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This dissertation reports the results of an investigation or the distribution

morphology, llfe cycle, effect.,on cotton growth. quality and yield. as well as the

feeding preferences of IJ•• soleaturn, the cotton stem \ve~vil,jn South Afdca. A.

soleatuQl was found to occur only in the Eastern Transvaal Mid Northern Natal

qotton producing regions. A d~taned study of this weeviPs morphology confirmed

that it was rightfully included in the'ramily Apionidae. b~'t that its pkceroent in

the genus b!tion Herbst W85 inconsistent with the characteristics of this genus. A.,

soleatum oviposits in cotJon. its majol' host; larval and pupal d\lve~ollJnonttaking

place in the stems. Adults. feed on the leaves, and are found pred()min~tltly Itear

the apex of :plants. The lat'val stage, of which there ar<:Ahree hstars, was shown

to be responsible for losses in cottcn yield and, diminished growtl~pf CQttOtlplants

in general. Entedon Jl-9ionidis. a parasitoid wasp was found associated witl'!'I~'

~atum.larvae and pupae.
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Jl,.ldging simeJy from thsir structure. habit$. and ee()i1o~"
there, SJr$ r~$ons why
a$$~ll?.sought to t;»(calev¢t'f· (Sthsr ¢Iass 01 Ql'ganiti}$db$lngs ...

\~s

Un,bidden guests),;
are often·w~lcomest whsl"l il'tey are gone

""if
.II

Then come those humbler me.rfQf heart
With no eompl~1~d;$chems,

Ci)ntent io.play a modest P~~,
To test. obs(We, ana clt'~am,.."

..,. In the wanl~9year
Pott~$ a. coleopterist, po~ing
Through yelloW I~v~.

('
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William Oampi¢r~Wheth€lm
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PREFACE,

During the eady half of t1)1;:19801$,,Anion §oleatul1.1caused a1ai\; wfthin b()thth.~

private and pup1i~sectorc of agrIculture in(;spt)th Afdea. 'The t~rm 'a (l,ewpest'

was frequently flpplied. even though work on this insect. with therexception Qf it~

description, .had never seen-the !igM of day. This study was unMrtal<erl'to .ga'tn

i~fortna~ion on the life history Of thisweevll and to assess its pot(~'htialhllpacton.
the South African cotton industry.

During the course or this study, which r~!'Xparallel with two others that comprised

my duties atthe Tobacoo and Cotton Research Institute in Rustenbul'g. I was

invaluably assisted in respect of consultatiVe discussions and .,logistical.help, by

many people atid organisations., These include M.essrsBill Goodwin,Alf Harding

and John Snell of Hoechst, South Aftica, who generously arranged the use of

Hoechst's facilities at Malelane, Messrs Klasie R,eynolds, Sampie 'M~iyan~

especially Piet Dreyer of Clark Cotton, Pongola, arranged for. and acc01'npanietl

me on, numerous .trlps to cotton farms (luring sUl"Veysill the Northern Natal

region. The transport used was at Clark Cotton's e}l:peMe and deserve::! special

mention. Mr Andre Groenewald ()f Mjil1di Estates in the Makatilli 1Sthanked rm:

allowing me to collect specimens on 'the estate. Mr Paul van Dy1<,of the Tobacco

and Cotton Research Institute assisted with the trials in Malelane, particularly

during May and June of 199(1when I: was called up to do a period of militaty

service. and is grate~ul1y.aclmov:lJldged. Mr Rolf Qberprieler (Naztional.Colle~tion

of Insects, Pretoria), Dr Migu: 1Alonzo Zarazaga (Mal~gaj Spain) and Ms Luisa

Alcantara Santos are thanked for discussions I:\p,dinformation concerning the

Apionidae. Miguel Alonzo .4ar(l.Zagar.onfirl)lled.the cons1?'l)cificity(~~the South

Vii'
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AftiC3r We~\;!lwith that of th~ type specimens in the ~rit1sh Munee~ 01 Natural

HistOtY~, The \~taff of tbe' ,!obac~? and Cotton ~~earch InstiWte wete always, i',

available for di~~ussionand Dr M. htpp~nam...Dr ft. van !ieerden. Mr/~.vl'lti)~ ',"
1\ 1,\

Wyk, Dr M. Gr¢d~f,Mr E. Eulitz an'd.Mr G.de VHHers gave freely of their time
'\

atld exp,et,tise-. ' M~ Hannelle Swanepoell<ept the 'non ..~11 o ptojleiots going
.; VI

during my absen~~~~This .was especially appreciated. ,Mfs Eliza Eulitz and Ms
,;. 1\

Annette Swanep\)~l taught'me. 1rt the space of a few days. not!ll to use several
11' ,', '. , , " -",

natured encouragement* my impatience ~nd irritability. Linda Serfontei.t1 cam~

to the reseue with,.las,t moment field cage repairs. I recalllnany plea~ant evenings,

.spent in the company of AIf \,\nd Brenda at Malelane. To alqhese persons, and

those who ate not m.entione~·hete, but.wno in their own way lertt encouragement,

a teal appt~ciation is expressed.

Especial 1rhullks are expressed to Ml' Harts l\ifabneke, who assisted me \\with the

tra.nslatiolns of the German papers written by Wagner, and also \f~?,Prof. Robin

Crewe. l1Jty' supervisor, for theiiime consuming aud t~dious task o'f ~it'ectinglhis

study.

My 1110.St heattfe~l andosincere gratitude lSdirecte.d to Ms Artn~tte. Nel~~hO spent

many !noursencouraging m.e. many days at my sl~e next to the comp\lter •..marty
/,

monthiS q~tajning references for me all" reading the manuscript, and years of

tdendllbip and u.t1del'standing. \\

'1;be it!grained appreciation that I have of nature and the outdoors was developed

in me by my patents, Who were always fascln,atePc;o<bythe vagaries of wHd
II

;)
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creatures, and stimula.ted my curiosity in them dUr1ng,my formaHve. years. Fot'

their continual insistence that one must not and c~nnot ever st1p learning. I will

be eternally grateful. The sacrifices tMy h1.adej~'giv~me it ,ballll1CeQ education."

and' the opportunity to stpuy. ate deeply appreciated.

A single sclen.tific note was published in volume 53 of the .TournaI of ~
"

\' ",' '\" ' _,'", 'C,_, ,.,', "_" " -, .,,:~ ,.'.' ,",.:' ,: ,. __ -" ,', _,', .. '" _' ,.~JlJ~mological Sod~t* of southern Africa. an~tC\tormet the basis of ;the s~ction

(5.3.3) on natural enemies'of A~soleatum~'In addition. t~ articles conCerp.ing the,

morphology of A. soleaturt1, have· been submitted to the above journal for.

publifiation•. The S~MdY!.Naslulmpere(l by the fact thatpermb~iontto. bringlive A.

§Ql~aiUrt1 ttQ ~1,1stenb1.l~~Was not fotthco~ng; even th()~Sh tentative p$l'missio~t

h~dbeen granted at the outset of the proj~&t. TIle tiSk:of';.A. ~~um. ~~c~ping
" . . ..'::,... "".:: . --'-~~,

i:t.I.~I.~tt.~.wh"Hthad no~.t b'W.CO.td .• ~,and. With. out lite p'"sen... ~f
the parasitold, wag the main l'eaJbn Why A. soleatum coutci not be studied 'in

Rusten hurg,

. .Ix
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Stiuth Afric~l). cotton i~pr()d~~ecfh:~der;~otbirdgatecl.~llrd d,ryland pracdces. TM

numMr of hectares devot~d to cotto!').production has increased dt·a.matically over.

the latter balf of the 1980'81 trom 10'7'~54Jfain the 1984/85 season to .208360 ha

in the 1988/89 season (Cotton Soard Annual Rcapol't89/90). Over the same period'

pr()duction. inc~~a~d from 179 134 bales of lint cotton to 388 341 bales, an
it

increase ·'Of Z16 percent. The average ptice for !hit was 355 cents per kilogrf'iil in

1990. A:~.200 l<g lint cotton per bale. it repres6nts a .market worth some 275

m111ionrand annually and does not take into aacotlntthe value assocf~'t!}dwith seed

prOdtlction or other cotton related markets,' At present South African

consumption exceEld$productiorr, and ensures thl~flthe cotton industry will grow

in the future.

cultivated cotton belongs to the genus Gossyp1l,unL. in the' family .MaHraceae,

and commercial varieties belong to four species, namely G. he_tbaceum, G.

arborBum, Q•.,!JJirbadeng,(f(SeaIsland cotton) and Q. l]irsututl,l (Upland cotton)

fPears()t~19513). T!~ cultivars most wi(;\l}ly utilised for ¢(.un.rn.~rciat:production in

South Africa belong'to G. hitsutunl and include Acala 1517/7~. Deltapine Acala

90, as well as sotnll; locally bred cotton types such as Tetra, Gamm~ ana ORa

(Gr~eff 1986). Most (Mtlvated cotton types tako the lQi'm of a perE.lnn{al,shrub

with a vigorous tap l'oot system and a singlo ascending mMn stem which bears at

each node a leaf and usually one branch,' Vegetative branches (it'monopodia tend

tp be· produced lower down on the plant~ while. reproduotiYt} or syn1:pocHl,tl

1
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short and terminate in a flower bud. the cotton fkrwer is a creamy,,.:yell¢"Wcoloup
')-,~\ . .

aad remains open' for only one day. Pollination usually occursJn. thE'!eady

afternoon and b)!'lat.eihernQon the corolla begit1s to change colotJl'. becomi~g rh'st

a faillt pink aug later a deeper red·,mauV'6..At the same time the bracts (calyx)

close around the ovary. A~this stage the QUQ is termed a square •.,As the square

develops, the fruit Increases In size .and prQi~udeSbJ~y()ndthe brllc,ts. The fruit or

boll is a 3 ..q locular, d~hiscent·capsule; each loc".t1~"containing Slome ntne.seeds~

It:~ al'ese seeds wh}o1l,in addition to a short fUzz used in the explosives industry,

produce the lint fibr~s (Van Hee;den 1977) (Fig. '1).•

J

Although cotton is a perennial shrub which can be ratooned (le lEla to s,~andover

until the following season, thereby avoiding plllp.fi~8 again), most produ~ers

cl,ldvate cotton on an annual basis with plandng, c(nnmep.cing some time 'in

October/November and harvesting occurring in April/May. A ~pC!d discussian of

the'advantage's and 0, ,ladvantages of ratooning cotton is gIv~rt by ~iles arid Greeff-_,

(1989). The practise is generally not encouraged ~ince,.itprovides a wihter habitat

for many pest sp~cies and ensures, high earlv-season pest populations. During the

production season, a cotton C1:'Op is vulnerable to'atta¢k'ftQr~ .~wide range;' of

hisects. In South Africa key pests ate HeIi'JWis 81'fl1ige(3 (HiibMtI) {American

bllllworm; NocEuidae) find !.etr;.apl!chus cin.ttJiliarinu~ (Boisduval) (Red spid~r

mite; Tetranychidae). Other pests include ~ castanea lifim;sM (Red

bollworm; .Neoraldae), Earias insula.!!!! ('Soisduval) and :E. hU!laga Walker

(Spiny bollworms; Noctuidae). various other :retl't.1nychus species, '.' .Att~is

~oss3lSii Glover (Cotton aphid: Aphiqidae), Jacobiella specicl~, (Gott911

leafhopper; CicadelHdae) and various (It'''ttOfi stainers such as' O}'{yc.Jirenus'.,

luLalil1e(mis (Costa) (Lygaeidae) and ;gysdercus specie~ (Pyrihocotl1da~)~, In

addition, various Coleoptel'a. also attack cetton.. Adult S~agrl1S ~ttron$ Batl'

2



(Cp.rysQm~lidAe~ican ~ause cQnsiderable tiefollationwhile tM larvll~ attac~ the
/' .. "

roots atld YQ\l!'igseedlings (}3roodryk 19~4). The larvae of ProtC1s:tr~phusspecies

(Cu~'culionidae) teed on germinating seeds, causing heavy localised s.!I!~~
-. .'. '. . . .... ":'. «::reductioils early' i'i') the seascn, The whitc-.:ay, Bemisi,!!. tabaei. (Get'1l1i,\dius)

(AleyrQ~idae) is also known to vector vita~ diseases. It iii thus obvious that the

pest complex associated with c()L.l.ln.is wide and control procecll,lres at'11

c()mplicated. For example. with respect tQ the key pests. the use of pyrethroid

pestJcides against the bollworm complex reduces the spider mite natural enemy

populations with a c01lC()mi~ant incl'ease in spider mite den~iti~s. For these

ressons, the control or any new pest of cotton must be tested to determine its

effects on existing pests.

o

Al1ign soleaturn Wagner, the cotton stem weevil. was identified as a potential

pest or cottoa in South Africa duting the 1984/85 season. During that period

it was foun,\ in the coteon growing areas of I<ai1gwane (B:roodryk &;

Mansfield 1985). and since then it has spread to areas of the eastern Transvaal

(Holtzlnl\1Sen, pers, comm.). northern Natal (EuHt~ 1987, un',t)ub. report;

Bennett 1988, unpub, report) and Swaziland. Since. August 1988 it has been

found to occur in the Pongota, Hectot'~ruit (Bennett, pet's. obs.), and

Makatini (Swif~1pets. (lomm.) areas, In a survey undertaken by myseU in the

Pongola area, 160 cotton 1,lants were investigated and. 47 adults, 4 pupae and

261arvae Were recovered ....<annett 1988. unpub. report). Ort c. stand of ratoon

cotton (1,3 ha., 2nd season) ~"!) the Malelane area, over 3QQadults and more

than 200 pupae and larvae were collected over a pet'iod of tv/I;' months in 1988.

This clearly demonstrates that without adequate contt'ol •.IA. soleatum hns the

pot.~ntialto achieve,high detlsiti~s. It is these high IeV¢ls which have lead t ..

cotton. yield reductions of up to Si;{ty percent on .pre-harvest for~casts.

accordlng.to M1' John Eck:$t~in (Gin manager,llec!orFiprult, 1988. pera, comm;) •.~
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1. The tnQ1"phology of A::be Cou',ton plant() ,-' - --f!

square, b bU1"$t boll!;, c' sympodium

monopodium, e main stem

Fig.
:l a

d
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The relatiV'~ly recent ~:xploitation ,by A,,, solelltt!.m of )Qcal cotton is cl,ldou$-

(Bennett 'and Nell"990), and the 'VislJ:tlyhigh numb~ts ofthi$ insect. which during
~i, .. ... .
it-_. " ..", ")

the mtd 19130'$was uq,1.hlowu in So~t~i~rr1c&'u r!cittoy:!$ caused alarm arnt>pgst bo~h

producers and buyers. As th~ se~sons progres$ed and A~soleatun1 remained In

cotton, pro4u¢~1:S btcanle a~xious to know mOre about this weevil. Preliminary

pet'usal or th~ literat).tl'e thl.it e1tisted hldicated that yiel'd losse,s had be~~Jlttributed
L,;J

to .A.• soteatum ~11eastern and. centtal Africa duting the post ...World Wat.l years

(PearSon 1958). No further ~pfN·.tnation with respect'to '1\. soleatom's poten~ial

impact on cotton existed and conseqtlently several petti'nent questJonSt which
I,

formed the basis of this stcdy~, presented themselves.

i.
"

To what exteHt is A. soleatum clistri buted over t,;he cotton-' .. " ", " "";', ,

plJo\:luQingarefiS of South Ai/tica, and cotlsequlflntly r9 what ~'~teJlt

does it tht'(l,aten the cotl.l'Yl ~ridustrJ?

ii, How does one identify ,~. soleatulll and· can one di~,tingui$h

between th~ sexes?

'1
iii. What sortlof lite history does, a. soleatum e"hibit?

alternate hosts exlst? Do any natural enemies eXlst'l

any

J

lv, Does l!,. §.Q!eatum ~~Isetve pest status. and if SOt how can one.

recognise this wElevil~' damage to cotton? What are the effects or

A. soleatum on cott<~nyield r&d quality?

'II.
if

How can one best ~iontto1this insect?
ji

if

5



'to find satisfactory answers to 1i11the questions stated earli~r is fat beyond th~

scop~ of all MSc••study. Cert~ht objectives were therefote identifie;a for &t1.ldy~

beadn~ in mind the impOrtance' of\d~termilling whether tlt~threat J?~~.edby tb.is

insect to the cotton hldustty, justified further 0'. extensive r~searcll. "An~\~er
\_, ',,' -;' ',- \\ \'

J' _ ,',

~dteri~i!.that WIlS. used to identify study objectives was thef!I~'lhat an ad~,qu~te

knowledge of any potential pest's morpho~ogy and biolo~ is necessary- before"an

investigation of its control can begin. Consequendy ~~vema:jor objecti't~# iive;e
.> - <" _, - - \( , - t",.'> {~

identified for study. The fitst was to d~teiinine the d~'stribution .Of~iA•.!~;\

in'the cotton froducing areas (If South Africa. this was deemed necess~y so tflat

an assesst1umtcould' be made (If tp.~extent to which the cotton indtlstry CQuid be

threatened. The second ob je.ctive involved the detailed description of A. !QLeatum,

since this insect is not a true member f)£ the genus A~ion, Uer~~t. e'9'E)nthough it

J

"
was originally ~escribec1as such. ThirdlYJUl investi~ation of th~ \v1th:..in plant

distribution and reeding ptefe.rences of A. ~oieatum was chosen, since.such d~Yl
".~,.",.,al

would assist in pin pofnting target regions of the plant for pesticide applieation.

In addh~on. such data· would indicate probable reasons fo~"yield and, qtt-ality.

reductions In cotton i'}ltacked by A•.solentum, should they occur. ;'The fourth

objective was to obtain data concernin~ the Hfe"cycle of the lnsect, especially with

regard tetlie number clt generations per season and the nllmbet of larval instal'S.

The final objective was to determine whether A. soleatunf.deserved pest status.and

at what densities it affected. cotton yields and. quality. The shu:!y as' a whole

necessltated a detailed review of 'relevant literature. Since virtually no

publications with tespect to applied and bi~t(Jgical topics exist, this. aspectcof the

study hWblvcd a review of taxcnomlc information.

6



2.1.1 Pie 1912. (Wagner and earlier wotke~s)\

])ivisio·5 Apionides. Accon\ingio Oberpdeiei;./i.'§89j pers •. comm.) he can-thus

be iegarded as the author of the Apionidae, the Apiqninae and the ApioniItJ.

~eConte (1874) ref.erred· to the ~roup as a family, however LeConte and

Horn (1883) redefined,\t as a subfamily. According to Wagner (1912), LeConte

and Horn (1883) gave no morphological basis for their classification.

Apioninae sensu LeConte and Horn (1883). did not include the genera

]Myrmacicelu:.'Ck.evrolat or eyias LfltJ:eille, which' were placed in a. separate

subfamily. the Cyladinae. Faust (889) .used the. critetion of whether. the

f$ffiUr attains the ccxa or 1101, to distinguish the subfamily Apioninae frol1l

othee cutculionid subfamilies. Wagner (1909) considered this criteril)l1 as being

useful only in the sel?atation of tdb~$ and used the following. oriteria to

distinguish his subfamily: Abdomen with live visible sternites; st,erna 1 t\fl;d2

br9ad, each at least as broad as sterna :3 and 4 together; sternum 5 flat'and at

least as broad as sterna 1 and 2; coxae of metasternum separate; elytra

completely covedng the abdQmen; antennae straight.

The subfamily Apionhtae sensu Wagner (1909) com.prise(1 two tribes. the

EurhYl'ichini and the Apionini, this subdivision being based on the critedon

of whether or not the femy.r attains the eoxa, In dOing so, according to

7
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Phelps ..(1955), h~ disrupted the. clar;sificatic.ns of ~arli~t' \v\lrl{e'h~o"$.ucli as

SChO~!1hetl.''' and several ~~neraj' then claSSifIed in diffet~rtt\categoriee. wer.e
j g'

irtCh.ut~d in hi$ subfamily.

(\

the tribe Eurhynchini sensu Wagrt~r (l909) inciudect three genera;. onamely

Eurhynchus Schoenherr" Chalcocybebus Snellen and CyIll..!! r,.atreille. In 1912 be

included the genlts.;Ctenaphides •Pt-,scoe. The !olfoWi~g gtOU}'IS of genera. of

early' Jiwotkers. ¢ot!truned synonyms. of .members cit his •tribe. Ettrhynhhti:
!_;I

Apionides of ~Schoenherr •. CYlades of Schoenherr. the

1'h(\\ trib~ Apionini ~nStt Wagner comprised species in w~lch th~ coxa "end· the

feniu!' were ''Separated by a well dev"foped tro&hantet. In ,his ·earlier worIe
(!

',/1 '.',

~1gnet 1909) ten genera ware included ill this "tribe, ntfilte.1y
u ..

Me$atrachelus Fa.1,1st, Rhadinocyba' Faust.. ~Q.n Faust, Mecolenus
,

SchOenherr, ~ Schoenherr, Mvrm.a~icJll.~,Ch¢vl'olat. Podapion Rile.y,

'l'ana.os· Sbhoenhert, A.l1i~n Herbst and ,Hete~apion Shatp. Ih his later work

Wagner \1912} e~cluded Hete~ but included the two n~w genera

!.ispothet'iut:rt Faust and Apioniorphus' Wagner. Alf groups. of genera of ear!ie~ , "
i)
, (i

'!' II

j .. " , , .' ' .. '. . .. . ..•. . .', _ ' .. _ ;_:-'_ ". _'.' :{i\workers, which contained synonyms of membl$l's 'of this, tdbe, Wagner (t~n2),

list,ed the following: Apionides of SchOenherr, the."Cybe,oicC'S of Lacotdair~, the

Apidae of Bedel and t11$AJ)ioninae of Faust.

)

Ollly seven gene,:a Were included in Faust's (1889) Apion1nae. AU of these

with the expeption of i\.~ .ppeared in Wagnerls (1912). n~t.The genus

~ was placed 11'1the Eurhynchi4~~ by Faust 08,89) as he clain1ed that the

rr.1inut. and the coxa were not separate. Wagner(1912) disputed this

8
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observation, sxating that the ltlUglt reduced tt!?chanter in' TanaQ~ .still CQ~ ~;telY
(\ ( l

separated the. femur and the C01(a. -"--- .~""'-.-:::---;.~/.
~-~~:...~

;:,((. ~\\
'\\

Of further int$t$st was the suggestion by Wagner (1912) th~t further work \\

in the Apiot1inae ~ay te~ultln the fusion ••..of the tribes that he erected. He

claH~ed that the form of the trochanter in ~ may 'be interm~diate
\i.

het.weeri . th(i:typical for¥~s of the two tribes. Wagner (1912) investigated the

number of antenrtar segmenJ~'~iJdthe deSre~ of atrophy or the suture betwe~n
. ',,_:"

the fit'st· and second abdominal stemitea, with a view to changIng. the.· tribal

critedi:5nl"·· In the first case he found that the distal antennal: segments
"II ." .

beco~ .fMscd (indicated by a partial'sutute) a.nd in the sec()nd" awide range

ofvatlabHity JQ, the appearance of the suture e~isted. He concluded by
t',.

',:"; ,_ ". . .. ' .. , ... ' ." , . _. ,...... _ " _'.' '. ,_ _' '. . .' .. ;Jr~taini.ng his two tribe.s. despite the difficulties created by Tanaos (Fig. 2a).

2.1.2· Post 1912 (Ctowson~ Kissinger, Britto!')" Lawrence & Newton,

Obetprieler &. Louw),

CrOW$Ol'((1954) treated the 'aplonids' as a. family. In this paper he stated that

the Apiopidae could be thought of as interrne~iate between the Attelabidae

and the Curcullonldae, Cl'o'vson (1954, 19po) was unclear as to .why the group

should be raised to family status. In the' Apionidae he includetl the

subfamilies Eurhynchinaer Apioninae, lthycerinae and Nl1nophyinae. He

considered the attelabid features of Apionidae to be pti~itive. These were the
iy

non ..geniculate antennae, the· absence of a d~stinct proventdculu~· and ;the

J

larval. frontal suture extending completely ~o the mandIbular artiCulatory
j;'"

membrane, He placed Eurhynchus c19sest to the .Aftelabidae and 1-a~imQ

closest to the Curculiortidae (Fig. 2b).



AAIONI~~~\~ -I

(sensu Wagner 1912)

Fig. 2a

f~ABionHerbst
.\-1Y1vrma~leelus Chevrolat
Eru;laoion Riley
"Megatraehelus· Faust
RhadinoWba Fau$t

Apionfni ------.._.----t ..!:P~~er~a~aQ!lo9.!l···n Faust
Llspofherium Faust
Mecolenus S¢hoE;mh~rr
CJlbabU§ Sel15enherr
Tanaos Schoenherr
Aalomorphus Wagner

•~~

APiONJD}.\E -------....,.,.._j
(sensu Crowson)

Flg.2b

Eurhynehini
EEUrhVnchUS $ch<looherr
•..•.cha.lcOCYbebus ..Snellen
~ Latr~me·
,Qtenaphldes Pasooe .

Et:!l'hynchinae (Including eurh\(noh~)

Apioninae

Ithycerina~~

Nanophyinae (including Tanaos}

APIONiNPE.----r-..-..........-........,.-----/~plemonlnl
(sensu Kissinger)

~-J t--::::~::::

l
Nanophyini

.......Cyladini

Figure 2. The classWcadon of .A9ion Herbst according to different authors
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Kfssinger (1968), on the other hl;tnd, p~eferred the traditional "status of
.co. ..." .,' :.:

subfamily for the group, arguing that the available evidence \"did noK~
jl

Qverwhehrtingly i1illic~¢ that the group should be of either f~fuily or suJamilY, ',,", ..v. '.'.. .." .. .. '.' -'I

status. 'thus in his t~~ie'YIr of the world genera C)f apionidtr (Kisllinger

19(8), he red.

in it the gel1era. rthycerus SchOenherr 'and Nanophye~ S¢hoenherl'.

:Col,eopterurnCat~logus tad previously treated these as separate subfanHH~~

within the Cutcu/:ionidae. This move Was also in f<eeping with Crowson (l~54).

!<issitlgel' (l96Sj noted that the Apioninae presented. formidable t81(onornlc

problems because of the large number .oI,'forms' involved. T~,e w~rld Tau-ns.
c

comprised some 1500 species of minute proportions 0.5 - $.O_rom). The
,\

structure and mot'pbology within the group VIas re~arkablYJ.tnifQ_t't:n'and thus

pl'o~i_de(.Hew 'good'taxQnomic Cf'18racters. A furthm.' pto~~em was the fa~t that

ther~; kere anly three levels ~~r:talC<l between \J~\\IliJy:,'_:~ndgenus. namely
.r-
H

subfamily, tribe ami su'btribe. l;n this respect it ws~pefhaps desitable to raise
n

It

the group to a family, as Crowson (1954) did. l<issinger (1968) suggested the
;/

'1.Iseof a taxon caned 'supertdbe' with suffix 14,.oinea\ but did hot nU\keuse

or it in 1968.

Kissinger's (1968) Apionillae comprised three grOl.tpsof genera. The fir,stv in

which the. mesocoxae Were not separated by the meso- and.llletasterna, were

represented by the _,tribe Aplernonini. This feature, acbording to lJim,: iff not "

seen elsewhere in the Cureulionldae, The next. sUbdivisi6r:t ~S.$ based on

the nature of the tubular flagellum in tne)nternal sac.
, ;,.,-;:~\.

flagellum, or wii;h a ver.y reduc~d flagellum comprised, two tribes. nan:t~~r the
Eurhinin! and tbe Apionini.· The division between the two tribes was based

.0£1, th~ nature of the antenna} club, the a.pichl tibial articlilation anld the

suture between sterna 1 and 2. The Apioninl was further divided into two

11
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)

()

n
r" , ' , ,',' ',' " , , ' , " ," " ' ' ...,,' \:J ,

subh'Ibesdhe Api(mina (nine str~f!tef,fytra, articulE!~7rim Qfcg:kae eVf.l~fL~nd~~he
, " , ' ", ',•• , i,c

Tanaonina (10 ,sti..Iare elytrat il.l·tlculat rim ,(If coxae with tooth ...like ptCiceB~es).
1/

:f:{:;..: _ '''' _ ".".', > _ " : '.", ' " , ' ,,',' - - , " -,. " '",', :', ' " ' , ;' _. ' " '" __ , ",,",,' ,,', '" ',','; __ --ojTt Apioninae. possessing "well developed flage1t~mcomprised the third

grt\lP. __Thr(l':;ribes~ete, redogttised,j namely the Ithyc'i!dni. tbeCYladini~~d
~~ '~, ,'_,,' ;~i~'~"'

the Nanophyi~;\(Fig. 1>. !~ Cyladini (sensu Kissinger), ,~J\Tere~onsidei,'ed '\

an advance~>group,=.Ji~ere~~ they Were J~if,luded in ,Ctowsonls u(19S4) mrife' \
\\ 1\,primitive EUt'hynehinae. ~,

if

(:,

/'

,Subsequ~nt tQ, Klssitlger (1968), It'V~ri,ous authors pubMshed general,i - )/ '., '-,I

classifications (eg. Britton 1970, Lawr.e£{~e&;Newton, 1982. Ob~rpri~K.;:& l..o1,J\V:
:> j \', ~ C):!· " 1''' '

1985) iii which the group was rer.pgnised as family • .It ap:pea~p~s. llit~~,
::._- '.,' __-; ", '<.)

recent,vorkers feel that the group should be re(lognis~d as a family, Ii:ltHough
i"/' ' " ,',' "--'\"" ". '" 'il V . -~' n,

concerning the hierarcbi6at $t;)tus of·the grouF'

Oberptiel(;)t & I.,ouw (198$) in a treatise on southEl!lUAfrican Ctu'cuUoJ),oidea"

follo\v .Cro'Wson!.s (1954) classmcat'io~. In southern Africa only three of t~~' «
"

subfamili~~l are represellted (Oherl(rieler,& Louw 1965)., Two of the subfamUies

are abundant (A~ lnae and NanophyinaeJ white the Cyladinae is re~re~~~ted'
;\ ____ -- _ , " __ ____.,' __'.. __ " __'_ i, " __, _, '\\

by only a feW' species. OM of which., v,amely Cy:1as. jormicarius (Fahrae'l,'s)

(the s'~(eetpotato weevl1h is'iQfsome eC(J1,101)~,i¢importance. Oberprlelet '& }i;buw
I; ',' .... ", -- ..... _

(1985) also polnted out fpat the systematic position of the C~,tadinae· woUlj,

prob~bfY best be p~flected by ra,ising it to a, family or the ,Curculionoidea. Again q

no teasqns were given for this Qbservati(ln.

12
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~;.2 The genus ,b..,pionHerbst

The genus A91Q!1 was erected by Herbst (1797). The Msto~y'.1,)f the genus from

its establistuuent. until 1912 was detailed by Wagner (1912). A .considel'abte

3.tn(,l}tntof work was accomplisMld by eady wo~kers and thejncreas,(tt,8 number

of species described under the genus bears testimony to this. Acpording to

Wagner (1912). Gemmlnger and Harold listed 377 species in their catalogue of

1871, Sohenkllilg listed 1000 species ip, the Cetalogus Cr.leopterum of 1906, while

Wagner (912) himself listed sotoe 1075 species. Ac()ol'ding to Phelps (H,SS).

Balfour ..Brown of the British Museum of Natural History possesse4 ~,ecotds

of i~ome2500 species 1n.19.55.

\\' - I,:

The practice of d\:vidit1g aploniu genera into subgenera began befOl·~"'thc turn

of the century. Wagner (1908) classi£ie'd ~.~ soleatum in !h~subgenus
.\(?er{lnioQ). Kissinger (1968) in the most rec~nt:teview of worfd genera listed

$6 subgenera of the genus j\~ion. He .a~rang~d the subgenera in' alphabetical

order fot' convenience, adding that at that time there did not appear to be a

logical way t.J arrange' the subgenera, since the' necessary. p1J.ylog~.l1eticor

cla Sititic data were not availa61e.

!)istinguishing characteristics of the genus were given in a l<ey to World genera

of Api.onina~ by Kissinger (968). This key is widely recognised and :moc1~rn

authors merely alter couplets of the key when a revtsion demands additions (eg.

Alcnzc-Zarazaga 1984). Char~cteri$tics of the genu~ Allion include the foUowing;

1. Claws fl ...~e at base.

H. Metatroehanter' less than one third as long as,metafemur,

iii. Head l;tOt constricted at base behind the p()steriot l'nargin of the eye.

13
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u

Anterior margitl'pf tho ptothorax lacking an obvious posf.'4cutt.'tr lobe.""

v, Mesothorax lacldng a deep lateral pitJ1.ear the posterior margin of,

the prothorax.

vi. Body lacking. ~umer()uS, stout c1ub"1ike setae.

vii. Patatnere apicahi()b'es gell~jallY IM,king. :?

viii. Apical scl~rotised plate bea ..in~ macro~~l""Dtlle.

The type specimens were cQUected by G.A.IC Matshall in the then Sa,Usbuty.

-,Rhodesia (t!PW Hataret 2iii:nbabw~3).in 1902. The?e were \~orwardeA" to tue
~!.. \t>_/

British Museum .or Natural History and Were (lescribl3d by Wagne-~ (1908; as

tallows:

IIAPION (PERAPION) SOLEATgM nov. spec.

Body black~bro'W'n. prothol'alt and elytta '\v{th reddish tint.'>'

antennal $)).I.\£t (scape) andub&se of third seg~ent reddish

yellow. Body covered yv~th short white hairs. Underside ofe'

tat'si in males dens~ly coveted with white hairs.

)

Head with eyes larGe and sliGhtlY convex, AS long as Wide (le,

circular). Vertex slightly convex and punctate. Rostrum

relatively sllott and strong, itt the male seemingly Shorter, in

the female nearly M long as tJ'lo:; thorax, in both, male and

fel'nale 'the rostrum is ~"panded .at. the base' and nal'r()'Wt}l"

apically. In the male the he~d is J,hafey,~,and densely punctate,

In the' fE/maleless Ihairy' and less densely.punctate~ Head

14



in female shinier. Antennae inserted near the base of. the

rostrum and are $hott and strong/stout ('kurz und 1,rifHgl),

$haft (scape) somewhat' longer .than the two subseque1\f

s.eglllents together.. Third. antenna! segm~nt short and oval.
". '\j

more compact thliP following segm~nts" these being more

cl~selyjoined ('enganeinand getUgtl),. ill thi'lmale, the antenna

~Qre pointed th,p. in the female,
ji
\1

'Ptonotum (Il-I~schildl) not as long as "broad \At the base,
'j

/c.

anterio4y~;~;1ghtlynarrOwer. ' Posterior. margin of prothorA.'IC.
(/. " . "

, . ~
weak. base only slightly constricted, on the $Ides only

sH~h~ly rounded, posteriQr corners/a.ngles of ptothorax

nearly tight-angled ('Hinterecken nah~.zu l'echtwink~1igl)j the
()

.base sUghtly C(..nstrictecJ and densely putlctater, anterior to

ptonOt\!m slight but distinct constl:'iction present.
il

Elytra somewhat longer than one and one third times as wide,

basally broader than the tho.l:'iUtfon the sides only slightly
t ,

ti'liddle, posteriorly uni~~rrtl.ly
1/

fq\U"lded. :t.'idge<lbroad and pun¢tMe~striations one'! aryf ,pne
.. . . . ... j

hl(\lf tlmes. as' wIde "as ridg.es. Articulatoey pro(less~s

('$Qnulterbeulen')1 it of elY~N dist)rJotive and ¢l~J)..~ate,

triangularly shaped and furrowed with twv distinctiVe

processes. Legs short and o\Tal. first and second tarsal

segment13 aJ?proi{ir~atelY'the ~am~ length, ~nghtly longer t.~an

wide, tarsal claws QJ\1ntiy Sareate. In 'the mate the ventral

$urface 1.)f the tarsi 'Clothed \t,;ith a dense haitpad. Nlaar~ohte

beldeidet'). in the female the motasterl1um .uneaoh side Qf th~.

15



coxae lumpishly fl)rm.ed; the four posteriP't tibiae \Vith a

brush of black hairs' apicallYl'which makes them appear wider

than the~' are.

Length. 1.9.. 2.1 111m.
4. examples (.2 (ll.ales, 2 fe~ales) from 8aliabuty-Mashpnaland

(n. 1902, G.A.K. Marshall) presented for descrlprlon,"

.Pearson (i951.Hin a check~isl of pests of I~ast .f\irica refers to A. soleatum and
d

A12ionxll~thostylU1n Wagnpr 'as cpnspeQ,h.~~. AccorJing to,,;?Pearson (1!958)"

both G.)\~K.Mntshall. ally ·l;;ialfoll\·~:etowninformed hh.' that the type of A.
"

xanthostyJum· was ...lndisti'f.l$'r~htt' "t~mthl}'*, of A. tl01t..ltum. The 'name
;-;

p."., ~¥1Ifon~a i'>'}'nQnymy.The type of A.

The examples of South I~fti~uti A. ti..<tls.atum eltamim'd. all pO!lsessed a

mesothoraoic lateral pit neat t··e posterk,l' matgin of the prothorax, In addition.

the head bears a definite but slight cQnstri~tion behind the posterior ml1rain

of the eye. These obsl;ltVations.C(lntl."ast with the 4.lharncterlstics of th~ genus

Aniqll sensu Kissinger (1968).

SpecimellS of A. soleQ.t!Lru. front South Africa have been compared with the type

specimens rn the British Museum (If Natura! History by Alon?'o"~8razasa (1988,

)

.v

pers, comm.), an authority on. Ethiopinll Apionidae. Thes~;were foun,d tQ be

conspecific. Alonzo" Zarazaga (1988, pel's. comm.) considered that these SGUtlt

African specimens may represent a new genus" somewhat similar to

£Uen~~i9n Voss. Furthermore he added that the genus Allton is (lonshtered to

\)0 exclusively pmaearctic and that he would probably b~ er.~cting a new genua

l;rith the name 14t.nchas~ to cover the inseCf originally' described as A.
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solea~um' (Appendix A); AlthQugh the' insect, bei(lg ,dealt w~~hhere is probably

not ~'Ul,Apion. it ,',will he referred to asAnion soleaium until a ,better nanle has

been determined,

In various parts of the wottd. other s'pec~~$'of thf; genus Apion ~chieve pest

status as weH. Apion occidentale, in the Amedc~ln stat~sof North Pakq.ta and
\',1' (j

Minnesota has heen shown to transmit £ung~~diseases to sunflowet.'$.(Gau4et"&

Schulz 1981). hpioq vo~a~ in England was identified,a.s the main :vector of the

broad b~an stain and broad bean true mosaic virus~s (Cockbain at .aI. 1982);

In -~i7p.iaf'ARion' ooro1101'i 'is a major pest 6f jute (Dutt &. Ghatak r979;
(,;halt~rji & Das 1979), while in Finland", and elsewhere; several apionid

sl)ecies caused Severe' •damage to clover seeds (Freeman 1!)67)~ '.Chisseed

feeding hebit llas been used to man's advantage itt several bio-eontrol

projeots, for e~ample Ttiohapion !ativEJl1tre 0118esbania IJunicefi: in South

Africp. (HoffmM 1988) and A!ili>.n uUcia on gOl'S~ in New Zealand (Cowley

1983). Hopkins & Whittaker (1980a; 1980b) studied the pop'ulation dYl1a.mics
(i

of two A,pi.on spp. on two Rumex, spp. (Polygol1&ceae). lCissinger (1967)

reported the presence or,~ lort8itostr..~ (Oliver) on cotton in the United

Stat~s. although no mention was made 'Of any economic losses as a result. This

species is better known from hollyhock (TattershaU and Davidson 1954).

In Tanzania. A• .soleatum, was noted as a pest of' cottcn as long ago as 1922

(Ritchie 1922), while more recently Le Pell(!y (1959) included h,. s_oleatum in

a checklist of insect pests of gnst Africa, end Pearson )(1958} briefly
"rnentlcned some biological aspects related to its 1i£e~cycleon cotton. Four species

of Apion were included in a checldillt of Mozambiquean pests of cotton in 1968

11



(Alcantara Santos 19901 pets. camm.). Thay were A,. !}.~ltinum Wagner. A.

Mnsi~ Wagner (a pest of coffee), A.· c,9nstl'ictum 1. A,. considerandum

Fahraeus. Alcantara Santos also mentioned that the Mozambiquean INIA insect

collection possessed spe(l.bnens of A••xanthostylum collected from cotton between

1943 and 1959 (Appertdi:tB).

Scientific. lit.erMure concerning A. ~91.eatum in South Afdca d.oes not exist.

However a few informative articles have appear~~ in Go~opel'ative's newsletters

and information bulleHns (e.g. BrooGh-yki\od Mansfiel(1 1"985.Niles and Gre~ff

1989). Additional information is eontalned in nnpublished reports of

T.e.R.I. entomologists, which indicate that A. soleatum occurs in the areas

mentioned above (Bennett 1988, uripub, report; .Eulitz 1987}urtpub •.report).(

)
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CHAPTER 3. THE DIST~IBtJ\lION OF Agi!}m soleatu.,mIN 'l'liE e()TTON

PRODUC1NG. REGIONS Q~r.SOUTH AF:RICA
L 'j

The cotton producing. areas in South Africa W~re recently categorised into eight

,main. regions. comprising a total of fifty magisteriaL districts and based on the

variation in length .of the growing season in, each (Dippenaar 1988). These

regions we'ee Lower Orange River. Ncrthern Cape, W~stern Transvaal,

NOl:thw"¢sternTransvaal, .LimpoJ?oValley, Central Transvaal. Eastern Transvaal

and Northern Natal (Fig.' 3). Each of these regions; with the exception of the

Lower Orange River, wM visited on several occasions dtlring the 1987188t

1988/89. 1989/90. 'and, the first part of the 1990/1991 seasons. In each of these

regions surveys were made at vatioU$ produc~r and experimental farms. 'The aint

of. the survey was to determine where .Ii, soleatum occurred in South Afi1can
.,

cotton, and also to determine if its distribufion was increasing.

Asltnple sampling method was chosen. w1til~hconformed closely with present day

scouting practices. The oUicial recommeadatlon with respect to the application

of pestici,,ies to cotton is based On the "scouting" technique, first described by

)

Matthewsand Tunstall (1964), and formalised by Basson (1ge7). Theunderlying'

principle is the sampling of 24 cotton plants in a field and the recording of the

'_\tlll1bers of pest species present. Should this quantity exceed the previously

determined economie threshold, the relevant insecticides are applied. Th~.24

plants that are sampled 'are choser, by waU:ing a diagopal path tht'ough the field

in question and randomly selecting the plants. This method was utilised, firstly

19



,Fig. 3 Cotton producing l"'egions of South AU,-;i.ca..

1. Lower Orange River 2. Northe:t'f~CflPe 3. W~stel'n
Transv~al 4. Northwestern T:t'ansvaal {;. Limpopo
Valley 6. Central Transvaal 7. gaste:rn Transvaal
8 . Northern Natal
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,~

because it is a rec9gnised slffi1p1ingmethod In ctJtt()~ and se~ndly beMus?it was

~)very easy to apply. The only' differenoe waq that 25 pHints were sampled. In

c6unting adults care had t~e exercised qot to di§turb the plaIlt b~ing sampled.
-:":::'~,

of.h¢rwisethe adults fell to the ground an~,were ir,lpossible to observe. tarvall1tu'}.
«c
"

pupal data were obtained by splitting stems open and checking for daniage4n the
'1\

form of a charf\cteristic reddish brown stain. If'~he $tainin~ was observEld. the
'" \_) J,,', J

plants were, subjected to .a more cl:),refu1'in¥estigati'(jt1.The areas Vg'erc.nrisited at

irl'egular il1tervals.,.with the eXgeption"Clf lloechsi's re~ear¢h far-mnear Maleiane,

because transport arrangements were such that tdps.to these ate as li'ad to be Shared

\Vithother personnel at the T,C.R.r.

3.2 Results

The results of the survey are presented in Tables 1-4. A. !ioleatul11occurs only

in the Northern. Natal and Easterrt Transvaal regions. In Northern Natal. the illsect

had a wide distribution, b~ing recovered from Colton near Pongola, Mkuz.e ;nd on

the eastel·n.sideo£ the Lebcmbo Mountains in the M.akatini Flats. In the E4st.ern

'l'ransvaal, the distribution of A. soleatum was localised. being. found ~t ~nly OM

locality ether thari Malelane,
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S-N~O~~-~-~-'-~-~-'-~~.~-.------~'~'~----~\~~-o--------~------------------
$'ongola/M)tUZe 4...5;S .8S 12

Mkuze 1'9.07.89 1

01.02.90 3
19.07. 8~ " .2i"i -,

1

.2

3
1
1

13.09.88 1 25 210 69 513 91.2

14. 10.8a 1 25 287 77 ·621 985
10.1 1 .aa 1 25 362 119 7f t274

oa.12.88 'j 25 310 16)5 86 '1279

12.01.89 2 50 94 45 598 737
27.02.89 1 2.5 35 45 87 167

11.05.89 1 25 0 0 " 0 0

11.01 .90 1 25 0 0 0 0

09.03.90 1 25 0 0 0 0
02. 10.90 1 25 11 6 18 35
23.03 .•69 .2 50 0 0 0 0

06.02.90 .2 50 0 0 0 0
11 .01,,90 4 100 0 0 0 0
11 .01i'.90 .2 50 0 0 0 0
11.~.05 .89 4 170 2 0 0 .2
12.05.89 .2 200 0 0 0 0

DATIllS

, l.

Makatini/t·jj indi
;estates

01.02.90
08.03.90
Of.3.03.90
21.11.90
OEL01. 91

WiS'l'mm ~SV.lUU..

Male.lane

LetsiteJ.e

8ectorspruit
l<oma.t:lpoo:r:t
Figtt'ee
BurgersfoJ~t

l? A P ,-;;'.::::;) !{'0

T
L D t1 A 0
A U l? R '.l'
III 1. J\o V A
T 'r l1l A Is
S E

160 47 4 25 76

25 17 9 27 53
15 0 0 ;,to 0

i/

50 9 5 ,J,5 29
\ "'.:::;_'

25.-.c 23 16 31 7Q
50 14 10 23 47

150 156 121 154 1031

25 25 0 0 25
25 0 26 15 41
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~ §olea,t1;1Ins1.U'Veyin the Limpopo yalley, Gen'tral. Northw~st~tn and Western,
Tta!lsvaal regiou$.

DATES P \!~
U A
s, R
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E

p,
L
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N
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S
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T
I
o
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U
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T
o

o '.C
A
~

21 .03.89 t", 2$ 0 -, 0 0 0

25.02 .91 4 100 0 o 0 0

21 ~O3.~9 .2 50 \ '~ 0 0 0

25.03.91 2 50 'b 0 IJ 0

06 ..02.90 4 20(' 0 '0 0 0

11.04.90 ? 100 0 0 .0 J)... \1

2'2.
(:j o

12.88 2 50 0 0 (I

18.01 .as .2 50 0 0

20.03 •.89 1 25 0 0 0 0
(). " \'i05.02.90 2 50 0 0 () 0

12.04.90 :2 50 a 0 0 0
26.()1 .S1 I}, 100 .0 0 0 0

20.03.8Q 1 25 0 0 '{~
05.02.90 2 SQ 0 0 0

12.04.90 2 50 0 0 b 0

11.01.90 2 50 0 0 6 {1

07.02 .90 :;: 50 0 0 (L' 0
07 ..02.90' 2 50 0 0 U 0

.')

2~.03,&lr} 3 t50 0 0- () 0
l, .-.,

il 0 0 0 0

r.:nmoro VlU.tJ:l!1'

'Weipe

Messina

~1~SV~

Toowoomba

l?ot.gieterU$

Groblersdal
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Spx:ingbok Flats

c,

NORTH ~~s~ TVL.

l1ustenburg

o
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A,J)tOli §ol... um su<vetJ. Norther)! Cape.
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Table 3•
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A
D
U
L..
'l'~

L
A
R
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T
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A
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(I.

Va.alharts 06.02.89
'14.02.90
07.02.89
14.02.90
01.02.89

""'-~~>~a. 02 •89

ii
II (\

1 25 0 0 0

2 50 o 0 '&,\
1

., 25 0 0< ()

1 25 Q 0 0
2 50 0 0 0

25 0 0 0

r~). '. (/
ii.ietrl.v:ter

Douglas ':-"> •.

Saiidvet

t"ms~ T.iR1UilSVAAL
Ii

Sohwei:z:er-~enelte

:~"'~~'h
;.;..c._'c

02.08.89 1 o

Table 4. Totalllumbe:rB of .&ilim soleatufn't~~I)Vered' over study period.
~> _",,-_ . . J

o

()o
o

o

TOTALADULTS PU);»AE 'LARVAE

890 1 372 ,I
3554 5391

o 0
Ii,~,o ,0

o 0

o ".0
(~~,

" O!i 0< ~"O
r~~~~,~' --------~~------11. ~ 0"'·657 4 444 6 763
\..--- ... --- .......-...._-'i"I~......-~- ___

W"

NORTHER.N NATAL
EASTERN TRANSvAAL
LIMPOPO VALLEY
CENTRAL TRANSVAAL
NORTHWESTERN TVL
WESTERN TRANSVAAL
NORTHERN CAPE

191

466

o

291

1371.

o
o
o
o
o

c
./

TOTAL 1 6li2
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3.3 .Disc'Ussicn

"A~soIeatull1would appear to .be confined to the eastern-cetton producirtg~~gions
L'. .... '. ..' .- ..... ,' :: .- '. -"

, .
I,' ,"' ' .... C,,) ..... " . ....::Y .' . :_, . '.. ". _"'" .: ,\ '.' <: . . .. " ()-,_ . ..". '., c'

1989/90, 11 2'75 ha of .;q,tf<lXl was plantedin Northetn Natal which c9mpris~d

apllr()ldtp~tely 1.0.5'percent of the years production. In the Eastern TransVaal.

2000 ha of cotton was pianted. which produced approximately one ptlrcem oftne
(;~

country's harvest. .Thes(}two regions togethet produce appl'()xim?t~ly12percent

If,of South .Africa1s.c~tton. The threat to}~elndustry posed by A. soleatunf'is t~ll~'"
Ii -.c. "',',.... '-.>::' .: ... _...... ". .... .. .... "'. ".:
1/ " ."V ~ ~ ~
Ii minimal. however'(lQtt9t1 producers in the~e two regions arethrearJned. In.bbth
-// ( '.,

Northern Natal and the Eastern Transvaal.more and more sugar is being prd(hi~;d ,~

at. the expense of cotton. This trend has res!.llted in the CQttl:i1'2 gin at He~t()tsptuit
c " c::.

in the Eastern Tt'ansvaai· being mqved to ~ettler$ •...It is not coMende.£i.that
\1\ . <)

trends have been as a re~ul~of A. soleatutll, btlt this p~st has contributed .t6''the

current state of affaifs.

/!
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CHAPTER 4. THE MORPHOLOGY OF Alllim. soleatum

4.1 Introduction

For the solution of any problem in economic entomology. an intimate l{nowledge

of the morphology of the insect pest is essential. Often the basis for methods of

control are indicated by a thorou,!$h.knowlliidgeof the .morphology of the species

concerned (Headlee 1930). MOl'e recently, &mw,ays (1981)v has sta.ted that the

biological control researcher Dl'L,st be a IIthorGu8b1ygood naturalist", and that

taxon\):' lie mistakes are often costly in terms of time and money. Obviously. a

thorough knowledge of the inselct in question, beglnnlng with Us rttorphology is

essentlal,

In this work. the larva and adult; have received most attention. sirt,~ethey ore the

damaging stageS'. In the case of the larva, the terminology of Artd~)l'son(1947)

was followed as closely as possiblb, since most authors appear to 'Useit. In some

cases where confusion existed. ego the spiracles, alternative suggestions

have been made. The description Q.f the thorax an(,lthe abdomen l'efer to one

longitudinal half of the larva. The works of Phelps (1956a) and Maldwyn-

Davies (1928) have been heavily consulted, since they both undertook

detailed descriptions of closely allied species.

The works of Snodgrass (1935) and Phelps (1956a) were followed with respect to

terminology in the case of the adult. Where controversy and confusion occurred.

the wo:rl(Sof C'l'owson (1981), Dul.llorte (1960), Edmonds (1972). Imms (1957),

Nel and OeVilliers (1988) and Van Den Berg (1972) were consulted.
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4.2.1 Materials and methods

Morphological work on the larvae was carded out on mature ''field coW~c'Wd.

speclmens, Larval heads Were prepared by boiling in 10 p.ercent potassl um

hydroxide and .neutt£llishtg with glacial acetic acid. they were thell transferred

directly to glycerine where the l'flouthparts were dissected out under a ste.re"o

dlsseetlen .microscope. Dehydration, fn .a graded alcohol series followed,

whereafter .'itlfHtrati~n ' ..in a gt'aded ethat\olhtylene Aeries occul'red. Permanent

m~:)Unts'Were'made using Entellan r~pid mounting, medium. Drawings w~rEt

m:lde using tt high power ~Q;mpound microscope fitted with a drawing tube.

WhOle larvae Wete prepared by immersio'il in wat'nt potassium hydroxide until

.they stari~~dto lose colour, Tratlsfer to glycerine after neutt'alising.then took

place, SHdes were prepared by affixing two un -crlmped staples. end to end, .'0:11

the g1t!SS with molten cllndl~ wax. Larvae were .placed in this len01CS\ltet in

glycedne. and a COVet slip was placed over the staples. Thie ensured that the

larvae cl)uld be examined under ttte compound mioroscope at ',1Hgh

mngnificatiOlls, without distortion (of the larvae) occurring. Drawings were

made in the same way as mentioMd earlier.

4.4'1.2 General appearance

)

Ltu."V'aeof A. soleaturn are fleshy, creamy-white, apodous grubs, which e2chibit

the general crescentic form of .curculionoids (Fi~ 4). A f~w sCIlttet'ed setae

occur on the head and body, the latter being covered with asperIties. The head, "
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thOl1M and abdomen are ~leat'ly demarcated. and the descriptions of each of tllese

"tagmata follows:

4.2.3 The Read and 'I'rophi

The head c~pstile ot the matut~larya is a tl~h~9lden brown' colour WhicJ~when

viewed from an anterior aspect' assumes: .,.a roqghly <:i):'cutaroutline (Fi,tW'5). Ii

The di8m~te_f of the mature head i$ ccnstderably less than that.of the proth(Jr~x,

"meassrlng between 0.4 and 0.5 rnm"and varies slightly between individimfs. Tha

relative position ot the mouthparts to the head capsl.lle is intermediate between

the l}ypognath(J1.1&~nd prognat~ous states. The antennae are, minute ainJ

contl1ary to those of Piezotrachelus 3larium (Wagner) (Phelps 1956a) comprise
0;

Q,nJy a single visible segment. A&tlociatedwith"each antenna are two fille setna.

Acc()rding. to 130ving and Crl'.l..!ghead(1931), apioi'lid tarvae possess a sin~le ocellus

Oil ea~h side ,of the head. ,Chapman (1982) states that the absence of a single.
, . >:,,_-,:"

thick~ned cuticular lens indicates the absence of, ocelli (dorsal. ocelli). It( ,t\.

~,however\t stemmata .as evidenced' by sfu~ll yet •.~isthim areas,.of"

pigmentation adjac~nt to the distal ends of the frontal $utur~s. are present.

Neither Wagner (.1912) nor Maldwynd)avies (1928) repor] the preSEll1Ce of

ocelli irt the Apioninr.e and A. ulic.i§Fort respectively, howEl'lTerboth Phelps

(1956u) and Servadei (HMO)menti,on the presence of pign~ent spots in f.

~rium and ,Apion"!pticans I1erbst respecthrely. In the lattQr two speetes these

were t~:ferted to as oc~m, b!Jt were probably stemmata, ,In iA~~eatt1m a ~i?gle

$te~ma (~~g. 5. m) is present ou'~Il~hsi<te of the h~.~a.

(

>1

Both ,the frontal (Fig. 5. f.s:) a~ldcQronal sutur~s (ltig. 5, \C.$)" are pron1ine'nt an~ i.\'\ ','

the epioranial plates which they oO,qnd, large. ':The frontal suture do(s not:



i,\

attain the malldlbular articulation. Three pairs of frontal setae (Fig. 5? f.t;,W

occur on the frons together with three sensilla (Fig. 5. l~i1). ,'1'~~,tw~<m(lte

ventral pairs Qf setae areo approxime.tely equal in length. while the '.'more dorsal

pa.ir is conspicuously shorter. Four pairs of dorsal epicranial Setae (f'ig. 5,

d.~~t) are present together with a Single pair of lateral epicr~nial seta.iIJ" (fig.

S. l.~.$$i) and postl;';rior epicranial setae (Fig••5, p.e.~t). The posterior

~picranial setae are shott and inconspicuous. Five pairs of visible sensilla occur

on the genae.

The clypeus (Fig. 6a) is distinctlY. separated ftom the frons by the epistofi'tal

suture (Fig. 6a. e.s). The part of the frons adjacent to the clypetl$' ls heavily

s¢lerotised. somewhat bow shaped {inti has' a e.onspwuous plate~Hke

appearance. The clypeusitself:is approximately twice the size of the Iabrum

&tnd measures some 0.08 min basally_ It bears a singie pair of basaUy situated

clyp¢a1 setae (f'ig. ua, lC.~t). together witlLa pair of clypeal sensilla (Fig. oa,

~.sen). [I

HP.]til'1l1 .and. epiphatlynx:. The labrum (Fig. 6a) is e~tceptionaUysmall.

measuring soMe (\.02 m,t11 .)( 0.05 mm, and is clandy dl;.!marcated from the
\_-,'

:, - >_ _ __ _ _ ,'_ _ _', ,,' __ " _ ,', __ ' ,_ "nelypeus by the clypeo"'l/.lbralsutur.e (Fig. oat .1,'"'1.$). Three pairs of b.\bral~ls~tae
"

(Fig. lia. l.set) are located dorsally. Labral sensilla are not eVld~il,t. Tlte

epipharynx is fused to the ventral surface of the labrum, and l).ccordlpg tq~!"

both Phelps (1956a) and Crowson (1981) bears flilatt1res, the character of!

which ~\t$ .impOI!1,ant taxontimically., In ". ;fitful asp~ct (Fi.~.6b) the labrum is

tl'iant\ular in ouH'p~. Th~e pairs of an\te.ro~later41epipllllryngeal setae (Fig.

6b. at.set) are..preseQt,· together with three pairs of' smaller 'hnte»o~median

epipharyngeal seta (Fig. 6b. am.set), The~~ s1x 'patra of setae a~ ,all curiously

club-shaped, a feature not fai:nd (lommonly among~t hirval CU1"culionoidea
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(Oberprieler 1.989. pets. conun.). In!!. :slJ!r1um (Phelps 19!i)6a)and A,. ll.li~

(Mal~wyn"Davie$ .192~)~these s?tae, while stout (!J1 fotm~ are' still apically

poInted. A pair of heavily scl~roti$ed labra! rods (Fig. 6b, 1.11')originate

centrally 011 the epipharynx. and project postel'iody over the elypeus. The labral

rods are thickest pro,tixnn11y and taper off distally. A single pair of medial

epipharynp:eal setae (Fig. 6b, 1Ih1.set), also club"'shal'ed, are situated adjacent to the

origin of the labral rode,

Mandibles: the mandibles ave tri.angula.r in shape (Fig. 7) and bear apically

three distal mandibular teeth (Fig. 7. d.md.t'e). The apical and medial teeth

are conspicuous whereas the inner. ptoltimal tooth $11 barely J~oticeable.

Evidence for 'i~s presence include the fact that the adult mandiQle is

cortspicu()usty tridentate. the presence, when Viewed venttaUYt of ttfine but

,distinct gro!)ve separating the tooth frorn the molar region (Fig. 7. tri()~ and the

fact that iPth~r apionlds, 'namely .e. varlttni (Phelps 1~56a) and .A. ~is

(MI;11dWYll~Davies1928), al.~opossess tridentate mandibles. The post&dis (Fig.

'7, pond) or ventral articulator.y condyle. is pt'pminent. The 'preartis (Fig. 1~

preart) , or dorsal articulation, is not as noticeabl~, 'but is evidenced:_( by'

a shallow, heavily sclerotised concavity which tll'ticulates against the veritral

j

surface of the frons. The rnandil;lular adducto.t muscle (Fig. 7, md.ad) is much

lnrgel" than the mandibular abductor muscle (Fig. 7, md.a1». In dorsal espect two

mandibulat· setae \!-'ig. 7. md.s¢~) are visitle, while. a furt~ef citcular1Y

shaped structure is also pt'esel'tt. Phelp$ (1956a) t'eferred. to this as a mandibular

seta ill !'!. 7lari u,m. All· A. §f"fMtVU! specimens -2xarnIped possessed this strijc~ure'-:

and in aU ~ases no ..$liltawas evident •.n is suggested that .this structure is

possiblyaA;;ensUlum. Crowson (1981) .mentions the pr¢setli~\\oflttlindibular

sensllla In larval. Histeridf,le. AtllOngst the Curoulionoidea. Van nBerg (972)

noted the presence of larval mandibular sensllla in ~.!~rnnus cerenUs Marshall,
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and Van Emden {1938)" whUe not referring to mandibular s~nsiHain his text,

iucluded them in drawings of the mandibles of larvae of thE! ganera

Rhynchites (Atte)abidae) and £+poq,eru§ (Apoderinae)~

Mrudna~: • TIle maxillae are loosely fused to the labium by mean~ of lightly

scter(ltised membranQus tissue. However they are quite distinct and will

be treated separately. 'lIne cardo (Fig. 8. ca) iEl elongate and possesses a

heavily scl~totise~margin, the distal end Qf w111ch articulates with a similady

sQletotised region (Fig. 8, ..scl.t) on the stlpes (Fig. 8. fit). The stipes .is.

markedly elongate and hears a single lateral stipetal seta (Fig. 8! l.st.set), The

galea and laclnia are fused to form a ma'la(Fig. 8, ml), which itself is fused with

the stipes, Between the stlpes and the mala that'e are no demarcating
L

strucmres, The mala bears five paddle ..like dorsal malar setae (Fig. 8, d.ml.~t)

and a single ventral malar seta (Fig. 8, v.wl.set). The dorsal malar setae, belng

curiously paddle-shaped. ar~. like the epiphaeyngeal setae in that they seldom

occur .arnong the cu!'culioooids (Oberprleler 1989, pel'S, eomm.). A slngle

dorsal malar senslllum (Fig. 8. d.mi.sen) is present and is. situated slightly

proximal to the bases Qf the dorsal malar setae. The mala: further bears

numerous small indistinct spines on the mesal margln, toughly opposite to the

insertion of the maxillary palpus (Fig. 8, tn1t.,plp). These spines are term~d

mesal malar spines (Fig. 8, m.1l'at.spn) •. The palpifel' (Fig. 8, pi) l~ sonlewhat

.1ndistinct, but bears a Single pa1tii£eral seta (Fig •. 8, pf.set) basally and. n'd

sensllla, The two segmented. ma9tillal'Ypalpus bears a stngle nuudllary palpal

seta (Fig. S. 'nut.ptp.~t) on tlie basal se.gment. The distal segment iaxrtarginally

longer that! the ba~rilone and neither bear any visible s~;nsma. In addition, the. . n

distal segment poss~sses an indetetminate number of minute maxillary conical. <, ..
\\

papillae (Fig. 8, nut.cau).

\)
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Labium: The labium (l"b~.9) is, a largely membranous structure which, is

divided into two regions. the postmenturr; (Fig. 9, p~) and the prementum (Fig.

9, pr). 1'he postmentum Islarge and bears two pairs or PQstmental setae (Fig~
-;~'~

9, po.~t), whioh are approximately' equal in length. The prementum comprises '"

a Y~shaped premental sclerlte (Fig. 9. pr.sel) and an anterior membranQus region.

The premente]. sclerite appears to bear two paits of sensil1a (Fig. 9, drawn ~n

put not labelled). Owing to the smalllllize of .the sclerlte, these sensilla could notl,::..:.:\ ' . ,
'/ .:

be clearly identified as such.
,

The anterior metnbra~ous region of the

prementum bears two pairs Qf sman prementa,l setae (Fig. 9. pr.s:et). the distal

pair appearing to he slightly longer than the proximal pair. Further, It pair of

one segmented labial palpi (Fig. 9, In.plp) is present. The labial palpi. as

with tM maxillary palpl, also p~Ssessan indeterminate numbet of minute labial

conical papmae (Fig. 9.•la.conh

4.2.4 The ThQra:x;

The three segnlcnts (.lQmprisin&th~thorax are easily distingui$habI~ (Fig. 4, 1-.3).

Four regions can be recognisecl on each segment whet~ viewed lat(iraUy. Dorsally

each segment possesses a transverse fold <Fig. 4, ail. whi¢h divid~s the

dorsum into an anterior predorsun) (Fig. 4r pt) and a posterior postdotsum (Fig.

4, PQI). Ventra] to the dorsum, the eplpteurum (Fig. 4, ego ep2) is found,

variously developed in each of the segments. In the prothorax, it is,
separated from the postdorsum by a partial fold, whereas in .tJ1emeso ...and

metathorax, it irN1'lOre clearly demarcatecl. Ventrany~ the Fleura (Fig. 4, ego p2)

ate large conspicuous sclerltes, which are separated from .the epipleuta. by

well .developed pl~utal grooves (Flg.4. pg),
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The pt~dor$um of the prothorax beat'S(in lateral aspect) four setae dors~l1y.

The poatdo1'$um bears five setae arranged on a dotso ..ventralIine, Two setae

are borne on the predorsum .of both the meso- and metathorax, a longer one

near the midline. and .11 very smal! one postern~ventral1y, The metepostdorsum

possesses four setae arranged in a similar way to those Of the mesopostdorsum,

A single annular-bicameral spiraCle (Fig 4., $1; Fig. 10) associated with three

setae is present and appears ..tQ he situated on the proepipleurum (a

description of the spiracles follows elsewhere). Thexnesoepipleurum (Fig. a.
ep2) bears two post~riorly directed setae. while tl'\ metaepipleurum bears

a single annular-bicameral spiracle, with which no setae are assoclated,

'l'hree setae are situated on each of the thoracic pleura (Fig. 4, ego p2) and are

associated with prominent, sclerotlsed plate-like convexltles.

4.2.5 The Abdomen

This consists of 10 segmentS (Fig. 4~ 4-13), of which the fitst seven bear

annutsr-snlcarnerst spiracles (Fig. 4~ego 8lO;Fig. 11). Abdominal segments one

to eight (Fig. 4, 4-11') ate bllsically; uniform .:in structure, differing only in

size and, in the case of the eighth segment, th.e absence Of spiracleG. In

lateral aspect. five regions can be distinguished· on each of these segments.

Dorsally, a transverse rold separates the predorsum from the postdorsum,

which beat a similar atl'atlgente~lt of setae as the meta pre- and post

dorsum respectively, .The dorsal margins of the abdcmlnal epipleura (Fig. 4, ego

ep4) are demarcated ~y variously developed partial folds in the. cuHcl$, While

well developed pleural grooves (Fig. 4~P8) separate the same from t)le pleura.

The abdominal sterna (Fig. 4, egost5) are located ventrally and are separated

from the pleura by hypopl~ural grooves.(:£.'ig.4, hpg). The ninth abdorninal
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segment "is, sm~Uby compatisol.'1 and appears t,o~Qsse~s()nly three· s~t~~~.,tine
situated jjotsally and two medially. The very teduce(l tenth segment, with the

anus (Fig. 4, '3) at its apex, beats two s~ta~OdOl'salty and two ventrally~

4.2.6 Spiracles

The spiracles of A. soleatum ate very similar in structure to those descrlb~~ fqt
(-> '. .. - ' -, - ()

A,. u1i~ (Maldwyn ..Oavi~$ 1928) and l!-.4!lldum (Pp~pp~~~6a). Maldwyn ..

Davies" (1928) used the term '!:)ifo1.'ous'(Fig. 12f) to d~sc~fbe 'the 0 thoracic

spiracleS and InQrmW or '!l9t blfo,rous.' (Fig. r~g)to d~$cril)(: the'abdominal
t\

spl) ,~Iti$. The spiracles of f., varium. both thoracl0 and, abdomin~ll conform

to the '110t blfotQ,us' type, and Phelps (1956a) ,,'used the ferzyl 'unicameral' (Fig.
\)

'J .,-,

12h) (Anderson 1947) to descrIbe then'!, because they p()ssess~da single lateral

air tube.

Confusion in spiracular terminclogy arises when.artleles by other authors are

considered. Snodgrass (1935) states ,that the .term 'blforus' was originally
\

introduced to describe a spiracle with, tWQ openings to the ~tmosphere. He
:~:::"l ~

then proceeded to distinguish b~tWf,)ena1true bifotus' ,and a ISOcalled biforus'

spiracle. These two terms, together with 'anfiular':bi~?r()usl (Peterson 1951).;

~annular ..bi'Cam.erall(Fig. 12e) (Van den Berg 1972) a.nd 'bicameral'(Fig. 12b)
IJ

(Crowson 1981) have been used fO describe spiracles in which the ntdl'll

orifice is not ent~rely annular or circular. 'SifoJ91.1st (Fig.12c) sensu Cr6wsol1
'_- ,/:;_ ..,/'_ . "

(1"i$ It2). .Snodgrass's t: (1935) point that a thox:ougb inVestlgatlon. of
',- _",

")
spkaeular form, is nfl.absolute necessity. remains true.
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It would therefore appear that the 8tlthot's mentioned above have, to a lesser

or greater degtee, confused the terminology to such an extent that ()~lYa,

d.rawing of thi;l spiracle ean accurately convey to the teader its structure. In

an atte1npt .tcnectify this ptoplem (without copfusiJi,g'th.t} .issue further) .it is

suggested that the terms ~®nularl (Fig. lZa), 'bifol'Pug' (Fig. 120). ,'·hifid' (Fig.

121$) and 'cdbiform' (Fig. 12d) be used to describe the. form of the atrial orifice,

while the terms 'acamera!', !un~caMeral', 'bicameral' esc, be used to denote the

presence 01' absence, and number of lateral air ~JJbes. Using this system, the

thoracic splraclea of A\,soleatum would be described as annular-bicameral,

while those of £. yadc!U and the abdominal spiracles of A. soleatum would be

described as annular",uutcameral.

The spiracles of A. soleatum larvae are minute structures. (Fig. ) 9 and Fig.

11). 'the spiracle consists of a perltreme," a well developed a~dum, lateral air

tubes and an internal closing apparatus.

In both the thoracic and abdominal spiracles. the peritreme (Fig. 10. 11: p) is

virtually transparent and is only evidenced by regions of thickened cuticle

which appear as minute concentricaUy arranged folds in, the cuticle

surrounding the atrium (Fig, 10; Fig. 11, a). 'rhe atrium is h~avily sclerotised,
',.. .. ,\

subglobose in (:l1pe and is situated subcut1cltlady. The atrial orifice (FIg, 10,

Fig. 12, aft.c) is circular or annular in outHne. 1nthe thoracic spiracles two

lateral air tubes (Fig. 10, ta.,t> open into the atrium, together with (;(tracl~a

(Fig. 10, it). The lateral air tubes are annularlythicl<ened internally, there l1eing

fiv~ visible sclerotised ridges. l'0:aldwyn..Davies (1928) referred to these

ridges as trabeculae. To avoid confusion with the traheculae in the scales of

Lepidoptera ana those in the atria of some spiracles (lmms 1957), it is sugg~sted

that these annutatlons be. termed latetalair tube.'lumulae. (Fig. to.l.a.t.a). In the
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{fhoracicspiracles of A. soleatum one lateral air t,ube ttl1peat'$to overlay the (lthel'.
1\". .. ... . If

'I'he ,function of these tubes. has not yet been elucidated. ,The abdominal

spiracl.;s possess a single lateral air tube (Fig. II. 1.an.t)'Wbich bears 'four visible

lateral air tube annulae (Fig. 11~1.a.u). A sin.gle trachea opens into the atrium.

The lxlternal spiracularclosingapparatus appears to be the same in both the

thoracic and abdominal spiracles, and co,t]_fl)rms)o the simple pinchco¢k

type described by Snodgrass (1935). It comprises Ii selerotised bow (Fig. lQ.

11. s~l.b) associated with muscll\ls which, when tlctivated, close the trachea.

J

·11'



oJ) o

J,I

Lateral aspe~~t of mature larva 'tif A., ~6i'eatum .
i· i

" !i.,. ,. ..;! •. . "
: -}J .prothOl'IDt. .._2 ,mesothqrIDe; 3 metattlora.l(J 4-13. abdominal

- _-~/ _-segmen~; a 'ianus, ~;'~pl 2.•", epipl~~rum )'pf' mesothorl'lX, ep4
epipleu~;~m «/'f first abdominatsegmentt .bpb\ hypopl~ural ,groov~,
pg plellral groove, p2 mesotnoracic pleurunr{ p4, phnwum of first"
abdOminal segment", p8 pleurum of, fifth abi!ominal.~eg'L.l1el{t1 p~
posttlorsum of metathorax, pt predorsul'X)" of metat;.:--:1Il'iim:, .81
prcthoracle spiracle, st5 sternum of second abdominafsegment, $10
spiracle of 5th abdominal ~egment, tf transverse fold. "

Fig. 4.
;\

\\

Fig. 5. A~1teri('.r aspect of head or !pature larva of A. §oleatum

es coronalsuture, d.e.set dorsal epicr&mal seta, is frontal suture,
i.set frontal seta, lor.set Iabral seta. l.e.sf)t lateral epicra9~al seta,
p.e.set posterior epicranial seta, sen silnsilta, $t stemma]"
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Fig. 6(1. ..Dorsal aspect of clYPEltls:and labrum \>f'1nature la,tva of A. soleatull'l fl

e~1.s ely!veo-labr~l suture. o.s~m clypeal s~n3i1lum. c.set elypeal
seta. e.s.. epistomal suture, i.s~tIabralsetae,

Fig. 6b.

Fig. 7.

\
Fig. 8.

Fig. 9.

Ventral 8spe~t of clypeus 81W labrum of mature larva of A. soleat!lll'\
(, 1/

ru.$et antetolateral" epi.pbj~tyrlgeal setae. am.set) anteromedian
epipharyngeal setae, l.r. labral rod, nt.set median epipharyngeal
seta.

Left mandible ohnature larva of ,A. solentull'l• .I! Ventral aspect, ",b

DorEa1aspect, d.c.e distal cutting edge. d.md.te distal mandibular
teeth, md.n~ mandibular abductor muscle, md.ad mandibular
adductor n'Ut~cle.md.set mandibular seta, mo molar region, poart
postartlsl prem preartis,

D01'8al aspect of right maxilla of mature la.rva of A~solel1tum

Cal. cardo, d.ml.s1}n dorsal malar sensillrlm. d.m!.~t dor.sa.l malar
setae, 1.st.set lateral stipet1a« seta, ml m~\~!:'~m.ml.spn mO,$al malar
spinej. mJe.con. maxillary c~itlcal papl11ae, nm.plp m.a~dl1aty
pal,pus, mx.plp.~t ,l)laxHlary pal pal seta. pf palpiferf pf. s~t
pal;t'lifel'al seta, scM' .sclE)tQtised r~gion, $t stlpes, v.ml.s1.'lt ventral
malar seta.

Ventrnl aspe(,'t of labium of maturelarvs of A. sol~atJ.1.m
la.c():tt labial r;onical pnpllla0. la.pip labial palpus, p~ postrnentum,
po_~~tpostxnental setae, pt prernsntum, pt.~l prementaLsclerite,
pr.set prem, i.pta1 setae. '.
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Fig. 10,

Fig. n.

Fig. 12.

u o

Surf~c:easpect of prothoracic spiracle of malur~ laryp of A. ruueatuiJ1

n atrit.un. atr.l{)catrial orifice, 1.a.! lateral ail" tube. i.n.t.a lateral
ail' tuM annula.ej p pel'itreme.' sel.h selerotised bow, ..tr trachCHi.

Swrfac:e aspect of abdominal spiracle of mature larva of A. ~ole.atum
'i \\

att.Q atBal odfie,,,,, l.i'lt.t lateral ail' tube, l.a.t.a lateralair tube
annulae, p pedtreme, ,sel.b sclerotised bow; tit trachea.

Sp~racular form and terminology in insects

a annular, b bicameral, c biforous set)su Crowson. d cribifot'rtt.
e annular ..bicameral. annular blforous, bifo:rus. f hlforotls! ..g
normal/not bif9t:fJbs-, ~ unicameral,
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\:\
\

o



c>

0·/·";'·{. ' .. }:
...... ,.. ,,
o

--a01mrt1

.-----1>
-o\r.o

~
O,01mm

0
·,·

.
,

1)

(),

,.
d

(I

IJ

~.

'.' ...•................ ""' ...

. . . .. . ,'>..~
.. -,\ .... !

.;j .. '. '. ~7, .. -,'
'. ' ~.-~

h



4.3.1 Materials and methods

Field collected SpeCi111enSwere prepare4.,)in the. same. way as th~ 'larvae.
"\.

'. .. !\"

Immersion in polling ten pea-cent potassium hydroxide was t'es!riGted to five

minutes .. otherwise the pupae tended to collapse. makblg them difficult to draw.

In addition, boiling tended to displace the wings away from the body of the pupa.

4.3.2 Description

Young pupae of A. §,9leat'Jn1 are creamy white in colour. hecoming pr.ogtessively

darker as they mature .and s¢lerotisa.ti9n occitrs. The Clyes.and mouth,pads are the
J.

ri&st str}~ctures ~o be sclerotised (set>·alsQ IF_g. 33). A,. soleatum pupae olosely
. f i

resemble those of g. varium (Phelps 1956a) and A. uHcis (Maldwyn Davies 1928),

being Or the exarate type (1<'ig. 13). Length vades from approxints,tely 2.0 mm

to 3.0 mm, The head is reflexed ventrally and the rostrum (Fig. 13, t) is closely

associated with the sterna of the thorax, The pupae of A. ,§,ole,atum difha from

those of A"J!licis (Maldw:yn Davies 1920) and g. vat'ium (Phelps 1956a) in that

the rostrum. r~much shorter and does. not extend to the sterna of the abdomen.

Five s~ta(j are located 011 the pronotum, The antennae are well developed and are

the scape, pedicel and club are clearly dlscemable (FIg. 13, n). They ~xtend front

the base of tile rostrum in an antero ..dol'sal directiol1. The legs ariz; nJl folde.d, the

femurt tibla.nnd tarsi being the most appril.-~nt in ventral aspect (Fig.lSi. i,ill, t).

while the trq..chanters andccxae are hidden beneath the rostrum. In ,8" soleatun:t.

the m~tategs f':re situated ventrad of the wings,·. whereas in A. !1lici~ CMald\V'yrl

Davies 1928) and f. varium (P~lclps 1956a), the wings are ventrad of the metategs,
\i

,-;j

The elytra (Fig. 13, el) are narrow and do not entirely cover the metathcraclc
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wings (Fig. 13. w). The t~oracic ~egntentsare not clearl~ demarcated "and,jn I,

ventral aspect ate hidden beneath th \tostruttfand ta~si. Ten abdominal segments
\':1 c-.

occur,' .the sterna of '*J)1ichare easilYs~en in ve.nttat~spe¢t. III dO'rsalani lateral
I,

aspect the abdominal te~ga can be seen to resemble those o~ the larvae,"each being>

divided by a ftl1nsverse. fold in the Integument. The tenth abdominal se~~nt ls

very n1UCtL redu¢ed~ bears two ca~dalsp[f1.gS <Fig•.t3. ea.~p;1)and the anus. Th~
(i . ').. .... , ::,.\\

pupal integurn~,nt(Fig.1S, pi) enclosesth¢ entire Bu~fand is clearly discerll~ble.
/,'

II
\\
,;

II

,)

It
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Fig. 13.

)

(/

(\

Ventral aspect of pupa of,}\. ~P' "'~, U

a antenna! ea.spn caud,al spin .,elytron, f femur. pi pupal
integu~'ilnt, 'Lt .tClSbUn1, t, tarst.t'>, d)(1 tibia, ..w wing.
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Adults were collected rr(H11. Northern 'Natal and from the Transvaal loWveld.

Specimeps were bleadh!;d '11120 percent hydrogen peroxide fRees 1938) for
').

examination of th~ general appearanc.e and also of the. sclerites o(the thoraK and

abdomen •.Bleaching permits Qbset'vatign of sutures Which' are normally~difficult ". ~" 6

to observ& because of the black colour of the insect. 'Mouthparts were prepared I'

by decapitating specimens and immel'si'ng the heads in 10 percent boiling

potassium hydroxide. "Upon sufficient dIgestion of unsclerotised parts~,,,,'1~

.remaining head stryctute was neutralised with a few dl"'lps'Qr acerlc acid and

plac'~3 in glyceriJle. Glycerine WaSfound to be a better medium'1or dissection,

than alcohol as it prevented the mouthparts from moving about once dissected.

J)jssection took place under a stereo microscope, and the mouthparts were th~n

subjected to dehydration in a.'graded alcohol series. This was followed" by a
\,

xylene:~ic()hol series and permanent mounts were made usln&' .Elltellan ra~Jd
~\

mountlng medium to affix cpver slips. Staining with acid fuchsiJt<o/as tded. buh.,
",

this did not improve resolution of structures. Drawings were ma(:le~ht~.under '\

st.ereo or compound microscope, both fitted -&ith a dra,,{ing tube. The length of

s'::41e bars was determined with the ald of a Zeiss ,calibration slide, which waS

marked in' units of 0.05 mm;
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4.4.2 General appearance

A. soleatum conforms well to the subfamily. characteristics for Apionirtae, _-.- _'. _'. '_ _' _' -._ .. :::::::,~-",

given by Wagner (1909), these beitlJf the following: abdomen with fiv~. visi§l.e

sternites, sterna 1 and 2 broad, each at l~flst as broad as sterna 3 and 4 combined.

sternum S broad and flatand at least as broad, as sterna K~!!§t2. coxae or ,.~he
"::c.:c.--,

metasternum separate, antennae. stt"ight and elytra completely cov~ring the

abd'Omen. The adult of A. solentum . also conforms well to the subfamily

chatac~edstics enumerated more recently hy Klsshiger (1968). namely tibia

not uncinate (ho()~-Shaped); antennae straight with f.utliculus (segments not

comp:~ising club Or scape) ..seven segmented and mandibles not toothed on outer

;rnargin. antenna] club compact, single gular suture, sternum 2 znore or less equal

to.srerna 3 and 4 together, the suture between sterna 1 and 2 ah:l)ost obliterated,

tibiae simple with9ut paired articulated processes apicaUy and .!Jtirgitesonly

1i&htly sctercrised. In the discussion which. follows it will become apparent that

this speciesis indeed !'l;.9 apionld, but that its inclusion in the genus Apion. is not'

welUounded.

Adults exhibit some variation wIth respect to. size, especially between the

sexes, ft••nales being broader and slightly longer than n1a1es. Totallcngth varies

between 2.5 rnm and 3.0 mm, Adults are black in colour when viewed with the

naked eye, however 011 closer examination they can he Seen. to posses a faint

reddish-brown tinge. The elytra are strongly convex and striated, an.d Jhe

body is almost.enflrely clothed with .:pumerous white setae of vadablei"hape

and. size. The integument is vIrtually completely sculptured, but tbis is. only

obvious. under exceptionally high magl1ification. The rostrum is relatively

stout and slightly curved, While the legs. because oj: thcll' relative l~,ngth, lend

the insect an ungainly appearance (F1g. 14),
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4.4.3 The Head and Tr~phi

The rostr~m. formed by the anterior etong~tion ()f the facial $olerites constitutes

the most strikIng feature of th~. head (Fig. 14). It beats the trophl at its apex and

the antennae at its. base. The antenna! scapes ate'1'eceived in distinct serobes.

The compoun,deyesate large and convex, Contracy t():e. 'latium (Phelps 1956a),

the features as~ociatedwith the identificatioll of the ventral sclerites are dtstinct

in A. soleatum.

In dorsal aspect the sutures marking the boundaries of the epicranial an'a frontal

sclerites ~re absent. Posterior to the compound eyes a slight but definite

constdctiort extends appro1dmately half way down the parietal region of the

bead; This results in the pari~tals appearing "neck-Iike" (Figs. 14 &, 16).

The "nect<:"region is rounded and broader tl:j.anthe distance between the outer

margins of\the compounO K!.;I!~s. Adjacent to 'the circum -ocular suture (Fig.

14. eos), a ribg of white setae is prominent. The eyes are separated at the

vertex. The post~rl~.rregion of tb~ epicranium ("neck") folds inward.

resulting in the occiput and occipital fo;:oamenpossessing a 'much smallet

circulnferenc~ than that ()f .the "neck", Caudad of the e~ s, Sculpturing in the

form of numerous minute :.cft'cum,·cran.in,ltransve(~ ridges is present. 'I'M

antennal insertions cannot be seea from the dorsal aspect, where the rostrum

is widest. The rostrum i'UH'l'OWS anteriorly.

At its apCAt an indistinot labrum is present (Pig. i5! Ill), According to Obe~ptieler

(1988) the terminology of the regions of the cutculionid rostrum remains

confused. Imms (1957). (;;fets to the apex of,the rostrum as the epistoma. a

reduced fronto-ely-peal region. SnOdgrass (1935) states that the epistC::hll is

another term fot the upper part of the clyp~u$,. Since then the apical part of



the rostrum has bec(un~ gene):'allyl<nown as the epistome (Fletcher .1965, Van

Den Berg 1972~Oberprielet 1985}ot the epistoma (Sno~igtaSS1935, clmIrts!i1957)•
.,

Phelps (1956a) useS the latter term for !!. :VArium. In A. solMtum, however, th~'

apical lobe bears certain features whi(V~(suggest that it constitutes It labrum,

According to Snodgrass (1935) the inner ventral surface of the Iabrum, when

distinct from the/'mernbranou$, inner. f'1utface' of the clypeus, is called .the

epipharynx. In addition, in the lateral angles' between the labrum and . the

iJ1ypeus there generally occur Ii smaJl pair of sclerites. the tQr'1la? which
; f

extend int:> the epiphaeyngeal surface of the clypeus. rtf..iH~(Jg5?> .,states that
. ;, '" .......,~ ,-~ .>':;"\

the labrum Mars btere;l sclerotised prQcessescal1ed.J~rmR~, while Net and De

ViUiers (lV88) refer to these structures as t1:!e"prooess\1&tormalis la.tMalis"

or lateral tormal processes. Tile lateral tormal 'processes thus dematcate the

clypeus from the labrum on the .epipharynBeal surface, In A. soleaturt\ a p~k

of lateral torrnal procesSes (Fig. 15; 19,.U.l?ht~ Clearly discemable and th~,term

labrum over ~,'pistomais Justifiable. 'l'he argument aga.inst the use Qf the term

labrum is dependant on the absence .of an e:n:tern~l1yvisible epistomal (f~onto'"

clypeal) suture, but since the lateral. tonnni .precess, ~.'.indicate a ~entl:'al

boundary between clypeus and labrum, this argument fails away,:.~Antet'ior to

the lateral tormal processes, a fringe of prQstrate ridges which correspond ill

position to the lateral files (Edmonds 1972) and the' pectines laterules (Nel and

De Villiers 1988) of scarabaeids OCC\lt',

)

An examination of the part of the rostrum proximal to the labrum does not

reveal either an eplstomal suture or anterior tentorial pits,! In £a.ctno features

eccur between the labrum anteriorly and the ocoipital foramen posteriOrly which

identify the dorsal sclElritesof the' head •. The dQrs~l part of the .rostnnn can

therefore be termed the i!l·onto~clypeus. ThE' descriptive term epifrons

(DuPorte 1960) is not c~nsidered appropriate since it refers to tt,\emedian region



of t~e rost.rum which bears the. antMna~. According to Suodgrt},ss U935)1 tne
, ,- . " ~, . . \

padE)t~ls ~ach pear an ante.,nntl(,'latf;r~l·, ,.ina beMath the eY~1tbe. parl@tal :region

. ~Otresp,ondinz to tfte genae, .hI. the case' of A. sOleaturn the autefl~~e ate borne

on th~.suture betwpen rne gense and stiligenae (:Fl'gs1.5&. 16,"a.s; Fig. 17. ftc).
(/

//

With the elongation of the hlilads:,~ledtes to fm';t',fl .the t(lstrum, the antennal
\( . "', . )':"

\i ,.socl<~ts have' moved· forward but at'~j~ti1lassQciated With tIre senae.

, " -',,' ...., _', . . i/
Venti:'aH~, the rsclerites or the head all identifiable.,.contraey to tl;ios~"

'{

or E. ~ariuiu (PIY~lps19.56a). Postet~~Il' tetltodal pit~{tfig. Mi~p. ten) ~cc;ur
II

i'J,. "" . :..'," . _', ." " ',' " . "' :1 ', ,' ','" .. '_:. _ ;11

m~~dl~~lyand v~nt;~d of the hind most margins of th~\tyes (Fig. 16, c~e). Thl;)

po~i6~ciphalor gularsutul'esi(Fig. 16,~). are: pearly coAflt1cnt and .lie medially
",

between the po~teriortentoriaI pits tlnd ..,the post~~iot of t)le head •. As a
i

result. the ,postocciput o~:~\go.la is almost non-existent, a 'featur~ whi~,h:!
u

conform.s r',th the subfamily chatacteristi~ ~f Kissinger (l968)~1'h~(postgeilae

(Figs 16 & 17, pg) occur lat.er:adof the g ''''\' suture' and form theclatero-ventral

parts of the \~ra'tiialsclerltes, They are moderately c()nv~i·ip.nqA;)~t~Ibute to tb~
\ '"" ", '. " " ':,:, -" - \, «- - (c ' 'I:~

neclt,.like' ap~\eatanc~ ot th~ post~dQr of the h~ad. thi4~lo\,,+genae e~tenrt
",,', ~,\,...

anteriorly bel~lw the ,,1e!~~l'at.'margin of the ey~s and it.!) i~!fh~ hypoStoU1;l~
i',

forming the gena~ <Figs 16 &. 17. g).. The ~'llten1)al sockets (F'i$s 15 &; ,16, a.s)

are Situated proximelly on the subgenal, ~l'tures (Figs 15 &. Ui•.B) in front of

the ey~a. The aerobes (mgs 14& 17• S~)extGud posteriorly to t5~tween the eyes,'

with the, mesal margit1s of the aerobes forming a ridge. con£hiellt. "'lith' the

subgenal suture. Betw~erf the eyes. the s\lbgetJae (Fig. 17, sgn) coalesce i.n a

depressi<m 'Ehlc):r forms the p~stedQt' part of the scrohe, AnterIQrly durs,t;>bgertat:
,

suppod the hyposton4'a (Figs 15 16 &'~t7. lIyp) whic&' bears the m{ln(,Hqul~r

precohne an.d the nltutiUary/;{irticulation. the plerost()~lal$1' 'lure (Figs 15.& 1.6;E)
'.~. ' , ,i" \

forms 'the boundary between the rllandibte and the l'1>tpostoma, while the

,\
\\

o



hypostoll)at suture (Ftgs 15& 16, D) that between the ma7<illa anp the hypostolllil

(Snodgrll$S 1935)•. these fentUl'es are all visible inA •.soleatum. The postmentum

is siiuatl':ld between the 'subgena~ (Figs 16 & 17, sgn). with the extender.!

hypostotnal suture forming the boundary between the postmenturu and subgertue.

ApicaUjr the labial suture (Figs .15 &. 16. :C) separates the postmentum and

premert.'iuin, which together with the mandibles and maltillae are visible in ventrat

aspect •

•h@rU1tl a.nd epiphar~n'{: Oorsally, there i$,\no lndicatioH of the presence of. a

labrum, the epistolnal suture and anterior tentorial pits being absent or obliterated.

As discussed ea.rm~r,there is sufficient evidence to term the apical dorsal lobe of

thfl;,rostrum, a labrum. In A. soleatum. the labrum bears four large setae. the two

la~eralones being slightly smaller than the medial two. Caudad of each of the

Setae, a single smaller seta occurs; approximately above the line between the lateral

tormal processes internally (Fig. 18,l.set).. On ~tsventral surface the labrum bears

the epipha,tynx comprising the aforemention·~d lateral tortnal process.;)s (Fig. 19"

M.p) and a membranous' distal region bearing lateral files (Fig. 19. ]f).

Mandi!ll~! There appears to be no sexual dimorphism of the mandibles of adult

A. soleatum, a feature common with ~. vartum (Phelps 1956a). Mandibular

articulation in A. soleatum is.fncHitated by an apparently dorso-Iateral depression

and an apparently ventero-Iateral condyle situated within an acetabulum. ;rhis

contrasts with general mandibular structure among coleopterans, which posses a

dor~!alcondyle and ventral acetabulum (Crowson 1981). With the developtnent of

the cylindrical rostrum and the accompanying modification r,n the position of the

articulatory surfaces of the mandibles, the condyle articula·1r"Whas become ventral

in,li. soleatunl and other curculionids, but~s in fact morphologiCltlly dorsal (Phelps
j',"

19i:16a,Crowson 1981). While both loRanel right mandibles are virtuaHy identical,



they are asymmetrically inserted. with the.position ()f the left rfi~ndib!c distad to

~hat of the of the tight. The alignment of the articulatory surfaces is suchthet the
',I

mandibles move in. 811 ob~~ql,teplane permitting the gouging out of food material.

When vlewed in ventero"'l~teral aspect (ie ft'om within the rostrum), the dorsal

articulation or pl."eartis.(Fig. 20, !~~rutt) can be observed to comprise"ll conely!!)

(Fig•.20, 11%) surrounded by a deep acetabulum or ginglymus (1".ig. 20~ 0.). The

articulation is completed with the precoilne of the hypostoma fitting into the

acetabulum. 'The mandibular abdJ,lctor muscle (Fig. 20, abo m) 1S inserted distad

of th~ preartis and is cort.siderabW.sl1lallerthan thGmandibular adductor muscle

(Fig. 20t ad¢l•.m), Phelps (1956a) states that l.t is the adductor ttltl$cle. which is

attached to the outer tim of the acetabulum in g. varlutn, This is an error, sirlce

.~ muscle inserted in such a position would only be ¢spable. of abduction.

Maldwyn~Davies (1928) describes the mandibular muscles of A. ul~ correctly.

In dorso-lateral aspect (ie. viewed from the exterior); the mandible can he seen to

posses a post.artis (Fig. 21, poan) compdsing a shallow depression on its ental

surface. In additiono two flubequal mandibular setae (Fig. 21, md. ~¢;t)are present.

Y'O)wed tron. the exterior the mandibles appear to posses stllh$wrface. canals which

run from the centre to the a{lexes of the teeth. These correspond In position to the

grooves found on the mandibles of g. vl\riUltl (Phelps 1956a),

)

The mandibles are tridentate, the di.stal and medial teeth (Fig. 20, dt; mt) being of

approximatQly equal size and larger than the proximal tooth (Fig. 20, pt), The

pro,timal tooth bears a b!t'oadcutting area which pl:'obnbly facilitates the gouging

out or~oQd material. A membranous pharyngeal bracon (Figs 20 8e21, 1l)lb.b1l.'h

also known as the prostheon (Imms1957). the prosteca modlficata (Servadei 1946)

and the pharyngeal process (tring 1936) is present, Hopldns (1911) appears to have



authored thetertn'''phatyngeal bracQn" which was subsequently use~ by M~ldwyn~

Davie$ (1928) and Phelps (1956a), The pharyngeal brac'bJi1 is clothed with

posteriorly recurved papillae whose exact function is not' clear. fli;fwever. the

bracons extend"posteriotly into the pharynx and probably assist in conveying fOod

material into the oesophagus (Maldwyn~Davies 1928, Phelps 1956a). In~.

vatiurn the braeons pOSSesa sclerodsed strip on their outer lateral margins (Phelps

1956a) but this is not the case in A,. s61eatunt.

Maxillae; The maxillae are situated ventrally at the apex of the rostrum ane

slightly above and laterlld of th~ labium. They move in a vertical plane aa in other'

curculionids ('hng 1936). According to 'ring (1936) the maxillae are t9tated in

position as a result of the development of the rostrum" such tr~t their

mQrphologically dorsal surfaces are ventra! and visible externally.

The ventero-Iateral aspect illustrates the components of the maxilla well (Fig •.22).

The carda (Fig. 22. 00) is roughly V~sbaped and proximally it articulates deep

within the rostrum so that only the morphologically dorsal surface of thc stipes

externally visible. Distally the carda articulates with a narrow, elongate and well

selerotlsed stlpes (Fig. 22, at). The stipes bears two stipetilisetae (Fig. 22, st. get)

(In the external surface. The palpiIer (Fig. 22, pf) is large a~(.{ bears a two

segmented maxillary palpus (Fig. 22, mx. pip), the distal segment of which bears

at its ape" approximately 10 conical papillae (Fig. 20, m.n.con). UnUke £, 'y'arj~t11.,
which possesses Ii singi'dmaxillary palpal seta (Phelps 1956a)" none are borne on

the palpus of ,A. !oleattltrl. Caudad (in ~i,tlt)of the palpIfer and above the stipes

is a relatively hwge sclerite which corresponds to tll@ subgalea (FIg. 22, s8) of

Pissodes §trobi (Col¢;optera: Curcu!ionMae) (Hopldns.1911). The term subgalen is

a controversial one yet it ap~Ues.in A. solentum. Snodgrass (1935) atates.that tho

subgalee is a lobe Or subdivision of the stipes which bears the gah~aJ;Imms'(19~7)

5.0



defines the subgalea or parastipes as being a mesal. (inner) .scledte ·of the stipes",

which in many insects is not evident as a separate scledte, being either fusad with

tl1e Jacinia 01' m~rged into -the stipes. +irtg (1936), asserts that the st1bgalea is
, (I

e;bsent'm Rhynchdphora. How~vet. in ,fA. §.,oleatum the sclerite in qUf~stiol'!is WeH

developed and cannot be confused as the galeat' slnce by definit'lon the galea is the

outer ertdite)obe pi the maxilla (Sno'dgl'ass 1935). In tM ease Ot.a..~leatut!! this
,Ti .,

..dedtet while n"ot directly abutting 9n to the stipes, is associated with .the mesal

surface .of the lacirtia Or mala, in~f!¢atitlg that it is indeed the subgalea. This
"'._,i.. "

opinion w~ also assertl'fo by Phelps (1956a)cor.<cerl'l~ngf. varlum,

Arti~\!1l~~~nJlwith the proximal, morphologically ventral pnrt Ot the stipes is the
I.,'.

lllcinia (Fig. 22t Inc) 0.1.'tnala of tM nla:dlla. 'this is a membranous. approximately:

cone-shaped sclerlte, which on its dist~l surface benrSHUm~r()Uspostedorlycurved

setae (Fig. 22, ml, S:iiJt). Sb, cudousiy shaped, broad, blunrand recurved setae are
"

also insetted on tM posterior distal ~urfa¢e of the Iaclnta (Fig. 22,lilie.t). Ting

(1936) l'efers to ,these as lacininl teeth and fOtlpd them, ,~oI)be present in

A81ydcyderus ;JUollaston!Sharp (Aglycyderidae), !!rot~rhillus matU:u~ ferkins
(Proterhinidae), ~ geminatus Horn (Otiorhync.hidne) art(;lllby~et;'u.! o

.'. 0
1!9.yeborMens~l(rI<'orst) (Be1idae~;\,'rhese setae vaguely resen.H~le the larval m{ih~f

,

setae (Fig. 8, .~~.mi. ~t) descrlb~ earlio r,
"~",

~~ with th'~ksu'b$1l1ea,there is .It lack I)~, consensus CQ1u:erning the composttion of

th~ rriilla~l~lbe 9'f tbe maxilla. Sno(\!,rllss (1935) makes JI1) referene.$ t~ a"ma,,la, bl~t'

Da$ (19Q~) \~efers',tp th~ mala of cQleopter¢uS larvae bein~ rG.presen~ed in sl)m~,

'cases by the lacinia and In, others by the galea. 'ring (1936) states that tM galea

is(1hed~stlll J;u~rtof, th~ laclnia,.'an opillion asserted rnora recently by Net and De
',1,,' r ' .:l

VjlHers (19S8) in an attfilniF~"toat\ndllt'aize scarabll~t)id mOJ.tthpart ter~inol()gy.
'\

Spoug:-4S,$(935) on the other Jlnnd, refers to the galea 'nrid Iacirtia;as two distinct
\!

II
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() (,

endite lobes of file maxilla, and I011ns (1957) states. that as a rule the la{;linia is

often llsso(li~ted with the $ubgalea. is spined 0).' toothed and infers that the .galea

is not. In f.varium the malar lobe was oonsidered to contprise th~ 'lacil1.ia~Cbecause

of the pres~nce of many'satae (Phelps 1956a) •. Accordinr/to Nel and De Villiets

(1'988) the term mllla refers.to the fusion of the lacinia and galea. in A'l,solea~ "
/l ,.. . . . ". . ... , - .'.:., ." ."",

':> '. "

it is 110t possible tQ,see whether fusion ~etweeR,galea and lanlnla has occurred, ()

)whether the Balea is completely reduced. S!_,:ecethis lobe is generously suppluea

with setae. the term laelnla is used. in common with Phelps (19$451.\).

Lnbiumr Acc9rding to 1'ing (1936), the labia of Rhynchophora com~~J2onlf two
", "r;

regions, namely the prementum and the postmentum. Th~ postnlentum reprosents

the fush)~~of the submentum and m~nturn (Fig~ 15 8t.,U)).,-,' . '. .. .' \

Tha prementum of A. !9l.S11tUrfi is sItunted venti'aUy at the ,ape" of tbe rostrum and'

between. the maxillae, It comprises,a rectangulai'lobe which,beat's tht1\~a.biatpf'~)

(Figs 23lJt 24, la, pIp). thl'digula (Figs 23 &I;24, IS) an'd t\vo-premcntal f(j;)tae(~{Iss
, .' /1

23 8" 24. pro $$t). The labial palpi are of),ll segmented and bear tw(dabial palpal
"

setSQ $Mh (Fig •.23, lao pip_ se9 together with ·fout to five labi:fi (lolCd.ial papillae

(Fig. 23, la.ICOX1). The premcntel setae are inserted laterally, apprclltimately balf

way along the length of the prementum,

IIl.Jnteral as~ect the ligula (Fig. 24,lilg) is clearly. dlscernaqJe as e. t.~ntbrnnotts

str(~~~t~reassociated with,tM dOl'std surface of the prementum, The ant~ri()r(l,pfft,~
\." '/ ' J/

Q.f the ligula form$ an nppatently tnoyenble lobe ciothed in l;ftgely pq~teti()dy
J \l

direoted ligulal' setae \(Fi~$ 23.& 24t Itt. set), [~o$tedody the ligula takes thviotp.,

of a Sl;leroti~edarch (Fig:; 22& 23, set. ~r) which appears to hold the m0mb.\f-~no'us

region erect. Both the labial palpiund ligular setae pr()ttuda be)tond the :Jmn~~in

52
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A cleat'ly discernable labial suture separates tlfe prenumtul11 from the po.stmentuln,;!
o· ~\

'Ii

(Figs t6 "& 17, C). Gellerally, the postmehtum appears as a rldge·.fike. rai'Sed

region which may have peen displaced ventraUy by. the $tibg~nae('durhrg the
if

development of. the rostrum; . It is well defined anteriorly nnd is associated with
, - - G

the hypostoina (Fig. 17" llAyp). Although !til ,Posterior. margins are not all distinct

a$ they are. i11ustfat~d. the PQstmentum appears to extend td' between the
;'f

Antennae: The antennae of A. soleatutlt consist ul) 12 llegm~pts. 'whidh, can be

divided into tht'ee basic regions. 'namely the scape, pe4ice1 and £lagellum (Fig e .26•
.-_ 0

~p, 1), f). The whole measures approximately 0.6 mm in length. The sCl).peis the

Ionge!.l segment and bears two b);'Qadsetae distally. Th!)' scape is also geni0tHat~

but dlis does not alter. the str~ight'f<»tm of the whole antem.a. Pro)timally it

')a);'~iculateswithin a deep serobe, The 1,Micel bears five cudoug,ly £la.ttelled and

blutlt settle mesally. The prmcimal five flagel10nlctes appear to bear two.seta;e on

their outer surfaces, and' are of Elssentially t»e same shape and .:~~ze. The sixth

flageHotnGre gives rlse to the'antennal club, .ismuch broader apically and appears

to bear more set~e ttlan ,the preceding ~egrt1ents. The terlninijl fout antenp,al

segments Q9mprise ~,he,(lluu, the first two ea~h beating e dug of setae, The

antennat club is also supplied with'num~J;'ous sen$.oty hairs.
,)

/
4..4.4 'the Thorax

The thora" of the adult bears several imp9t'tm~l generic chetractedsdos. The
anterior margin <;If the\\prO~6V\lnl(FIg. 14. pn) in lateral aspect is slightly convex

'\ /i' .. .. .,

over its entite length. A;. post"ocular lobe (Fi~. 140 po. 1) is a~(l¢iateo With the
. ~

ntlt~d6't margin of th.~)~;~()tllorlU(t.;11 fe.ature which does not conform with the

ch(4(a.cter~~ties<it the ~J~~s A!ilim. The posterior la:tet"~lmargin of t~e pronotum
\_-1
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is sIi$htly convex ever the dorsarhalf of.it~ length and slightly cotlcavc I)V~)~")

venttf,dhalf. As a rec«lt the lEtero"'v~ntr~lemarginatiofi is $horter than tant cith('J
~;,., t,

dorsal silhuuene, and is bisected by a deep. oblique groove \vJIich runs into, a

la.terru •indentation. Dorr'::~ 'hr :this indentatio.t;!.. its de,pth lessen~ 8S curves:
.~ , 0

upwards; ahn~?t arp:roaching the antedol," margin QEthe prothotmt. eXheposterior

angles ()M~iepronpturtl at'~.nearly otthoi$l)n~l. 'I'he prQthotactlJ eo~ae are !1l'ge and

prot;ud~ 'p~stth~ y~ntral margin en the lateral silh~uette. The entire surf~ce of th~

pronotuli\ is cover~d witH numerOUSai1teriorly directed setae and the .cutiCle is
'," . -/

sculptured with minute pits; The proco~al cavities are conflt!(.lnt ln A. solMt.~m
. , ',,',' .' _" "... .... ... .... .. .. .. ;;".,.. ... . n. r-;.,and there are n~ discernable sutures Ott the ventral surface or the. prothorlUk

, . 'i . f} . \1

In lateral aspect. the pterothOrax ~slargely hiddert 'iieneath thei~lytra. Accordin~'

to Cr~)wsQn(1981) the modified structure Clf tIll:!pterothorru, in C~Ieoptera is
. ,\\

associated withJhe deyelopm~nt of the wings. J~hl1lmetatho!'ncic Wlh~SgenL~te '
1 (? .,-

all the flight forces necessary for Hft"aml propulsiort and tM metathorax has
IJ

conseq,uently developed to accommodate larger muscles. ')Furthermore, the loss O,f

tlw flight furtotion in the elytra bas lead to a corresponding reduction in

mesothoracl« size. 91'0w$on (1981) als~'assertsthat tine requirements fo1.'stahiHty~;;

in flight, particularly .when the prathol'(Ut is large, 'has .necessitated ffi~/nntedol'
"

migration of the wing ins~rtions. and,contends that in some beetle groups this bas

developed to such an extent tilat the wing insertions may eveq. be situated anterior

of the meSOco,{a~. This in, turn has lead to the m:at~}?I$uronbeing almost
..

horizontally poslti/Jned vlith the metapleural suture ills~''Unri'ilrlgllorizontalhr ,for
(I·. , . ~, i

The'iievelopnll')t.lt described above applies particularly well to ~A.!l,.QmA\u9}' The
, ' '/ 0

,. u ... . .; '-I. ". #protb~rrut is large and the mesQ,ti1ora)Cfa greatly reduced in c01'l'lparison '\vtth the i.o

" 'I
metathorax'(Fig. 14). 'rhe mesopleural sutut:9 (Fig. 26. p~) doe$ dot completely



o

f ~
divide the tnllsopletlrort, wbQs~ orientation is dorso-ventral. In contrast/' theI,

\

tnetepist~rnum (Fig. 14; P; Fig. 26,(Ces3).is almost b:-'ti·~t;p.tal in positlon and
~" " .

ventrad of the m.etepimeriln (Fig.,26. e~W!i The metepiSlern~tn is well scletotised
."

" , ''\
and bears setae (Fig. 14;. D), whereas tlie mefepirneron is membranous and

" . ~

protected by the etytron. A clearly discernabl~ meta:p~yr~l suture ~~parates the

. . . '. ">0,
III dorsal aspect the normal elements or the ptetotnorax are p~~ent. The

mesonott!.m is greatly redu'Ged a1'~l'apt!t'oxirnately ,V "~Jlaped in ou~~' Tbe
\\

" .. '. . '. '. ". ", •........ . ", -.. . '. '. . " .. - '. ". \\mebloscutum (Fig. 27a. $) is sclerotise~r while the, mesoprescutum (Fig. 2fa,'~s) is
. ." '\-,

.not, The prescutun1 is not. easUY,e~etectedas it is withdrawn beneath the P9stetior

dnlof the pronotunl. The mesotdutellum (Fig. 2'la. scm) takes the form .~
,

I(

raised projection. which fit~·heJ;weenthe medial ml'.!tginsof the elytta. It is basally

associated with a depression (Fig. ~7a~d) in the centre of the scutum. The ante~for

wing processes fFig. 27ar np) are evidenced by slightly scleroUs-edt shalIo~

convealtles in the la.teral margins of the scutum. The posterior wing processes

(Fig. 27al ppl Pore formed by lateral extensions of the scuta. The metanotum is

membranous and relatively much largE1t th611 that of the mesot~(iu:ax. The

metaprescutum (FIg. 27b, fig) is 'large and broad. The meta£lcutel1\)'in {Fig. 27b>

u

'\

scm} completely bisects the metasoutum (Fig. 27b. s) which i.orms two's~paratel

lateral selerttes, The 11M}tascutellum comprises a narrow mM\~lregion, bounded

by grooves arid extending over the metapostnotum, and tW(f laterai regions

enclosed by the scutum. The metapostnotUrt1',{Fig. 27b,' pn) hn$ .11, "broadly

triangular outline in dorsal aspect •.The anterior and P9st~riQtwing,process~~(Fig.

, . .... ' .., ~.\

In "'~lttrat aspect. the sterna of th$ meso .. and metathnrax ~t'e,fu$$c~ to farm '-a';
.;.'

rf~rosternum (Fig. 28. $ 2+3), which together witlt tb!) f.ii~tvisibHt ~?,~~ft1ind!
({?\\
J (;"l

.\\ "

I/~i'
'-..>
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,sterll1,.lmjar,e sexually dimorphic. i\ln the femal~. (Fig. 28a)" the pt~r9sternum is\ '"

, broades; antedol'ly, while in the xi\ale (Fig. 2~b) it is broagest approximately "
'J. . .,

t)1idwaybetween the"antericr and posterior margi'ns ,of the same." In addition the
"

male is generally narrower than the female.. The mesoooxae are sl;)paratedby an

lntereoxal proeees (Fig. 28b. ie,p) whlch also results in the mesocoxal-eavltles (Fig.

~8a. c(2)'! tlClt,\peing contiguous.

Legs.: Wagner (1908) in his description of A. soleatum, states tb~:t the legs are

short and oval (ttfjeine kurrt urt'(i ziemlich plumpll). In fact, the leBs tire r,elativel¥

lQm~in relation to the whole body. It is possible that Wagoer was compadng the iI

\!r:". legs of A. soleatum with ti10se of other apionids. The pro-, meso- and m~talegs
\,;:1\

~~nposses§generally the same structure, with the exception of the protibia, whose

6~~~esare not as densely clothed in hairs as the:.~hers. Wp~net (1908) also drew
0\

aitent%~ to this fact. the coxaeare large and protrude f~'omthe ventral m~rgin
1, ",,\,1:., c. ,', .. ' '.' ". ""'.:. ,','_'

or tlV~l~'ilralsnhouette. The metacoxae, 110Wtljver, while .stillla.r.ge, do not to
;'," - I~' ' >

project to tJle same extent'; In a"dition the\~Q"ae bear only a few set~~;"All the

legs possess well defined troehanters which completely separat,e them from the

fep:lUrs. The presence of a wen developed trochanter i$j)f taxonomic im,po,rtance

,(Wagner 1909). Femurs are narrower apicaUy and p.ll~al1YI
I i

(l,(>l).trally,with the profernur appearing to be th~"broadest of the three. Th~i"al(=
"' .. -'

bear many prostrate setae. The tibiae are long and slender bu:~are slightly, thicker

apically. The tibl8. of the mesothoraclc leg bears a ql)wnward projecting fheed

spine at it~ apex. This tends to be covered ~nhairs which mak~s it difficult to S\,)I.",.

Scattered prostrate setae supplement the apical hairs over the,entire tibial surface.

The tall'sicomprise five distinct regions, there being some debate 'as to whether

these regions co~')&titutesegments,or net." The first two regions are:apl'r~:ximately~,
equal in sh:e and shape and urE;'i,l'ndoubtably segments. 'the third region c~l?ri$e$

two lateral lobes whose bas,es are confluent and adjacent the distal margin of the

I'
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o \~\

J ,\ '~~

second tarsal segm.ent. Van Den Berg (1972) an,d Phelps (1956a) both assert th~~\
:~l <,

this is the third tarsal segment •.howevet"the fourth r~~ion. whi~h'll:l..minute a,?u \\\
sitUilted b~~ween the lobes ofcthe thitd~ Is regarded as a segment by Van Den a~rg \\~

~~
o -,

(1912) ana as· part of the third $eglneqt by Phelps (1956a)~ Phelps (19S6a)

consi<iei:'edthe dist~~claw bearing tegion to represent the fusion of the fourt.h and
<,)

'.. ':)

fifth. segments. Or., ~lose eJ(!unination, the tarsi ,~t,!. soleatum appear to be 4 ..

jointed and th'>arefo!~comprising five tru~ tal'~al segm~~ts. 'When view~d hld.orsal

aspect. the Yourth segment, can be seen to be· attached at its ba.se to the thitd
~ ... ' .. .., \\.. '.. .'
~ent and not to th\r second. Tile pro,dmal three tarsal se~ment$ are all supplied

with:'hairs; ptlt the ~bed third segment possesses on its ventral svrfa¢e allens~,hait

" pad Wagner (!908) asserted that in th~.male the ventr,al surfaces of the ~rsi Were
/""-~/' '. ._ -', . -;-. '., ,-""'_

\,'1/

. ~9v;ered')witha dense hair pad. Cot!trary to this assertion. both male and female

, specimem~examined possessed hair r'J#.ds.althotlgh only on the venters of the thitd

segment. The fifth segment is elongate, slender and sm6otll~apd bears apioally
"two t,e()urved divaricate claws. 'this feature is one of only a fev;' which (lpnfOl:'m.

with the characteristiCs of the genus Apion (Kissinger 1968).

Wit1~€: The elytra ate s,infilar in both sexes, variation only being exhibited ill size.

They are strongly cortvex in lateral aspect (Fig. 14). Each elytron bears l1in~\;:::::~:"
1-\ J)

distinct strik'!;wh;ch coalesce near the posterior ventral margin. The striae take

the form of deep grooves which .possess a variable numq,er of deeper pits into

which single, anteriorly directed setae are inserted. J\ocordingto Crowson (1981),

the strlal punotures of elytta differ from the setif~rous punl;ltUresarising on the

cuticle. Strial punctures never have setae ariSing from their oentt~s. but may have"

setae arising from 1:\:, pIOn one side of the punoture~ In many cases iba stria!
, .

purtctures are fl09ted with a clear membrane. This is the case in A. soleatum.

whose elytra, when ~xilmined under high magnification, can be seen to possess a
" (,

slit-llke regionIn-the pits, which clearly correspond to the clear membrane o~

5'7
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CrQWso1! (1981). The iI1tet:$td!3.r~~aMSappear as ridges and hear a double tOW of.
" q

narrow prostrate seta:e" lYOn 6t!J.e bas;:tl costal margin of each. .etytron. a raised

sho1l!deJ;"1il<,e"conv~xity "is pr,esent, Wagner (1908~ r~fen'ed Jo these., las

"sel1u}terheUlen11 (humi!ral calH), '

o

_1_~ ,. _ _ _ _ '''' _ , .. ',', __ ,', ,::> .. , " (,

The metarhcractc ~ings aee !ruge in comparison with thewhole.insept. measu.ril1g
,. .. .. '. ",' '0

approximately g mm inJength (Fig. 29). A. ~oleatum. i,s..~ powerful flier ~lthou~h')
o . ,,;, ....,',' " ,(5

Whl?;r!~\~ts~&t14/te'nds,to.£all to the grQund ';h~reth~~ illfe diffioult to see, Wing ,"
o '-':': >:'~'~: J.' ',',' .. '<\ '

ven!,ltion is( very f>~du.(;,edand tho wing membrane po~sesses Hght1ysolel'otised

regions which probably strengthen the wrng dut'ing}light. The upper su~faces

Five vislbl~ and beavily selerotised sternftes are present in both senes of .A. "
soleaturn. How~'Ver,\~l;l).eabdominal stel"nit?s posses features 'IX.~hichare se~uany

\_,",-, . " . .;. i!I

dirnorpJtio and which can be used to distinguis~" males from remales.. 'i( )
':. l'

Some qisagreement with respect to th€?pOSitron of the morphologically first two

stemites in rhynchophorous h'lsects"occu~s. Aocording to Sh~rp (1918) and Phelps

(1956a), these stemites a.iE.":tnodifiedto form a Y-shaped ventral phragma situated

internally near the posterior margin of. the metathorax, Morimo~o (1962) asserts

that the first two sternites rorm the posterior wllH of the tnet'aco~al cavitYr ~n
\."

opinion followed byVan Den Berg (l972)~ In th~\Cat;eof A. aoleatum both the y~
,->

" -; "" u
shaped structure and ..the characteristic: douple sdetited p~sterior 'walls or the

\.

metacoxal cavities are pre~ent.

\',
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The first tW(tvisible abdominal sterllites (Fig::2a. 3; 4) ate b.road andilmmo'lably

fused. The tine of fusion i$ .repres~nted by a slightly i'lllpr~sSGdsutJ,1l'ewhich does
«<:

c not brear any setae. The anttetior margi!t. ()f i~e firs~ of these .stel'nites is m~dially
\'.i. ," .'. (\ . - .' -. ":'

produced to form an intetm.~taC6xal PcrO¢$SS (Fig. 28. ilOl1lCp), the shape of which
o _ e, : .. '. ,' _ .: '., . . .. :.... _ ".' ..' .:.. -~») _ _, _ 1'_

differs between the sexes:i)) In the female (Fig. 281'1)'this 'projection is brQadly
(l "

convex np10a11y, '\l'/hile)n the 'male' it .forms a dJstinct point, Tl)e po~t~r1(!r
\.) .. .. '.' '.' ,. . .' '~\ ..... . ~.:!\. :b><

intercoxal margin of. the wetath¢wax: is receSsed to ~~¢eivethis ptoje~hor[ :The
l' . . . .
/J

third anQ fourth ViSi~~~~t~~~~~r-;.28,5: €i) are, lQ~at¢d slightly eiorsad of the

second and Well developed Jl').~mbr1ili~sarevisiljle between sternlte two through

five. in addition. 'tl!l! third ~nd fourth sterJ,lites tQgethet are appr()1(im~tely asII " '/
(_:'1 ,"" :;I _, '~~ • \, .... ," '.. ' . . . .. .' ,,'. _ _ . ,_(1) _" .' __~bread as either Que ()f the preceding anterior sternites, a f~ature which cO!1fmns

'" .. ;' -Q .' .1<;; .. (0 .... . " q,

,j ' .. ' , '" ,.' ....• '.. '. . _'" c\: .' '. C:

A. soleatum's pla¢eme~t in the Apionidae.-:The ventral outline of' th~ fifth sternlte
,

diffets betwet;lnsexes, :~s ifoun!.Un1!.]:,ariulll (Phelps 1956a)~t4e posterior margin
\ 'J'..',.".., "".

, \ I~

(,

. . . . .

of this ste.rni te i~.'t¢Ji1al~:Sis ,tlonvex and tb!;; generarshapa i~triangular, whereas
- '::;" jl .....• ". U· - ", .,..... . li

n '
in the male the posterior i rnar~ht is slightly cop,-¢ave t'lnd the general shape~

ttapezoidal(Ftg. 28l.'l &. b). V1sIble ster.nitesl. 2 and 5 are well supVtl~a wit1! setae
\Ti _ . '.. . . _ _(_:;_;' .' ," 0 "

wh,jle sterna 3 and 4 ten\! tt1 possess setae only neat' their 1l;J.t~talmargins.
,. (r " ."

(I ,.> >. o '. Q

There are $~V~n visible. n1(~mb~:n~)~t~e!:,glteswhich are all hidden by th~ ~lytta.

Owhtg to their membran,ous nature they are dIfficult to diSCern but are. all of

roughly the sam~hap~ with the e;cception of the-first visible tergite. The anterior
r'.,i;

margin of this t~rgite is C<lnr;:aveand fits around the posterior margin of t~e

meta postt1Qtum..

o
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Fig. 14. ;,;,'t.,;,t .. pec,\'.«fa4.Ult 0"..~ '.OI'llllun\.·!i" '.' fl .. : .
• (( c· 1/;. ". C II

A •.•~'.0. st~.0. ()Pl~cr••.COf1S. t. rIct.iO.n.:,.•B...•m..eta.fl..;:I(;~.a. ~f.,.!P.it'. C..i.IIp..terost ..ern.um;'.fD metepls1 rnUnlj a antenna, '~;-i~ '\:compound eye, "cos
circumorbitll suture. m~. metacosa, I:fu~.pl mesopleuron," mf
metafemu.t', m:i:metatroduan~er, mtar metatarsus. mth metatibta,
pn pronot~lln, po.l post :.ocular lobe, It rostrum. Be .$crobe, •str
striation, stl first visible abdominal sternite, st2 sec1md visiblE;<
abdominal sternite;r~V'/"~,ophi~

,
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~ig. 15•.

~ig. Hi,

Fig., 17.

c!

Rolled out scheInatic dia~ram of .fl()t"l~spect head of .ad:ult ~f"o~~\
soleatum (legend as fo~)FIg. 16)· «". .,'..,'j; \( (X'\

\ ,:_."/

Rolled out $chem~tie diagram or ventral asp~1ctof head of adult A.,
§oleatu..m \~.

A genal suture, a $ubgen-el suture. C labial suture, P
hYVQstomal suture. it pleurostomal suture, F Posto"9ipita1.suture,
as antenna! socket, c® compound e¥e,· byp hypostol1tfl. Ib
labrum, U.!) l(lteral torm~l precess, max maxilla. nulls, mandibles,'
p.o pClstocciput, prem prementum, p.tCtl. posterior tentoriahpit.

Vellttalnspect or rostp~iriof udult A.•~'pleaturn.
Cr-.!

C~· compound eye, g gena, hyp hypostema, nm.art maxillary
at#oulation, pg postgena, po postmentum, preart· prearels, $C
scrobe, sgt'l sUbgen~.

o
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o
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Fig. 18.

Fig. 19.

Fig. 40.

Fig. si,

Fig. 22.

o

o

"f\. 0

D'qrsal aspe9t of·labrum' Gf agult A.,soleatY!11
i'i

o

f~e frontQ~cJypeus. 1.S<etla~rarsetae~
~;.::j~',' , '. - ()

Ventralaspec,fQf labrum. and ep~phat'Ynx otoadultnA. ~eat\1.m
,'< ,\ /;');:

el clypeust, c'H: lat~tar files. !.t.p c,lateli'p.l torwal process. m.pe
mandi bular postcQila..

,Yentero~lateral aspect of right mandible pi adult A""soteatutrt
G ;, __ , ,_ _ ;'~'" .l/ ,.,n ' _ II".,:-:,~~:

n , acetabulum. \ :ab.m matidil\ular abductor mU~'cle, ad.m
mandibular ad.ductor muscle. (: c;;Condyle. cit, i.ustal tooth; 'rnto
median toot~, ,ph.be pharyngeal braeon, Pleart preartis1 pt
prO~91al tooth.

Dorso..lateral lts,pect of(1ri,~h~ma~dible ~f adult !!J.. solea.~um
ab.l!l1 'mandibUlar, ®ductol" muscle, ad.m tt1fuldibular adductor (,
muscle, md.SElt maudibular seta., ph.blt, pharyngealbracon, ptJllrt
PQstartis.

.~~\
Mesal aspect'll·!' dght riuudl1a:' of adult A•.soteatutt\

o i

ea car'Clo, lac lacinia," laic.t "laclnlal teeth~ mt~s, malar setae,
lU.'t.COil maxillary cortical papillae. nm.plp maxillary palpus, p£
palpjfet<~ sg s~ubgalea, at stlpes, st.$~t stipital seta. \t

/'':''\''\., .\,(''1 =

"

o
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o

o

o
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Fig",,~3.

Fig. ?4.

Fig,' 25.

()

(,

o

Ventrat aspect of pte-mentum of ad,\titA. soleatum

'c

n

o
/)

la.con labial conical papillae., la.plp" labialpalpf. ~.lPlp.$et labial
palpal',set{f,~-'"!"''1'~etligular ~etaef pt premehtt(;nt, 1Jr.set .ptemental
seta, scl.a! Jrotised arch.

"-,,_ ( CI

Lateral aspect of prementurn of adult A, so18atum

la.ptp labial palpus1 19 ligulav ]g.~t. li~Hlar setae, pro prementuar,
pr.set premental seta, scl.at' SClero~~eCl~rcfu. .

Antenna of adult A. soleatum
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Fig. 26.
"

c,

o
",:. 0-

o

(.i
o

t) \1 0

Lateral aspect of ptel·()th~1:axof, adult A. s()leatu~

02 meSOCO:7(tl, ,epZ f9.esepimerQn.~, 01[>3 metepimer()n, ~s2
mesepistern1gll, es3, metepisterrtutl1p' p$2 mesopleural suture, ",J?s3"
metapleural .suWre. s2·~'3 pteroaternnm, '\',,,

1I ;~·p(;9

Fig. 27a. Dorsal 'aSlyect of masonotum of adult. A, sOleatum

Fig. 27b. Dorsal aspect of metanotum (If .adult'A. sol~atum

Fig. 28.

Fig. 29.

)

ap anterior wing process, 4 depression, pn mf)taposthotUnl~ pp
posterior wing process, ps pres{lq,t6fu! ~ scutum, scm sct.!'tellum.

Ventral aspect of pter~thol'axal1d abdoPlen of adult A. _§'oleatuv,,A
a. female. b, male ' "

0::..")

1(:2,ttl,esocoxlJ.,.ce2' ,meso coxal clivity, ,iop, intercoxal process. imcp
intettnetacoxal process, 82+3 pterosternulU) 3..7 first five visible
abdominal sternites

~
Dorsal a.snect of 'left m.~~thotaciQ wing of ad~lt A. s01.eaturn

'. 'i:,>, 11 '_' -», "

:>\~;";{i/
.:

(!
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"
4.5 Summary

Although this species is clearly.8. member of. the Apiontdae. (s~nsu Cl'owson' and

others) or the Apioninae (~ensu Kissinger), it does not C9l:irottn with,' the
'Y',!! <i

char~7tetlstiC$"~t,,th.egelwsApion Herbst, The adult head ~ constricted at th~
'j"" ,;

balS~behind theposteriot' trtatgin ()f·the eye, the anterior margin oftha p"tothorax
C>. . \)
'., <;

)_.Jes nru.lnckart ()bvi()us.poS~;'Qcular lobe •. the mesotnorax dO;~."no+,lack a deep

lateral, piJ near the posterior margin of the pro,~{~i i,{~'and tl\~.body does not lack

numercus, stout. cluh...Iike setae. According to Alonzo··Z~J.razaga (198ft pets.

ipornm.) the genJ:AI!i(')I'l is con;idered to be pI:'Jae~tctic. and that·thi$ pat'Heulal:'

sp~(:ies ShOuld be ,redescribed in anoth,er genus. The morphological work

presQIlt¢d above should facilitate tho redescription Ot A. solentum with ease.

tbe.larva is fl~~l1Y.cKeamy white and cresoe.ntic.in form. ,))he segments of the
\\, ",/.~:,

thora)( anf! abdomen. are ~(i(zy~-dJsoernable. ThE! division of the terga by a
,'.

transverse (old is characte~jstfp.

Wlj,ile the terminology used' for the description of Immature Coleopt(}a is
,

relatively uniform. spiracular terminology Is (l(m£using~ In an attempt to

standardise the terminology associated with spiracles, the S\lgg~)lJion thatthe terms

annular, bifarous, bifid and cl'ibirorm be used to describe the f.orm of the atrial

ol.'if.ieewas made, whUe the terms .actlmeral, unicameral and bicameral etc. be used

to denot.e the presence or absence or uun:(ber of lateral air tubes.

)

The pupa of A. soleatum varies in length and exhibits varying degreeS of

sclerotisation. It differs from the pupae of f. variurtl and A. ulicis in that the.:

rostrum, ctoes not attain the abdomen, .and the: roetalegs are ventrad of the wings,
<;- ;\

,~,

Thoracic sesm;entsate\iifficult to discerp and ton abdominal seaments are pres~nt.
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CHAPTER 5. THE LIFE CYCLE OF A. soleatum ON COTTON
c

·c')

5.1 'llnk()du~tl()n®.d

"The life table .isa Summa~Y'statement on the lite 9£ an individuatof a population

(Price 19'7£1) and is considered to be the best way of quantifying the life history
I' ,:....... " " ,',::-

a~\d survlvors11ip of individuals or a sp~¢ies•.·. The c(instruct~.()nof life tables for.~.. '. 0

A. §.Qleatu_m.•. was considered,' but several fact'brs suggest~d .that •this was noti )"" . .... .

presently feasible. Flrstly~aocording tg .Price (197$), the detailed lite cycle of

the insect in question 111ustbe known, sOthat aUstages can}le read,~lyf~urtd. Good
" 0 1\ ,r 'pi

me cycl<.'ldata also enable the accurate thning or sampling for the diffe~~nt stadia.

The recent exploitation of cottOtl.hi South Africa has meant that no WQl'kha~ been
< ')

clone on this insect?, and that nothi.ng is known of its life cycle. Anoth~l' i'actor

which makes the COtlsttuction of HfetaQles difficu1t'i~"the idcnt1fication o.f agents

of. mortality (Harcourt 1969). The quantification of pr~dator effects is

)

~\
problerMtic since predators 9ften remove the entire prey. 'The construction of Hfe

tables for ,A. sbleatum is not feasible given the scope of the study. However. a

preliminary c~mttibution in terms of the natural history of A. soleatum on cotto.n

caQ be made withln the scope of this investigation. The aims were t!ws to.make

a qualitative deSCription of the life cycle and activities of A.. soleatum, 'to

detel"mipe the number of ll1rvalinsUl1:s.to determine wh-ether any natural enemies

of A. soteatum exist and to see if any natural 'hoss plants exist in areas where A.

soleatllm is distri'buted.

) The technique of measuring head capsule widdis in order to detetmin:e the number

of larval instal'S has been used by various workers eg, PhelpS 0956b), W(~e))
\<..1':'/
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"c,(19()1)~Leibee etal.,(l980)~ l!opldrts&Whitt,I1Ker(1980a) and Beaver & Sandl:ltsQn
",::~\ . '..:' .. ' I .... . ':.' ':-, .. . ,e_

j I

"\ ,('x989), "Daly;, U9S5).:revlews t'h~ subjec;t of illsect ,mol'ph()me~ti¢s. (.Tto"vtho~('
\\"', . .' '., 0

unsclerotised body parts m~y appear to .15~~ontinuous.'with discontinuities ,only
""_ . ' ; ' ..' . _ . ' ' .':., _ .. " ". ';'i

being ,t'¥;'-~~tf;in the sclerotised/r~t:t&f ~u9h as the heart capsule. When these are o
) ') (' ,.' , '

measuh."~~~ey,,tend •to ,show 'Cdnstilnt'"proportional' incte~ents ,'(Hinton ,and
u

Macl<ernt~ ••1970). This constal.'v'''·''ofincrease was first lloted by Dyar (189Q),a~d
'.' , ".", •• ,/ ), ,: <.": ,. <>. ..' .'. ~.inc:. tfto',h .. becom•••• f r: Jaw, Ac~'dJng to Cr•wson ~19~1).iwo

factQ1's1,lffectthe number .o~, _)11instars of a species. The first is the ratio of tlt3

size·~£ the, egg to the adult., antlJhe second isthe degree of sCl~totisatiortof the

larval ~ntegument. The greater the degree of sclerotisation, the less thearilount of
:::

growth th~t,can be accommodated in an Instar, ,.8.. soleatum larvae. are fleshy and

not heavily $clerotised. thw/one 'ivQuld exp~ct only a few larYalinstars., Accoroing

to Beaver and Sal1derso1t~:2~19Jjthe technique of plotting a frequency di~~r~~~ut.i~It
:" t ) , <_,., -"",,') -: \" "_(

of head capsille widths is suitable if litt1~ or no overlap intne measureinv~~.<.r1;fOm:
,'> .,.' - '. " . '\..1,.::',:-,

different Instars e)(ist. they stated further, that under thes'e conditions the head

cipsule width measurement of allYindivid ual could be USedto determine its instar,

5.2 Metbods r)

An account of the life cycle of A. soleatum was develop!~dfrom observations made,

during visits to cotton growing areas where the insec\. was present. Photographs

qf the results of variou,~ of the activities of A. §o1entun'l were taken to support

statements.

With respect to the number of larval infStars. the method of me~suring the.width
.{J ..

of larval head. capsules was employed. The head capsules of 12qJ:ield collected :.1£.
()

soleatun.!,larvae Were me,asured with the aid of a drawing tube fitted to a stereo

microscope and a"Zeiss calibration slide. Head capsules were drawn po to paper
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at a fbed ma.gilification. The calibr.ation slide was also drawn ont&'the pap~r at

the same magnificatIon. Measurements of the draWri head capsul~ widths were

made wi tlf~ ruler and assigned t(J,~caled classes varyingfrotll3.S rom to J3.49 111m.
\". .: '. . '. ..' .. ,.' ',' ."with increttf~nts of 0.49 mm, -rbe frequ~ncy distribution was then plotted andzae

,:::) . - - (', ",\,)

scale class intervals converted to l'~(\lclass intervals by fot'mh'1g~\quotient between
\1'

the 5dHed class intervals ahd tM scale ~engtll.~) OM ttdUh-neb:'e~1
u

)
"')

To detern,titte whether any natural i;trsectenemies of 'A. ~oleatul11.(ocourred, the

preseMi; of other insects which Were obs~rved to be clcs~ly ass()ciat~~ with A.

sOI&atum. was noted ••during surveys of, cotton production areas. and ''also at

Malelane, ..where trials Wel'eiconducted (Cha1?tet~). LarvaeQt A.· soleatum were
\ .. ,'.

itnntersed in boiling ten percent NaOH tQmake larval parasitoids vis1blc (Bennett

\)

and Nel~ 1990).

Jn'order to establish whether there were Ilttyindige~lt~u~ host p16ilt species for A.

soleatuffi, surveys of natural bush adjaoent to cotton .fielns in which A. soleatuil!

had been recovered were undertaken, In tp.ost ca~~$1this natural vegetation

extended along the length of the cottor. ~:~ld. The sl,ll"V'eysInvolved e'hterirt~ the

bush, following a $ig~zag path with leg" of approximately 25 m~ters ,and

examining plants which exhibited typical A. soleaturn leaf damage (i~e. leaves

with shot-holed appearance), These plants were then subjected to a more careful

Investigation, wlHeh included the stems being split tol;'larval ar.d pupal tunnels.

Surveys VI ~~~ also undertaken In natural vegetation adjacent to fields in which

cotton had previously (i.e, one or two seasons before) been planted'. T~!is was done.

in order to take into account the, eossible preferen~e of A. SOI(:,l'ItUfii for cotton,

which would result in them avoiding natural host species. Such surveys w.E;lre

conducted 'in the same way as desoribed above.
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5.3.1 urI';). cycle

()

The eggs of A. soleatttm were never found. although young lat'vae were easily

recovered from o\l'lpositio~ sites which were geMrally located near the axils of

lateral branches. OvipoS1.tionsit()s on young cotton plants were made visible by

tl;tepresence of a small. circular discolouration on the stem, At its centre a lightero . . 0
:;.,

'noloured 6trcul~r regiOn, pr(lbably~c6rresponding to the actual oviposition, was

common (Fig. 3Q). 'This fbrnt()! OV11-')sition appears to be common among~t other;,_~/ ... '(\

members of the genus e~. A. dlchroum Bedel .(Freeml:l.ll 1967), A. ],!lelartarium

Gei'st"A,. lon.Bi!:pstre Oliver (Tutt10 1954), A. chirindal1Um Wagner (Phelps

195(\p) and A. JJ.lli:is(Maldwyn DaVIeS 1928). In yOHng cotton, single A. ~~~!.!:!!l1

larv~e Were fot!r,.dunder such stem tiiscolourations, but on older. ratoen cotton,

several could be observed under ~he bark in the vivlnity or a single axil. The

above mentioned authors all .noted that felltales made ntl_o'Viposition h/:)~ wit~
'/ - "c_'

their: mouthparts, into which a single egg was deposited. In some cases tt~~.y!ole

was again filled with plant tiss~e by t1.e female. ~lthough oviposition was not

Obffel'v"d in A,. §.Qle~.lllm,the Iitr!'i1aritiesin oviposition site structures between this

species and other Api0..!l. sPi)., suggests that the same prObably Occurs in A.
soleatum as well.

On hatching, the larvae feed on both phloem and xylem tissues (seconti'bry &ylem

In older plants ,. Chapter 7) while tunnelling either up or down the stem.

Although no data were collected to indicate whether there was a preg.. ~ce for
, \

tunnelling up or down in A. £loleatum, Hopkins and Whittaker (1980h~,_-e ~nano
directional preference for A. violaceun.,lI(irby 011 a Rumo'$ host. The trass

deposited as a result of larval feeding, leaves a charaoterlstlc red- brown stain in
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,~

'i

the st(lll1"(Figs SI. ,32). The dis(loiouratiofi of ~eco~,dat'y .n:ylemvessels was also,~' ", ()
obs~rv¢d(~~i,clQllel',~~aminatiofi !Jf'.the llte.m' ,'r.:hap~~r7.). ';dt~r~~~bro~lii fr,ass

(J , jj

serves es,a useful indicator of the presence cf A. ~J4~atuxhin field cotton, and is
I'

easily de~~(lt6d"when cotton stG~,~~n:?split ()P~n;, ~rul?~~onoccurs In. the l~t'val
(\ ,Il , ",.,' ',' ", "'~ ,,' .. ',' " .,,~' , IJ, , ' '" '" " ; , ' " 0

tunnels, ,nftr:n j~~tunder tbe,bark;' (Fig. 3~). on ..8f)'i¢t'al ocoasi<ins a smaU1tplvg"
o .{f _ ' " " , _" , "_",', ",)1 , ' ", ,,". ,',;" ',u::t~{::U:~~::::~:~~:::::::::.ttU:~~~;~:b~!::::;:

" Ii c,
" 'I '.

only ever bbserved on older cotton, whereas on y(lun:~tetl rlrst season :cotton, adul.ts
",. " .. , " .. "..il, ' " ,.' "

were o'ccasio~1a11yob,served rgovlng up ~fd~wn wiihin ~.law!~!}tmnel. No plug
c I) . 1\'" '~i

was, obs!.n·v~d~anywhere alcng the' length or tb.s".turuiel. ,,11
, i~

<?

l
'i
H
,:1
Ii

Enlersing adults move to the leeves, especiaUy nca.t'the ape" of the plant. where

they feed and mate. Feeding Involves the ".efuQ~~land ¢(.lfisum.ption ~f,$maH
1: ,/r

</
c,~.rclesof ltiaf tissue, and ~~sultsin circular holes nf~,~sudngsome 1.009 mm ~ 0.26

o

(mean :I: SE mean, 11",,30)in the leaf surface. 'rhe holes arr of varying depth and
o . .' , . ..

/",

may even ,extend tight thrQugh the leaf. Adult fEJeding eventually results in a

typil}alllshot"hole;tl ~ppearance of the leaves, a feature also noted by!T~~tle(19.54)
II

in soverM Api01l spp. The shot-bole appearati¢e !(If the lell:v~~,is e.asily"d@te6tcd. -
when walth],s throug~ a field of.cotton ,,:hiOh tog~~hel' witl'f~he r~do"b:t:ownirass

staining of t~er;e!,11S,is ~,~nfirmati('jn of the pres~ll'l¢e()r a..SOleatum~(\
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Fig. 30 OViposition site 011 young cotton

)

Fig. 31 Lar-val damage in main stem
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Fig. 32 Larval frass in tunnel

Fig. 33 Pu pa ill stem
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Mating behaITio\l1:'was obs.erved in holding c4;lntainers(de@crih(',!dinChapte.t6}and
. \1, . " "~. ()

under f~eld c<mditiorts. Males and remalcs appto~ch each Qtlier .from. the front
. .,

wh.et.:euponsome form or acceptance/rejection is :tdediated. On many occasions

males turn and: meve away from.a female. and thenmate with a different one;

behaviol1~ which may jndicate that the female was nO.ta virgin. AccQrding to

MaldWyn Davies (1928) the spermatheca 'Of virgin females OfA. uli6is were I(?und
';': -', ." ',-,' ", ',,' . ".. ','

(j 1/
- .... -'.. .•.. . . .'. . . . .. ,. - I{to be full after .~smgle copulatlon. If the male and female accept each oth,il",the

Ii .~
if' .' _. . _"" .' .' _ ',. _ . ,'"_,, .. " .,' ',__ lI', _ ;male rnout1~!sthe female; the aedeagus is insetted and copulat~Qn takes \l~l~ce.

Ii ,_

v

During copulatiop tIle female rua~· move around :o/ithout copulation being

disrupted.

(I (:;1,:':"';

During field cll~e trials to d6tt5tulin'ethe effect of A,. §Q.leatum on cotton yield and
\~I

quality. cag~s infested with advlt A. ~Q.lca.tumwere visited on an average or/every

'three weeks. The adults with which the initial infestation$ Were made c~uld not

he located dudng the subsequent visit. save a few dead individuals at the bottom

ot- the cages: On the tl;ird visit. approximately nine weeks aft:l' the initial"
,', \\

infestation, \ive adt~!tswere again found in the cages. This suggests othat 'the
.' ')

duration of the hfe cychHtorn oviposition to adult emergence is probably between

50 and 70 days in summer. Observations made in ratoo,n cotton in the winter

months in tbe Mkuze and Ivralelane areas, indi~ated that all stages are ~apable of

overwintet!ng, although winter temperatares in this area ar;not extr~mely cold
r:

('table 5),

-;-, '

o



..Table 5. Maximum and minimum temperatures (I)C) recorded at Makatini over

the winter mouths. (Data e2tttll.ctedfr(}m MonthlY' Weather Reports

puhlisb.Jed by the Weather Bureau, 1::;1indicates data not recorded.)

--------.------~~~--~--------~------~--------~?~JUNE'S\« JULY AUGUST,--------~---·---·-·--~'\1------·--------------------MAX MIN MAlt MIN MAX MIN MAX MIN___ rl_.rl ~_~-_*_~_'~~~'~~ ~~ ~ ~ _
26.0 12.5 25.2 9.5 27.7 11.2

26.5 8.6 29.1 12.5
24.8 9.8 25.~$ 11.3

YEAR MAY

1985

1986
1987
1988

1989

28.9 13.0

29.6 14.1

28.2 1.2.1
27.3 13.5

28.0 13.0

25.2 9.8
26.0 9.5
25.1 8.5,
24.2 8.4

24.3 10.7

25.0 9.4

*
24.9 9.1 28.8 13.8

MEAN 25.4 9.3 27.8 12.2

5.3.2 The number of larval instars

The frequency distribution of larval head capsule widths is presented in Fig. 34

ThrEie clear and almost discontinuous ttlJjges of widths OCCUt'f and it is concluded
"tllat three larval instal'S are pre~ent7 The same was found for Cerlltapion basicome

Ii

(Illiger) (Clement et. at 1~89), ALrcurtirostre (Hopldns and Whittaker 1980a), A.

dichroum (Freemun 19(7) and ~ species (Chalfant at. al 1990).

5.3.3 Natural enemies Qf A. soleatum

The only record,ed enemy 1)£ A~ soleatutn isn pa:rasitoid wasp. Entedon Mionidis

Ferriera. a member' or the Eulophidae (Hymenoptera: Chalcidoidea) which was

first described from Tanzanta (Fel'rie~e 1938). Evidence exists to suggest tllat the

adult wasp lays a single egg i,n an A. soleatum larva (Bennett and Nel1~90) (Fig.

35). The larval wasp then de~ieli)ps at the expense of the apionld and finally

74



pupates within the; stem adjact;lJltto pr itt the disint~grattfig apionid (Bennett and

Nel1990). "E• .!ll'ionidi~"andA,. solentum are invariah'lY.£Qund at.high population
, .. -, Ii"";: 1(\./

densities in ratouned cotton, The presence of E. ~igi~ wa!dirst note4 in South

Africa in October 1988 (B$nMtt and Nel1990) •. It is arguable tl1at the hti#a.lly

high A. solaatum populations, '\I,rh1chcaused alarm in 19M ~nd 1985~and whlch

since then have not been consIdered as cause ror cditcern. may h4l,vebeen reduced

by the build up of. this natural enemy, Control strategies. should they become

necessary, must take the presence or E. apiortidis into consideration (refer to page

99).

/1

\)
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o

Instar 1 Instar 2
.F-----~--__---~-------r----~~~~Instal" 3

0"

b'ig. 34 Fr~quel1cy distribut;on of larval head capsule widths

0.1350 0.2881 0.3842 0.5189

Fig. 35 Larva of l!i. a.pion:i.dis within lai'va of f1~solea.tum

.'<; ,,~
Head cf,l.psul€ wJ.dths (mOl)

":':::_.
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5.,3.4 Natural host pla~ts ot' A. ,!loIeaiui'n

i

Since the speeie$ of cUltivated cotton belong to the f,~tni1¥Malv~ceaefarll;t;pellting
I} .') -.

in .mh'ld that A.,~lru!tqm appears to be well adapted to ootton,"R,yas f~lt that a.,

\)

,According to Moll.(1981J1 Ross (1972) tiM Coates :Pat~rave U9'n), Jv.1:alvacea~ts
"

:represented by .14 genera comprising· 56 species in South, Afd~a. Most of these'
'_~ .... - :':::;, '1,)

streeies occur~n NoJ:'thern Natal (Zululand) and the Eastern 'ttansvaal, regions

where A.- soleatu.m is dl$ttibuted., The wild cott(ltl, ,@oss3tplum,herbaoeuU1 tate
II (/ " '

Ii .... r-

arriolliulm, as wen ~s .GossYBiojde~ldrldi -are limang these S6 species and were

,found .during th~ surveys· of natural vegetad.on in the, Malelane and '"_. . c .. ... .. ..' ,\

Pongola/Mkuze. areas, None of the sUl:veysyielded any A. ~oleatum. In addition.

cotton scouts ot Mjind.i Estates in the Ma.kathti were asked to search bu~b for A~

soleatunl, yet this too did not yield any results (GrQenewald 1990,. pel'S. comm.)

Pearson (1.958) cited an unpublished report of llards (1942) in which

experimentally &tOWl1 G('Jssypioil;n~flklrkH was IlsHghtly attacked!.! by A. sol~atum.

It is clear that cultt,lllited cotton. has" become the major, if not only. host of A,.

(I

soleatum,

('
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CB:APTE~ 6. TH,E EFFECt OF. A~il}fi soleatutr1 INFESTATIONS ON THEo
"'<~

OROVllTH, YlS;~D fiND QUAL1TY OF COTTON
o

rVr,\
oM AiInlI ",,6 ...oth..ds ',,,. .. • '1
ThWolP; ~f.iI>!"part uf th. study woo to d.tern;ill: tho off .. t;>,A. "'!"'~OJ::,
the (\ot{~m'1?l~~t.'This was especiaUy'lmpllctant since qUan¥it~tive stUdi~S\jf!.~ '\:\

';' " ,

effects ofA. soleatum on growtbt yield and quality were nO,n-existent. VaI1d

justification of pest status for A. !2lmllum was necessal1' before anessessmect of

the threat posed by this in'Sect to tbe cott6~industry, cOl)ld be nuide~
o

Under the provisI£lns pf the Agricultural Pests Act of 1983, new n~easu:res"which

prohibited the ratoolling of cgtton tn certain areas, becanle ~Hfective on 12
Ii

S¢ptembe~ 1986 (Greerf and Niles 1987). In terms or this Act,/all cotton plants

and other host plants of A. soleatum withiu·100 n1 of a cotton fi~ld" were to be

removed and hurned not later than 1 August ~n~~al and themagisterial districts

of White River, Barberton and Nelspruit. The planting of cotton and hOlitplants

of. A. sole,..atumIn these areas w(,\salso prohi1)itec1for the pedod 1 August to 30

September •.Despite the obvious inadequacies of this promulgatlon (eg, hosts plants

of ,A. soleatum have not been .identifiedl)~ it was necessary to obtain special
~!

permission in order to perlnit the ratooning of cotton on the H(lecbst Experimental

Farm near Malelane. This wa~.done to ensure Xl constant supply of A; §SlJeatum
during the trial period.

In o,i~er to be able to artificially determine the level of infestationl field cages

whic.h could be plo.ted over OM'ortwo plants were designed und made. The cages '

78



\~

m~asu~edapproximately 1.0 m x 1.0 nne 1.8 1t1 and possessed a sealable en\ance

of O~5rn diameter in one side wall (Fig. 36). Deltapine Acala 90 was planted in

a 0.8 ha field and grown.under commercial conditions. Once the cotton seeds had
0: ,', . f.,_.. .' . . 'i.

been planted; 32 cages were erected in eight groups of four along a. single rowan

the edge of the field. Despite the ~azards of. edge effeci~. the edge row was

'cbosento racilitate'easy entrance to.the cages,.,1'he small field size also tended to

minimis~ these effeots. Two fiald trials; one during the 1988/89 season and one

"

during the 1989/90 season were carried out.

A. soleatum adults<were collected with an aspirator ,6:om ratoon cotton for

infestation purposes, They were then taken to the laboratory and placed in

several plastic containers and allowed to settle in order to minhnise the risk of
, .', .r::

selecting unhealthy or .abnormal individuals. Adults were sexed by selecting

copUlating pairs from the holding containers. Dut'ingthe evening. the pairs wer~

retrieved and placed in separate containers, each contalner being set aside for the

infestation of a specific field cage. 'Equal numbers of males and females were

chosen for each cage. Where' the infestation level was uneven. one more' female

than male wt},s chosen in order to mlUl1h:"tse oviposition on the plant. At the, end

of each Seas,?nmeasurements of various indicators of plant growtb and yield were

made. In the second season lint samples were sent to the Cotton ~oat'd ror

analysis •.

6.1.1 The 1988/89 Trial

In the 1988/89 trial the effect of plant age at infestation was atsoinvestigat,(,d. At

a plant age of five weeks after s~edl~g emergence (ase.) cages were infested with

A. soleatum adults at the fo11«;)'" 'wels: () (control), 5.? 8 and 12; with each

treatment being replicated fou~"thnos to give a total of 16 cages. The other 16

'19



cages wfir8 ;,nfeste(i at the samele'\Yelsat a plant age of 12 weeks ase, Each cage\ / '. rf '.
contained one cotton plant.' At the en~ of the season, measurements were made

{,,-- ,' _ - _ /"/ _ -- '.' " - _ - _ :, _ -.f
of plant height, plant mass, number of l~ol1sproc:fuced.number of lateral urartches~

", li - - - _ - ',- _,?
\'

produced and the number of leaves. T~~se means were then statistically compate,~t

using the Bonferroni !~test (Dunn 1959~ 1961; Bailey 1977) after a factorial
;\7

analysis of vadance had been performed on the data. Bonferro~!s' !..test was
.;,l(

\ /!

U$ed.in preference to the Least Significant Difference (LSD) test,l~fFisher (1935)
Ii '

because it Y'.&~~'cn}t.'Steeland 'Forde (1980) point out that W)LSJ) test is often~,..... .'. . " - " / ..

o

abused and state that.In extreme cases whe~\e the experimenf~~ compares onl:Y't:he

difference between the highest and Iowest-treasmen; means,. the (1i~ferelt¢es.will"
....,

be substantial e}~n when no ·.effect is present •. They add fu//ther that 'it c'a~ll1e-»

shown that with thr~e treatments, the observed value of! will ~xceed the tnbulat~a,,,
'\_

level of 1. about 13 percent of thtl "time. with silt treatments the figure 1{;40

percent, with 10 treatments about 60 percent and with' 20' treat~ents about 90

percent.

6.1.2 1'11e 1989/90 Trial

Owing to the management of the experimental farm deciding' to remove the

ratooned cotton. the density of the A. solentum population in the area fell to zero

(Table 1). As a result A. soleatum adults Were collected in the lV.{akatbaiand
I;

transported to Malelane. so that the trial could proceed •.These adults were aUow\ .

to settle for n hours berate being placed in the cages. Cages were Infested at

levels pf O. 2.. 8, and 12A. soleatum adults. All the cages were infested at the

plant age of eight weeks ase, Seventeen weeks ase. the numbers oj) PIOUS

produced on each plant was recorded and at the end of the season measurements

were made or, plant height, plant mass. the number of lateral 0tanches produced

and the mass of the seed cotton harvested. Means were $tatistically compared
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usiitg t4.~BO:l)ferroni !~tesjart~rart analysis or variance had been performed on.

the data.
\\ Ii

6.2 Results

6.2.r The 19Sa/89 ~rial
L\

/)

~{1e me~n$ of plant height, pJantm.ass"number of lateral branches and number of
'~

boi1~rbdt1ced are presented in ~able 6; together ,with Ithe Bonferroni Least
,U '~

Si:gniij~@)'Diffetences for the main eff~ct, infestation IJfe1. 'The analyses'o!

variance ate give~ in Appendix C. Earll infestation' of cotton plants by Ii.
~;:::Y=:;;::~~' ((

solentum generally.teneled to have a greater eff~ct on plant growth than did the
'. .. ._. .... . ,- .. ,,", - , \~

later infestation. Ir.\festl).tiort level significantly influenced all the indi¢1(tors o~\
';.

plant rrowth measured, int.hat all infested plants differed frQ.tn the cont~f11s (Fig.

3-t~'.;,:1genera], the higher the infestation level, the lower the perfornumce of the

plant.

,(",,_,.-:1\,)\
1-',\ 'r

Tabl\) 6. Effect oflevel,jand t~me.of hrpior soleat.YIi! infestations on various
cotton .plant gHQwthuidlcators: ,C.fs8789.

~ Pj~l!e~i~gh~t~(~c~m~) ~ ~ ~ __

INFESTATION TIMEOF \, MAIN EFFECT:LEVEL _.l~N~F~E~ST~A~T~r~O~N~__~L~E~V~E~L~S~ ___
:EARLY LATE MEAN

o
5
8

98.50 98.50 98.50
67.75 65.00 66',38a

12
43.75 47.88a

43~!?,. 1Q'-"':) ,:00 _,,..;5;;_;;;6,;.;;;.8=8a;;.__ ......... __;_. ........... .__.

65.50 69.31

52.00

MAIN EFFECT:
TIME

LSD Bonf. (p '" 0.05) for main effect: level: '27.67
a Means not significantly.different for main effecti;Jevel.
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Table 6. Effect of level and timla of Amon soleatum infestations on various
cotton plant growth indicators: -yg88789~

;,<,Y

h:... .,.~ Plantm~ss(gra1ll6) .'.

INFESTATlON TIME OJ:<' MAIN EFFECT:
LEVEt. INFESTA:,;;.;tr=O--.;N......_ .._ _..;;J..~.l£...Y.;o;;E;;;;;.~S...... ___

EARLY LATE MEAN'----~-,----~--~~~~.--~~~~~~-----------° 500.01 500.01 500.01
5 147.84 233.43 190.64a
8 157.37 133.61 145.49a

..1.;;;.2 ........... . ,._, 4;.;.,9::,,;:..1.,;.4 ,...... _•• _ .... 2::.;:.3_5:.......09....w _.,....;,!....4:,;;;.;2.;.;;.QZ;...;;;!..... _

MAXN EFFEC'T; 213.59 244.55
TIME

,LSD BoM. (p .:;'Q.05)fot'malt'!. effl;lct: level: 303.61
, a Means not si~ni£icant1y dif.ferent fot main effect: level. Q

Lateral branches (ntl.'tn ber)
..-- ...*"?¥.... ;.;.._.-------liju_. -"'------' ....~

TIME OF MAIN EFFECT:.1tll:....ES;;;,.;T..,.A,;;..;T;..,;;I:.;;;,O...N ....L_E...,V.,;;;E;;,;;;L.....S__ ....._... _. __.-_ ..
__.....' ... . _" __ ._.~._ .....E;::.:,A:.;;.;R;.::;:L.;;.Y_..........,,.....:;;::;1JA;..;;.T.;;;..;:E:.·_;,;M:;,;E.....A;;;;,N:..,.... _

c.
INFESTA'£IONLEVEL

o
5
8
12

':3.25 8.25 8.25
3.75 5.50' 4~63a
3.25 1.50 2.38a

_ •• ~", ..•.• _ .. "...,'....1;.;,;..7....5 ..........0 ......5.,..0......... _4.;,;;.......13:;..;;;a_..........,_~ __
5.444.25MAIN EFFECT:

1'IMB
LSD Bont. (p '" 0.0:) for main effect: level: 3.01
a Means not signift.c&ntly different for main effect: level.

d. :anUs (Utl,mEet pr()duce~/plant)

INFESTATION '1'IME OF MAIN EFFECT:LEVEL ~~)~N~~~f~~,~A_T~lO~N~ ~L_E~V_E~L.S ._..___
EARLY LATE MEAN_,----,---_....-..,;,;.;;.;;;;--_ ..........-......__ ;..;;;;;.;;.;;:;;..:...- .._---
7.88 7.88' 7.88
2.00 2.75 2.38a
0.76

o
5
8
12

1.50
2.25

1.13a
1.50a

',,~;AIN }7,FFEC'l':
TIME'

I"jSD B01'[f. (p 'I;' O"O!?)ror n1{\inoffect: leve!:. 5,21' "
a Meall'$ not slgmfwantly (hfferent for mam effect: level.

2.84 3.6.0
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Fig. 36 Field camesused in trials at Malelane: 1$88/89
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11. Zero ,A. Sdleatum .p~rplant

\ )
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q

Tw~lve A. s~leatumper pJimt

Fig. 37 The effectof two A. {io2eatum"lnfestationJevels'on cotton plants: '>

1988/89
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6.2.2 The 1989190 Trial

o . D
The means ot pl~nt height~.plant mass, number of bolls pl'od'4cect'and the mass or

seed cotton produced are presented in Table 7.. Tbe analyses of variance are giv~;~i
" ~

(}. .. . . ,
in Appendh, C. Plant mass and tbe number of bolls produced were/hot

significantly {p>O..05) intluenced by infest' atjon level. In gerl~ralhowever~:iplants

tended i~ perrorm1ess well the big;let the infestat~~n level,' In''the caS~/'fplant

h~iJl4tMd m.a.ss of seed cotton produced. infestation Wf.\S significant accot!iinito
.1. <.'",» ." '," " " "", , ' :,

the ~n'hlysisipf variv.nce,.but· the ~()nferroni L~:Owas too'if:l'ge tf/separate the
o ~

.:1

infestation levels,

/)

o ~/;';,

Fibre .1el1gth.tenacity, elollgatioll and trlicronait'e are indiqators of fibre quality
.~. • 0

used bYIE~~ders at th~.tobabco anel Cotton Research lI~Gtftutein lhtstenburg to D

assessth;~alitY of fint pr;oduced by cotton br~.edlrigHues imd cultivars. These

in Table 8, togetbetwith tlte acceptable 1imit$tOJ*hiCi~ new cottOJ1bl:~~dit;l.[.{:1ines

areiselepted'ahd bred (De Villiers 199h pets. r-6ntm.).
c . ~

II

i>

fl. (I



Table 7. Mean plant heights, masses, numbers 'Ofbolls produced and seed cotton masses produced
by infested cotton. 1989190.

PLANT GROWTH

INDICATOR

LEVEL OF INFESTATION

0 2 8 12 MEAN

79.13 67.38 73.00 60.88a 70.09
176.67 179.38 153.76 127.42 159.31
7.63 6.25 5.63 4.38 5.97
20.65 11.06 19.64 8.26 14.90

MEAN PLANT HEIGHT (em)

MEAN PLANT MASS (grams)

NO. OF BOLLS PRODUCED

SEED COTTON MASS PRODUCED
(grams)

a Mean differs significantly from other means ill row (Bonf. p < 0.05); absence of a letter behind
means in a row indicates that means do not differ significantly.
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Table 7. Mean plant. heights, masses, numbers or bolls produced and seed cotton masses produced
by infested cotton. 1989/90.

PLANT GROWTH

INDICATOR

LEVEL OF INFESTATION

0 2 8 12 MEAN

79.13 6'7.38 73.00 60.88a 70.09

176.67 179.38 153.76 127.42 159.31
7.63 6.25 5.63 4.38 5.97

20.65 11.06 19.64 8.26 14.90

MEAN PLANT HEIGHT (em)

MEAN PLANT MASS (grams)

NO. OF BOLLS PRODUCED
SEED COTTON MASS PRODUCED
(grams)

a Mean differs significantly from other means in row (BaM. p < 0.05); absence of a letter behind
means in a row indicates that means do not differ significantly.
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Tabl~8.

CHARACTERISTIC
o 2 12

ACCEPTABLE
RANGE

Fl8RE LENGTH (rom)

TENACITY (el\T/tex)
ELONGATION(%)
MICRONAIRE (rnie.)

29.97
21.40

6.40

29.21

22.90

6.50

3.60

30.22

20.90

6.30

4.10

31.50 28.5- max
22.50 22.5M 23.5
6.1,() 6.5 ~.8.0
3.20 3.2 - 4.63.93

I(6.3 Diseussaon \\
II

The resulta obtained· ubove indicate that reduction in plant Might is the most

sensitive indicator of cotton plant growth.with respect to A. ~gl~atum nttacl( •. In

addition. cotton yield expressed in terms of numbers of bolls and mass of' $leect

cotton pi·oduced.· is, as expected. negatively affected by A. solMtum attacl<.

AccordinLHoL.,1Jckmanand Metcalf (1~l32)!the term pest is.n label applied bymart

and a:pes~ problem exists ..because s,\lchpests compete with man•.',They add futther

that insect pests are generaliy regarded as destructive or noxious in proportion to

their numbers or competition with man. Since A, soleatum has been shown to

OC(tut in' high numbers and to negatively affect the growth of cotton, thereby

reducing boll production, the pest. status of tbis insect is justified.

'the results from the 1988/89 season were somewhat confusing to the extent that.

for plant height? numbers .of lateral bran(lhe~ and boll production, the,treatment

of 12 A,. soleaturn pei plant gave consistently higher ~oan values than did the

treatment of 8 A,. soleatum per plant, The mean values of the former treatment

were. however, lower tha!l those rot t~e 5 A. soleatum per plant treatment. The.

reaaon fer this was the deatll'of a plant exposed to g.,A.~.!t.tUum.per plant. The



o

program u.sed'for the analysis oivadance I;lalculated means based 011 thetrleatmel\t

totals being dhtided by tht) number of all the replications in the treatment.

Missing plot vatu(.!js were not computed.

Xliorder to quantify the effact of ,A.~sl)leatmn infestation on plant height and boll
" oj

production~, li~eat:''regressions were computed USing the mean of each treatment

in each.season (Figs, 3S &"39). The,rn· values were all high. indicating that· a

liMar rlalat!on~bip between plant growth and leVelQf infestation ettist§. In,the ease,
\:,

of plant Might. the ditference in the slopes of each season's regressi~~' can
()

p. ." . ....' '.' .... '. . '.. .. 0

probably be a$cribed to seasonal variation in we,ather cQnditiQlls (Di.ppenaar 1991,

pel's. ~omm.).. S$asonal effect was not investigated in the study, but it h·pnota~le
()

that during the 198~189 $easop.. for boll production, plat~t height. number of

lateral branches and plant mass, the controls differed signif~cantly from the other

treatments. whereas this WaSnot the case during the following Season. The slopes

of the regressions ref" ·~tthis. This would £1.1, ,~thersuggest that sea~ollal conditions
. t

p;obably interaet with the leV~l of ,A.., s"OFJatunf\Frestntion to produce yield'
"" , " '", , " ," _ ",'., ,,' "" "',, ", _",' ',', " ," , , " ureductions. a factor which shoultl be considered when establishing an econontic

(I ,-,

The regression .,equations mentioned above, (Figs 38 &. 39) were utilised In an

attempt to establisb an economic threshold. "By substituting the Bonferroni LSD "
(\

for Y 1.nthe two equat1<mspertaining to boll production, and solvittg fQl'X. the

number of A. §91eatum per pla~l which caused a signm~'t (p<0.05) reduction in
'\'"

boll pr6du¢tion, eeuld bec,detel'mined. For the 1988/89 growing season, the v,:fllue
-<\-.-

fOt' X was 4~7Sand fottnti 1989/90 season. 9t.14, analmcst two ..fold (1.912)
• - ~j

increase. Th~sani.. putations were done with tespeet t.o plant height and X
"values were 13.96 for 1988/89 and 30.56 for 1989/9,0, a,'$ainan approttimately two"

fold (2.189) increase. T~,is consistenoy in the ratio i)f th~ t\Y,o,X values suggests

88



o

that the growing season,"s were ditferen, t)n $6merespect, probably weathet~ ano;,
. ,'_ " ..' ",'- .. .. .. .. .. -;,' "_." .. ,,; ... ' ... .f

that, economic thresholds would yllCY between gt:oW{,11Jseasons when gt:ovling", "

seasons differed from one another.

The. different tnfe$t~tions did.' not produce, any recognisapl;;. tendenciest ,either "
--,I

positive or negative in fibre. quaUty. Most ot the values fell within tl!e ranges of ,"

oUteq"unlity inqictttors aa,given in Table 8 and by De Vi1liel'~X1991 pets •.con'un.).

The effect of A. sOIeatlJttl. 0%1eotton is thus apparently ~()nfined to growth iU'ld
D

yield and.rtot quality.'

(\.
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CHAPTER 7. FEEDING <PREFERENCES ANP WITHIN..PLANT

DISTIUBUTION OF Aj)i()li soleiuum ON COTTON

Accor.dHigt'Q Matthews and Matthew,s (l978htne Ohtahling 1J.ndmaintaining Of an
"

energy pool, is the major preoccupatidn of evew individual in any spe~les. and
() ... _- ...."\

Price (1975) cites Iffooduas"beifiS a recurrent'theme in il1~~ci'~~9,~agy:lqefe~ding

stages of A. solea!um are the adult and the larva and it ls'reasona~le (6 assume that
,; ';;, Ii

,! I

}heir fe~ding activities are respons~ble ror any claw-age caused ~1>'cotton.
u

can aid in ,the identification of regions in -the cotton piant to which l'esticiOer '

applications can be .made, thell'eby enhatl.cing the effrcienc)t or ~otltrol. In.addition

such knowledge ,may elucidate the ty.pe of stress cotton Is subjected to 8$ ra Nsult

of A. soleat'!!'ll\attack. 'I'he feedingtprefeJ:ences of the adulJs, v!Moh are mobile.
I)j

should correlate well with their di~tdQution withitt cotton plants, whereas the

distrlbutlon of the apodous larvae. which are not capagle of moving any great.

distance. is probably a fttncti<m of adult distdbution .anct,.ovJ,positiOnpreferences,

Several objecthtes Were identified> for this part of the study.. The first was H)j
determine in which region 9I the plant and on which plant organs, feedttg: hy

adults and Iarvae occurred, as.well as the distribution Qf theJ)upae and parasitoid

wasp. The second wa~to identify which of the feeding stages was responsible f()r

yietd reductions. and the third was to co:q.firnt v,fhethartl:w~.hypothesesstated in the

preceding pal"agr~ph Were valid or not.
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"7.2.1 TheWithinp2ap.tdistrlbutiorrQfadults, larvae, pdp~~.,~hdEntedon,~idis.
Ii '_ .-.-' . "', \.(

'.' ,;, /1
For the 1!!lt'!1C,1CS!\of'this invesdgatiop the a.e~iaJ'('p~~t~(,If. ~Qttolt plants \",ere

; \0" I .... ,'.', r. -: - _"1'/',',, :_._~'. /':"_:.,:. : '::'i':~:/<,:':. -"_':'_'~''""':':, . " .... - \~(.
atbit(ari~rsubdivided int!t a top regiQn (vppef ~hifdcff th~ plant; I/3). a tntd9Je

-", -' , ',' ", ...•. , ):". " . - " •... " .. (!'_ . .: ", " .. ,' ':,. " _" - , ', ,- .. ' \\,

region (mi'ddle third\}r the l)lant, 2/3) and a lower ,t,J;)sion(lower ~lle t.hi:~',?f tl1e

plant, •including the transition ;i;ono-;b~tween root and st;rn; 3/3). WJrhin tM~·'

regi<)I1e';"the leaves, sterns ,.~nd. (latera(~t'anc~~s.a~,~ fioV{~H'S and \\~()nswere
inveat~,got$d for the presence of I;ld~ltsr lat'Vae~ p~Jul'e and the parasitoid wasp.

Y;.,;

Plants for investtgation wet':~hosen atrandotn £r?nt the field clratoon cotton at

Hoechs~~$experintentalfarrn near Malelane. Exantinatio)~ of plants f611QW~.d~sur.
',.-'- . .... . .' .. _-' . (_.I \~')

\.~ ,
i. Thl'>identW~'lti()f1 of the plant to be investigated.

/;

n. Careful examination of the aerial plant parts and the recording at
~dults in the three t'~grons.

iii. Removal of the plant to the edge of the field and the division '()f the

stern Into the three regions.

Iv, The splitting of the stem anc11atetlll branches, and examination of

flowers and petioles for pupae, larvae and wasps.

The choice of the statistical test to compare the mean numbers of .irtdiv'iduals

between regions requires discussion. According to Steel and Torrie (1980), Ii

meaningful comparison of means derived from tW\:l or more populatiol1';'(lr samples

require that the two populatlons have the same variance. The estimator .of this

variance (Sy:!) can be seen to vary ¢ons:.del;'abl~between the sl:ltnpl'esderived from

the di.fferent plant regions (Table 9). Steel and TQr~ie (1980) give a modified t-

test £01' the comparison of m~\tl-S derived from two samples<v.titb unequal



varian{!(lS1whiclr computes an 'effective degPees oI~,freedpm to cornpensateiQl.'the
:0 .-... !)

~~t~ual vari~nq9s, Th~ t~at st~tistic in this case is .~·twhich 'is comcpar,ed'witt;
(r/

values of St!~dentsl distdbution /,it the computed effective degrees of freedom,'
- \)

means being cO~,£lred.
,~;:.;:;~;:::~

Again. plants were. divided into three regions aril, above. Fiv~ leaves of
/?'

" I(

apprOil;lm~t91y equivaleqjt size and physiological age were select'ijd ftOtll each
II

region. ,An index Cjf leaf damage wl:\$ determined by computing the ratio betvleen l~
l' ' 1

theJeaf area fed upon by adult .6.- ~leat\!m. and t.he total leaf surface area. Leaf

areas were det~1'mrned by placing l~(lyes on a light table and traCing thei.r outlines
'-~<:..::.>

C!pto squared 'papel', together witJl the outlines' of thqr-noles caused by adult

feeding. 'Ji)l\elear area removed L~A. soleatum was calculated by detet.'l11i11.ingthe

mean arEla of a si11g1e hole (11."'30)using a Zeiss callbratton slide under a stereo

mlcroseope, and multiplying it by the number of, holes in the leaf" It WM

necessary to form sboh a ratio because leaf areas \v'ariedH In com.priHng leave~ of
., ji

approximately three diffel'ent physiological states and j!~hysical position. it was
11

hop~d to Show which parts of the plant £" sOleatum al.i1l~lts prefer fee(ing upen,
r.

!he statistical te~t fot samples witb dllequid variances wjil.$'usedto cQ,V,Jpa1;f.'means.
,', ,'" (:..) "

7.2.3 I:.arval feeding

Tral";tverse sections of cotton plant stems infected wid! 'A. soleatum were made \

with a razQr blade and stai'ned with toluidine blue (q'Brien.fll nl. 19#4). !heso
• ' 'i

Were el~SJ.minedunder tt micl'o,sCQpe to 'determine. w~l:ich plant tisSI.I(;~,were,.fed

upon. 1/ ,'" II
1'1 i
1':

94



7.3.1 Within

I l',

plant disttib;,ttiol1 .~~a~1ts. larvae e .pupae and Enteclon Miortidis.
\,

The tlleatlS together with the statistical ~lcttlations are presented in 1'~ble 9.
:::::.:::::::_-:?" . . \\

Significantly (pc:0.05) moreadults were found in the uppermost third of the cotton

'\'~':12~antsthan In the middle third. There iwas no significant diFh,:~nce in the
:~ '_...."':J-\ _ ____ _ , __ _ _ __ ,- _ ", ,,' _ _ ',' _ _ _ _ " _ __ _ ',,_' _____ _ _ _ • _ i

nttlI1bers of adults found on the top (1/3) and lowet (313) 'Parts .of the plants. ito
, . _- v-_;. '_'. '., . " _' ,

J;

, addition adu1t~ Were found on the stems ana leave~and very rarely on the bdills
Jl '. . ,

and flowers. Th$~.PlJ:~were distp61ft.su pr~4otnlnantlY o'/er'ithe upper two~thirds
.. , .~. c", '.

of the. plant" .Larvae appear to be evenly distributed over the entire fl1ant. With
"

respect to the parasit1)id. it is in~,el'esHl1gto note that their dist1'lbution appearS to

~oll()Wthat. vI the adult.

7.3.2 Feeding pr~ferences of adult Apio,U soleatum

Proportionately more loaf area is removed by adult A. Stl1enturt1ln the upper parts

of the plant. A gradient in reeding activity cccurs with proportionately less leaf

areanbeing removed as one moves lower on the plant. The results are ptesented in

Table 10. Each mean was derived from 75 leaves;

7.3.3' Larval reeding

L~irvae are found predominantly ut'1er the bark of. the stem, neal' the melts of

latera! branches. The plant tissues which are 'fed upon are the phloem and

secondary xyl(lm (Fig. 40). The secondary ,tylem becomes (1is(!'~l()uredin patches

centrad ()rthe regi<.'I1lwbi,;;h has been re.' upon (Fig. 41). S~condnry metaxylem

vessels appear to be particularly sus¢eptible to .discolouration (Fig. 42)•.
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Table 9. Within plant distribution of A. soJ~tlJJ!l. and i. !mi~.

__________ ~ ~ ~.,_~__=-._1~~-i---------------_-- ~
APU:r./rS PUPAE LARVAE )1. aplonidis

1/3 2/3 3/3 1/3 2/3 3/3 . 1/3 , 2/3 313 1/3 2/3 3/3--------------------~~-----~----.~------~--~--------~--------------~~------.~-~--2.600 l.200 2.000

39.0.0 18.000 30.00
179.00 'lS.OO 144.00

MEAN
llY
llYi.!

1.467
~2.00

68.00

0.667

lU.OO
14.QO

0.466
7.00
11.00

'7.200 4.600 8.730

108.00 69.00 1.3l.00
1260.00 523.00 2147.00

2.467
37.00
129.00

tD.933
14.00

24.00

1.500

24.00

68.00

Syi.! 5.5428 4.Q1~6 6.0000 2.5524 0.523& 0.5524 34.4287 14.6860 7C~386 2.6950 0.7809 2.1143
',,;~ - __ ......,.. ~ .......... 4 •.4~· ... ..,..1iof_i_·.···_.. ·.... _..... ... ....

CQ'M,PA]IiSON 1 vs 2 2 vS.3 1 vs 3 1 vs 2
_~~~ __"~'_'_.·"'h_"("""""

l 7998 0.8182
1.7520 0.9760

27 27

2 vs .3 1 V$ 3 1. vs 2 2 vs 3 1 vs .3 1\1$ 2 2 'liS 3
0.2679 0.4550 1.8995 2.4690 2.8407 0.4814 0.4512

0.1068 4.3956 1.4370 1.6606 0.5386 3.1865 1.471:3
28 20 24 19 26 21 23

,',- ...... ... L " I....,.,... .. --~~
NS p<O.Ol NS p<O.Ol NS

ioi4 ..... ~.., ... ~.'i

SlGN1FICA.NCE p<O~05 NS
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Table 10. P~tcerttageleaf areas removed by adult A,. soleatulii~

-- ......... - ....... ---- ....... ---_----_--- ....... ~;'I!"'.!'*--.......... --\) 'i

PERCENtAGE L£AF AREA.S REMOVED 'BY A.solentum
PLANT REGION

1/3 >, 2/3---,- 3/3
',\,.~~'t

MEAN
Ily
ilyn (j

Sill

2.2863

34.2950

104.6048
,l.t~710

1.3685

20.5280

43.9705
1.1341

O.71'l6

10.7643

14.3878

0.4759
T~

Co.MPARISON IV$2 'Z vs 3 )) 1 'IS 3
,~

0.3276 O..S9~6
2~()089 3.5269

EFF. elf 26 24 21
~ .......--.-----------,~--------~--------------SIGNIFICANCE p<O.10 p':\),~05 p<O.OlH_.. ..... __ -......._;~_---;:..---

Syl~y2

t'

0.4476

1.6464

ii

Adults of A. soleatutU, al'~ to he ,found on all aedal p~/hs of the cotton plant,

bowevsr they tend to be most active in the upper one th~ltd,where the deve19ping
/

leaves occur. ACCQrdingto ting (1982), ).toung clevelopt~g leaves near the,ape~ of
'iI,

the plant are a sinIefor carbohydrates produtJed by ph~,,tosynth(',lst.;;;"translocation
"

out of these rapidly ei(panding leaves is limited al\~ tile photoSYllthates produced

in them are retained. 'this is may be the reason wn~ndult densities are hi)lher
,'!

apically. This phenomenon can be utilized wh~,n thJlapplication of an insecticide'; i!
is required for the 001,ltr01 of this insect. Cbnta~l! insecticides applied to ~l1e

canopy will pr(1)nbly ,'iemore ,effective and certai#ly easier to eff~ct. than their
;/.. . ..,

application to other regions., the areas of leaNes t'£!mov~dby.,adults tl.~dng
)i . i' "

feeding are small in compa1'i$pnwith"total1ear ~Iiea. :rt would therefor~ a~pear

unli1\ely that tna adult stage is responsible for yi~l.id01'quality lo~~es. Of furthero . ... ~
note is the fact thatno evidence of adult feeding i'~asever round to have occurred

urr
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on the flowers or bolls. ThI~ contrasts with the obse~rations made by BfoodrlI~

andl"l~nsfield (1985).
'·'U <

o

In contrast, ,l~rval ~eeding on the tran~loc~.toty tissues of the stern and lateral

branches is probably the chief cause liP' y\\eld.:reductions. Not onl~ are parts or the
-:'.'. \1: \\ '. \1 .•~~:/' .•I, Ii

phloem and .ltylemrem.oved where the larva f~~edstbut relativel1)!~rge. areasc9f the
" 0

~ylem become discoloured. Toiuidin~ blue, \!~hestain used in. th~S'inves'?foation,
,I
Il .. .... ... "

sta\~s lignin '1?lue~gre~n(OiJ3rhm ~. at, 19\14). The fact that vessels in the
'\'''''- \i

qiscolOUred regions did 110t stain blue"'gr\~en\lndicates that th¢ lignIn-lining. of

,fthese vessels was affected in some way. ItWoJ\d seem that larval feedin,g affe¢ts
\ ' ., ~

" the xylem translocation Byst~min the plant, wh~ch'in turn e,{platn~the reduction
, . '. :\ . n : .. :;'>

in growtlt (Chapter '7) a.r cotton p~ants .inf$ct~)dwith,A.. sol,entum. The la~vae
'.1 . ; "/

of A. s61eatum censtltute ihe dam.aging stage ~,f..this inse~t:' In addition to

affecting pl~nt growth, larval feeding weakens the stem and inf~cted branches.

which may result in th~ collapse of the plant as rnat,udng bolls hec()me too heavy

(Bennett and Nel1990)•.The ag~of the plant wh~n Ii 'pecomes infect~\d determlnes
\

to a large extent whether yH1l'!:I. reductions are causeCi\by Weakening of the plant

frame. or Inhibition of plant growth. Ittfestation of YQt\~ngcotton results in growth

being affected.and consequently the production of b(l~'sby the plant is reduced,
'-,'

Infestation of older plants may result in yield losses due \0 the physical weakening
\ \

of the plant frame -. Such los~es may be,aggravated by Q)gh winds.

The distribution onhe para~itoid,. Entedol\ apiortidi~, fd\lows that of the. a9ults
~ , 1, j"

and the larvae. and is probably a function of its ~~art\hing behaviour. Th,e data

gathered supports thls.,hypothesis. Adults prasurnatily o~iposit in the upper third

or the plant. As the plant grows, developing Iarvae are distributed over tbe whole

phmt. The parasitoig larvae are assooiated with the, larV,ae 'arid pupae of A.

§.Qieatmll (Bennett &. Nel1~90). but the adult parasltclds follow adult .A•.soI~Jtw.
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distributions in oroe);:to locate eitHer eggs 01' yqung 1arvae, in, which to oviposit:

n

The existence of this pa!llsftoid will ¢ompHcate;contf(lCstrategiefhor A. soleattl~
,:1 ,

,. , .: "'" ' .: ,U ''' ,,',' .c- '.".'" ,,',',', .e : '. "'_,", : ,,'" {)sboul(Hhey b~come tleCElS~MY011 a latge "scale';1Older cotton inle,sted with A.
• '.f ." ~

~ i$ inyariabl~popufated Y1tb E~~ion~is as well (BeiJn~tt1& Nell~90).
~;""""" ~l~/,"'"",.,.Q~" ,.,,1:':0 ,,' ".,',,'," ,,",,",', ,",",',",.,and in devising a stl'ategy tb comrollarval A. soleat.!J.!!l!special consideration will

'I)

have to he taken of E. Hplonidis. Accordi~g to Samways (1981). cbtuuicals .lllUSt
J, I' 0

be ,used !udioiously so as not to kUl natural enemies. The p(:)siicidechosen for A.
~lf , ' D, " ,v ," , C\-:""I

sole~tt!mcontrol should be suchthat it~snot very effectit.>against iE,. !t!ionidis.

l~ addition,l U~earea or ~~pHoatiOnmust be carefu\!:r ~""o,S$nso ,'l1~tJ1.anionigi~
.' 0

is rtOt e~posed hl unnece~safilYhigh ooncentrations ~.'h;"jJimtH;ls of th6 pestic~ge.
(~, ~ '. . . " i~ "

USystem.ic lri~ecticides would undQubt~blr be effe'ctive in contrgllingth(}af$ae of

A... soleatttm. however,. th~y would 1'(9,'1>ab1ybe just as effective against ~.

;wionldr~ larvae, whi01; ()cOUFtogether with A. r:oJeat1!m larvae in (the stem
I) It

tunnels. A' non ~$ystemiQ,contact lnsecticideJ:"npplil' ,... " the top 'Plle third of
,~, {_} . ' . " . ':;

cotton pla):l.ts.where adults tend to occur, appetjr.st'o:- lest option forcontl:ol •
.:;, ,."'_ ."

I) . 5;:)\\. :J, ... '~_<" '~\.''::::). '. ,~ "i",'.. ··0' .'
Even though adult fj.. ruiliLl1i~lS'tend (.. ?e d!std btit~~wHhadult,A. %ll~~tum,they

do not"feed on the cotton leaves, anti wOl,ildtltus aveid receivIng the"$afue doses
,i , ' f' ,,',' ''',' ',,[I

o

as the weevils. o



Fig. 40 Larval feeding on phloem and secondary xylem.

TIS cotton stem a phloem .h xylem

Fig. 41 Dlsoclouratlon of secondary xylem. TIS cotton stem
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a. Jnfested co~tO}.1plant

Uninrested cotton plant

Secondary metax'Jlem. TIS cotton stemFig. 42
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CRAPt'ER;S. CONCL tJSI(,)l'TS
~.I

o

"fieasQn, .01' the Ratio of a!l.we"havs aireody"',nown, is
not the same as It e;fialrbe whert We lmow more"

"William Bla!(e
o o

The. findings of the study are. listed ~elow.
(j

(I

Modern systematists wOllld appea.r to agree that the apioni~s should be

categoH~ed as a family. that is the' Apionidae. and not retlfirted .as a
, '

$uhfam'ily of the Curculionldae, although the lattereourse was followed in

the last ma'jot revision of this group (Kissinger 1968).

2.
M;,.

A.~oleatum possesses features which place it firmly within the Apionidae.

In addition. ilrposs$sses t\ numbel' ofE.f>~tureswhich cleady e%cAudeit from
\\

'_' ,- - - - - \;-_", - '.' -) !

\\.) the ge~us Anion Herbs,t. In the opinion of ~1~~ZO~Zar!agaJ0988t pets.

~~~m.) this 'Species may represent a ~e~f:'~/.nus. somewhat similar to
\" "

.Caenaai&,nVoss. According to Al0nz()~z.aJa,zaga(1988. perth eomm.), the

species. now 1<:tlQV\;'nas li! -soleatum may lim into the MW genus LOrtchasl'i~
;_ ... ,_,,, .. " _,-'" .. -_) 'c, '.,. . }

\i,

which he Is currently describing (Appendix A},

3.. A. solentunl OCCUl'S only in the easte~n 'Transvaal and northern ~tltal

regions, which account for approxi1nately ten percent of South' AfdQa''$

total cotton production.
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Th~ life cycle of A. sol~,atum lrt:ctudes tne egg, thre~ larval ixt,s~aisJthe

pupa and the adult. Eggs are laid in th~ cotton stem, where Iarval and

pupafdtwelopment takes place. "Adtdts feed on A')ottOll leavf;ls.

(;

5, g. ~nidis (Hymenoptel:'a: Eulophidael, il<parasit()id wasp.'llttacks the
;'-<

larvae ~nd pupae \\~;4~:«$,oleailim. and is'"g~nerally present where. A.

soleaturn occurs.

\ .. \

6. Cultiv~1~d cotton i$ the major plant hostof A. soleatun1r, and there. is no

evltlencetbat natural hQst plants exist.

7. T1111 i~festation of cultivated cotton by A. soleatun1 negatively-influences
'Ii . . .',

its Ugrowth andyield. No evhh~l:lCeto suggQsfthM fibre quality is affected

exists.

8, The larva of ,A. soleatum is the damll~~ng stage. Larvae ilJffi~ctthe major
-, \1

translocation systems within. ,the pl~tt~~resulting. in poor. plant growth.
'\

Adults: are found predominantly near the apex of pldnts, where the

nt,ltritiona1. value of(~h(r1~~ve? is higher.

A. so1eaturn does justify pest status. However its impact on the cotton industry

in South Africa is likely to be negligible. Firstly. it does not occur in the regions

where approximately 90 percent of South Af ..lea's cotto1V1~p-~o~uced.Over the
..) ''''C:.~,

past fivf"Pyears. or $0, its distribution bas remained constent; Secondly, a biological

control agent is present in the regions where A. soleatum occurs, and. thirdly, the

implementatic:m. of sound cultural ~tactices, such a.<,t avoiding ratoon cotton, alse

assists in the control or thi$ Insect,
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,WAGNER. a, 190~. ~U';:'System~tl~def Api&nide~. gleichzeitig ein Vd;W6tt ~titn
4\Pi()nd~nt~1 ~es l1etien d~taIOgUSColeOpteru,m. Annilles ,Societe ,;
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Mr•.Andl'"C11 B!!.nnett.
1abncco Ilnd Cbt',;on nesea~b Institute
~pt. of •AgdcuUure and Vate!;' StlPplt,
Prlvll~ Bag X62015
030()Onust~llb!lrg
lieI'. at: SC)uthern A!rJ.ca

Den. l{l'. )Jennett;

ltlt.lsvet")' gl~d to receiVE!your<le\t~r dated O.~':1.9aa, 1 hl.ld SQ1ll0news

i:~tw~o~I1:~~nt:h ~:t:n:p~~t~~J:l:~Il;t~~i;U;r!~' !:::m\~~~,~~:;;;:1;7 busy
','..f received !rom nol( t;OlUll 1:lllltl IlC-'P- few speelmens 4llten :fit Shln}'akll\ld~

Fl~trll(! (Knngllll!)c) by J. Itnllt;i't~ld. q 'inles plU$ one' villI. con~l(ini1l5 ~lIrvac,
pup(le and lmlifature$},I1~~ one mall! ,plus ~, r(l~t\l(ls trom !(olUatlpoort t!.t)l;en by S.
,V• .F.tOQdryk. f all! 'llfrald that all. tbl!stl' ,speci,!:I¢ns were. ilfl1tta,turC1> lIut nelt
US!lfUi fllt'· tllllllnom.ic 5t;lIdies, 1.0,liCi1t tll?oi."pd(!ll!r"Jl~t"hllpS has. tui()" ,you, 4. am
lJ\!)inly< intecosted in tIlE.:Systemo.t;[~s ot Vorld Apicml.dae. ill hl>.v~ fin~shed !l,
paper on \110 supcagenllrlo tnxo. Qf PII.~D.f,!at"otic.Ap!on:l.dae, and. I l!lie; ~rying ~p
cPlfijlare ~hilS sll~'vey uitit the/lricah sl'®1~, Hhan t I"'UIt(;nt.o thls, Sp'~olcS.

:. I c::o~$lde.. tli!1t :1,1; )1It{rfepr~ent Q d~~ferent, gcum. (ill !n,ct it l!iHl,llt a
true Ap.tl:tll.. 1;h!(.1,.bailli,l' eXi:lO$iV'ely Ii llalll!lui't.::i;io~~nus). Vnfortvnately 1 could
not dissect well "these tender. el'~l)l!!~ns.and,l an) used. ttl dcscJ:"ibefully th~

,.!l~~t);al(a 1 iitl.l11c.Tbe lIell genus C Is ratlier"s~lnnar to ~pJJm. Vg:;s. \111bse,M1?~\
c~p®lcs I studied $oll!e l;ill\c ,'ISO ill relation with tll~ dlj:;Crl.ptlcm of thIs new
genus (~lili>.JIl lW:J;. ,."

{,,<larried w)__~11mli" SOlUe speoilI!elJG \1hEjp- I went to the. a!'~t~$h Mut;e\)JlI
~tll)()n) ill .talluaTl t91:!6 Ilnd. ';:OPlpa"ef thall1 tile!'!! with ~weelPlei,$ of Ap1uJ).
~ and .lWl.tllD~.UJll<' .All Q£ tlltlm Wll.C COl)spceUic,

I em aware, Ii1 your r.»fer"nce 11st e)teept~ng le !'811eY'$ OM. 'Elle ollly oll.e5
I have ;1.1'1 add~tl9n IIr!! \~ose concerning the ol'lgi.l\il).. descrJ.ptiQnro (WhJ.c::h""k,c
,'liuppose you have liCit) and the following rEl~ertSnO!;1

\{a;neK< 11, 191~, (i?lJlcoptera",ialll. ClJrcUl1oni~~eGubram. "PiOn!~/}.e. In. ilytslllan,
Gencra lnGEletoclIlll" l~O: 1.. 1.09 +" () pl.

'thls Is .fils!: allctllGr 'Plltl.llogu(l like that of 19tO. lloth spe~il)s W(lte l~stl,ld,
as dUferent:, t'~cortu.ng nnly thE!orislnal dQ$or!.ption.

I wQuid I,pi!) , tCi get $c)JlIedry. ethyl ncetnte ...ldlled. llJa~ure specImens tor
dis,sectlon trom' y~u to put an en!\ to tli1:;; ~Iorlr I b~sau allnost thtlaQ yeul's ago.
Spec~rnel\13 storM in a1<;001 tlt"1) not uscfut. It yo\.l want, you could also store
them III Il 1()~ Solution at nal1lry,l t.allryl!l (a sl>ln d~slnf~tB.nt soap. to ba
iOUfld In a, chemist's;' U j,$ the hest: thins to )\!!,llP inaeqts l.>torr.u as recently
Cl)pturll<1tor; y!'Jtr$), " , '.. . ' . "

t tlould I1laQ me to get: .a phetOC9PY 0:( the part (\ca,l1ns with
C\lrcul1onQido pf Ie Pell,9y'a hook, - . ,:,

1 11)11 lit your ~lsPc:is~l tel' tdentmCl.ltlon of ,\pionirlae (;b;~l. 1IIlfiophy!IJM1,
and $C(:ondarlly, Atteillbl<\~e an~ nbrn?hJ.tldM., 1 \'ou1d hI;! very Slal) lCyou
could selld Iil¢ {COlli tUnE! t.o\-timE! aPllCilJlQns cf theGe fD.llImefi for lily <;011"ot10I\,
Illld 1 llould nJ;lne them for you. I am vel'y ll1t(lre.sted 11\ hO$j; plllil\: d,ata to."

these speeimenG, 1 aln, mostly iIltetllsted 11'1 •Pro~IlCelle . Inh!.\b~ttlls Aptolli9!il' fill'
1 1ltl1cut"cently r!l\Iising the trUro taMonini, all. of iw 'Gp~iQS SQI\Jl;lnSly live
on tll1s pJllnt, ~AlnUy. " • I ...

'thllnk you fol!' yqllr Idndne$i!).l. '(Ili)1"'S sillgerely

. .:- 3''':- .•.r1?. i",.i;~.."=.~,~l;:r·~~~~X.:f;:
A, ' <: " 29004 .l!Alngn SPAUI
1/ .' ,', (, v.. -; " ',. Tol. (9)-52~32()134

\'" • _l :.. : .,t t .,,~ \.'\,'



APPENDIX B.

1"11"'"(;{,)ntlr'(;;~\AJ F3enl"lett:
TCJI:l<EtcC~':l·.<i:md C(::1'1':1::C)I"lt:~P-Si~~H·'c:h,:(n\1~'~i'I:L(
1~·4VD·~ q'~1 )' ~?n79 .t .J. •. -<;:\. \,~.,.;.: I..l:.~,;:.... \ \.J ..,~... \..

r:~LlS "l:t::ltl bt..tl"g 0300
HepLlbUr,,~ C)'{' 8C)L!t:h A'f'I'·,ic~~;t

Th.?t'.nl<: 'i61J 'felt'" 'lcn,\r 1~1·tt~r c;l,,:\'t.~d November J,,9H9 r"i,i'~t;..1;!:\I"'din9 tht\:~
c<:Jtt:.Clli f:o·a(~in ·\t4(i:?evil t\'lc:c:ul"~m':\\i) in iVf(.\J;_t!,l;:\ml::lique.

;:,. . . '-,

~lt- N~\!"'C::i.~O F::6dl"':i.(ilt,ll*1I!:i,,)~~rnoi~gi'~v,t .::t.t;, t!hfa CCl'\:tcm' S:\~~c:r·e't"'\I'·.i,~\t
:i.n 'f(:W'ilH;HL rrl1?~-Ct:1"1<'"i'l: 1"1(:;\ !'1i;:"\q l"ll';) Imo~\I.J. (.!'~dt.ae., ~O 'f'till", r.J'j" 'l:li(7J j:ll"'er:5enc:c.;J crt'
'I::11~~3 PCil$'L: in c:cl'c'lj,ph f:Lel'1!:l$; in Ivtl':lt~';;l1nl?,i,ctt.tS~ i.'l'Ic!· ,\\\ c:on·f:Lli·mr,:t17.:i.C:Wl 01'
th!':.~l~~~'15~(tjbe CI~ri(;;)'" ,,!i, .'

In il?6B 1';\ ':~i.l~t01' crof,.l l::sasl::s in N~":l,':'~il-r.l::liqt..\eW~\f,;;
thj,f.. "i.I'"t'f(::.'I~ltl'ii;\liClI'1 t.l1C":lJ"'r,:f ,':;\;'"'e ft;mV\f?l,t\:j,J;2£1 spp~"
p(l?ffiit~::; \1 th~ '['5.1'"$;'1:: 'b·hl·-St'? (::oi1$.l,d~!";f,d tC') t1(;))
,impc:w·Ci;:\l1c(:.':! ,'ct'\: th.:.\t t.ima:f ,_

\\\,
::_-;.

<.:- '---,,:

.
pt;!OH~ii'1i?)d" (.·\6 pf:0r
l:i,s'b~~dI;:tS c;ott:on

c'J'(' ~Ir~.:;\i; fr.:c;oncwlic

t , a..l~,~,...g.!:\.g\.llU;!J,'1~ll.t.~:IJ.l..v,ll.
:2 11 e.~~..{;,~at.1$·Lijtt&J:....q.. - .' -',-\~
:::::. r~,.·.. r;Jima:tr.:tr~!;1tQl

fu, S!.£tL1.~,,&~<;L~~J;~,r.U::ld Won.4" ,-
j)

In t:hti' J>NH) ( '~la'l~iCin.::tl \\Inst:L{~~t'tt;\ \~,~l\l~clrondl:n.i.c t:~f~\!";€:Hi,\n:::I'1)
cqJ. J.actit1r1 I;11e I'"a jar~,,~~ felAl sper.~.ilh(,m$i -Cl'f 'l:h\':.'l 'f,iI"St ,two
~bt.')ve .:;ind ~:\ls(o:) C~ t)~_ J:(.f,tnthb$jj:;hx:.t!larid othltlr's (101'1 id(~r1'l:if.i,!:~<:1
SI::l!"1~:;i,aj;'., c:;oll.ac:tad on c:otl;on d\..trili(;J.t:I1<~ y(i-!~\I"'~ .V\?4~S-':.L906.
Tl'WH~(,:! cu-e'·zmly.:\\ 'l;l::'?~'" j;~p~b,m(;mt~ ;t.n 'cha'!:' col :i.,t~q;t:·:J,c:m ,;tnc.t' nu(.~
n(;)'t~ 1(.,1'[: 'l:.hf'.?tI1 out. and r. cc:tllnc:rl:: sf;.!nd ,1my t.d;,,'yIOU.

'j, ,,\,\

inl\ii(1~C:'(~
:"cii.$t<:~d
tll~1.J;}'D.. ,;~;

will

, . _ , ... ', ' .', ,'.". \~ .C,"_

"E{(~~SCH..(l"c:)ll is.::t t:omm<:!ft n'::\ll1e(Jiv~m 1:;(1 ~\ll Col:e,~ptet~-~·fn ;i. I1SWt.:'t$ in
pori:('lgl.l'f.lSC~ LU:;(-;')I,..~:.tt'.I1"'~ MMd t.her!;) ;i~$ 1'10 $.:q:.)(;))ci'f'.tt.: .c:\':)nrH~c;t,i,C:H1 petwG)(;))11
't:h:l.s.; n«:tO'ia <i~ncJ (i.',?j.!;?,l"l agJJ;1f:1.:~Lllt!..

l"I'l.:i,~.:; ,1.s ~:t 1 1:
wr":i.tf:'1 1~C! yr.ll',

C:$\l"l in'(ol'·m YOLI now .::to<:;l\..\'l: 't:l".l:,i;S ~~uPj
I gat any other information •

r IAl(JLll d b("~ Vi!H"'Y h.;;q~py :i,"f you C'~f.:\I"1 $~md me ~1\r1y t'f~c:~n t li tal"''"\tLll'''G~ on
t.h:i.tii sul:;JJ(·:;)c..:t t'.:\si=ll?lcii:.H 1y the .':;\spa!::: '1~s (:lf l::lio],t:!QY "md t~:'\~:\';lI"lomy ot
'l~h~,l f.:\t:lOY6:1 rnan't,iona!:l :.t.ns;_(~H:~'tS.

Lu.i.sCt (~:I.l:;';'\I...t:(:\l'·a:\ Siim'b:;JS
Faculty of Agrono~y
1::'\'IIH:lrdo '''k,ndl.M1(';1 UI'1.i,v(;))F'si'l:y, PO EION :.'257
IYl"fpu '\:1:.'), IVi<::l"!.amb.i.qt.i(;:)
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APPENDIX C.

'J

SOURCE .$\ .MS CALC,,,F (). TAB. F. C:-'::'::<, ~ ....... - -_- ..............,;,...; .......... _

"<"'c, Replication .3 1123.34 374.45 1.03 3.07

\\iroe of infe~&ti()n 1 810.0$ 810.03 2.24 4.32

Level o] infesta.tion 3 11682.09 3894.03 10.78 3.07

Interaction (i.3 '1969.34 656.45

Error 21 7586.25 361.25
1.81, 3.07

'totaJ o (\ 31 22047.72
\J .. '

711.22

Table n. Factqdal analysis of cotton plant mass.

- --~.,. ~,l-~--:.......-,---.-.........----------
'SOURCE q DF .' •\\ ss MS CALC. F TAB. F

~1:::~ii::st.tiQn-01::::: ::~~!::: 1.59 3.07
r:

5.32 4:32
- s

Level of ihfestation .3 7(W~~6.66 235945.60 5.43 3.07

Interaction .3 2;~7S~.90 7583'7.97 1'.74 3.07
Ettor : • ~~. ._~,~_1 9_J_30_~~~-~,--4_3_48_0_,_2_0 ~, __

2079657.~8 67085/14
\\
~~

s : \\.

'\
~\ ...
~~\

'\\
\~~· ..·.f;;,.

II

Tptal 31 Ii
(_\

r;;, t)

i~l

G



I~;~,. .... ... I)
FactQf~al analysis of n1.1!l~J?er of lateral branches," < ~"

cc 0'»
... '!:\ .•• ~~ (";~';L;r..../) ......."'""1:"'-----........r...:~ft.m~....._ ......... .....__ ............... ....... _ ...._....._-~ ..... , _-rk ......_.117 ......_........~~

SQ,L)'RCE DF SS (/MS .CALC. F 1'.•~:a.'E"~~--~----~(r--~--~""""--'~~--~----_'-----------~l~----Repli£,atious .3 7.85·, 0.61 3.07, ..
1 26.24 6.11 4;~2
3" 146.03 48.67 11.34 3.07

(i

3 43.60 r4.S3 3.38
0

3.07
21 90.15 4.29'

c>

" Table Ill.

Time of infestation~

LevEllof infestation
Interaction
Error

Total 31 306.03

'J!ableJV. F.~ri~I an~ly$isof boll P;iI!!~.tion.
,) "(('p:----' ·;2"J~»

SOURCE DF, S.S

.3 82.54 27.51 2.15
1 38.24 38.24 2.99

3 237.51 79.17 6.19

.3 34.62 11.53 Ii 0.90

21 268.46 12;78 \\
-T-o-tcl-.. ~~---~--------3-!--~-5-78-.8~3--~~1~~Z:J(''

Replications
Time orinfesta~on

Level of infestation
Interaction
Er.ro).'

Table V. Al1alysi$ of plant hei~hts.

o

3.07
:4.32

3.07
$.07-_..-

MS~~----~----~--------~--~~------------~~~~--~.~.~----q'ALC. 11 TAB. FDF

Replications
Levela of lnfestafion

Error

2296.97

1459.0~,
1714.66

328.14

486.36
84.51

3.88

~5,70

2.49

3.07

Total 178.415530.7231

;:::

11



~,----~~----------------~----~--------------------------"'CALC. F TAB. FSOURCE MS

~rtor!) "

7 41507.48
" .3 14017.23
~,;21 86tlHl.99

"5929~64
4672.41

4134.24

1.43:1 2.119
1.13 !t07

Replications
,'.',

Lev~ls of h1festaJion

"Total
z,::--,-~:

31 142343.70,II
!)

"4591.73

o
Table VII., ~nalysis of plant tipll productlon. C)

,)

i):)

SOURCE DF," MS , CALC. h'" TAB. F

5.413
I'

I..evels ~f'infe$tation 14~61
Ertor 121 121.91 5.81------------------------------. --------~~----~..--------~~~Total 31 200.97 6~48 '

Replications 7

3

35.23

43.84.

'0.S7 2.49
\\

2.51 3.07

'table VIII. Analysis of seed cotton mass prodj)ced.

'tAB •.FDF SS MS----------------------~------Replications 7 1Ui).'71 ,158.67

Levels of infestation 3 914.06 .,304.69
Error 2t 205'1.69 .9'7.9~~------------.~----------~--~----------~--~----------~--Total

SOURCE
1.61 2.49
c.s.n 3.07

31 4082.46 131.69

\~! f.'; L'
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