace, 19,1). Nitrogen mustard has also cau.ed oompl.t. 

st.r11ity in Kabrobraoon jusland18 Ashm, a parasitic waap which 

reproduo •• by arrhenotoky (Whltlng and Von Borat.l, 19'~), and 

"triasine" (2,~,6-trl(.thyl .... iDe)-1,',,.tri .. in.) atteoted egg 

productlon in Dro.oJhl~a wh.n ap.rm was tr.at.d (Beraowits, 1956). 

In the entomological literatur., ODe ot the tlrst reoord.d 

instano.s ot ohe.lcal intluenoe on reproduotlon was the .tteot ot 

sub-l.thal doses ot pyr.thua on the olgar.tte beetle oausing the 

treated adulta to depostt only halt as .any egg. as beetl.s not 

exposed to the spray (Tenhet, 19~7). Reaults tro. attempt. to 

induo. aterility by the use ot oh •• icals in Drosophila .elanoS&8ter 

(Gold •• ith and Frank, 1952) and house tll •• (Aach.r, 19'71 Mitlln 

!! !l., 19'~1 Mitlin and Baro_dy, 1958) were suttiolent17 promising 
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to warrant furth.r .xp.rim.ntation, and in the period 19,8 to 

1960, .xt.nsi.,.e t.ate to find chemicale inducing .t.rility in 

inaect. w.re initiat.d by the Unit.d Stat •• Departm.nt ot 

Agriculture. Work by ••• b.ra ot thi. D.part.ent result.d in 

large numbers ot cahellioals b.ing tound to indue. sterility in 

the hou.e fiy (LaBreoque, 1962, LaBrecqu. and Gouok, 1963, 

LaBreoqu. et &1., 1968) and particular att.ntion was paid to a --
group ot chellical. oalled allqlat:lng agent. (LaBr.oqlle .!! !!., 

1960, LaBr.oque, 1968). More r •• ently "D7 ot the .oat .fteotiY. 

chemo.t.rilanta hay. been t •• ted on oth.r il18eota .uch a. the 

boll w •• vil (Kl •••• n .t al., 1968) and truit fli •• (Xei •• r .t al •• 
~- ----

Pr.liminary fi.ld t •• t. with the house fly (LaBrecqu. 

et 81 •• 1962, 1963), uaing • oh.mo.t.rilant-tr.at.d aug.r b.it, --
showed • good 0"'.1".11 reduotioa of the popul.tion. Large-scale 

field t •• ts w.re li.ited how • .,..r, due to the extr ••• toxicity ot 

1IaD.1 oh.moat.rilant. to wara-blooded animal. (Hay •• , 196 ... 1968). 

SlIIall-soale field te.ta on .,..rious inaeot. ha.,.e been un4ertaken 

(lel4ha •• , 1968) ueing light or oh .. icala to entioe the inaeota 

to the oh •• o.terilant, but a. yet, th.re ha.,.e been no out.tanding 

.uoe ••• e. oomparable to the .carew.wor. f11 .r.dlo.tlon. 

It ia '0 be hop.d th.t the auooe •• tul exten.ioD ot the 

.boye 8IIIall-aoal. tle14 t.at. 1nto l.rge-soale aituations _ay 

pro.,.14e the impet.. for turther de.,.elopment ot In.e.t ohe.o-

.t.rili •• tion •• a.ean. ot pest oontrol. 



CHEMOSTERILANTS 

Many chemicals act as ch.moeterilanta and th... hay. b •• n 

r.cord.d by Asoh.r (1964), Smith .t a1. (1964), Burkevec (1966) --
and LaBr.cqu. and Smith (1968). Ditter.nt crit.ria are u •• d by 

Borkov.o (1966) and Gi.se (1968) to classitr the ch.mical. 

poe •• s.inS st.ri1izing activit1 (Tabl. I). Borkov.c (1966) u ••• 

a 100 •• re1ation.hip b.tw •• n ch.mical activity and biological 

activitr while Gie •• 'e (1968) classitioation is d.riv.d trom the 

.tt.ct of the ch •• ical on c.1lular proc...... Th. three main 

cla.s •• propo •• d by Berkov •• (1966) are referr.d to in most of 

the 1it.ratur. on ch.mo.t.ri1ant. and th.r.for. will b. us.d in 

this diss.rtation. 

TABLE I I OLASSIFIOATION OF CHEMOSTERILANTS 

BORXOVIC (1966) 

1. A1k71ating ag.nt. 

a) Asiridines 

b) Nitrog.n .u.tards 

c) Sulphonic aoid •• ters 

2. Anti •• tabolit •• 

,. Mi.c.llan.cua ch.mioal. 

1. 

2. 

GIESE (1968) 

Mitotic poison. 

a) Alkylatins asent. 

b) Antimetabolite. 

i) Antibiotios 

ii) Nucl.ic acid 

inhibitor. 

iii) Specifio .etaph •• e 

inhibitor. 

c) Metabolic poi.ons 

Antimitotic agent. 
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Al~lati.g .... t. 

A numb.r ot oh.mo.t.rilant. oan be d.sorib.d as alkylating 

.,.ats aad the maln typea are oouid.r.d belo ... 

a) Asiridia ••• The .. iridin •• inolud. the highly aeti.-

chemost.rilants t.pa, m.t.pa, tret .. in. and apholat., .. hioh ha •• 

b •• n .xt.n.iv.ly t •• ted on a wid. rang. ot ins.ots. AairidiD1l 

compounda have induo.d st.rility in ina.ota auoh a. the house tly 

(LaBr.cq •• !1 !l., 1960, LaBr.cq •• , 1961, 1962), Drosolhila 

m.lano,ast.r (Hair and Adkins, 1967), the aauki b.an .... vil, 

Callosbruohus ohin.nsis (Shinohara and Nagasawa, 1963), and the 

two-spott.d spid.r .1t., T.tr!!l0hus art1,a. (Smith !1~., 196,). 

Some a.iridines have oaus.d temale st.rtlit" but aotlon is 

primarily through sterili.ation of the mal. (Maaon and Smith, 19671 

Flint .t al., 1968). The baaic o.llular .tt.ot. however, of the --
asiridines is through their activit7 as 'amino.thylating' ag.nts 

which r.aot with nuol.ic aoida and proteina, thus inhibitins 

o.llular growth (Brook. and Lo .. l." 1961). Kilgore and Paint.r 

(1964) and Paint.r and KillOr. (1967) obs.rv.d the inhibition of 

DNA actiYity and o.rtaia c.llular .na,. •• in the .gg. ot apholat. 

ch.most.rili •• d hou.. fli •• and coatir.a1ns this mod. of aotion, 

Chamb.rlain and Barr.t (1968) fouad that apholat. inhibits the 

iacorporation ot tritiat.d th7a1dlne lnto ovariaa DNA of the 

.tabl. ny. Stomo",s oaloitrana. PUla! and Alarwal (1969) 

r.port.d that tr.atm.nt with chemoat.rilants did not •••• to 

alt.r RNA, DNA and prot.in oont.nt in the whole ina.ot, theretore 



sugge.ting that the aotivity of the aziri4ines is confined to 

germ oell nucleic acid and protein synthesis. 

b) Nitrogen Mustards. The nitrogen mustards are prom­

inent chemioals in canoer reaearch a. they poaaeas oonsiderable 

anti-tumour propertie.. The United State. Ganeer Chemotherapy 

National Service Centre (1963) li.t. 2,2" nitrogen mustards 

that have been te.te4 as canoer therapeutant •• but only a small 

proportion of the.e ohe.ical. exhibit.d aterilizing activity in 

United State. Depart •• nt of Agrioulture scre.ning t.ata. The 

cellular effeot. of the nitrogen m .. tard. are .imilar to tho.e 

of the a.iridine. in that they fUDotion a. 'aminoethylating' 

agenta. 

,,) Suleonio Aoid. latera. The World Health Organisation 

(196z) reports sulpbonlc aoid .sters as canoer therapeutants. 

Chemical. fro. this group ha.e been te.ted as che.osterilant. 

(LaBreoque and Gouok~ 190'. nint et al •• 1968) with va17ing --
suoce ••• but in general the high aterilizing properties of the 

aziridine. have overshadowed the possible significanoe of other 

alkylating agents as ohe.oaterilania. 

Antllleta'bollt.a 

Anti •• tabolite. are inhibitors of nucleio acid synthesia 

(Berkovec, 1966) and specifically are structural analogue. of 

purinea, pyrimidine. and folic acid. The.e chemical. are pre-

10. 



dominantly female .terilantse Borkoyec (1966) lists many 

deriy.tive. of purine. and P1rimidine. that have aterilizing 

propertie., but only the fluorine containing deriYatiYe. aee. 

worth of further studJ. '-Fluorouraeil and 5-fluorootio acid 

have been extenaively te.ted on a wide range of inaectat and 

Cry.t.l (1963) found complete oYiposltlon inhibition in aorew-

worm flie. with ,.fluorour.cil and 5-fluorootic acid, !hall a 

and Bobinaon (1968) tound th.t 5-tluorouracil induced permanent 

.terility in the pea .phid,Aolrthoaii!on pi.um (H.rri.), and 

Jalil and Morrison (1969.) reported that ,.fluorour.oil oaused 

.terility in T. urtioa.. Both ot the.e fluorine deriv.tiv •• -

.re incorporated into pretoraed nuoleio acids in spermatozoa 

or oocyte. (Kilgore and Painter, 1966, Cline, 1968). Folio 

•• id deriy.tive. have been ol •••• d •• speoifio metaphase 

inhibitor. by Gie.e (1968) and oonta1& two ch •• ioal. ot promiae, 

.. iaopierin •• d .ethotrexate, which hay. been .hown to b. 

highly .otive te •• le ateril.nta in 8 •• e epeol •• (LaBrecque 

et al., 1960, HB7. and Coohran, 1964). --
Mi.eellane.ua Chemigala 

Miacella.eoua ch.micals cover a wide range of chemical 

.truoture and .ctiY1ty. Deriyatiye. of non-alkyl.ting 

a-triazine. are an.logous to the pt.r1dine p.rt of the tolio 

.cid moleoule but aot primarily .a .ale aterilanta, ao Borkovec 

(1966) therefore oonsiders the.e aa.nta under the he.ding ot 

11. 



"aiacellaueou8 ch .. ioala". The chemosterilant., h..,a aDd h .. el. 

are atructural17 aDalopu to tepa aad tretaaine, but lack the 

alJqlatiag pn.p8niea ot tU aa1rid1aea (Chaq!1 !l .• 196"). 

rr1phe~ltiA oo.pouDd. tor. anotber important groap of 

ch .. oaterilaat. (Borkoyeo. 1966). sterilization of adult house­

flie. with thid groap of chemicals occurred .. 11 below tne lethal 

oODCeDtratloD (IlCe"", 196') aDd the 80ft utiye C08POw:a4. were 

12. 

the tripheDTl till Iqdroxidea, &1171 triph.eD71 tin aDd b1a( tripheD71 tin 

aalpbi4e). remale ... re sterili .. d at a lower ooaoentratiOD thaD 

ule •• 

Antibiotica, each as c"olohexi.ide aDd Aot~c1D, haTe 

been t •• ted on a J"IlJlp of iDaects, and haft abo .. considerable 

pote.tlal aa atorlli.lac agenta. Koble 11!l. (1<)66) toUAd that 

... antibiotio. illhibite4 eu .... los-ent in houetlle •• aDd 

&8tlb1otl •• baYe 1Ddaced aterlllt7 in the t~-apotted alte. 

~t!'!Sl9h" !£tic.. (JIa~le., 1961, 1963, 1968, Jepp8OIl!1!:!. •• 

1966). 

AIlt1ll1totlc apnte, which 1JIh1bit the tONatioA Or' break­

down of the 81 totic apparatu, ha ..... b •• n touad to hayO sterilizing 

propertle.. 001oh101 .. h ... tertliH4 iDaecta nob as the acre_­

WOr'll tl,. (Ohuber1alD aDd Koplin, 19&0), fruit fiie. (Keiser 

!1 !l .• 1965), and houaen.t •• (Oouok aDd LaBnoque. 1«)61t). 



Other ahemical compounds whiah have shown sterilizing 

properti •• area derivatives of urea and thiourea (Mitlin and 

8&1"0047, 1958), Queen substance (Nayar, 196,), a vegetable oil 

from Sterculia loetida (Bereza and LaBrecque, 1967), mamaalian 

hormonea auoh aa m-xyloh74roquinoDe (Asch.r and Hirsoh. 196,) 

and ao.e known ins.ctioide., the aotivity of whioh has b.en 

r.vi.w.d by Asch.r (1964). 

INDUC'l'ION or SUlltIn 

St.rility. or the .uppre •• lon ot r.produotive proo •••• a. 

may be attained by various •• anaa dominant l.thal mutationa 

1n the r.produotiv •• ell. of both .exe., inhibition ot .,g 

produetion. di.ruption of .p.rmatos.n.si. and .perm inaotivation. 

In the pr ••• nt .tu47. intare.t i. larg.ly oonfinad to tho •• 

proa •••• s direot17 att.oting reproduotion in the t.mal. although 

the di.ruption of .parmatog.n •• i. and sperm inactivation in the 

male are worth7 of consideration. 

Dominant Lethal MutatioDS 

Dominant l.thal mutatiolUl were tirat obaerftd ill uphibian 

.p.rm tollowing irradlation (Hertwig, 1911. ot. LaChance, 1967), 

and in ina •• t •• Muller (1927) 4.teeted mutagenic .tt.ota ot 

radiatlon which were charaoteriaed as 'dominant lethal mut_tiona'. 

Sonaenblick and Hen.haw (19~1) defined dominant lethal mutations 

a., 
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'nuclear alterations which can affect the death 

ot the zrgote even though they are present in 

single dosea, that ia introduced by but one of 

the germ .ells whioh unite at tertili8ation~. 

In es.enoe, lethal mutations are not lethal to the treated .ell 

but to ita desoendants • the z1got. it foras. 

ManJ' chemieals are known to produce dominant lethal 

mut.tiona (LaChanoe et al., 1968), but earll inae.t studies --
w.re limited to work on ohromosome translocation in Droaoi9il. 

(Auerbaoh, 19,1, 19,8). Studi.s on the produotion ot chroao­

aom.l abberations b1 che.osterila.ts ha •• been limited (LaChano. 

and Rie.aan, 196", Murral and BiOkle1, 196", LaChance and 

LeYerich, 1968), but the information i8 auffioient to ahow that 

alkrlating agents and chemi.ale 41rectlr related to nucleic acid 

and protein metaboli.. are the principal chemosterilants causing 

dominant lethal mutations. 

Disruption ot Sp!raato,en •• te 

The condition where ditterentiated sperm are not produced 

or the 8upp17 beoo ... exhausted, has been deaoribed by U.S.D.A. 

workers as 'aspermia· (LaCha .. e, 1961). Little is known about 

the di.ruption of spermatogenesia by ohemosterilant., but work 

by LaChanoe and Orratal (1963) OD the screw.worm ahowed differ-

ential germinal aell .enaitiYitr to ohemosterilant.. Cantwell 

and Henneberry (1963) ob.erYe4 the ce.satioD of speraatogeneai. 
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in the anterior portions of the teste. of Dr.soEhila melanogaster 

when ted apholate for 24 hours and 11kewise, LaChance et ale --
(1969) reported the death of all gonial cells in the testes 

of the hou.e fll treated with some a.iridines. 

SEer. Inaotivation 

Sterility induced by sperm inactivation is manifested 

bl w&7 of a loss ot motility or tertilising capaoity of the 

treated sperm. Sperm inactivation is commonll associated with 

dominant lethality. and is usually enoountered atter admini8-

tration ot high do.es of radiation (Henneberry, 1964) or chem­

icals (LaChanoe, 1967). Chemioal studies have shown that sperm 

inactivation occurred in Braoon hebetor Say (Hymenoptera, 

Braconidae) following the induction of dominant lethality by 

treat.ent with several aziridin •• (LaChance and Leverich, 1968). 

This efteot is not COBBon to all ohe.osterilant. however, as 

tepa and it. &Daloguea will induce aigniticRnt aperm inactiv­

ation even at sUDsterillzing do.e. (LaChance, 1966). 

Intecunditl 

Oonsiderable contusion surround. the use ot the term 

'fecundity'. It was originally used to indicate the production 

ot ga.ete. or egg. by t.males (Norrie. 19,4), but DOW otten 

reters to the number ot progeny produoed. In the present study, 

sterility via the te.ale is regarded as being manifested by a -
reduotion in egg. laid and a reduoed egg hatoh. Fecundity 



therefore indioate. the number of tertile egg. produced b7 

the f •• al •• 

Th. inhibition of .g8 produotion differs from the induo­

tion of dOllinant l.thality in that tb. proo ••••• of oogeneais 

can b. interrupted b, .xt.rnal ag.nts, .uoh aa ch.mical. and 

radiation, induoing gonial •• 11 d.ath or damage to Dutriti.e 

0.11. (LaChanoe et al., 1968). Do.inant l.thal mutations ar., --
ho .... r, prillaril, r.spon.ibl. tor the tailur. ot esgs to hatoh. 

Oog.n •• ia haa been inhibited by a consid.rabl. number 

of ah •• iaala, lIoat b.ing antill.tabolit •• and alk7lating ag.nts. 

Gouok and LaBrecqu. (196.) tound 27 ch •• icals that inhibit.d 

oog.n.aia in the hou •• tly, the majorit, being alkylatins ag.nta. 

Mltlln and Barooq (1958) 1iat.d. " oh •• ioal. that reduo.el the 

teoun4it1 of the house fl,. and oth.r che.icals affe.ting .gS 

produotion ha.e b.en r •• orded b, Ol"7atal (196,), As.her (1964) 

aDd LaChano. .t ale ( 1968 ) • --
CBIMOSfSRILIZA!IOB OF SPIDIR MItES 

St.rilization of .pid.r alte. haa r ••• i •• d oomparati.e1, 

little att.ntion tro. rea.arch .orker.. Although .terilit, 

has be.n induo.d in mal •• and t •• al •• of ~. urtio.e tollowing -
.xposure to 8amma radiation (Henneb.rry, 1964), moat of the 

work haa been ooncentrated on .hemical r.production suppr ••• ants 

and the first oh •• ical .ffe.t. w.re not.d with the in •• ctioide 

16. 



TedioD (p-ohloropheD1l 2,~,"triohlorophenyl sulphone), which 

killed the egas, larvae and DJmph. of spider mite. and caused 

the f.mal •• to lay intertile egg. (flit, 1955, Baath and 

DaYidson, 19'9). Che.o.terilant testing on spider mite., in 

oo .. on with te.t. on other inae.ta, has subsequently beoo.e 

oODoentrated on alkylating agent. and antimetabolites. are.sman 

(1965) found that the alkylatiDe age.ta, tepa, .pholate and 

aphamide, all reduoed egg laying and egg hatoh, and induoed 

male sterility_ Smith et a1. (196,) obtained .imilar reault. --
in extenaiye te.ting of apholate OD male. and fe .. l •• of 

T. urtioae, and Jalil and Morri.on (1969a) found the alkylating -
age.t., apholate and tepa, to aterilize both aale. and f.male., 

while the antimetabolite., 5-fluorouracil and ,-fluorootic acid, 

ateri1l.ed the f .. alea. Te.ta on populatioD8 of T. urticae -
(Jalil and Morriaon, 1969d) indic.tet that apholat. i. more 

effectiye than ,.fluorouracil at population suppre.sion, 

although the advantage of the male aterilant, apholat., i. 

not •• great a. would b. expected with treat.ent of an inaeot 

population whioh reproduce. normally. 

Certain antibiotios have been found to .teri1i.e apider 

mite.. Barries (1961, 1963, 1965) and Jeppson et ale (1966) --
have reported a 8ignifioant inhibition of egg laying by 01010-

heximide, and a .imilar .ffect haa been found With AotinOMyoin D 

(Harrie., 1968). Igg 1., haa al.o been reduoed by some of the 



m.tal ah.lat. plant growth additive., iron and masn •• ium chelat •• 

b.ing the moat .tt.ctiYe (T.rri.r. and Rajadh7akaha, 196~). 

BIOLOQY ANI) BEHAVIOUR or 'Beueu' VIZIS" 

!he life 0701. ot the two-apott.d .pid.r mit. i. d.acrib.d 

in d.tail b7 Cagl. (1949). Th •• tag •• in the lit. 0701. are the 

.gS, larva, DJaPhoohry.alia, pr.~.nraph, cl.utochry.alia, d.uto­

DJmPh, t.l •• chrysali. and adult. Th •• gSa are spherical, 

approximat.l, O.1~ .. in diam.t.r, and are whitish at tir.t, 

,.11owing a. d.yelopm.nt pro ••• «s, with the two oarmin •• , •• 

apota becoming eyid.nt. !h. iDGubatioD p.riod ia thr.. dal. on 

ay.rag., at a t •• p.ratur. ot }O°e (S.lle, 1962). Boudr.aux 

(19,8) r.port.d that .gg hatch yari.d little b.tw •• n .xtr •••• 

ot huaidit7 ( 9" and 3" RI), bat in contrast, Harrison 

and Smith (1960, 1961) tound that opti.um .gg hatch oocurred 

b.t ••• n "'" and 9"" .. &Dd at 1~ RH no .gg. hatoh.d. 

!'h •••• rging larva. hay. aix l.ss and are about the 

a1 •• and ahap. ot the .gg. A quieso.nt atag., the ~pho­

ohrraalis, ia tollow.d bl the .ight.l.gged protoDJaph. BodJ 

oolour dark.na aa d.y.lopment proo •• da, with two black apot. 

app.aring trom the pre •• n.. of ing •• t.d mat.rial in the dig.at­

iy. traot (Cagl., 19~9). Growth proo •• ds with two r.sting 

.taS •• , the d.utoohrysali. and the tel.oohr,.ali., 1nt.rven1ac 

b.tw •• n the protoJQ'llph, d.utolQ1lph and the adult. Th. male 

b.co ••• readi17 distingui.habl. a. an adult, b.ing muoh small.r 

13. 



than the adult te.ale. The .ale ia characteriatically pear­

ahap.d, and 1a more aative and ot a lighter oolour than the 

t •• ale. During maturat10n ot the adult te.ale the t.o blaok 

spot. inor.a.. in sl.. until blaok b.oo.es the predo.inant 

oolour (.ee Plate 1). 

!he duration ot the lite 070le is oorrelat.d to environ­

.ental temp.rature. In the te.perature range at 2'.9 to 29.4°0. 

the lit. C701. is 00.pl.t.4 In 7 to 12 dB7a (Boudreaux, 196,). 

Hell. (1962) r.port.d that at a t •• perature at '0°0, d.yelopment 

tram .18 la,lns to e •• rg.DOe ot the adult t.male took 7 da,., 

.hile Ballant,n. (1966) tound that development at 2900 took 8 

~a - 4 d&7. incubatlon and 4 d.,. of po.t-•• bryonio dev.lopm.nt. 

An und.ratanding at the d •• elo,..nt at the reproduotive 

orSaaa and the .. tias proo ••••• of spider 8it •• i. fundam.ntal 

to this .tu41. Blau •• lt (194,) and B .... nt (19,1) studi.d the 

anato., of the reproduotiY • ..,.'e. of adult 'etraQ7chid. but 

littl •• ork ... don. on the deY.l.,..nt ot r.produotiye organa 

in iaaature atag •• ot !. utioa,. Ja1il (1969) and Ja1il and 

Morriaon (1969) ha.... r ••• ntl, '0110· •• 4 the change. in internal 

.0rphologJ of 1. vtioa. throush tive deyelopment atag... O.arian 

deyelopment doe. not besin until the alte reaohe. the deutonTmpha1 

atag., and during the teleoehrT.alia atage the oell. in the tn­

aacular canslionio and oyarian .... ot .ell •• eparate .ith 

deyelopllent beiDS ooapleted in 24 to 48 hours. 'l'he .eraar1ua 

of ne.l, e.erged fe.ale. oontain. a te. mature ooo,te. and oYi-



Pho to : E.R. Mangin 

PLATE 1: Part of a Population of Te tranychus urticae 

on a Bean Leaf. 

KEY: M Male, MF - Mature Adult Female, 

IF - Immature Adul t Female, E - Eggs. 
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positioa begins aft.r a short pr.oYipoaition p.riod. The ovi­

position rat. r.ach •• a peak in T. urtioa. b.t ••• n the 'th -
and 9th elay. of the oYipoaition perioel (t.hr and allit.h, 1957). 

_g. produot.ion lIay .ary d.pending on .trains and environmental 

oondit.iona. but in the pre •• nt .eri •• of .xp.rim.nt., a dai11 

oYipos1tion rate of 11 to 1, eggs was founel 1n the untr.ateel 

ch.cka. 

Th. te.t... firat app.ar in the aal. in the late d.uto-

.,.phal .tag. anel d ••• lop eluring t.h. t.leoehrTaalia atag. (Jaiil 

and Morrison, 1969). Th. aelult aale gen.rally e •• rg •• before 

the f •• al. (H.ll., 1962) aDd. th •• al •• can •• a •• n ataneling 

guarel ov.r the f •• al. t..l.ochrraalli. On ••• rgenc. of ~. 

f.llal., copulation ooour. by t.h •• al. crawling b.n.ath th. 

bod,. of the f •• al., raising t.h. tip of the abel •• n and ins.rt­

ing t.h ••• el.ps int.o the g.nital opeaiag of th. f_l.. Altheuah 

oopulation say occur .•••• ral tla •• , Cagle (19~9) and B.l1. (1962) 

r.port. that gen.rall,. oa •• iagle fertiliaation will p.r.i' a 

f ... l. to proeluce elipl01el .gg8 for the reat of her lif •• 

Sex det.rmiDAtion in the Tet.anyohid.a appear. to b. 

al.ost entirel,. b,. arrh.notok1 (Huffak.r et al., 1969). --
Arrhenotoky ia a for. of parthenog.nesis ia whioh the haploid, 

unf.rtiliseel .gga produ.e lIale. and the elip10i4 egga proeluoe 

f •• al •• (White, 19,4). Male haploiel,. in .piel ••• it ..... firat 

el •• onstrat.el b,. Schrad.r (192" of White, 19,4). Unmated f •• ale. 
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produce only haploid eggs and mated temales deposit a mixture 

ot haploid and dipl01d egg.. Boudre.ux (1963) considers the 

.ex ratio of spider mite otfspring to b. largely • tactor ot 

the amount ot spaNatoeoa introduoed during the lIating aot, 

but OYeraeer (1967) tound a rather tixed .ex ratio that tluo­

tuate. around a lIean. Control ot sex ratios in 1. urtio.e has 

now been found to be dependent on the phenotype ot the mother 

(Overseer and Harrison, 1969). 

The ability ot untertilised females to produoe .ale 

progeny i. ot great i.portance in the .earoh tor new ohe.o­

sterilants ot .pider lIites. LonS-Tity studies haye shown that 

adult. ot I. urtioa. will liye tor approxi.ately 40 d.,. under 

controlled conditione (Jaiil and Morrison, 1969a). It .ale. 

alone are sterilised, the sub.equently unfertilised te.a1e. 

wl11 produ.e haploid male pro.eDJ. Allowing tor a deyelopaent 

period ot 7 to 12 days, the male off.pring will be ayailable 

to mate with their parents, thus proyiding a new souroe ot 

te.al... In contrast to many inaeot speoies, mal. sterility 

ot spider mit •• would not hold a great adYanta,. over temale 

.terili.ation in population oontrol. The emphasi. in the 

present .eries of experiment. haa there tore been direoted 

towards the .earoh tor oheao.terilants reduoing the tecundity 

ot the te •• le. 
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Other biological factors which have considerable intluene. 

in &D1 programme utilising ehemic~ls for control of reproduction 

are diapause ahara.terist1ca and the .ethods of dl.persal ot the 

organi.... Diapau.e or arrested development in !. urtioae i. 

photoperiodici~1 moditied by temp.rature and nutrition. In most 

Tetran10hids, a oombination ot a reduction in dall1 photoperiod 

and decreasing averase t.mperatur. induce. young adult female. 

to enter a diapause .tat. (tee., 19"b). aelle (1962) inv •• t. 

igat.d the cau ••• ot 4ia,. ... in T. arti ... and tound that -
photop.riod tollowed by lowering t .. peraturea was the pr.4oaiD&Bt 

controlling taotor, whil. lower.d nutritional atatus .. y alao 

induce dlapaua. (Le.a, 19',.). Mapau.ing t .. ai •• in the genua 

TetraBlohaa .re reco,nt •• ble by their pellucid orauae-red 

oolour (Boudreaux, 196,), and the r •• ultant oe.aation ot egg 

product1on haa .eant that the id.ntification of diapau.e temale. 

ot I. artie ..... erucial to th ••• expert-ent •• 

Dispersal ot spider aita populations ODours duriDg the 

preovipoait10n period, during whioh Hus.ey and Parr (196,) 

younger leave. of the ho.t plant. Vndar ov.rcrowdad oondition., 

Huasay and Parr (196,) .lso r.ported migr.tion b.tween host 

plants b1 the tormation ot "ropes" and the lIov ... nt of th •• e 

rope. by slight air currents. Pl ••• hner at ale (19,8) fail.d --
to observ. any spinning of threads and drifting b1 T. urtl ••• -



but the author has observed the formation of agitat.d ma •••• 

of mit.s and the spinniag of .ilk.n threads in populations of 

!. urtioae h.ld at Linooln Coll.,e. Air curr.nts _a7 aaus. 

so.. indiyidual. to drop to the ground. Movements on the 

ground and on the host plant show a stron, positive response 

to light during the preoYiposition period and p.riods of 

d.sio.ation and ahortase of food (Suski and Naeg.le, 196,). 
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CHAPTER II I 

MEftODS AND MA'l'ElUALS 

SPIDER MITE TAXONOMY AND STRAINS 

Taxonru 

Considerable contusion has existed oyer the correot 

taxonomic desilnation tor the two.spotted spider mite •• 

Harrison (1962) considered the Ne. Zealand form to be Tetra. 

!lOhus telari .. (Linnaeus), but results of oross breeding 

expertaents within the '1'. telari •• complex indicate that -
Tetr&qlchus urticae Koch is the oorrect name for the green 

two.spotted spider aite (Boudreaux and Dos.e, 19". Tuttle 

and Baker, 1968). Creasing experiments .ith Ne. Zealand and 

German strains (Ballantln., 1966) oonfirm thie de.ignation. 

!he two-spotted spider aites .. ed in the pre.ent studT will 

thus be called 1. urtioae. 

Straina 

Oall one strain ofT. urtioa. ha. been used in the -
pre.ent work. It i. de.ilnated the LINCOLN NORMAL (LN) strain 

and wa. collected fro. bean plants at Lincoln College in 196,. 

Most of the che.icals te.te4 in the pre.ent work Were organo-

phosphate., so basic biological te.ting ... confined to this 

one strain whioh reacts normall, with organophosphate inseot-



ioid... FUtur. testa of potential ohemosterilants of spider 

mite. oould b •• xt.nded b7 the use of atrains r.si.tant to 

th.a. inaectioides. 

MAIN'lEI4AI40E, ISOLATION AND DISPOSAL 0" STRAINS 

Th. LI4 strain used during this work waa reared on the 

French Dwarf bean, Ph ... olus YUlaarla. Th. oolonT was main­

tain.d in a glasshouse unit haYing heating and oooling equip • 

•• nt whioh k.pt an ay.rag. t.mp.ratur. of 29°0 (ran,. 26-32°0) 

and a r.latiy. husidit7 ot 50-80;. Whit. wash on the .xternal 

aurfac. of the gla.. was used in the ..... r month a a. a .ub­

aidiarr t •• p.rature control. During the wint.r, artiticial 

lighting was .. ed to giY. a photoperiod of 16 hours and 80 

r.duoe the incid.nc. of the p.lluoid-orange oolour.d diapausing 

femal ••• 

Boat plants w.r. grown in 12 oa pots whioh w.re bottoa­

water.d daill Yia a 17 .m dish. Th. whole unit waa kept in a 

galyani •• « sinc water tray (40 x 80 om) which acted a. the 

pri_17 barrier .. &inat disp.rsal. Th. trays were held in 

pla.tio-wall.d oases which w.re ••• d to preyent the oontam. 

ination of other colonie. by mlt.a oarri.d in air ourr.nts 

(Plat. 2). Wat.r was flowing aoroa. the floor of the glass. 

houae and, should &n1 individual oircusY.nt the firat two 

barriers, thia til. of wat.r act.d as a final impediment to 

disper.al. 
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PLATE 2 : Barriers Against Co nt amination o f 

Strains: Infested Bean Plants Held 

in a Water-filled Tray and Enclosed 

by a Plastic-walled Cage. 
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Once the hoat plants showed evidence ot overcrowding, 

the bean plants were cut ott at the base and immediately put 

in polythene bags tor later inoineration. Portions ot leaves 

from the old colony were plaoed on the primary leave. of the 

new plant. to initiate new colonie •• 

CHEMICAL SCREENING METHODS 

Che.osterilant soreening •• thods are similar to tho.e 

now in use for in.ecticide .creenings (LaBreoque, 1968). 

Aoaricidal te.ting procedures therefore torm the basis tor 

the de.elopaent of screening .ethods for potential chemo­

sterilant. of splder mites. 

Contact aoaricidal aotion oan be te.ted in .eyeral ways. 

a) Topical applioat10n. Harrison (1961) describes a 

technique in whloh a .easured amount ot insectioide is topically 

applied to mite. or small in.eots. Ballantyne (1966) and Thiele 

(1967) used this .ethod in aoarioidal te.ts on 1. urti2ae. 

Following treataent the mites are often confined in leaf cage. 

(Tashiro, 1967), or ln alide cages (Voss, 196}). 

b) 811de-dip Method. A plece of double-sidad Scotch 

tape is attached to a glass sllde and adult 81tes are fixed to 

the tape by the dorsal part of the hysterosoaa (Dittrich, 1962). 

The slld. 18 dlpped ln the toxicant for flve seconds then held 
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under conetant conditione for 24 hours when the mortality ie 

recorded. 

c) Contact on a leat • • The acarioide may be applied 

by dipping whole leave. (Lippold. 1961), or spraying whole 

plante caged on a reYolYing turntable (Mailloux and Morri.on. 

1962). Re.idue. oan be applied to leayea with greater accuracy 

by use ot the Potter's tower where known quantitiea of acaricide 

can be applied (Lee, 1967). 

Dittrich (1962) compared the cage-spray. the .lide-dip 

and leat-dip .ethods ot te.ting aoarioidee. Cage-spraying 

gaye the least variability at intermediate sensitivity, the 

elide-dip gave greater variability and the highe.t .en.itiyity. 

and leat-dipping ga.e the greate.t variability with the lea.t 

sensitivit7. Ballantyne (1966) tound the greate.t accuraoy 
• 

with the topical applicatiDn .ethod, but while this technique 

i. e.peolally suitable for resietanoe studies, its u.e a. a 

ecreening .ethod is n.triated owing to the limited range ot 

eolyent. which can be uaed. S.ith (1968) co.pared a direct-

dosing teohnique with the leaf-dip and gl ••• -slide residue 

.ethod.. No clear ditterenoe. in mortality were found, although 

ao.e individuals in the le.t-dip te.t mal avoid the residue. 

by spending long periods on their mat ot webbing •• ~ lrom the 

le.1 .urtace. 



• terilant. i. re.tricted by the need to k.ep the insect. or 

mite. ali.e in conditions that will Dot att.ct noraa! repro-

duetion. Gouck et ale (1963) compared the teohnique. used --
for screening chemo.terilant. in the U.S.D.A. testa on hou.e 

flies and sorew-wora tlies, and found that incorporating the 

ohe.osterilant. in the diet ga.e more reliable result. than 

either topical appliaation or larval dipping. Te.t. on the 

chemosterili.ation of spider mite. (Chapter 2) ha.e either 

treated the substratum (generally bean lea.e.) and then added 

the mite., or ha.e treated the colonies by 80me oontact method, 

and then added the treated individuals onto a hoat plant. 

The separation of oontaot and fe.ding effects of spider 

mite oh.mosterilant. ia mOBt ditficult. The only method for 

applying a measured dose of che.ioal to eaoh individual is by 

topical application (Harrison, 1961). Apart trom the limite4 

range of sol.ents whioh can be u.ed, the .echanical dittioultie. 

in applying a .ery small drop ot the te.t solution onto the 

abdomen ot the mite without the chemical reaohing the mouth 

region, preolude. the use of top10al applioation t.ohnique. 

in general chemosterilant screening trials with spider mite •• 

The teeding of insect. po ••••• ing sucking and piercing mouth-

part. through an artitioial .e.brane would be a useful addition 

to the .oreening methods at pre.ent a.ailable. This method 
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has been used in aphid te.t. (Bhalla and Robin.on, 1968), but 

only recently bas an artiticial diet been tormulated tor 

.pider mite. (Walling et al., 1968). Until the diet can be --
readily prepared, and the full erte.ts on spider mite biology 

are known, this tech41que oannot be added to the range ot 

screening methods at pre.ent used. Mode ot action ot the 

chemicala used in this stud7 •• st there tore be empirioally 

deri.ed. 

ClIEMOSHRlLANT SCRDNlNG METHODS 

Prior to intensi.e biologioal testing ot candidate 

chemosterilants, prel1aina~ experiments were conducted to 

discern any mortality or sterility ettects, and to determine 

an optimum concentration ran,e. Wbole primary lea.e. ot the 

French dwart bean .ere dipped in the test solution and main­

tained on cotton wool as de.cribed by Seisler (1947). Twenty 

adult te.ales of approximately the s .. e si.e were seleoted 

direot from the stock oolony and placed on the leaf surtace 

tor 24 to 48 hours. An untreated check was run tor each 

experiment. Eggs laid were recorded and the adult female 

mite. remoyed. ESg hatch w .. ob.eryed fi.e d&7. later. 

On the basi. of results tro. the.e prel1ainary testa, 

certain chemical. .ere .eleoted tor inten.i.e te.ting ot their 

.terilizing properties. For the.e t8.t., leat di.cs, 11 .. 
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in diamet.r. ..re c.t by cork bor.r from b.an leav... dipped 

in the t •• t solution for 20 s.conds. and plac.d on blotting 

pap.r in ol.ar plastic trays (40 em long x 32 om .id. x ~., om 

d.ep). When the di808 .ere dry. oDe adult te.ale mite .as 

added to eaoh disc. 15 discB .ere used per treatment. Th. 

mit.s .ere maintain.d on the 4i ... tor ~8 hours. after .hich 

the .ggs laid .er. record.d. The adult mit.s .er. removed and 

.gg hatoh .as r.cord.d 5 days lat.r. 

Contamination of the untreated checks from surplus 

chemical. on the treated 4iaos. neceaaitated a chang. in 

testing proced.re. Th ..... ai •• 4 di.c8 •• re u •• d but •• r. 

plac.d on blotting paper diaos. 9 em in diam.ter. The 

blotting paper di8Cs and the le.f disos tog.th.r .er. dipp.d 

in the t •• t solution and th.n plao.d on a cotton .001 till.d 

plastic p.tri dish (Plat. ,). Eaoh p.tri dish halt had seyeral 

hol.s in it. baae for the purpoa. ot bottom-.atering. Th. 

p.tri dish.. ..re plac.d in the olear plaatic tray8 and a 

s.lf-.atering devic •• oonaiatiDa of a plaatic bottle .ith a 

short polyth.n. tub. through ita base, ensur.d a atable .at.r 

l.vel. Th. t.at tray_ .ere maintain.d in oontroll.d oonditione 

of 26.,oC, 50-6~ relatiYe huaid1t7 and 24 hours light. 

Mit.a .ere handled with a tin •• abl •• hair.d brush, 

slight17 moist.n.d to prod.c. a tine tip. A 10. po •• r 
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PLATE 3: Treated Leaf Discs on Bl o tting Paper 

and held in a Perspex Tray. 
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binocular microsoope, 12X magnification, was used when trans­

ferring the mites. 

Experi.enta for intensiye biological testing were of a 

completely randomi.ed block de.ign. Two conoentrations plus 

an untreated check were generally used, and eaoh treat.ent 

waa replicated 10 timea. In the intial treatments, 15 di80s 

were treated per ooncentration to allow for mortalities ot 

mites due to handling or drowning on the surrounding wet 

blotting paper. It more than 10 mites .. re still alive atter 

48 hours, the required number of replioates were obtained by 

randomly eliminating di.cs. This atep was neceasary sinoe 

the oomputer programme tor the analysis of the resulta did 

not allow tor mis.ing data. 

CHEMICALS 

Preliminar.r experiments enoompassed • wide range ot 

ohemicals. Agents tested included the tollowings­

'P1ictran' (tributl1tln acetate), a miticide 

5-Pluorouracll 

'Estratreln. 1,3,,(10)-estratrten-3,1?pdiol-3-methll ether 

'Pr,gradione' - 4,16-Pregnadlen-,,2o-dlone 

Cycloheximide - ,. 2-("S-d1aethyl-2-oxOcl010hexll)-2-

hydroxyethy1 -glutar1mide 

2,4-bia-dimethyl .. ino-6, dimethoxyphoaphinothiollthlo-1, 

3,'-triaztne 

Mero.ptoethanal 



Propylene oxide 

9 .. ethyl.8-aaaxanthine and 8-azaxanthin. 

Tri •• thyl phosphate, a trlalkyl phosphate. 

On the basis of the preliminary results, intensi.e 

testing wa. confined to the trialkyl phosphate group, whioh 

ia known to function a. alkylating agents (Jones et al., 1966). --
The following che.icals, either within this group or che.ical 

relati.es, .ere testedl 

frlmethTl phosphate 

Triethy phosphate 

Tri-n-butyl phosphate 

Tri-iaobutyl phosphate 

Triallyl phosphate 

TripheD71 phosphate 

Trimethyl thiophosphate 

Sodiua diaethylphosphate 

Diethyl phosphite 

Dibut1l phosphite 

DlpheB71 .ethylphoaphate 

Diethyl benzylphosphoaate 

nt.thyl oyano.ethylphoaphoaate. 

All the abo.e chemicals were tested ae for preliminary 

soreenings and only chemicals showing som8 4e81"8e of aotirit;r 

were used in intenaive experimentation. Chemicals found to be 



moderately to .a.erely phytotoxic to the bean leayes. .ere 

a180 discarded from further te.ting. 

Since the large majority of the chemicals .ere liquid •• 

pipette •• ere used to measura the require quanti tie.. Prior 

to preparation ot the te.t solution, solubility tests .ere 

carried out. Tho •• chemicals .hich .ere not .oluble in .ater, 

dissol •• d in a 1~ solution of ethyl alcohol. Ooncentrations 

used 8enerally ranged bet •• en 2.,. and 0., •• but the final 

concentrations selected depended on the preliMinary results. 

50 to 100 ml of each solution .ere prepared. and prior to use, 

one drop of detergent per SO _1 was added to act a8 a .etting 

agent. 



CHAPTER IV 

RESULTS AND DISCUSSION 

PRELIMINARY SCREENING RESULTS 

Preliminary tests were carried out on a range of chem­

ical compounds_ Some of the chemioals selected for testing, 

for example Cyoloheximide and 5-tluorouracil, had already been 

reported as showing insect aterilant aotivity_ Others were 

known to be alkylating agents or were related to known anti­

metabolites or hormones_ The results of the.e preliminary 

tests are presented in Table II. These results were not 

statistically analysed since the experiments were not replic­

ated. 

The miticide, 'Pliotran'. tailed to affect fertility 

and, contrarJ to the results reported by Jalil and Morrison 

(1969a,b,d), no sterility was induoed by the antimetabolite, 

,-fluorouraoil. The ateroida, 'Estratrien', and 'Pregnadione', 

were tested and 'Pregnadione', whioh is a chemical preoursor 

of the mammalian hormone, Progesterone, reduced egg 1&7- The 

antibiotio, Cycloheximide, reduced the number of egg. laid, 

oonfirming the early re.ult. of Harrie. (1961, 196,), but the 

severe phytotoxicity of this chemical ruled out further tests 

OD bean leaves_ The phosphorylated triazine, 2,4-bis-dimethyl­

amino-6-dimethoxyphosphino-thioylthio-1, 3,5-triazine, reduced 



TABLE II 

STERILlrt EFFECTS or CHEMICALS TESTED IN PRELIMINARY SCREEN 

CHEMICAL CONCENTRATION REDUCTION IN REDUOTION IN 
EGGS LAID EGGS HATCBID 

Plictran 12,.0., ppm X X 

,-Fluorouracil 0.25'l' X X 

latratrlen 1.~ X X 

Pregnaclien 1.,* ../ X 

Cycloheximide 200.100 ppm ../p v"p 

Phosphorylated 1.0% v .../ 
triazine+ 

Mercapto.thanol 1.6~ X p X P 

ProPllane ox14. 1.6~ X X 

9-Me-8-.saxanthiae 0.'" X X 

8-azaxanthine 1.~ V- I 

Trimeth7l phoaphat. 1.~ vi ../ 

p - Phytotoxic at ooncentratiollS u.ed. 

X - No .ft •• t • 

.../ - So.. .ffe.t. 

+ - 2 •• -bla-dlethylaaino-6. dimethoxyphoaphlnothioylthio-1.3.'. 
tria.ine. 



e" la7 ad .s. hatch, but 1A the time .9&11ab1e this ch .. 1cal 

could DOt be subject to turther In •• atigatlon. Mercaptoethaaol 

ia a kDown iahlbitor ot cell dld.s10n (Gie.e, 1968) but ahOft. 

DO ater1.l1..1as actiY1.t7 in the pre.ent te.ta. Of the poup ot 

chem10al. coapri.lag proP7leoe oxide, 9-Me-8-aa.xaathlDe and 

8-aaaxaathlae, 0Dl1 the l •• t aho •• eI aotl1'1. tJ", re4uol118 the 

a_bel' ot eSI. l81d. 1'r1aeth,.l phosphate cona14.rebl,. red.eM. 

both •••• lald and ega hatoh.d. The prelSJIlaar'1 .ork al.o 

indicat.d that trtae\h71 phosphate bad a low toxlclt7 and 

laoked )tb7totodclt,.. The trlalJql phosphate sroap ... 

there tore oho .. a for ruth.r 11lY.atiaatua and the nsalta 

fro. the lnitial studl •• iato the 8ter1l1t,. effeota of tr1.-

•• ~l pbospbate and trieth11 phosphate ha.e b.ea publiShed 

el •• where (Cabo,... !l !!-, 1969). The tests bay. alnoe bean 

extera4e4 to e __ ,..s a wide rup of tr1a1lql pho.phate •• 

stiiILlft -taTS OR 'fRIALItL PHOSPHATES All) ClU':MI2AL RELAtIVES 

Pri,or to iDteD81ft blolopoal t •• till8 ot the t.r1alql 

phosphate. ud related. .000powa4a~ t.at •• ere coaducted to 

detel'll111.8 the approxiaate 1e"el of activit,. uel the optilnlrl 

ooace.trau.oa for the t •• tl_ of e .. h ch .. leal. !be tul ranp 

ot ohea1oala ta.te4 ln the preli.iaar,r exper1aeat5, toceth.r 

nth ladicatio .. of .ter11b1_ &ot191t7, 18 ahon in Table 

III. 

'9. 



40. 

TABLE III 

PRELIMINARY SCREENING OF TRIALKYL PHOSPHATES 

AND CHEMICAL RELATIVES 

STERILITY ElFie! 
CHEMICAL CONCENTRATION REDUCTION rtf REDUOTION 1M 

EGGS LAID EGGS HATCHED 

Trim.thyl phosphate 2., - 1." V V 

Triethyl phosphate 2.0 - 1.0% v v 

fri-n-butyl phosphate 0.2 - 0.1~ X d p X 

Tri-1sobutyl phosphate 0.2 ... 0.1_ X r p X 

!riallyl phosphate 0.2 - O.1~ X X 

TripheD7l phosphate 0.2 - 0.1~ X X 

fri.ethyl thiophosphate 0.1 .. O.02~ v X 

Sodium dimethylphoaphate 0.,8 - O.1~ X X 

Diethyl phosphite 2." X p X 

Dtbutyl phosphite 0., ... 0.12,. X X 

DipheD7l .ethylphoaphate 1., - O.?,,*, X • p v 
Dimethyl .ethylphoaphoaate ?, ... 1.,. V V 

Diethyl bensylphosphoaate 2.0 ... 1.~ X d P X 

Diethyl oyanoaethyl- 2.0 ... 1.~ V v 
pho.phonate 

p ... Phytotoxic at concentrations used. 

d ... Mortality caused by the oh •• ical. 
r - Repellent effect ot chemical. 

• - Mar«inal etfect. 
X - No ettect. 

\/ .. Some eftect. 



Within the trialkyl phosphate group, substantial steril­

izing activity was found only with trimethyl phosphate and 

triethyl phosphate. !ri-n-buty1 phosphate caused high mortality 

at the concentratione used, whil_ tri-isobutyl phosphate acted 

as a strong repellent to 1. urtieae. Trim.thyl thiophosphate 

reduced egg lay but did not atfect egg hatch. 

The ooncentrations s_leoted tor eaoh ohemical in the 

sterility te.ts were based on the results obtained from the 

preliminary experiments. The initial concentration. used were 

between 2.0 and 3.0 per cent. It mortality and/or .e.ere 

phytotoxicity was recorded, the oonoentrations were reduced 

until the majority of mite. remained ali.e during testing and 

the test discs showed little eyidenoe of phytotoxicity. The 

absence of mortality combined with normal egg produotion indio­

ated a lack of .terilizing properties and the chemioal was there­

tore remo.ed trom turther te.ting. 

Trialkyl phosphates used in the te.ts were commeroial 

samples obtained from Aldrich Chemical Compa~, or Hopkina and 

Willi ... Limited. So.e initial variation in result. was 

recorded when tri.ethyl pho.phate trom ditterent suppliers 

wa. used. Paper ohromatographic analysi. re.ealed the pre.enc_ 

ot so •• dimethyl pho.phate in all ... ples. Thi. product, whioh 

i8 readily tormed trom trimethyl phosphate on hydrolysi., 

p08.e •• es no sterilizing aoti.i*y (Table III). 
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Trimethyl phosphate «MeO),PaO) may be attaoked by 

ohemical nucleophilio agents in two ditterent ways. Hydroxide 

ions (OH-) attack at the phosphorus atoms. Other reagents, 

including a.ines, appear to attaok preterentially at the oarbon 

ot an alkyl group. In this latter oase, trimethyl phosphate is 

tWlotioDing as an alkylating agent. It was because ot the 

taoility with which trimethyl phosphate undergoes reaotions ot 

this latter type (Jones et al., 1966) that it was included in --
the present tests. 

On examining Table III it w111 be obseryed that phos. 

phate triesters, which oontain no alkyl groups (e.g. tripheD1l 

phosphate) are inactive. In taot, triesters which oontain no 

.ethyl or ethyl groups are inactiYe although the situation is 

oomplioated by the acaricidal aotivity ot tri-n-butyl phosphate 

and the repellent aotiyity of tri-isobutyl phosphate. It, as 

migbt be supposed, leat penetration is a tactor influencing 

activity. the relatively low water solubility ot the higher 

esters must also be taken into account. It should be noted 

however, that two esters ot phosphorus aoid, diethyl phosphite 

and dlbutyl phosphite, both poor alkylating agents, are inaotiv. 

as sterilants. 

aelatives ot the trialk.Jl phosphates whioh mlght be 

expeoted to tunotion a8 alkylating agents, were also t.sted 

tor sterility etteots. In the o .. e ot dlphenyl methylphos. 

phonate and ot diethyl benzylphosphonate, severe phytotoxicity 



.as enoountered. utaethyl meth11phoaphonate and diethyl 

oyano.ethylphoaphonate .ere aotive steri1anta. 

On the baaia of the results 1n Table III. ti.e ohem-

icala .ere aeleote4 tor intensi.e biologic.l testingl 

Trimethyl phosph.te 

Triethyl phoaph.te 

!ri.othyl thiophoaphate 

Dimethyl meth71phosphonate 

Diethyl ey.nomethylphosphonate. 

Where.er poa.ible. at.tiatio.l .nalysia ot the experi­

.ental results ••• e.rried out on an IBM 11'0 oomputer installed 

.t Lincoln Oollege. Danc.n'. Multiple Range Teat (Dunoan, 19") 

... uaed to oompare tre.tment me.ns for aigDitie.nt ditterencea 

.nd in the follo.ing table., tho.e treat.ent. with no oommon 

letter .re aientfieantly ditterent .t the , per oent 10.01 

(p • 0.0,). In the complete .na1y.ia pre.ented in the appendix, 

the ~eaulta of the te.ta tor signifio.noe .t the 1 per cent 

le.el (p • 0.01) are alao includ.d. All experiments al •• 

under •• nt .n analysis ot varian •• and F-teat (8n.deoor, 19,6) 

.a a subaidiary teat for signifioanc. (se. app.ndix). It ... 

not posaibl. to analy.e dir •• tly .ggs hatohed tor tr.at.ent 

.ff.ota sino •• in mo.t 0 ••••• the numbers of egga laid •• ro 

alr.ady reduced by the .tteet ot the ohemical. Igg hatch ••• 

th.r.tore analys.d on the basia ot percentage h.toh ot .ggs on 



eath leat diso. The low numbers ot eggs laid in some tre.t-

ments gave rise to considerable variations in the percentas. 

hatoh between d1.0.. Th. results of th.se experiments are 

gi.en in Table IV. 

Th. r.sults of Tabl. IV sugg.at a correlation b.twe.n 

ch •• ical structure and ahemost.rilant activit7. !hus di •• th11 

•• th7lphosphonate. which ia a some.hat l.ss .tteotiye alk7l-

ating ag.nt than trimeth71 phosphat •• i& a1ao 1.a8 .tteotiv. 

in reducing numbera ot egga la1d and hatoh.d. Dieth11 oyano­

•• thylphoaphonat •• which ia l1k.17 to b. more etteotiye aa an 

alkylatiDg agent than tri •• th1l phosphat. t is more etteotiY. 

aa a chemosterilant. It would be ot int.rest to pursue this 

lin. ot reasoning turth.r uaing a larg.r numb.r ot chemicals. 

!he results obtain.d with trimethyl thiophosphate are 

of inter.st. Th. aumb.r of .gS. laid ia reduoed »1 the per-

c.ntage hatch is uaalter.d whioh sugg •• ta that 4iff.r.nt oh •• -

ical reactions .&7 be involv.d in the inhibition of the •• two 

proo •••••• 



TABLE IV 

SUMMARY OF SHRILln EFFEOTS OF THE TRIALKYL 

PHOSPHATES AND CHEMICAL RELATIVES 

STERILITY EFFECT 
fRll:ATMEttT 00 NOENTRAT ION 

EGGS LAID- EGGS HATOHlIll)-

Trimethyl phosphate Oontrol 27.' a 2'.9 

1." 19.1 b 1,.8 

2." 10.8 0 ,., 

Tri.thyl phoapha'e Control 22.0 a 21., 

1.-" 14.1 b 1,.2 

2.~ 8.0 0 5.' 

frilletiql Control 21.4 • 20.7 
thlophoephate 

0.0" ".7 b 12.9 

0.02,,, 6.1(24) 0 '.7 

Di.eth,1 .ethJl- Control 2'.7 a 24.1 
phospho ... te 

1.,,, 18., a 12.1 

2.,,, 19.6 a 10.3 

7." 6.6 'b 3.6 

Diethyl oyanOtleth:rl- Control 27.' a 26.8 
pho.phonate 

1.~ 13.1 b 11.8 

2.~ ).9 ° 1.8 

• - Mean of 10 rep11.a'ea. 4 - M1t.a 4ea4 due to ahe.1oal. 

" HATCH-

9'.' a 

67.2 b 

21., 0 

96.9 a 

9'.9 a 

66.1 b 

96.8 a 

88.7 • 

96., a 

94.0 a 

60.4 b 

44.9 b 

66., 

98.4 a 

80.1 a 

Jt6.6 'b 



PERMANENCY OF STERILI1Y 

~o establish the peraaaeDOl of aterill\1 induoed Dr 
the t.o chemosterilant_. trletb71 phosphate and diethTl 

01aDOlleth7lphoapho .. 'e. two .oueatratioa8. 2.0 and 1.0 per 

oent of each ch .. loal .ere t •• ted. !he te.ting .ethocla .. re 

aa deaorlhe4 1D Chapter ,. Adult fe.ale .ite •• ere .alatained 

OD treated di8.S tor ~ houra after which theT .ere r .. o.ed 

and plaoed on uatreated dis.. tor a further ~8 hour.. Egg. 

la1d and e,.. hat.hed .ere reoorded atter the inter.al on tbe 

treated and uatreated 41a.a. 

!he iaitial treat.eat. laduoed aoae de,ree ot .terilit, 

.ith all che.ioals and eODOeatratioDS aad aigDificant differ­

enee. "1"8 shown at the ,. le ... el 1D the Dwlcan'. Multiple 

laage fe.t for esg8 laid aad egga hatched (fable V). 

TABLE Y 

THE P._ANERCY or SHRILI1'Y IND1JCED Bt TRIftHYL PHOSPHAD 

('rEP) AND DIK'l'HtL ctANOME'l'BTLPHOSPJlONA'l'E (DECMP) 

".BAnD DISCS· UNTREATED DISCS· 

TR:&A!MBJrl' EOOS IOG8 • mas tGGS ; 
LAID HATCHBD IATCI LAID BATCH ED HATCH 

Control ,0., a 29.' 9,.1 a 2'.0 a 2"., 91.0 a 
TJ:P 1.~ 24.1 , 22.0 81.' a' 20., a' 19.' ".6 • 
np 2.'" 7.' d ..... "'.9 d 17.1 b 1,.6 89.8 a' 
DEeMP 1.~ 12.7 0 8.8 7'." '"' 16., b 1,.1 92.9 a' 
DECMP 2.~ 1t.1t d ,.0 67.2 0 6.1 c ,., 81.' b 

• - Meana of 10 replioate. except 1a some untreated diaca .here 
data ... mi.sins due to death of the .ite •• 



On removal from the treated d1sos, eggs lald and the 

peroentage of eggs hatohlng lnorea.ed ln the tollowlng 48 

hour perlod. Per.entage hatoh lD8rea.ed oona1derably more 

than egg. lald between the two intervals, wlth only dlethyl 

oTanometh7lphosphonate at the 2.Oi oonoentration showlng 

.ignltloantlT reduced e.g hatoh at the '" level. 

!he disorepancy in some treat.ent. between the numbers 

ot es.a lald and the peroentag. hateh 1. due to the ooaplete 

oe •• atlon of eas produotion on some disoa. Where no egg. are 

laid, peroentage hatoh cannot be caloulated, therefore .everal 

dis •• have been eliminated trom the analTsia. The analys1. 

ot varlanoe w.. therefore ba.ed on the mi •• lng plot technlque 

(finney, 1964), the sua ot the aquare. being obtained bT 

adjusting the degree. ot freedom to the number of plota 

analyse. (.ee .ppeadix 6). 

Inltial .terility te.ts lndloated the sterilizing 

aotlvity of Diethyl oyano .. thTlpboephoaate to be greater than 

Trietb71 phosphate (fable IV). !his differenoe in biologleal 

aotivity i. oontl ... d in the test. on the permanency ot ster­

ility (Table Y), and ean be related baok to the dltterenoes 

in ohemloal activity. The large inorea.e in peroentage hatoh 

on removal ot the mite. Iroa the treat.d 4i.o •• ugge.t. the 

pre.enee ot two independent slt •• ot action within the te.ale. 



RESIDUAL ErneTS 

Tri.thyl phosphate and diethyl cyano •• thylphosphonat • 

• er. t •• ted for r.sidual at.rility .ff.et.. Adult fellal. 

mit ••• er. add.d at int.rvals to leaf di.os prepared and 

treat.d a. d.scrib.d in Chapt.r ,. All dis08 .ere treated 

at the .... time and the mite •• ere added at 0, 24, 72, and 

120 hour. after treatm.nt. One oonoentration and an untr.ate4 

oh.ek •• re run for .aoh p.riod, the exp.riment being of a 4 x , 

faotorial de.ign. The adult .1te. w.re removed after 48 hours 

on the treat.d d1... and the numb.r of egg. laid and eggs 

hatoh.d .ere reoord.d. 

Th. r.sult •• ho. that dieth7l cyanom.thylphoaphonat. 

haa great.r re.idual properti •• than Tri.th7l pho.phat. (Table 

VI). !rieth7l phosphat. lo.t all at.rilizlng prop.rtle. atter 

24 hour. while di.th71 c7ano.ethylpho.phonate lIaintalned aOID. 

degre. ot actlvit7 throughout the teat p.riod. Dieth71 cyano­

.ethylphoaphonate signifioanti7 reduo.d egg lay in all four 

tr.at..nt periods (.ee app.ndix tor Duncan'a Multiple Range 

Te.t), and .gg hatch was .ignificant17 reduced in teat. at 0 

and 24 hours after tr.atment. 

The r.ault. from the experiment. on the re.idual ett.ota 

and the perman.noJ ot .t.rl1it,. induced by the che.osterilant. 

Buggest that di.\h71 o,.anos.thy1phosphonat. would be 1D0re 

.tteoti.e for u.e in population oontrol than triethyl phosphat •• 

Further d •• elo,.ent of the foraer ohe.ical will depend on in.e.t­

igations into the toxicoloaY ot the ohemioal, 1ta po.sible 

.tteots on non-tarse' organi .. a and the degree of ph7totoxicity 
__ ..... _-.Jj 1..._ ~\.._ 
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TABLE VI 

RESIDUAL EFFEOTS OF TRIETHYL PHOSPHATE (TEP) AND DIETBYL 

CYANOME'l'HYL PHOSPHONATE (DECMP) ON THE INDUCTION 

or STERILITY IN FEMALES OF !_ URTIOAE 

TIME POST-TREATMENT WHEN MITES ADDED· 
TREATMENT D'J'ECT 

o Houra 24 HOUN 72 Hours 120 Hours 

Control Egga laid 2,.8 23.4 2,.1 2,.8 

Eggs hatohe. 24., 21.2 2'.9 2'.3 

• Hatoh 95.9 91., 95.4 97.4 

TEP 2.~ Egga laiei 10.0 21.8 22.9 18.8 

Igg. hatoh.d 6., 20., 22.1 17.9 

~ Hatoh .54.9 94.0 96.4 9'.'" 
DECMP 2.t» Igga laid "'.9 9.4 12.7 18.1 

Egg. hatched ,.1 6., 12.2 17.1 

~ Hatah 44.1 .. '9.4 94.2 94.6 

• All tigure. ..ana ot 10 replioat ••• 

(S.e Appendix 7 tor Dunean'. Multiple Raag. Te.t) 



CHAPTER V 

GENERAL DISCUSSION 

The generally held beliet that aterilization of the 

male. i8 more ettectiye than t ... le .terili.ation tor popu-

lation oontrol, i. not Yalid in the caee ot 1_ urticae because 

of it. arrhenotokoUB type of reproduction. ror this rea.on, 

and because the young adult t .. ale. are easy to handle and 

haYe a short generation period, all the screening te.t. 

carried out in this re.earch .ere contined to thia sex and 

age group_ Putve te.ta of 80.e ot the actiY. triallql 

phosphate. oould be extended with te.t. on immature atage. 

and the •• le. ot !. urtloae. -
The diacoyery ot a che.i.al .hich is suitable tor use 

in the control ot .Ud populatio.. i.. ot cour.e. the ultima te 

goal of che.o.terilant .ore.ning te.ts. While no ettort ... 

made to suppre •• aite populations during thi •• erie. ot experi­

•• nta, the ability ot the che.ical. te.ted to reduce both egg 

1&7 and egg hatch, as .ell .. their relatiYely non-poisonous 

natur., .ugge.t. that the.e .ub.tanoe. might be ideal tor 

field use. 

Che.ical damage to plant tis.ue. and the toxioity ot 

the che.ioals to ani.al life are t.o factor. .hich .ay ho.eyer 



limit the wid.spr •• d us. ot ch.mosterilanta. Phytotoxicity 

was us.d .a an important crit.rion in the rejection ot 

ch.micala trom turth.r t.ating. In the pr.liminary t •• ta, 

Cyoloh.ximid. show.d .t.rili8iag .otiYlty but •• t the con-

o.ntr.tion u •• d, the oh •• ioal waa a ••• rely phytotoxic. H.rri •• 

(1963, 196,) .nd J.ppson .t ale (1966) compl.t.d d.tail.d --
exp.rim.nt. on the .tt.ot. ot O,Joloh.ximid. on 1. urtio •• , 

but in the pr ••• nt in •• stigation, the non-phytotoxio .tt.ct 

ot aom. ot the ch.micals showing at.rilising .ctiY1ty r.sult.d 

in the .limination ot phytotoxic ah.mical. trom turth.r t.st-

ing. S.ver.l ot the tri.lk71 pho.ph.t ••• nd relat.d oh.mic.l • 

•• r. alao phytotoxic in the pr.limin.ry t •• ta and •• r. r.j.ct.d 

trom turth.r t.ating. Th. phytotoxic response is not ho •••• r. 

r.l.t.d to the .terilising prop.rtie •• but the phytotoxic 

.tt.ot. on b.an 1 ••••••• r. ott.n associ.t.d with tuncal 

gro.th, making it .xtr ••• ly dittioult to tollo •• gg d ••• lop-

•• nt. Ch.micals .hich .ho. phytotoxic .tt.ots y.t pos •••• 

atroDg .t.rilising properti.a. abould not how ••• r, be 008-

pl.t.ly di.r ••• rd.d in any turther de •• lopm.nt ot the oh.mo-

.t.ril •• t. sinc. in most situatio .. , T. urtioae occurs on -
plants oth.r th.n the Fr.nch dw.rt b •• n. T.sting oould th.r •• 

tor. be .xt.nd.d onto oth.r pl.nt .. t.rial. 

Littl. is known ot the toxioity ot the tri.lkyl phos­

phat •• to .nimal lit., but it is .pparent that toxiciti •• ot 



these oompounds are much lesa than tor most other chemosterilants. 

The oral LD,o ot the a.iridine. apholate, tor rat. i. 98 mglKI, 

and the oral LD50 ot tepa for rata i. 37 m&/Kg (Gaine. and KiM­

brough, 1964). B.r comparison, , s 500 mg/Kg doae. ot tri.ethrl 

phosphate to rat. was tound to be juat tolerable (Jackson and 

Jone •• 1968) and reoent work has shown that aubtoxl0 conoen-

tratlons (doae •• quiyalent to 2500 to 5000 .&1,,) ad.mlD1atere4 

orally or peritoneal17 to male mlce, produced mutagenic etteot. 

(Ipstein et al •• 1910) .. --
The Tetranychldae are .peo1allsed plant t.eders. The 

feeding .eohaDism 1a b7 pleroing the epidermis ot the hoat b7 

a long flagellitor. atylet .hloh is held withln chelicera! 

modltioations (EyaDB et al., 1961). Spider mltes are thus --
able to pick up ohemicals trom within the leat oella. In the 

pre.ent work, mo.t of the trta1k7l phoaphatea used failed to 

show an7 Yiaable residual depo.lta on the surtace of the leaf, 

augge.tlng a significant leat penetration. 

As described ln Chapter 3. mltes .ere added only to 

oompletely dry le.f di ••• , thus implying that moat ot the 

che.ical is taken up b7 the mlte through the sucking out of 

the juice. of the plant .ella. Jalil and Morrison (1969a) 

found a oorrelatlon bet.e.n feeding aotiYit7. as measured by 

faecal pellet produotlon, and egg production in 1_ urtieae, 

but th1. re.ult .a. not contirmed 1n the pre.ent work .. 



Direct studie. on the m.thod of uptake of the chemicals b7 

spider mites will therefore be required in any tuture deyelop­

ment of the chemosterilants. 



CHAPTER VI 

CONCLUSIONS 

The conclusions which oan be drawn from the results of 

the pre.ent inve.tigations are .s follows: 

1. Preliminary screening te.ts have shown that ohemioa1. 

of diverae .tructure and activity can cause partial sterility 

of I. urticae. 

2. Trimethyl phosphate and triethy1 phosphate, which are 

ohemioals within the trialky1 phosphate group, reduoed egg 

lay and egg hatch, while trimethy1 thiophosphate reduced egg 

l~ alone. Only the trieaters containing methyl or ethyl 8ide 
t~i.. - I So blAly I 

chains were active steri1ants but ,~ ••• ,,1 phosphate was an 

tt,-n -butyl 
active repellent and ~, ' •• ~l phosphate showed acarioidal 

aotiYity. 

,. Di.ethyl .ethy1phosphonate and diethy1 oyano.ethylphoa-

phonate, chemical re1atiye. of the tria1ky1 phosphate., reduoed 

egg lay and egg hatoh. 

~. Experi.ent. with triaethy1 pho.phate, triethy1 phosphate, 

trimethy1 thiophosphate, di.ethy1 methy1phosphonate and diethy1 

cyanomethy1phosphonate haye sugge.ted a correlation between 



chemical structure and biological activity_ This line ot 

reasoning could be investigated turther using a larger number 

ot chemicala. 

,. Triethyl phosphate, whioh is a slightly less active 

sterilant than tri.ethyl phosphate, was compared with di.thyl 

cyano.ethylphosphonate tor permanency ot sterility and residual 

activity. Diethyl cyaDomethylphosphonate gave more permanent 

ettect. and had greater residual lite than triethyl phosphate, 

suggesting that diethy1 oyano.ethylphosphonate is better than 

triethyl phosphate a. a chemosterilant. Likewise, diethyl 

oyanomethylphosphonate ahowed a greater overall reduction in 

reproduction in spider mite. than either tri.ethyl phosphate 

or triethyl phosphate. 

6. The relatively low toxicity ot the trialkyl phosphatea 

and their che.ical relative. sugge.t that the.e chemical. 

should be turther inve.tigated as potential chemo.terilant. 

tor inaect control. Teat. could be extended to include the 

ettecta ot the trialky1 phosphate. on the immature atage. and 

male. ot 1. urtioae. the ettect. on other inaect. such aa the 

houae tly. inve.tigationa into the posaible syste.io ette.t. 

ot the che.icals and the degree of population suppre.sion 

occurring by application ot the.e che.icala to a tield popu­

lation. 

". 



SUMMAR! 

The re.ult. ot a aearch tor chemicals attecting the 

reproduction of the two-spotted spider mite, Tetrasrchua 

urticae Kooh are reoorded. The arrhenotokous t1pe at repro­

duction at the spider .ite. has meant that male aterilization 

does not hold any great advantage over te.ale sterilization. 

The present in.e.tigation was there tore oonoentrated on 

che.ioals suppressing reproduction in the te.ale.. Contig­

uo .. to this study ia a reYie. ot the literature with partic­

ular reterence to the range ot ahe.icala whiah can act as 

che.osterilant.. the proo ••••• ot chemical induction ot 

aterility. and the bioloS7 and habits ot I. urtioae. An 

underatanding ot the latter i. at tunda •• ntal importance 

betore a~ application ot ohemoaterilanta can be contemplated. 

Preliminar7 t.ata with oandidate ohemoaterilanta .ere 

oarried out and ot tho.e chemicals showing actiYity. the 

trialk71 pho.phate group was .ele.ted tor further stu., owing 

to the relati.e17 low toxiolt1 •••• e ot .ynthe.i. and st.ril­

izing properties ot so.e ch.micals in this group. 

Tri.ethyl phosphat., triethyl phosphate, dimethyl .ethyl­

pho.phonate and 4ieth71 cyanometh11phoaphonate reduced egg lay 

and egg hatch while triaethyl thlophosphate reduced egg lay 

alone. Experi.ents indioated that tri.ethyl phosphate was a 

more aotiv. reproduotion suppressant than triethyl phoaphate 



but ahowed a dearee of chemical instability_ Triethyl phos­

phate was ther.fore used for comparison with diethyl cyano­

.ethylphoaphonate for residual eftects and the permanency of 

sterility induced by the chemicals. »iethyl oyanomethylphoa­

phonate had gre.ter residual properties and the sterility was 

more permanent sugge.ting that dlethyl cyanomethylphosphonate 

would have greater eftect. than triethyl phosphate on the 

mite populations it the •• chem~.als .ere used for population 

suppression. 
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APPENDIOES 

Appendix 1. Antitertility Ette.ta ot Trimethyl Phosphate. 

Treatsent Erte,t Replicate. 
1 Z , ~ , 6 7 8 9 10 -x 

CON'lROL Egga laid 26 26 28 2, 30 3~ 21 25 25 27 2.7.' 
Eggs hatched 2~ 25 28 2, 27 " 2.6 25 2, 2., 2'.9 
" hatoh- 92. 96 100 9~ 9' 98 96 100 100 8, 9'." 

2..~ Eggs la1d 17 9 7 1, 7 21 1~ 9 , 6 10.8 

Ilgga hatched 16 0 1 0 0 10 It 1 0 1 '.3 
" hatoh- 9~ 0 1~ 0 0 48 29 11 0 17 21., 

1.~ Igga lai4 26 20 20 16 2.8 2.6 16 10 1, 14 19.1 
Egga hatched 21 16 15 6 2.6 21t 6 It 1, 7 1,.8 

" hatch- 81 80 75 '7 93 92 '7 ~ 87 50 61.2 

• taken to neare.t whole Duaber 

DuMan' 8 Te.t I (P.<0.01) (P."0.05) 
1) EGGS LAID i' 1S ~ 

Control 27.' A a 

1." 19.1 B b 

2..'" 10.8 0 0 

BE .eaa 1.15 (Standard Error ot the Mean) 

2) PERCENTAGE RATOI 
Treataent Y 1; 5. 

Control 9.5.~ A a 
1.'; 67.2 B b 

2.,. 21., 0 0 

BI: "eart 6.99 



Appendix 1 continued. 

Analysi •• f Variance, 

1) EGGS LAID 

n.e to 

Treat.ent. 

Error 

Total 

8. . ,.!'6 
(Standard. Error) 

dt 

l 

27 

29 

2) PERCENTAGE HATCH 

Due to tit 

heatllent. a 

Error 27 

Total 29 

81: • 22.11 

Sua_ of Sq'. Mean S, 
1,67.27 68,.6, 

8,".60 ,0.91 

2201.87 

C.V. • 29.68 
(Coefficient of Variation) 

SUIIS of S,'. Nean a, 
27916.20 1'988.10 

13196.10 1t88.7~ 

"1172.30 

C.V. • ,6.06 

74. 

F-te.t 

22.11" 

,-t •• t 
28.62·· 
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Appendix 21 Antifertilit1 Effeota of Trieth7l Phosphate. 

Treat.ent Ett_lt 
; 

aeplieate. 
1 2 3 ,. .5 6 7 8 9 10 -x 

CONTROL Egg. lald 23 21 22 22 2, 25 21 2.5 17 21 22.0 

Issa hatched 22 20 22 22 22 25 21 22 16 21 21., 

~ hatoh· 96 9' 100 100 96 100 100 88 94 100 96.9 

2." laa la14 9 3 8 7 9 7 8 10 9 10 8.0 

Eggs hatohed 6 .2 , 6 7 .2 .5 6 7 7 '.3 
~ hatoh- 67 67 6, 86 78 29 6, 60 78 70 66.1 

1.,. lGgga lai4 20 19 14 18 11 " 10 9 12 13 '''.1 
Egga hatohe« 16 19 1, 18 10 14 9 9 12 12 13.2 

~ hatch- 80 100 93 100 91 9' 90 100 100 92 9'.9 

- taken to neare.t whole number 

DuDeaa t. 1'e. t I (P.<0.01) (P.<O.O.5) 

1) EGGS LAID it 1, ,. 
Control 22.0 A a 

1." 14.1 B b 
2.,. 8.0 0 0 

BE Mean 0.90 

2) PlROENTlGI BATOR 
'l'reat.ent - 1, ~ x 

Oontrol 96.9 A a 

1.'" 9'.9 A a 
2._ 66.1 B b 

IE M.an 3.1, 



Appendix 2 continued • 

Due t.o 

Treatme.t. 

Errol" 

Total 

lNe to 

Treat.ent. 

Error 

Tot.al 

.Anallai. of Variance I 

l' EGGS LAID 

4f SWIS of Sqts Mean Sq 

2 98,.Jc.o 492.70 

27 218.90 8.11 

29 120'+ ... '0 

SE • 2.85 c.V •• 19.37 

2) PERCENTAGE BATCH 

4f S •• of Sqt. Mean Iq 

2 '168.27 288'+.13 

27 2640.70 97.80 

29 8At08.91 

c.v •• 11." 

r-t.at. 

60.77-· 

r-te.t 

29.'+8--
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Appendix 3: Antifertility Effects of Trim.thyl Thiophosphate. 

'rreat •• nt Effect Replioates 

1 2 :5 ~ , 6 1 8 9 10 X 

CONTROL Egg. laid. 25 2, 21 22 19 19 20 21 25 19 21.4 

Egge hatohed 23 22 21 22 19 18 19 21 25 17 20.7 
% hatoh· 92 96 100 100 100 9' 95 100 100 90 96.8 

0.0" Egg. la14 12 8 2 34 5 7 1 1d 8 8 6.1 
Eggs hatohed. 12 6 2 3 , 7 7 1 7 6 '.1 
• hatoh- 100 7' 100 100 100 100 100 100 88 75 96., 

0.02" Eggs la1d. 15 1~ 11 15 16 , 10d 2, 1~ 8 1'.7 
Iggs hatohe4 1, 14 16 12 16 , 10 22 11 8 12.9 
% hatoh- 100 100 94 '5 100 100 100 96 48 100 88.7 

- taken to neare.t whole nwaber 

Duncan's Teeta (P'<0.01) (p-<0.05) 

1) EGGS LAID i' 1% ,. 
Control 21.~ A a 

0.0" 6.1 B b 

O.025~ 13.7 C c 
IE Plean 1.18 

2) PEROENTAGE HATCH 

Treat.ent X 1. ,. 
Cont 1"0 1 96.8 A a 

0.05. 96., A a 

0.025. 88.7 A a 
81 Meall '.99 



Appendix , continued. 

'nallsia of Variance. 

1 ) EGGS LAID 

Due to dt 8U118 of Sq'. Mean Sq 

Treat.ent. a 1170.'+7 ,8,.2, 

Error 27 '77.40 1'.98 

Total 29 1,47.81 

C.V.. 2.7.22 

2) PERCENTAGE HATCH 

Due to dt SUlla ot Sq'. Mean Sq 

Treat •• nt. 2 412.07 206.0' 

Error 27 4299.80 "9.2, 

Total 29 1t711.81 

SE • 12.62 

F.teat 

41.86--

F-teat 

1.29 
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\ 

Appendix 4. Antifertility Effects of Di.ethyl Methylphosphonat •• 

Tr.atment Effeot Replicatea 
1 2 , 4 , 6 7 8 9 10 

CONTROL Eggs laid 29 21 29 28 26 28 14 28 26 28 2'.7 
Egga hatohed. 29 21 19 28 25 28 1, 27 2' 28 24.1 
• hateh- 100 100 66 100 96 100 9' 97 88 100 94.0 

7.'% Esss laid , 0 , 18 2 10 11t 0 1 1, 6.6 
Egsa hatched , 0 3 16 2 1 8 0 0 1 ,.6 
~ hatch- 100 - 100 89 100 10 '7 - 0 8 66.3 

2.,. Esss laid 19 8 16 18 28 26 11 26 2, 21 19.6 
181S hatched 10 1 8 8 19 12 1 19 11 14 10., 

~ hatoh- " 12 ,0 23 68 46 9 7' 48 67 44.9 

1.~ Ens laid. 11 8 8 29 .. 27 ,0 21 30 " 18., 
1s8S hatohed. 8 2 , 17 , 24 20 18 22 It 12.1 
~ hatoh- 73 2, ,8 '9 75 89 67 86 7' 19 60.4 

• taken to n.areat .hole n_ber 

J)QacaDts Teat. (P.<0.01) (P.(O.O,) 
1) BaGS LAID - 1!i ,~ x 

Control 2'.7 A a 

2." 19.6 A B a 

1." 18., B a 

7." 6.6 C b 

BE M.a. 2.,2 

2) PERCEN!AGE BATCH-

bea.eDt - 1. ", x 

Control 94.0 A a 

1 • .- 60.4 B b 

2.-'" 44.9 B b 

81 Meaa 6.47 

• freat.ent 7.'" .a. DOt anall'sed. clue to the .i4. 
Yariat10n in perceatase hatch. 



Appendix ,. continued. 

Analyst. of Varta!!., 

1) EGGS LAID 

Due to tit SUIl. ot Sq·. Mean Sq 

1'reatm.nta , 1910.90 6,6.97 

Errol' ,6 1"7.00 ".81 

Total " ,847.90 

c.v.. 41.71 

2) PERCENTAOm IATOB 

Due to elt aUB of Sq'. Mean Sq 

Treat.enta 2 12600.07 6'00.0' 

IrrOl" 27 11297.30 418.42 

Total 29 2,897.'7 

81 • 20.1t6 c.v. II ,0.79 

80. 

I'.te.t 

11.8,·· 

I'-te.t 

1,.0,·· 



Appendix" Antltertl11t7 Ette.'a of Tri..th,1 Phosphate (TEP) 
and Dieth,1 C,rano.eth11phosphonate (DEeMP) 

Tre.tment stt •• t aep1ioate. 

8t. 

1 2 , 4 .5 6 7 8 9 10 X 

CONTROL Egg. laid 29 10 ,2 21 " 26 21 30 ,1 28 21.' 
Kgg. hatohe. 27 10 ,1 27 " 26 26 29 ,1 28 26.8 

~ hatoh- 94 100 97100100100 96 91 100 100 98.4 

DBCMP 
2.~ Igsa 1a14 , , 0 , .5 , 6 , 9 0 '.9 

Eggs ha tohed 0 , a 1 2 1 .5 2 4 0 1.8 
_ hatch- o 100 - " 40 " 8, 40 44 - 46.6 

fEP 
2.~ Iss. 1alel 9 4 8 .5 10 9 6 11 8 2 7.2 

Eggs h.tohe. 7 2 4 , 6 7 , 10 7 2 ,., 
" hatoh- 78 ,0 ,0 60 60 78 8, 91 88 100 7,.8 

TIP 
1.0; Eggs laid 0 17 1, , 4 0 14 12 6 9 7.8 

Egg. ha tohed 0 17 10 , 2 0 10 10 , 8 6., 
" hat.h- - 100 77 100 .50 - 71 8, 8, 89 81.6 

DJ:ONP 
1.0; lua 1ald 17 20 1 20 1, 9 1, 0 24 14 1,.1 

Igga h.tohe4 1, 19 0 19 10 8 11 0 22 14 11.8 

" hateh- 88 9' 0 9' 77 89 8, ... 92 100 80.1 

• taken to neareat whole namber 

Dwlcan t a ~e.t I 
1) mas LAID (P.<0.01) (P.<O.O,) 

heateent i' 1. ,. 
Control 27.' A a 
DEeMP 1.0; 1,.1 • b 0 

Tmp 1.~ 7.8 C D o el 
TIP 2.~ 7.2. D o • 

DJ:CMP 2.~ '.9 D d 
BE Mean 1.78 



Appendix , continued. 

2) PERCENTAGE HATCH 

'1'reat.ent 
Control 98.4 A a 

'rEP 1.~ 81.6 A a b 

DECMP 1.~ 80.0 A a b 

TIP 2.~ 7,.8 A b 

DECMP 2.~ 46.6 B c 

SE Mean 6.90 

Analysts ot Variano •• 
1) EGGS LAID 

Du. to 4f SUII of Sq'. M.an Sq 

Treat.ents 4 3"14.92 8".73 
Krror It, 1417.10 31.49 

Total 49 4832.02 

ill: • ,.61 c.v •• 47.32 

2) PERCENTAGE HATCH 

Du. to clf SUII of Sq's Mean Sq 

Treatments .. 12,21.00 3080.,0 
Error 40 19114.70 477.90 

Total .... 314".70 

e.v •• 28." 

I'-t •• , 

27.11·· 

I'-t •• t 

6.4,·· 



Appendix 6. The Permananc7 of Sterilit7 Induced b1 Trieth71 Phosphate 
(TEP) and Dieth71 cyanomethylphosphonate (DECMP) 

A) TREATED DISCS 

Treat.ont Etto.t Rop11cate. 

1 2 :5 4 5 6 7 8 9 10 -x 

OONTROL Eggs laid ,0 30 32 30 ,1 28 35 " 30 ,0 ,0.9 
Iggs hatchod 28 27 31 30 28 28 30 '3 28 30 29.' 
• hatoh· 93 90 97 100 90 100 86 100 93 100 94.9 

DleMP Eggs 1a1d 6 0 1, 0 8 6 0 0 6 , 4.4 
2.<* Eggs hatohod 3 0 11 0 5 , 

° 0 4 2 ,~O 

• hatoh- .50 - 7' - 63 83 - - 67 67 67.2 

TIP Isgs 1ai4 12 7 " 0 4 2 8 12 6 9 7.' 
2.~ Eggs hat.hod 9 2 12 0 2 1 3 6 3 6 4.4 

~ hatoh- 7' 29 ltD - ,0 SO ,8 50 ,0 67 49.9 

DIOMP Eggs la1d 11 1, ° 1, 16 1 , 2, 21 14 12.7 
1.0; Iggs hatohod. 8 10 0 12 1 1 , 24 17 10 8.8 

" hatch- 47 67 - 92 6 100 100 96 81 72 7,.4 

TEP Esga la1d 17 21 30 27 30 32 13 2, 26 20 24.1 
1.~ Eggs hatohed 14 17 29 24 29 ,1 7 25 2, 19 22.0 

" hatoh- 82 81 97 80 97 91 ,4 100 96 9' 87.9 

- 'aken to noarest whole nu.bor 

2!!noaD's T.sta 
1) lOGS LAID - Treatod 41soB (P.(0.01) (P-(O.O,) 

Tro.taont - 1. ,,; x 

Control 30.9 A a 

TEP 1.~ 24.1 B b 
DECMP 1.~ 12.7 c 0 

DP 2.~ 7.' o D d 

DICMP 2.0; 4.4 D d 

81 Moan 1.77 



Appendix 6 oontinued. 

2) PEROENTAGE HATCH - Treated 41808 

Treatment x 1~'~ 

Du. to 

Control 
'rEP 1.~ 

DECMP 1.~ 

DIOMP 2.~ 

'tIP 2.($ 

II Mean ,., 
Anal,_,_ of VartaDCe' 

1) mas LAID 

dt 

heatllent. ,. 
Brror It, 

'total It9 

2) PEROENTAGE HATCH 

Due to dt 

Treat.ente It 

Irror '9 
fotal .. , 

9,.1 A a 

87.9 A. B a b 
7,.4 A B b 0 

67.2 B e 

49.9 C d 

SWI of Sq'_ Mean Sq 

,0,2.88 126,.22 
1406.80 31.26 

6"'9.68 

C.y •• ".12 

Sua of Sq'. Mean Sq 

11727.' 293,.8 
,,82'.7 ,o,.2 

2"".0 
C.v •• 22.9 

84. 

,-te.t 

~."O·· 

,-te.t 

9.67·· 



Appendix 6 oontinued. 

B) UNTREATED DISCS 

Treat.ent Effect Replicate. 
1 .2 , 4 5 6 7 8 9 10 -x 

CONTROL Eggs lalel 26 29 2, 2, II 26 D 27 19 D 25.0 
Eggs hatched 25 29 21t 21 D 25 D 27 19 D 21t., 
~ hatoh- 96 100 96 91 - 96 ... 100 100 .. 97.0 

DICMP 18 •• laiel D ,. 20 16 1 0 D 1 0 , 6.1 
2.~ Eggs hatohed. D , 19 15 1 0 D 1 0 , ,., 

~ hatch- - 7' 9' 94 100 - ... 100 - 60 87.' 

TIP Ess. lald. 18 17 28 23 D 22 4 8 14 20 17.1 
2.~ Igg. hatohed. 18 16 25 20 D 21 3 8 11 18 1,.6 

~ hatch- 100 94 89 87 - 95 75 100 96 100 89.8 

DICMP Esgs laid. 22 21 0 23 24 19 0 21 17 16 16., • 
1.~ Iggs hatohe4 22 21 0 2, 17 18 0 20 15 15 15. 1 

~ hat.h- 100 100 - 100 71 95 - 95 88 94 92.9 

TIP Eggs lald. 9 8 26 D 32 10 26 29 22 21 20., 
1.~ Iggs hat.hed 8 8 25 D 29 10 2' 29 21 21 19.' 

~ hatch- 89 100 96 - 91 100 88 100 96 100 95.6 

• taken to near •• t whole DUmber 
II - Mite dead. when transferred from treated di8c. 

DllDOan taTe. t I 

1) JaGS LAID - Untreateel 41a.a (P.<0.01) (P-(O.O,) 

treat.e.t - 1~ ~ x 

Control 25.0 A a 
TIP 1.0~ 20.3 A a b 
TEP 2.~ 17.1 A b 
DBCMP 1 • .,. 16., A b 

DEOMP 2.~ 6.1 B c 

81 MeaD 2.6 



Appendix 6 oont1nued. 
• 

2) PERCENTAGE HATCH - Untreated d1sos 
Treat.ent - 1~ ,~ x 

Control 97.0 A a 

'rEP 1.0; 9,.6 A a 

DBOMP 1.~ 92.9 A a b 

'l'EP 2.~ 89.8 A a b 

DECMP 2.~ 81.' A b 

51 Mean 2.9 

Anal,s1s ot Variance 2 

Due to dt SUIIS ot Sq'. Mean Sq r-te.' 

Treatments ,. 1,41.2 ,Ss., 6.,,·· 
Error ,a 2,21.9 61.1 

Total 42 ,a6,.1 

e.v •• 46.4 
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Appendix 1: Residual Ettects of 'rrieth7l Phosphate (Tli:P) and Dieth7l Cy'lUloa.th7lphosphonate 

(DECMP) on the Induction ot Steri11t1 in remalea of I_ urtiea. 

'l'reataeat Eftect Replicatea 

1 2 , ~ 561 8 9 10 -x 

o KOURS Control Eggs laid 23 26 28 26 23 26 21 2~ 2" 26 25.3 

• hatch 81 100 100 92 96 92 92 100 100 100 95.9 
f.Ep 2.0; Eggs la14 9 2 0 14 6 11 8 1 211 19 10.0 

• hatch 56 50 - 11 50 82 63 4, 11 63 5~.9 

DEeMP 2.0; Eggs laid 8 5 4 0 0 5 1 10 12 ... ....9 
~ hatch }8 40 100 - - 60 0 10 83 SO 44.1 

24 HOiRS Control Eggs lai4 28 21t 24 18 20 25 21t 25 22 24 23.4 
~ hatch 79 96 96 95 9.5 100 100 52 100 100 91., 

HP 2.0; Eggs lai4 23 20 24 19 23 22 19 21 22 19 21.8 

• hatch 100 90 92 100 91 91 100 96 91 89 94.0 
J)KQ(P 2.0$ Begs lai4 0 13 1 20 1 II 2 13 21t 4 9.4 

~ hateh - 54 , ... 10 29 15 100 85 92 1.5 59.~ 
---

( COlltined.) 
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Appendix 7 continued. 

Treat.ent 

Z2 HOURS Control 

rEP 2.~ 

DECMP 2.~ 

120 HOURS Control 

'liP 2.~ 

DJ:CKP 2.0; 

Ettect 
1 

Eggs laid 22 

~ hatch 100 

Eggs laid 17 

~ hatch 100 

lCggs laid 7 
~ hatch 100 

Eggs la1d 18 

~ hatch 100 

Esgs la1d 17 

,; hatch 100 

Eggs laid 28 

j hatch 93 

2 3 4 

22 21 31 

100 91 77 
23 24 30 

100 96 97 
,,+ 2 23 

100 67 96 

21 22 23 

95 100 95 
22 14 1'+ 

95 100 79 
16 20 14 

9" 90 100 

Replicates 

5 6 7 8 9 10 -x 

21 17 28 24 26 29 25.1 

100 94 100 95 97 100 95.4 
21 '7 28 2'+ 26 19 22.9 

9.5 100 96 100 96 8'+ 96.4 

4 15 6 13 26 12 12.2 

100 100 100 87 100 92 9".2 

24 29 29 20 31 21 23.8 

96 97 97 100 9" 100 97.4 
16 27 19 22 22 1.5 18.8 

100 93 95 96 96 100 9'." 
13 1'+ 18 20 18 20 18.1 

100 86 100 100 83 100 94.6 
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Appendix 7 oontinued. 

Dunean t • Te.t, 

1) EGGS LAID (P.<0.01) (P.<O.O,) 

Tr •• t.ent Hour. - 1. ,. x 

Control 0 2'.3 A a 

Control 72 25.1 A B • 
Control 120 23.8 A B a b 

Control 21t 23.4 A B a b 

TBP 72 22.9 A B abc 

TIP 2'" 21.8 A B abo 

HI' 120 18.8 ABC b a 

DECMP 120 18.1 B a c 

DEeMP 72 12.7 C D d 

HI' 0 10.0 DJ: d 

f).eMP 21t 9." D E c1 a 
I)BeMP 0 4.9 B • 

81 MaaD 1.64 

2) PERCENTAGE BATCH 
TNa.aDt Houra - 1. ,. x 

Control 120 97.4 A a 
TEl' 72 96 .... A a 
Control 0 9'.9 A a 
Control 72 9'. It A a 
UP 120 9,.4 A a 
DIeMI' 120 94.6 A a 
DIeMI' 72 9 .... 2 A a 
ft.P 24 94.0 A a 
Control 21t 91.3 A a 
DIOMP 24 59.4 B b 
TIP 0 ,4.9 B b 
DIOMP 0 ".1 B b 

51 M.an ' • .itO 



Appendix 7 continued. 

Anallsi. of Variance. 

1) EGGS LAID 

Due to 41 81l1li of Sq·. M.an Sq F-t •• t 

fr.atm.nte 11 ,4,z.'7 49,.87 18.z,·· 
Hours , 9".2, ,11.74 11.,2" 
Ch.1Iicale 2 ,4,'.02 1726.,1 ".,Z·· 
Hours x Ch.mical. 6 1044.'2 174.0, 6.4,·· 
11"1"01" 108 2921.40 27.05 
total 119 8"'.97 

SE • ,.20 C.V •• 28.87 

2) PERCENTAGE HATCH 

Du. to .f Su of Sq-s M.an Sq ,-t •• t 

'1'r.a •• nts 11 41'-64.,6 '769.4, 12.,1·· 
Hours , 190".'7 6,,1.79 21.76·· 
Chemical. 2 9648.62 4824.,1 16.,,·· 
Hours x Ch.micals 6 12760.,8 2126.7' 7.28·· 
Errol' 108 ,1,1".80 291.80 

Total 119 72979.16 

SE • 17.08 C.V •• 20.24 
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