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ABSTRACT:
The relationship bebveen an inscet pest #1d its host is one of
Qynemic equilibriun in vhich esch is wnder the influeice of a nuber of
envirommental fectorse In the natural condi tim, the population density
of the inscot is kept in check by climatic facltars, by limitations of food
ana by pathogens, pavasites and predators. These vhecks lead to a situation
of relative population sm:ebn.ll’cy, However, vhen a plant specics is grom |
a5 a Crop over en extensive area, availlable food fo;: insect pests is cepchle
of supporving a much larger population end a state of rolative instebility
is introdnced in which the pest can increase end disperse repidly unless keph ]
in check by other controlse The use of insecticides accemuates this |
ingtebility by removing many pavasites and prﬂdaucxrs, pexmitting an a,'lmoum i
unrestricted increase of those pests which are not comtrolled by the inscod bl01600|
Brentually other checks vill often coue into play, limiting further increase in |
the population but by this stege, the pest may have done a considersble smount
of econcnic dmmages
Cotton profnction in Central Africa has been erratic siuce the crop
was first introduced in the early 1920's. The level of production was
regulated by yiclds and price levels. However, in the first for years after
the introduction of cotim {0 a new srea, yicld lovels were ususlly re.,.a\:wely
good end the red bollwonn, Dinovopsis castoneca was not dbserveds Afteor a few

Years, this pest made its appearance, increasing sleadily over the years md
leading o reduced yilelds end eventvally to reduced production. The Jassid,
Hmpoasca 5ppe, the bollvom Jlaliothis pmicera snd the cotton stainer, Dysdercus

sppe also arerged os major pests during the early years of production, During
s : b
this period, cottom vas a major crop in Malewd, pro&uc’c:a.on vas et a low,

S

erratic level in Fhodesia and,at times, nor-existent in Zadbias

'l v . .' i .
M dnsect canbrol programie Vs introduced in 1959 This programme

. A % i
b ting.-to dete “_a_u \?1 at ests Were pres Nt dn . C N
e was based on 2200 t Ou g 1wt p Eg ”“’1"!1
» — cho::ce of ‘thh most ci‘fec u:.\-e insecticide 1o bonufﬁ thes sts end Cf.‘f".LClC:‘L‘J.b

gpplication o-“ the insceticldese Insect control.has resulied in a general
dmprovenent in pl mt grorth, inereasing its a attroctiveness to certain pestse
In addition, the incidence of certain par““'lto;a ‘and predetors has been reduced.

These two factors, in casbination, have lcd uO :v.n increase in ovipositicon by
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Heliothis moths, elthough these pests arve being controlled by tho insceticides.

Following the use of organic insceticides, wed spider mites, S

£

Lronyehus fope
hove begum to meke thodx appesrance in the crop carlicer in the seascie This
pest can do very serious damage vhen nob controlled.

For many years, the maln euphasis in the breeding progrerme vas o
resistence to Bmoacca. Brezding for insect resistence requires firsily, o
knovledge of the characters in the plant which vill affeet the behavioural
pattern of the pest ond seceadly, the ebility to fransfer these chavachers
to a cczamei*cinlly sceepluble vardetyo  The fivst requircaent can be met
through a study of insect regponses 1o speeific phenotypes of cottoa aad

C

] ]

- through a sgtudy of the cflect of various chenlcal camstituents of ths pland

on the imscet pest wnder consideration. Yhe scemd requiresent is complicabod
'by the feet that in many cases, resistmnce to me pest leads o susceptibility
to enother, and that the requirement for resistence is often over-ruled by
other econamic conglderations. o .

Continued control of pests calls for rescarch into improved
techniques utilizing inseoticides with greater selectivity, attractents mnd
repellonts, chemosterilents, ageanonic practices which vill minimise the
severity of inscet pest in:f‘ésta'tion:_a and the breeding of insect resistant

P
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ve g the development of a

e

verietiese The ultinate object: wlly dntegratcd

est control programae vhich will have minimel adverse affects on the overall

=]
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sect ecosysteme The effectivencss of any pest control programe depands

"

oa close co-operation on the ene hand bebween the femer, the extensica vorkes s
gd the producers of agricwltursl chenicels end ca ths other, bebwemn extesicon
workers, the profucers of sgricultural chenicals and the research wvordkers to \
ensure that the recommended progremne is correctly spplicd snd to ensurve thakb
it centinues to give satisfactory results vithout Duild up of insecticide

resistenceo

ot

INTRODUCTION - A e '
Estimates indicate that epproxinately mme-third of the vorld's

pzricuvltural products are destroyed é)uzmally by pests either in the ficld o

in storage. Uhe econonic importence of pest danage is dlrcelly relebed to

the crop uwnder censideratione Thus horticuwlivral ercps mzy be rendeced

‘umnarkelbsble by a siell omowmt of dmnage vhile a similar saount of dsmage in

o ficld cxop vill be of litile conseguonce npart {from reducing the yicld.

 SimMlaxly, detersinate plant types arvc subject bo-pest attecks-ever-anfarrmmem

shorter period thm plants with en indeteminale flowsring habit. WYhoug tho

period of insect ableck on a crop like coffcs o colion is FYar more prolaized
than on a grain crope. Success in eliminating cvea a part of tha destructim
of agriculinral products causced by inscel pests will be-a najor conteibutica

Jdn overcoming the present disparity betwem pepulation grovith end agrieunliuweal

productivitye.
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Yhe relotionghip between the dnscel gnd its hogt plont involves
the feeding preferences of tho adult and its oviposition preferences which,
in tura, ore related to the feeding preferences of the juvenile forms. This
relaticaghip is, thevefore, necessarily, a complex one (Gillhan, 1964).

Dethice (1952) describe the vhole drens of chenging feoding preferences as

o dynande equilibrziuvn betwesn the two chonging systons, the plsnt and the

dnsecte Ty dts very nobuve, oy egricultural endeavour has a profound

influence on this cquilibzivme Tn the Tivst plece, o single host plent specics

is plented vithout conpetition over a considursble area, thus providing

hendmt ond readily oveileble host for its particular pest complexze The

% Ja

natweel encmies may be oble to regulate the population increase of the inscs

pest species and so protiel ihe crop plant from cuxcessive damage. Houever,

1, Faa Ny
i

vhen natural. controls are nob sufficient to keop the population densily cf the

13-

pes’; soeoles at a low level, sericus cewmonic dumlage may resulte In these
sivounstances, thercfore, mm increase in production becomss a primary factor
in the development of plent pests and parasitese | '
As soon os inssobicldes sre introduced for the control of any
inscet species which is becaning oversbundmt, the parasites and predators
of this and other speciss may be destroyed, leaving the woy open for high
pooulation densitics to develop of any specles . not controlied by the
insecticide being usede Such a siiugvion hos Lrequently d cen reported in
of the red spider mite, Tebpanychus spp., vhere spraying for the

control of othor species of inscet has destroyed its natural coatrols
(Iussceine, 1958;  Melinley, 1959; Hessan gb ale, 1961)e  YWhis pommits the

mite population to increase to cconcmicelly serious proportions ot o time in
the scason vhen they cen do sexlous Gamagce '

Vith the cxcepticn of the Sovict Union where cotton proiucticn
extends to I,L?Ql‘h , the major cobton produeing avces of the world are betwem
3508, nd 3?01‘-1e latitude. A wide renge of cotten incect pests ave found in

this sreae Harpgreaves (1918) lists 1,326 inssct species of the world vhich

9]

heve been foond on cotton of which 482 sxs recceded frca Afvica; South of the
Sahara. MNeny of those species ave not duportento lowrever, a considersble

nwiher of specics are present in any cotton profucing area, preseanting a very
camplex pabtern vhich varics very considerdbly froa scoson to season end fran

J

locaticn to location.

- Phis papor demonstrates hov the population level of certein insect

pest specics heve boan ivfluenced by the level of production of cotton dn

Centrel Africa end how thgse pests, in tura, heve exerted m influcice on furth
cxpsnsion in production. Xt goss o to &mnomstrate the difficuliies of
develoging en effcctive progranne for the control of 1l the major péstr,a In the
ingeet conplex on cottoa. The developnent of such a projraiie has exersed o
very considersble influcee on the devel of produeticon which, in twm, has
necessitated contimed reseavch to meintain the effectivaness of the programe.
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The role of extension scrvices end the need for co-operaticn frun coumercial
egricultursl chaudeeal interests is siwesscde  Hoot plent resislence has
pleyed en bapoetant role in cotton production in Central Afvics over o nuwibcr
of yecars but its role is complicated by the renge of pests which atteck the
crop md by the influmece vhich resistence to one pest may have on the

. prevelence of anothere Winally, the peper deals vith the nesd for cantinucdd
high level resgarch, backed by effective extension servieces, to prevent
indiseriminate use of insecticidss vhich may lead to seriouvs, uncontrollchlo

a

traing of

prodlens throozh the development of mltiple insccetlicide yesistant s

PACTORS VHICH YHFIURICE THIE PREVALINCE O INGECTS:
A1l endmals bave en innate capacity to increase, the expression of

vihich is regpulated by climatic fsctors, the availenility of sultehle food,

by campetition within and belween species end by natural enanies. The climatic

cffcet is both a diveet effect aa the gpeoed of develapaent, fecundity mnd

“

Jongevity of the smimal and en indirecst effect o the avelldhility of foode

S l

Texperature, moisture and Ligat are the most dmportent clinmabic foctors vhile

wind may play a major role in the dispersion of certain inssobse
e Al enimals have a favourable 'tai'zpera{u:r:c end noisbure range vA thin
vihich they live md multiply. Icbrenes of temeralure end midity may
prove fabal but varicus mechanizns have ovolved vhich vill pernit enimals to
survive throagh unfavoureble pociodse  On the othexr hzmc‘t,'_mosf sminols can
survive in extrens of light and dadmess of the intensity found in natuve,
but they ave influenced by :tl_ltmin;-mcé, direetion, photoperied, wavelengih
end dogree of polavizaticn of lighte These factors provide the necessary
stiauli to those mechenims vhich regulate the life cycle @nd keep it in step
with the seaste Heny inscols spend at least part of their life cycle
within the stxucture of a hest plant or q.il:‘unsl where the tesperature, humidity,
Light dntensity and wind velocity mey differ markedly from the surrowndings.
Yhus the relative importance of wmicro mnd mecro climate must be borne in
mind (Gillhem, 1966 )o '
Vhere a limitation to pepulation growth is not lmposed by climatic

.

factors, other fzctors such as the avallability of suitsble food, compctiticn
- for the same ceological niche or the prevalence of specific end noan~gpecific
predators wc’l'pa:r:'aéi{;e:s may -reg,u.‘bn{;e the ebundsnce of a given speelese Howgver;
oven wnder Favoursble climatic conditionsz, in the presonce ofdundmmt foold
e.nd‘”uhe abéencc of predators, o uppae linid to mubers vill be Imposed by tha
influence of Amsity o bixth-rate @d doalh-rate (Mndrevartha and Pivch, 195 6)
This sitvation has bean studicd e&:pa*ﬁ:neﬂtélly but crowding in nebure is rare,

perticularly under the conditions perteining in the experiments viere food vas

~not Limiting.
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Inscots con be growped into those which feed o Living plent
oHa ' L7 - - i i e ~ ) " s . 5,
nmetter, those which feed on dead ox Qecoying plunt motter, those thich live
o live enimal matter, those vhich Live an dead endmel natter end those which
live on both aniuel nd plent mottore A four specles have opnivocous fesding

hebits but wost insecchs have speolalised to some extent and phylophagous o

cplent coting dnscots may Te divided iate volyphagoen, oligophagous and

nonophegous govpse  The fivst group hes a vide renge of host plarts, the

-

second & relatd fcl;y restricted range vidle natbers of the thirvd grovp are

kighly spesieiised, rastricting their petivitics Yo ae or two closely
4 ad gl i i i RGIeY g -3
related hosis (u. Ddliamy, 1960 )e  Goanps (193%4) stoted that two or more fovms
L S ] L e . . R
of animsl with the ssne ecologlcal reguivensnts cumot coexist ind leinitely

in the some ecolegical niche besause one of thom vadll, in all Likelihood, be

more efficient than the other md vill oub-breed end surplmnt ite This

o

principle is cononsireted By the sveludion of incrcasing special ization frcan

i

polyphegous to cligc :.:hag,cms to nonophazous feading he?,-‘)i'ts, providing nesw

specics with gpabisl declaticn,

“The fecters repuloting the abundsnce of inscois can be well
demonstrated on co’r,'i;on, Gossvpivm hirsatu (Je)o The cottan plant has s

indetorminate flowering hebit nd ducing wost of the flovering period, 4t

-
Ha

cexrrics buds end bolls in vavicus stages of developmente  Raix ney (1.94F )

2

demenstrated the influence of the stage of develppment of the cotbon plen
o its susceptibility to varicus pests and Giseases. Since the plent

carries bolls for a folxly prol r*Lei‘. period in 211 ﬂ‘b&.gcs of developnent,
it is mbject to atteck by & renge of inseot pests over a long periode

LA wide range of insect pest specles, :-i‘;.:ll:‘ung into the polyphagous,
oligophogous and moncphagous groups, irksdit the teperete end twopical

regions of the world wlf:s;zf-e cotton is romslly growm as a c:m_p plente U

yattern of eltack by any particuler dneecct species is influenced by the

0

tege of development of the host plaat; by climatic fzotors, and by the
relative gvailebility end gbirectiveness of alternative host plents.  The
species attecking cobton w1l chvionsly vary considerebly fras seasci o sea e
anfl froam oae locaticn to another, bul o fairly {ypdcsl pattern of atteck will
con,al % of those speries vhich albteck the episel bud early in the developmant

-

- of the plent and viuich may continug for a prolongsd pexded, followsd by leal

‘sucking and leaf eat:‘:ng species and followed, in tum, by those species vhich

abtack the fruiting bodiscs. Thore vall dhvious 1y be o censiderable overlsp
betwesn the verious groups, but all are dircetly end indircctly influeced by
clinatic Tactors nd &1 enjoy a esriein sucunt of bolh gpativdl and Luporal
isolatica .f""“'(.llpUl” from the part of the plat actually eltacked and the thning

of thz attack. I gpparant exception may cxist in the case of bollwom specics

" but generelly, In arvcas which have iore than ae speclies, the pattam of

attack is 4ypificd by tic predominance of one speoies at auy o {ilne duweing

he sea50e
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THE THSECT PLSTS OF CONTON LI CHETIRAL ATRLICA:
CGltivated cottons of world beleng to four specics, two of which

CGosnypim sasorcun end Cossypium herbeesun ace known as old vorld specles

vidle <he other tv:o » Gosmypium hirgubun end Gossypiwa berbodenss, ave camonly

Inowm as ney vorld specliese 'J‘hc dincrdcan Upland verletics belong to the
spociles Conaypiun hirsutua end sxe by fex the most camncnly gromm throughout
the wordlde A1l cultivabted Contrel African variebles belong to this spiciese
| Cotton is a pc:chmual plont but it is generelly cultive otod as en
snmiale s Yhe plant is characterised by a nain stea with a dualamd apicel
bude Ihis bud is:.extronely oblractive to a nusber of :x.nseot pests, parbiculedd
in the coaxly stages of df,-vcl-qjs.mn’a of the plente fhe eerial porti cag of all

specics of the genus Gossyplum are eheracu erdsed by the presence of p.Lgncn!;

glendg viiich vary in size, nwbor, distribubion end pigaentation in differant
speciese  Yhey scerote a volatile o:'!:l. vilch is pwchehbly J:ufmonsibi s Lo tho
charcetaristic odour of the cotion pi et (Standlord and Vi ichover, ,,_.“8) Tho
“pigment gmsy‘.zol, cne of the constituents of the glands, is toxiec to a muber
of pests and pathogens in its free fome  Gillhan (1965) suggested Umb the

glonds nay have evolved in this gaws as a proteetive mechonien sgaingt the
ravages of postse  With the exception of Gosgm:i:p;g} Lomentosum v amh is found

.

in Hawadii, &1l specics of the gemus ave also ch

ez;‘t:c florsl nee ’mecd on the wdize-pside of the

Cotion is nc:r:',ally planted f:a:é:ﬂ seed during the springe It takes
froa pix to eight wesks to the start of floweringe The plant has en indcten-
minate flogering hibit, lasting sbeut 12 weckse Since it tokes sbom. cight
wesks for the boll to develop from pollinaticn to maturity, the pl art nown 11y
cavicles buds and bolls in varioas st@ges of developnent for most of its
flowering pow '(‘J—Jo ' '

A Peavson (1958) cmflncl his attenticon to oho 1)0 gpecies of tha
182 yrecorded by Hargreaves from Africa south of the Schara. He indicated
that wost of the others have little or no econonic importancees The major

pests viich are of concun on cotton in Uentra Africa sre listed in Teble To

/C-G'ﬂ.t! Gevoe
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THY MAJOR PESTS OF COUTON TN CEVIRAY, A PLJ.C‘L

Orden Genug Specilen Camnen Neme Plent Pact
o ' ) 7 . tiocked.
: . i A —————
Lepidaptera Zautholes graclsii Isax
Incinis sabulifcra !
Cozmephile 3 flova seni looper "
Spoloptons i 1ittorails ) Fzypltian cottony o
Prodanla !‘ litura 17 leaf viorme e
Diparopsd i Cuastanea red bollgom boll
Laxdas 8DC . spiny bollvona o
Heldothin ! anaigera Anericen
bollvorn »
Pectinophoral gosaypiclla oink bollwora "
Beniptera Dysdercus 8o staincr sed
Enpoasca Tecialis Jessid leal
Brpoasca - 1ybica Jaseid "
Helopeltin § schoutedeni helopeltis lec?, sten gnd bok
Helopeltis g bergroth helopeltis " " . %
Lyeos vosselerl lysus | ' tenzinal bud
Oxycorenus § &pne T dasky siainer seed
Iphidae Cf Aphisg gossypil sphid lead
- Aeaviva -
. Pebrenychidze! Tetranyelus § telarius ved spider mite | leaf
E Lo cardind
: ludend
i ; neacaledenicus
TS I i :

e red bollworn, Dipsxoosis m_fs_ neas Haps., confines its activity

INA R Saird FIr ALY ERATG e e s e -~

to the gens Cosgypiwn end its o) ose reletive Gionfugzosia md s the single

; L 1 S
representative of the nenephisgous group. HeRinley ) has expressed dowbt as

L&)

to feed md breasd o Cimsnfuscsia. The oli {‘O;J 18,7005

to the chility cf this pes

Lroun vhich hag a nunber of Helvececus '_“‘ast smecies, is re :rn:nm‘?,e:'l by the cobicm

stainor Dvsdoncun svo., the spiny bollwora Bavias spp., the duslky steincr
Losmophiia sppe, snd Xanthodes erazlaiia he piak bollwerm, Feotinophora

~

Fossynidila Smund., is reparded s belag oligophazmiz, having besn recorded as
Jecattdeoe
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feeding end breeding oa Jiib ieng dongol ensis as well as Gossypiva hivnw atu in

Yhodagia (.ua‘L thews gt L hey _L9(:)) and on cwor.,z.l. host plents elsevhere (.ﬁhi'l"l en

&b 1., 295 962) However, oulbresks have been recordsd bn Halwwi vathout eny
Wi _.3_- ,.,J PO 1) -2 15 y o -
sltemnative host plants being feand (iatthews et ale, 1965)e  Tho polyphegous

greup has e wide renge of allemalive host plenis and Yoms by fer the largest

group of' cotton pestse  The bollwow, Bzliothis swmisere one, is prddebly the

Amvaid

nost destructive of tas pests falling within this groupe  The levvae of
- vaxicus gpscles of ihls genus functicn as bollvomis in 2l the majer cotten
prolucing ervees of Je vorlde  They fecd on the fruit of a wide yonge of plo:—.l'l:s
amongst whiich melze, Zoa pays is a preferred hoste  Ohe wide disteibuiion of ha
sposics of this gzaas makes it one of {he most Gestwmiciive of ail cobicn postga
The ophids fphis cosgynii Glois md Jassids Hmoescn sppe are also major
polyphegous pests on coblon in Central Lf»ice. The Acarina spider mites,
Zetruavelns sppe have a wide renge of host plents end wnder certain conditicag
can oauge serdous danage to the cobton crope

e patlen of insect atieck 1 cotton in Lf{"..‘lbl“.’,!l Africa, es in
other parts of the mﬂ@, vories considerebly from seassc 40 measca end from
locatica to location. Howeven, takean in sequence in a felrly dypicel Eeasm,

y stage.  Fapoasce mwekes its

(U e

sone lygus dunage can be expected in the seadiing
eppearence feirly eaxly end cen be present on the crop for a considereble paxl
of the pensone VWhere altemative fovd sources ave nob e 2ileble, };&‘gg:ggﬂ_a
end Iexlies mey ecat their way into the groving tip and act es sben borers. Thoso
two species con be present more or less thpoughout the seastn, fecding on the
groging tip prior Yo {he anset of flovering end attscking the bolls croe these
have gtarted to develope  Heliothis feeds mainly on buds and bolis end so
moves into the cotton crop during the cowrse of floseringe Dvsdereus sppe Lfecd
the Gezveloping sced, abtaciing the colton plant ns tlhe bolls start to ripe
end co tend %o be late season pestse  Aphids may ableck cotion vietus Lly at
eny time dwing the plant's developat, vhile wnder natorsl conditions,
Jeteoychus is a lale season post if 41 isckes its appearance at elle In certain

arcas, leal eating caoe:p.L_Ll'»v" Cosmophila flava (#), end the Flegant grasshopper,

Zenocerus glesans Thab., may oz severe Gepage to young plents (Tuastell o el nloy
1565).

THE .El.J.'J_U.E\lC Or QOTIOH YROTDUCTLON O WHE RED BOLLVORI NIPARIPELS CASTAN: A

Cotton vas grom m a limited scale in Maleawi froa 1905 and in

Rhodesia fron the carly 1920 se. . By thenld-1920%s, Japoacca sppe.bad e
8s & major peste By relucing the edfficiency of the folisge of lhe plant mnd
causing actual defoliation, ylelds were boing reduced and the quolity edverscly

affceted to suweh en extent thal future productica oppeared doubtful. Dempite

this, Camcron (1927) eonsidered that Dyadercus opes were to be feared for more
than Dmpoascae  Hendltan and Peat (1927) dhserved that Faoonsen would dsfinitcly

/eciitdeee
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cane within the centrol of the plent brssder, but that Heliothis wa
uwndoubtedly the nost serdous peste  They wand on to xecord l,hO_ Laxd

2% BliDe
aid somo light demage vhile Dipnropcgis did not wppcear 1o bo present. ho

P b ol it

breeding prograine for the development of Fupopice resistont verietics will

[E e

-

be discusscd in a leter scotion of thls pepore  In this scotion conslderatlon

will be given to the developing dmportance of Rimercoosis with increascd

- production.

Daxing the 192¢ /.2] seasm, the bollwomm altack was extrencly

smell and _conrs:i.s’cc& abnost entirely of Iaxias

e

sppe ~In that year thers

vies virtuolly no tamage throughout ths country, ypossibly due to

)
&
i

the late aI‘x‘lVBl of the first nEing here was no Diparo

(Peatr, 1923)0 '

The following scasan, shedding duce to bollvorms con the Résesach
Station at CGatooma was once agein slight and mainly due to Ferlase A few
Heliothis were obsexrved on the crop, bul once again, no Diparopsis vere
recorded although they were wepox ted to be p‘“s“nL in cotten in the Bulavayo
end Mazce Valley arvease A the time, it was ‘considered that a compariscn
between the flora of the Gatooms end Maroe asvcas nay give sone indication of
the reason for the presence of the bollvorm o colbton in one erca end not

in the othere Tt was also decided 1o establizh a saall plot of ratooned

. cotton on %the Research Station for the study of bollwom end stainer attocks
(Peat, 1929)¢

In the 1923/29 scason, a Very severe attack of Hellothis occurreds
However, on the ratconed %rap crop in a ccllestion of 160 bollvoims, the
ratio of Dipswcosis to Faries to Noliothis wes 46 %0 13 t0 1o  Tn a later
collecticn, 22 Dipsropsis were found, 10 Fardies end 1 Holicthise Thus
Diparopgly fonned 767 of the total bollvovis CC'.iJ.C.,u ted fron the ratocn twap

Atreana

crop in that year, the first time this gpecics had beer yeconded on colim

on ‘the Research Stations In contrast, elthough Diparoomis were recoxdad
the smval crop, 'i:hﬁy formed only O 0.0015% of the wrecorded bollwowm populaticn
in the pmual chsexvation plote In this plot, 361% of th: bollwonis

1.1

collected vere Foxias vhile 96 viere }T_J dothis (Peat, 19%0) o

By 1930, Yeliothis was coasldered to be the nest serious problen
e Cemercn (19 1) congidered thal it wes imperative that every effort ghould
be nede to comter the setivities of this peste The 1929/30 scasta ves
con;)ie'i;cly doninated by a more or less conkimucas glbtack of Melicthis from <h

bezinning of March into'lisy. Houigver, by conperiscn vith the figures for the

r;.v.tcnu ax, the _pIrgpory: 'clcm of lel! ng_b%:-__;,*c_o" Lected botwesn Pebzuory ond the

a2t
. . KR v Aoy
I E of May “fell to 7% w:‘l Uc J‘Nmmwr iy rose to 95 end Jowias to 1G0. For

Herch the percentoges were 8775 Neliothis, 25 Dinonoosis ord 1575 Fapisg end for
Ipril 7555, 12 *,7’: end 12%5 respectively.

Tho laxvae of .}‘l';:';:!'_.'i;_q;'[gﬁ;‘q sre very sotive, abtecking buds, flovers
end bolls sad aro cazpoble of dcs;t:u.‘oyjng a oon:::lc'i.::m-ﬁolo proporticn of The

potentinl crop in a rélatively sho L tine. By conbrast, Diperopsis lervae

Jeont'deces
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tend to move into a boll and mmasin thore until it io caten oudbe Thug,
1ot ey e (3O e o K A
Heliothis vos considered to be the most seriocus pest, since a given muber of

loxvec ore capable of doing far move damage then an equivalent number of

Dipoarorsis larvace ihe lateness of the Yolioth 12 cettacks suggested that it
nmay be poasible to escepe soerious domage by forcing an eaxlly crop through

brecding ad through egranomio practicese  The smme could not be said of

Diparops: r.m It wes congidercd Smportent to develop prolific sitwrains vhich

o . produced large nwibers of mmall bolls rather than sbrains producing saall
. ‘ nmubers of large bolls (Feat, 1931). '
' The 1930/%1 season was charecterised by scvere drought md losses
ue to inseot attechs viere secondary to those caused by clinmatic conditicns.
However, in contrast o previcus years, Dipnroosis becane a najor pest

aunal cotbon ¢ the Resesrch Station. This vios consldoved to be sericus

ind c'i'lfs‘cm%:»:hlg but it was Lfelt that degpite this, Diparopsis was not to be
.' ‘ feex red &5 Tuch as Heldothis because of ithe differences of the _p:r*o:or'lo of
dmmage doe by individnals of each mpecics (Peat, 1952)c

'i'hh following s=asm was consider cd to be the best during the Tivst

. .;evan ycaz of the Stub Lt

ion's esteblishment. Heliothig made dts appearvence

R AT -

1B Jnc,.r.c'icntce of Diparopsis ves
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early end vas the principal pest. However, t
_ prolonged nd molderately severe from the beginning of Jawory to the end of
. . ' the seasome.  Farias was not at sny time as scvere as in previous scascas bub
it vas present throughout the vhole season (Peat et b ale, 19%3) e
 The 19 32/33 scasc vas described by Cemeron (1934) as being lop-sided
with too much rain ab the beg.mn ing end not enough lator one  The Hgliothis

infestation was xo a‘t:‘:.vel:,r gaall but there was a heavy and continaous attask
of Diporopsls thrcaghout the season.  The Heliothis atteck dn the 1833/34
. - seast was falrly similar to that opeclonced in previous yearse The period
of attack varied eccording to the earliness or latencss o of the crop sna)
generally gpeaking, late p] nted cottan suffered moste Serdous Dipsrons
damage was expericnced in the latter part of the scasone. This ceane on top

LIRCES )
¥

of the Heliothis attack and led to serdous losses of the moture bolls vivich
renained.  Peat (197h) steted that it was belicved that the atiacks had

incrensed laovgely by a build vp fran year to year of en endanic Dipewopeils
moth populatione The kncwledse gained eancerning this species indicated

that ratooning would be.a highly inadvissble practice in infested arcas sinceo

: the population vould bresd up on the ratoon .crep smd would then make
__Adcvastating atbocks caemmal-cotton Later on D1 ThE seastile .- &

These reports indicate that betweon 1523 vhen Ding

‘bserved on cobtten en the Ressaxch Statien end 1933, this

8 mpjor cotton peste  The history of cotton profuction in Ihodesia
1920-1959 wms onc of fluctuating profuction. fThe precisa weasons fox this
‘canmot be aseribed to ey poriticular causnce Mevertheless, over o poeriocd o

yeors, increascd sced cotton prices led to soreage expansicn witlil price

Joont! des vo
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recessions or reducs=d ylelds resulting fron a build up of inscct pests
caused a reduction in acresgee The palicrn of increasing importence of
Diparoosls was repeated on many occasionse For varicus reasons, a district
vould go ovt of cottem produetion for several yorrse Vhen it cane back to

. cotton, Dipsronsis would not e found on the crop for the first year or two
end yicalc"is would be reasonebly geode In succecding yeors, Divaropsisg would

' . | incresse shesdily and yicld lovels would Scalince Ghe mogt resent occurwance
of this '%-ypc vas in the Hazoe Valley vhere interest in cotton :'a_ncrcr sed
rapidly following the introducticn of the inscet control progearme in 1959,

: . © . Por the fivst ’cwo or three years, no L Divoropsis were found on cotiw cxops in

the orea but then they begen to make their sppeexvance and spreed stealily
in succecding yearse Thelr Smportsnce has, on this cccasion, boen kept
in cheok by effective gpplication of the insect contrel recamsendatlonse

Dipawonsis has a very limited host range, being confined mainly

to CO.‘,JYD‘TL‘J end its close welative Clenfurosin. The fomer is found wild
. © . in Rhodesia while the latter is note  Similer patterns of a steady increase

in the provelawe of pests with a limited host range sssociated with m

| o increase in production of a host plent can be traced in nany cases.  In

‘ Thodesia, the pink bollworn, Fectinophora possypiclla vas prédebly present

£ B A P 7 5 et 3 8 el

on its wild host, Hibisous dongolensis, in the South Festom pert of i

1901608 tha
comtry for many yesrse Cotton vas introMced to the srea ng o canmercis
. : ' crop in 1857 @ad by 1959, Pootinophora was an establishe d pest a1 this crop
(Wmellen, 1960, Matihevs eb oles 1965)0 Stringent contxol neasures kept

further expension in checlk for a nuber of years, but en increase in cottm

production ia thc arca could very well lead to this pest becoaing esteblished.
Jn Malevd, a severe cutbreek of Pootinephora oto urre“‘ in 195% but the pest vas
not fomd a wmy wild host plantse  Mebthews _g_-_&._: elo, (1965) cxpressed the

. ' opinicn thet this outbrezk was the resnlt of o steady incresse in populaticn

density Cm:i:-:ing a pejric:ﬁ. of two years when the closed seascy fov cotlon vas
not edequetcly obeervede Rose g glo, (19570) waported a similar situation
in the Sudan vhere the inecrease in Pectinonhors ettasi ves releted ©0 a steady
dnorease in standover coticne Yhe relsticnship between the prevelence of

en insect pest with a limited host rang a2 and the ircrease in production of &
host plent is favr easler to trace then 'tha:‘c of a pest with o vide hogt renge,

since it is o direct relstichship dn the fomper whercas in the latier, the

i3

population dengily of the pest is influciced by a nurther of factors roleating

- to ths vhole of its host remges Thus the ineresses in Piperopsds pomletic

amorshiza

T¥

e dengtlios-Gesoribed-can-be Girvectiy related to cotta py rodiztion vherszs

Beliothis population Gensliies cormote

P e v p T

The influmce of increased prc.-ﬂuctiv:i.ty of ¢ hogt plent on the

pent cen toke severel Tomnd

Cs"

incidence of gn inscc

s A R W] M - s e
Pectinophora were plu:::l:l'f present in vAld host plants in I"ﬂof"lr.u a vhea the
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colton orop plent was intrefuced.  In time, the pest transferred onto the

] e tate ne A .'."1 5 - Psta1d
cultivabed plant where the population Cf"'”""ih‘]' nteondily increased viAih Inereast L
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profucticn, The converge occurs when o crop is aJ.rc:-aoy establiched ond a novw

peat is iutroduced to tho area, often yithoul its predators and pavesites. The

introducticn of the Ixopexa carn boror, Pyransba nublic olis, to the Unlted

Stotes and its subsequent opread onto new hosto th:cc:‘.kc?_h vast areas ds an

exomple of this typo of sltvation, This pest feelds molnly on fetonsyla

sWlenea T, dn Atz native hobitat In Furope, Tt was Tirsb obscrved ncar

Boston, Massachumobin,; in 1917 on swcsl coxn, It spread rapidly end hy 1952,
vas ;p'-:wr,ut in 37 sbabes cast of the Rody lounteing, becoming a major pest of
malzo, Fon movs, in the Uefh comn belt, A third gltustion occurs vhen a now

[y

crop plant iz .mw:o'm\: d into a wobabion, cloging a gap in the foold cycle of a

pest vhich is already in the aven, ol vhile nob economically danaged lbsell,

the new or TP enables the pest to reech cpidenic proportions cn other crops

glready in the m?c:aq‘4 ) 3\. good example ig provided by the lygus, Iipus hosnerus
m;‘r.ﬂ’rl:, in Calid om}. j'gi}ea;m-ﬁ.nters on lucerne (2lfalfn), doing very little dansge to
this coon but migvabes onto nelghbovring ennval crops such as cobton viere it may
do very scricus domage (Stem ot al., 1964 Do Fnally, the practices amployed

t0 control one pest nay C?n,sw“')v the parasites and predators of another; peenitiing

1% 10 esteblish Ltaclf as e major peste The establishnent of red spider mite,
T eteanycing epp, folloving the use of insecbicides for the conbrol of other pests

cs
has boen widely reported (Busselne, 1958; McRinlsy, 1959; Masson b aloy 1961 )

SHR DEVELCERMET (B TUN THSECT CONTRIL PROCRAINE T CINITAL AFRICA 3

aﬂ’u (1959) defined integrated insect

’.

control as contradl of pests

vhica covbines and intezrates chomleal methods with natural and biolosglasl

contbinole Chanical control is applicd an necessaxy end in a momner vh ich ig
least disruotive to natural and bicloglesl control. This is the ddeal

eimed ot by coccnomde entomologists, However, the sbtainment of the ideal ig
LTt dn a crop Like cobbon becmise of the coiplex patica of dnscot atiadi
in vhich the ccabrol practices necsssary for one ingdct speoies divectly
influcace other specles in the co:'nple;*;, Henetheless, every elfcrt mmst be

L,

nade 40 wininise the dismwbive offects of the inscet control progrerme o the

over-oll inscet ccosyslci

The Coblton Pest Rescarch temm vas established in Contral Afelea in

1956 +ith the prinme objeclive of developing control measures for Iineio ned. fe

ne, Qespibe the vavages of tho Hdliothis, Dinaxopsis s rccosnis-':a.
as the major pest Linltlng further development of cotton production in the

aren, Tho research programme devaéloped Ty this tean covered a conplete study

£ Dinoxoaeis, dncludivg the thorough study of the bidlery of t

TR LT T s L.
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pa.:r.*i::-.culm’ reforanse o the mechontons bvolved in dndtiating and breaking the

soe otbtrectmte of the fenale

ra

alepouno of over-vintering puonc, a study of the

© moth, e study of the possibile utilisation of chenosterilents for the contzol

nEeEal

the post ond Dinally, a study of chemieal means of control, Efforis were also

/CO}T{;‘ (.].g soC



1ede 4o study tho paresites end predators of this end the welated specics,

e
2 NP C— T— TIAA T - . .
37**3::“‘19&. bigrat (Rothse) din Noxtbh Afwica, Dinavopsls teohracsama Be-De in

Igola and & Sacedodes pywalis Dyowe in South !-.mc-.x‘icao

Because of the incidence of other inscod pests on covtan, the main

enphasis vos ploced on the development of effective chentcsl control measures

to cover the vihole of the inscet comploxe  The initial precgrame covered tho

sereening of dnsectlcldes against the major posts in the leboratory, the ficld

o

sesting of the most promising inscoticides end finally, extension trials

'f.:hroughou"c the Gorxitory to study the . cffccliveness of the inscot conbrol

recomcndations 'LL.TLﬂG o vidle range of mvur:umlemb al conditions (Hatihows 1966a,
1965b, 1966c; Tunatall and Hatthews, 1965)¢

‘ The resulis of the inltlal screoning progromne indicated that no
single insecticide wes pafficient in itsclf Yo contyol 1l tho inscets in ths

1

camplex atbacking covione T4 also indicated that *he effeotive control of

Dipexopels depandad on the first instar lavvee coaing into contast with.the
inseccticide betireen ha‘tcl'linrr and entrance into the bolle S:‘.r;::'ilarly, eflcetive

vy L) S

control of Iﬂ’hm s slso dependsd o control of the first instar lazvas since

Kx) ¢ PAC)

the laxvee ave not expomcl to the insccticide once they enter the boll end

'1,"l

.. Older larvae becoe increasingly cifficult to kille fThe effectiviness of the

insest control programe, ohoz-“ ore, depended not only on finding suitdhble

insceticides but gleo on enguring a thoxough coverege oF uh"‘ plonte Whe
initial dnvestigations hed to be };,m ked up by res wL..h into the mo.m effeotive
mesns of applying inscoticides under practical £icld conditionse Theo fizst

estege in this c:.sfvdic;;mcn'?: vios ths modified Jmepsask sprayer viich has proved

extranely effective, porticularly wader pessant agriculiural conditions

(Punstall &t oles 1961).  This wes follovs & by the gpplication of the tallbcon

ugzed on the medificd knapsack for ox=drar n and b c'tor--mmmteil. grovwnd gunaying
(<)

equipmc—m‘t for use on more exbensive eoreages (Tonstall g zlhe, 1965)e ¥inally,

compavisons vere made betveen the g.?:oyma_ spraying equipment Caveloped and

[¥;

[0

ecxidal spplicaticns of 'ln::eo'bicide since this fom of gpplication has alventoges

wndler certain oonu."w ons (latbthews and Tunstell, 19053 Jolmstae @d Mabthews,

1965)e Finglly a systca of scouting had to be developed so that the incidonce
of the various pests in the crop couvld be. asseasede This asseszacnt fo:c{z_r:sﬂ"'hq
basis for the choice of inzscoticids end ths tming of spraying (Punsteliy 1556) o
Lorge scele trials were conducte ed to test the effectiveness of the
gprey progeame dovel oped under ield corﬂJ.r.mas in the three Contral Africaa

tervitoriese The overall memn ;y:Lclc s in sprayed and vnsprayed trizl plots in
the thres territories dn 190 mmd 196k vere L4830 end 585 pomds ol seed coticn
per acre, respestivelye _

Matthows and Tunstall (.’LSGS) foand that there ves o increase in

ot
leliothis ovipositica on spraycd cotlon. Whey considered that vhile wetuced

.
Y. ! i

mortolity as a resuld of fover parasites end predators wes one of the nzin
conscs of 4his, increased abtredbivasess of the plent vas also o dmportent factols
They stressed that oace spraying hed C'nwc,auuc'l, tho dmportmee of scouting was
sceembuated sinecs increased ovipesition o, unp:co’ucnted plents conld lead to very

sericis crop loss . ‘
L Jccrit @aoee
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BREEDIEG FOR HOST I WS 9TANCE:
Host plont resistance is the ildeal method of pest controle. Painter
(1951) defined inscot resistence es the ebility of a cerbain varichy to profuce
a larger crop of good quality than do ordinavy vaciclics at the sane level of

inseet populations.. Parmell et ole, (191,9) showed ot even a Lo level of

orTTaiae

rezistancs remulied in a significent reduction dn ths population of Xmeassa tope
in cottne
Host plent »egistance may be due to sy one or any cadhination of

three inter-releted mechanisns, Whese ore classified es yprefercics or

non-preferance ézfined as the group of plant chavesters and insect regponses

vhich lead to or zway from the use of a particulor plant for oviposition, food
or shelter, entibiozis defined ss the tendsnoy to prevent, injure or destroy

inseet life end tolerance Cofined es the bility of a plant to welnce or repair
injury to a meried Cegres in ppite of suppoxting on insec
's.gapro:zzi:;na’qely equel. te that ‘damaging a susceptible host (Peinter,
' ~ Cotiten is etiecked by a comlex of :'m:sectfersts the coxpositicn of
' which verles " &5 has been indicated, fran season 1o season and frca leoation 4o
_locaticone TYhe aS'V'ClCQIﬁE:}'.L‘t of varietics caryying resistaace to 1) the major
‘ "pes’cs would, therefore, be := vory difficult task if infecd it could be aceampiishe
et 2lle However, resistance to em., cne pesty even ok a low level » could have &
_pmfca‘nd i lur_-nce‘.cn the overall pabicm of insect controle ‘ -

. In Bhodesia, cobton was first produced dn the carly 1920ts but by
the middle of that decaﬁﬁz, Jassld thiroatencd to put an end to future

procuction (Peat, 1928) . The citoation in Malewld vias not so cleax cut bub

nonctheless, this pest was o pedblen (Ducker, 1930)s  Pornell eh alay (1949)

denonstrated ths relationship betwesn leaf liiviness end the incidence of
Frmonstae The development of Impozsca wesistant vardcties was the sole

W et o AN L 5 &0 Y ey

nethod of control ond mede conbinued cotton production pesible over thousmnds

of gores in Africa for sane thirty years, until® the introiunctica of other

nethods of contyole
. ' )

Investigations were initinted in 1960 into possible sources of

resistanca to the bollwom, Heliothis zea in Horth Corvolinae and Ilgliothis

a:rﬁig;gxpa in Fhodssia, The appreach vias that proposed by Stepheas (195?_)

in thich the dbjective was to determine the influerse of cpecific plant

Pt vy

Gl
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‘characters of cotton i ths behavioursl pattern of Hgliothis.  This was

gtrictly a study of insect prefecencese The charvacters wider study were red

end green leal colour, the presence ond abscace oF glands, the preseance and
ghsence of extre~{1oral neotari €5 end ths prosence end gbience of Lleall haiwes.
fhe glendless, red leal and plent hairiness pheiobypen Wore chogen s veriants
feom normal vhich could influchce the seasory pevception of ligliothis, vhile
the nootariless Vorient was chosen for its posmsible adverse effest o the

D
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Tonsevity of the Haliothis fmago through the raiovel of a possible £60d sourcse
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The rezullts of these invesbtigations indicated that the Igliobhig
imago profera a hoivy plant to a =acoth plent for oviposition. Swrvivel rates
on the glandless varient gppeared to be highcr than on noymal cotton. JApart
fran the influenco on Holiothis, the glandless varient was attecked by a viddex
renge of pests tha the normal plante The @ifferent characters studied ave
being conbined on o ogwion beckoround for continued dnvestigationss

| Vogring vith similer gencbic sireins, Iakelahr ot ale (1565)
desonstrated in the laboratory and in field cages that the glendless a

nectary free cotion plants hed lover populations of bollvora ji

X v

(Boddie); +he tobucoo budvomn, Heliothis virezcens (F); the pinlt bollwoma,

s,
N LT P g 8

Pectinophora rossyniclla (Samaders); the cabbaze lovper, Trichonlusia ni

-

(Tbner); end the cobton leaf vomn, Alchona ar oven (Tbner)s  Thoy

R P

followed this vp with ficld experiments in vhich sigificantly Tever laxvoe

of the bollworm and ths cotton fleahopper, Puolling seriztug (Reutor) viove foundd

2 D
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on o globrous and nectary-fres straln then on nomal cotton (Intsefehy cb olop

1966)e  ‘the cupression of the nectary Fwee character in reduwing inscot

wr
populotions is very sensitive to plot pize and is, therefore, Gifficult to

test vnder field conditicnse

In developing a brecding progremme for host plant resistence, the

bresder requires a thorough Mnovledge of the life history of the inscet and

d

the nature of the dmiage counsede  This Imorlcdge forms the basis fov

selecting posgible sourxces of resistance for further study among releted

.

the host plante The nature of any wesistance must be

E

voricties gad species of

jdentified and it must be ghown that it is transeitbed to the progeny (CGillhen,

1963) Stephens (1957) stwessed that in the hsence of a thorough Imowlelge

of the nature of the resistocs the breeder hes o difficudt task because of the

\.

g2l nusber of plents in a segrecating population vhich possess the cowrcot

.

geno codbination to confer resistance and becmuse ©

. ) »

identifying resistent plentse Vesaling (1958) cenons
populaticn mixtures belwesn Pilose plants vhich had scme resistance to the

boll weevil end sthcciﬁ%i?)le plentse  The incidence of wegvil on Pilose plonts
vias higher vhen they were grova in mixtures than when they were grom in pure

stendse Sinilexly, the nsotoriless cherecter of cotton cnly influeces
insect population dengity when nectery free planss are grom over a large picae

Research o host plent resistence is necessexily of a g texm

nebures Pleming must take this into sccomt since maccess cen lead o

maintained or incrcesed yields at lower coste Even a low level of rcsis‘ce:;cr:c

¢ have a profomd-influcace on-the-overall nseet conlrol projraiince

Ay

The relaticnehip bebween the host plant end its posts is ong of

dyneate equilibriun dn vhich eoch influcnces the cthex nd is, in tum, wder

the Liflucmece of a nuher of envirvomantol factors. In natuvrel conditions,
: : s
\
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this C(lli:'i.'_l.i’r):c‘:'um raoches a glatus of welative stability dn which tho
population density of the rest is kept in chocke e inteoduetion of
n_g:nicvl‘ir re may dntroduce instchility by renoving the check imposed on ths
ot populaticn growth by Limitations of wvailedle foode ]:?clujjl.:n;:r::’uxn vl
c—.\.’-.rcn’mally be rostroeds I this occars at o lov population density as o
resilh of g increase in notursl nd hiolo;.;ic:ﬂ cantrols, little cconaric
denage will remilte Howevers equilibrdwn mey cz)ly be recched vhen the pest
yopuleation denslty has wesched a level vhere there is sorious cooncaic demnge,
in vhich case some means of control other than natuval nd biologzical cartiol
may be ncﬁer—:-sm:y;
Instebility in the equilibriva may vesult divectly from an increose
cies @ue to the dncrease in avellsble foods O the othsr hand,
it may avise indiwvetly from the lransfer of a pest from a vAld host cato a
cultivated howt, through the closing of a gep in the food cycle as a vesult

of the introfuction of o new host plant or o5 o -nc,usx_lJ of the Cegtructicn of

biclogical controls of ane pest by the cendrol measures used o anothore
This poper velers primsrily to :mscc’c pestse However, the principles

involved apoly equally to olher pestse As an example, the tlwes main reces of

Y el

the Red-billed Quolea finch cccupy the savamah arcas of Africa. The soathorn

il extends from the Cepe to Malawi snd fnom

a2

race, Quelca quelea Jdathon

rcheAi e g S hdrir

~southern Angola to MNopasbiques Other races occur in Yast ond Vest Afxice.

Vithin cach race, the population is in & continuous state of flux, wesponding
o various Coptors, of vhich zeasonal veristion is the most dmportante Ihmm
intervention in the fom of degtroying breeding grounds or creating now
feeding promd is also dmportante | _

The Quelea b '*'~C'L:.n;_, groumds are noxuelly in areas of doense bush.

Bireo eding has to coinecide with the setting of seed of various amnual end
per-:cczmial grasses end is, therclore, goveined Dy roinfalle Vhen the brecding
is over, the bixnds move eway Trcn the breeding grounds cnto famm lands if these
ere haady or grass sced is scanty.

Qucleas were particularly musercus in Fhodesia in the carly 1950's,
but thercafter, they moved into South Africa in vast nwibers due to lorge
acreages of Tarm land in the highveld providing snlteble weed end small grain

ecdse Conditicns were safficiectly :(‘avcv.l.rab‘.i.e for the dbixds to stey o end ©
- breed in poupler end calypt ple \nt tions.  Yhis was previously caspletely
wnlmoiie '

Inteasive ccatrol MOALITEs VICTS .r,.rp'l. Lgd over a, foun,year pcmod.

e W g B * g S

¥
Tnits aj.ly, o though chout °_'>‘f of the knomi population in “Soutllt Africa were

S pee rT———

killed each yecor, the population density the following yeer vas unchanged due
to dmmigraticn from nedztbouring tercvitoricse.  Iwentnally, however, coatrol
25 in South Afvica drastleally reduced the overall population of the

southern raco.

/Cm’ﬂ‘dn to o0
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clessificd es arvestants end stimulents (Dethier o 2l 1960)

i BT o :

Throughout tha renge of the Hed-billed Queleca, conrtyol measures huve

L ]

“been neoessary becouse of the dopradations of small grein craps vivich foxm the

staple diet of peesont populationse Full investigations of the prescace of

this end other potential pests is nscessary before any new egrleuliural
Ca )

developnent prograane is wndertaen  (Plowes'“’).

o ey Nk RS, 3 . .
There are numcroas cases vhere the increase in the pcspul ion density

of & pest has been checked by biclogicsl cantrols. The introduction of the

E{,oyo:m beetle Fol ?:)J.:i.a Cordinelis (iulse) into Sonth AT wica, Culifomia md

Asewhicre to conbrol cocleny-cushica secale, Jeorya s ool Hagke in citzus

is & classic example (Swestanm, 19363 Youmsbuny, 4 /O\_))e Sweetnan (1936),

f<k . "‘-.. T ey . fl -y - . 0} -
Steinhzus (19477, r'-.l.ggloaf-.w:rrth (1965) on@ many others have deseribed biologleal
centrol, involving parasites, predotors end pethogens of various kinds.

o
o)

Yowever, wie biologioal centrol is not suffbicient to prevent sericus ccanomic ¢
deztruction, other memns of pest camtrol are necessary. _ |

The patterm of biologicel caatrol in cotion varies very ceasiderdhly
from location %o location. Vhitewd snd Bell (1964) found ovesshelning
evidence in Arkansas that predators frequently prevent outbreaks of bollwoms,
ephids end spider mitese By coatrast; Viene nd Skeets (1962) meported u’l%
in the Sole Valley owsa of Avizena, the predator complex vias unshle to baing
the Iysug iafestabion below the destroctive level ead a high preiia‘i‘-oxy insect
canplex did not provent o severe cutbreak of cither solt marvsh caterpillars,
Ietipuene nervea or the coticm leaf porforator, Buccalatriz thuibericlla. In
Centrel Africa, diclogical ccntrol of cotton pests has not, as yet, becn
sufficieat %o keep the major pests, Heliothis, Dipavopsis end Dyszderous in
checke In the hsamce of insecticides, it hes chetked fohls and Tetranychus
vhile Japozsce bas been checked by host plent resistence.

¥nipling (1962, 1964) has dexnribed the use of cheozosterilents or

drradistion as a2 memns of conlrol by sterlizlng individusls for subgequent
releage into the population to captlbe vith nowmeal individuslse This

principle has besn suceessfully used in the contzol of the scercw-worm

Cochlicmyla heainiy ro*‘a‘:‘ (Cofl ) Research dato the use of chonosterilents

for ihe control of Dipavopals is progressing but has not rezched the poin’s

-.c:—t’e !]t_-no, .
Kelleecsot alo, (1962) and Maawell A1563) dencnstrated the presence of

Spnrrnr .

of practical applicatione

& powerful feeding arrestont end stimilent for the boll wreevil, jnthoncomg

prendls Bohe, in verious parts of the cotlen plante . These sibstaic
1

epparcat attraction existed unless the ins O't cgae into actual coatack
- x m — »
i, b sequently; Keller o Tal., (1962) ecbracted o attractont Lo

dnthoncouge This was foll(:r.?cr'i by the extraction of a repcllante. lHaxwell

ST Akt it

et ale, (1963) speculabed thet a Jynemic belance exists belucen the repcllent
nd the abtractent vhich detomiles the pattern of inseot regponses through
the scasc. L

(2) Flowes, D.Ccll ¢ Persenal conmmicgtion

/con{-.' Suvrie
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Vony dnscots ave sdject 1o oliaclony stimili to find suls

ahlie

-

Leudding end ovipositica sites omd to bring the nale ed Tennle togelher for

P,
Mmating.

Odour baited lurcs may, tharclore, be used in trops, or to cause

canfusion, prevarting mating, or lead: ing to oviposilicn on wnsulicble sitese

Yieny ettwectents, pevticularly sex ativestants, are spesics specific and

can be used in corjunction with inscetlcides or sterilants to cartzol

particular spooles without affecting obther inscols in the arond Speoific
e, Ty N . .
ottrectents can wlso be used in lreps es ecann of detecting the spread of

& pesv (Ja_co‘-.)s-:m et al., 1_9(;.-'})‘.

IL.LL&[;,O

has a powerful sex ablrastant. This is ths subjeet of inteusive

resesxch (Tunstall

the pl

end 50 provide a nen-preferaice type of host plant resistasnce to specific pestse

The prescice of clfactory stimuli & the pleat opens the way for
el breeder to develeop vavicties vhich ave not ettrective to the pest

b

1

Mony svccessful host plant resistence bresding prograwacshave been ceraded

out withoat & foadmnentsl Imosledge of the biclozi cal erd blochenical inten-

rel aLLmL-. between the insecet and its hoste HO‘\‘;‘E!V-'-‘ vy this basic knowledss

is counsldersd eszential if wopld progress is 4o be made (Bccl’., 1965) o

In seversl creps, spectacular successes heve been echieved in

Kl .

breeding for inseet zesistonce. These include resistonce to the hes 3ien

£ly, Fhytorhazo destruster (Say), ead the vheatb

(2lort

an) in wheat, the spobted alfeldfe aphid, Thercosohis meculaba (3

and the

g P

pea ephid, Hecrogiplum piel (Xalt) in luceme (alfalfa), to the

Faropem corn borer, Byreusba dhubi )ila) i :-U_{HM,J“ er) ané the com carsora,
Heliotals zen (Bodlic) in maise, to the chineh bug, Blistug leucopterus (Soy)

in soyginm end Yo vardous leaf hogpevs in cotton. Mony other cxemples of

bresding fox host plant resistance could be cited but thesze serve to Cenmsirate

2

the cartribulica vhich cen beade in the £icld of pest centrol by the plant

breede

ib I\'J‘?'E‘.ﬂ(ﬁﬂ the Lamner wilh ine reanod Leldls s ot no extra cos G I'IO\‘:'I'J ver, tho
]
dev C:l.( waent of ingeet registant

many mstanc-es, the feators whi

| b hel )

hairinass.
by low

Aﬂ i LS
(Gian

Pl

i
28 larvac. The dlfficulty cen be mindmized if 211 genct

e (Tenlving ct_ale, 1555)0

Ioet plent resistance is o ideal melhod of pest control sincs

v

(e A

varietics is cumplicated by the fact that in

ch prorides resisteance to one pest, increesc

tibidlity o emother or are wnzceeptedble cummerciallye Thus leaf
provides resistonce to Impoasss in colten but is often accazpenicd

quality Lint (Rose et &

P N P

4
-}
-

1957a), =4 it dncrcasss susceplibility to
and vhits fly, Bealsia tobeol (Lask end Smanders, 1 $58) and to Yaliothis

ma, 1963). Rurbherxmiore, Mabthews (1960b) fomd that there was a .

v cormelatien-between Yesf helriness sd-the effecotivongsa of

ticide aoplicaticas. "his reslicd fran redmced run oflf of the

alde on a hadxy surface and fv

.l e e et T

(3) Tunstell, J.P. FPersenal carmmlcation

/C?Ollt’d.o epQ



pgriculiural. revoluticne  This has increased yicld levels end enebled o

a0

in a programez is sereened for non-preferance, tolorance ond entibosise

=)

Lr) & Y & %a g . 4
dhe Likclihiood of a breskdonn of rosigtonce is reduced 4f two or nore forns
of resisbonce con be cabinede |

.l = -

Stephans (1957) casidered that the dlsmaptive offcot of

. P %
insectlicides imposes a Limitation on thelr use but that e edditionel Limitation

[E8

g P i Ut e . . ac
s Inposed by the paticace end fineneial gbility of the fommoer o carry m

. ot

mscet cantrol programne through to its conclusicne A poorly excouted

e

programe of Inscet cmibrol mey be more havaful then no ceatrol ot all.

However, in many cases, fox the imcdiate future, inscoticides are and vwill
renpin os essentiol part of agriculiural producticae

All the posts in the inscot coaplex on a cxop are not nceessarily
coatrolled by the some insceticidee Rifcctive control depeads on treating
the dugect when It is ot dts most sensitive o the ingecticlde. Thus
officicat inscet scouting must fomn en essentiel part of any inseot coatwol

programs since this fornms the basis of sclecting the mest suitshle inscoticide

for ccatrol of the pavticular pests in the cxop e of correet timing of

applicaticnse  Scouting also provides an index of the ¢ffectiveness of the
programe and nay glve s early wvaxning of a possible developacnt of

insecticide woslstance. Yhe dmportance of timing connot be overstressed

(Matthews end Tuastell, 1908; Mistric, 1964 Idncoln and Leigh, 1957)e  Hemy

‘nscsticide resistence have besn wecorded (Brazzel, 1963; Brazzel, 196

'3
omp_ma end Colfing 196 Tldefrawi oweﬁl oy 196h; Yowry aml Berger, 1965) bub
frequently, the epporent failure of a reccomended insecoticide to ccrtrol o

particular pest is duc to incorwest Timing ion of the spplication.

r B £
“r .

This bas besn hserved in crops with a heavy infestoticn

FaBal

\‘thh physiological processes in the plant hove been affceted by the mites to

g point vhere the effestivencss of systenle inseoticides is serlously impaived.
Isboratory tests in mites colleoted wnder these cwaditions in Rhodssgla have %

givel no 1316‘1:].0&'53:1011 of resistmee so Ter (HcKinley

 Exteasion services to maintain p close lialcon betwueon research b
end the Founer end 4o cosure that comirol recamendaticns sve beling ef
carried cut with effective resulis are cssential to the success of the
programee e nced for seovting end the nesd to use diiferent inscoticides
4o cabat the various pests in the conplex cpeans the way for chuse through

mm

the tanpbaticn to use mixtures of inscobicids o2 a routine basis. This

(Y
‘prec t:? e is condemed both a1 econcnic nd bilological grovndse Ilcuethc;lesﬁ,

4% hos coslderable appeol to the faxmer end can only be com teracted by w
extensicn service vhich is free of comcrcizl tiese

Pest cavieol has probably been the major factor In the Linerdcon

gl proportion of the popalation to raise mors the coough food to satisfly :

{he nesds of the naticae There is lidtle doubt that nmy agriculivral

rc‘.ievdo;gfacn’c prograrmes vALL mm into @ifficuliics with insest and otheor

.

pestse JInscelicides vill be nccessary, oftca a3 the major 1cens of post

[ g -
(%), JleXinley, DeJe  Perascaal cemmmlcatici
/CC-‘:T'G‘ dv'o ¢t
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cmitrole  The ultimate objcetive of rescarch into pest cmtrol must be
g
the ddeal of inteprated controle In the meantine, deleterious effccts to

the inseet ccopysten must bo minim u:nc[ by svoidence of indiscrininate use

of inseeticldes through the timely spplicstion of the most sulizble

insceticlde to cantrol the poviicular p:s:,’us demopning the crop. Fallure to

accaaplish this cen lead to increasingly difficult prddlems of pest controle
Buccess can Lead to increased profuctivity in many ereas vhich can be a

cloging tvc food gev exlgting in the world.
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ACENOWLIDGEITHTS
The anthor wishes to selmoviledga the advice mnd assistence gilven in the

preperation of this paper by Hre Aole MeXinstry, Hre Jole 'l‘tm,‘j‘?:.{.}_:l_l, livo Dedo

liciinley, Dre Soile ZBrOOIl. k ond Hr. DoCelle Plowes end to acknovledge the

permission of the Ministry of Agriculinre to have the peper publisheds

LIET OF RITERL
Indrevs :f“"i;ha, HeGo @ Biwch, LeCo 195) ¢ The fHundmnce and Distribution of
Inimals. Univeralty of Chicogo Presse Chicogo.

N

Beok, S¢De 1965 : Resistence of plenbs to pests. Jmme Reve Tat. 10 ¢ 207 = 2526

Br&i JoRo 196_7)
J Yoone nte 5

in Meliothls zeae Je Foone Iate 57 LB5-L5T

Brazzel, dele 196} ¢ IDT resistonce Ioliothis nes
Cemcxrcn, GeSe 1927 ¢ FProge Repoe Jupe Stos 192)-?6 ¢ Southern Rhodesia

Bape Cotte Gro Co.._L L:nuon,

Comercit, GeSe 19318 Proge Repe Brpe Stae 1922-30 ¢ Southom Thodesia o
b -/ > s e
Mape Cotte Gre Cox Pe Lendene
Comercn, GeSe 1S %4t Proge Depe Ixp. Stoe 1952-33 ¢ Southern Fholeslo.
Hope Coaw Gr. Corp. Londmo

Chopinmn, Aede end Coffin, LoBe 196, +  Pink bollwom resistance to DIT in
the Laguna avea of Mexico. Je Teon. Inte 57 ¢ 145
Ofr

JoHe 1958 3+ Proge Repte Ipte Stne 1957 » 58 ¢

Davle, 5 Oea-ao end Saders,
Sudsn. li’lPo Cotte C‘I‘a CO""P&» Londcone

D’wmh, .te"’in, Keller, JoCe, Hitchell, DB, HJ_c".:'J_chucul, Po, Hill, Re,
Yindquist, Deley LcKibben Go end Cross ¥ Tole, 1965 ¢
Proliminary £ield expeviments with .c,ucmle rﬁ'ﬂ cs for eradication of the

‘bolj. ii\.«(y\r-]—lo J Luono ]:.150 53 1&/“‘1 ”I

‘Dethicr,; VeGo 1952 solution of feeding prefercaces in phytophagous Insectz.

Evolutican 8 @ 5‘3
The designaticn of chenicals
4

Dethier, VeGe, Browa, LeBe end Saith, C.l. 1960 sl "
-tao J‘. 1:.}0110 LLUD 53 : 1;’:}.’}:-1.)0]

in ters of respses they clicit froadnsc

() L]

B.Co 1930 ¢ Proge. Rope Tupt. Stas 1923-23 ¢ Nyasslend. Tiap. Coti.

Ducker,
G, Coxp. I<nadcn.

ishen, S.4. 'I;(J‘ s

Fldefyer 7ie HeFo .LO‘)T)O/_,:xclﬂ, Ao, Salama f\e =nd Blk
® 3 > ] ¥
). 'Lc,ut.m):d*h

Reverosicn of Yo -m,ar* reclsteonce in the ];fuc.l_wl costor

Jo Ju(ﬁ-la \’!21.1” )7 3"‘599‘

Gause, GeTs 1934 3 The Strogrle for mdgbence.  Willigas end Vilkins,

e
Baltinorae

/C{)Z'.LJG t deecco




-~ -~ A T — - —— — —

s L 50

4. e A - ’
{llllh ..rl, 1 -JO}EO L0630 E‘h_c\ Y‘buvUO 1650 ’boll\fo 1]1, ]I';L_j (_)L.}ﬂ_‘, :'::\'\ (]30:{&1.0) —to

cervain [_,U‘lOu;y_p““ of Uplend co‘,Lcm UanUl.l.._u cd ¥hoD, thesise. Howrth
Carolina State Universid ty, Raleipgh, H.Co

Gillhen, Fel:Me 1964: Resistoace to inscot pests in Upland cotton. Sohe Joum,
of Dole 60 & 218 « 221,

Gillh""l, Peltlie 19658 J‘voluu:t.o.m,c:)r slgpificance off glands and thele
importance in cultivated cotton. Mape Cotte CGr. Reve 42 3 101 - 103

Gillbem, ¥eX-dle 1966: Clinate, pests ond agriculivece Proce Mest, Inte Syome
' on Im‘ o~Clinatolozy,. Readinge -

il ton b ; 3 5 1
Henil tong LeGo end Peat, Jol, 1927: Proge Repe Fupte Stne 1925-28: Southem
Rhodesiae L('JDe Cotte Gr. Corp. Londone '

Hargreoves, Mo 1948: List of Recorded Cotton Inscots of the VWorlde CovmoniTe.
Inte Inste Londone. 50 pp.

Eassm, LeSe, TL Nahel, AKde mand YL Badry, Fele 1961 Infestaticns of
cotion vith Km‘ra\,.c mite (Auq “ine) e Bulle. Soce IEnte lw;ypo L2 1 357 = 400,
(1;\,11 Reve Apple Tnte 49 Ser A 8% L3le

Husseine, KeKeo 1958: Iiffcet of insceticides on outbreaks of spidse nite o
cotton in the Jordmn velleye FeheOo Pla. Prote Bulle 6 & 155,

Jacobson, M. and Bevoza, M. 1964: Inscet ebtroctents. Scie fmere 211 8 20 « 97

Jenking, JNo and Maxwell, Fols 1965¢ Research developments and needs in host
plent resistenceo Proco 2i:th Plen, leeting of the Int. Cott. Adve Caume
Washingtca, D.Ce

Jehastone, DeRe end Matthevs, Geho 1965 Conparative assessnent of dosage
distributioms in cotton resulting from helicopter end ground spray
treatiments. Amme Lpple Biole 55 & 431 « L33,

Keller, JoCe, Mawmcll, FeGo end Jenkins, Jele. 1962:  Cotton exbtracis es
arrestents and feeding stinmulonts For the boll weevile J. Famie Inbo
55 ¢ 800 « 80lL.

I’mipling, PeTe 1962a: Potentialitics and progress in the development of
choaosterilents for inscet contxole Je Foone Fnte 55 ¢ 732 -~ 786,

Xnipling, E.T

o 196t The sterllity principle of inscet populaticn controle
P!.IIC‘ 10 ¢ b8,

- 603,

Lincoln,; C. mnd Leigh, %.Fo. 1957: Timing insccticide E‘_gpllC'l’JC-l for coticn
insect controle  Agric. Fxpte. Sine Fayetteville, Avke Bulle 588 ¢ 46 ppe

Lounsburg, CecPe 1800:  Repe Govie Fhte Cope of CGood Nopee VWeA. Richards &
Sonse Cope Tovae '

Lowry, Vel and Berger, ReSe 19 65: Tnveastipgations of pink bollvorn resistmnce

{to DU in lexico ma the United Statese J. Beone. ¥ate 58 : 590 ~ 591

Inkefehr; Medey Martin, D.Fe end Lo_,rc JeR. 1965: Plant rexistence to five
l.-:z_g)lc'.(‘r_gbela abbacking . cobicemJe Econ. Tiate 58t H16-518¢ - —

s - . 7

Inkefahe, Medoe, Cowmny, CeBe, Tlriusacr, T.R. ond Hcble, L.\, 1965:  Rogisbande
of experimentel cotten strain 151 to the bollvona ard cotten flezhoppere

Je Bcone Ente 59 ¢ 353 « 395,

QlicKinl gy, KeSe 1959: TO:::'LC"L‘L;:E.C‘S of varlous scaricides 1o mites of the

Tetrenyelng, co:-\plczx. in Fast Africae Cole Pest. Rese Unit. Arusha,
Tang ‘,ny:\l\,_ , Hisce Rep. Nos J.9.

Jeont!decee



- 22

I, P or i 7R n ]
Matthews, Gele 1966as Investigations of the chanlesl control of inscet pests
of cotie in Central Africa T. JYeboratery reacing nethods u1~.'l w,{:
of inscciicides by spplication to bollwovn cgrge bu.t].o inte Rese 57 8

69 L 700

~

Kattheus, Gele 1960b: nvestigaticas of the chenicsl control of finscet pests
of cottor in Jenteol J‘m"'c :l Lo Tests of insecticides with larvae
end adulise Bulle Ynt. Rese O7 ¢ 77 - 9.

Vietthews, Gele 196Cc: Investigations of the chenical c:ont:r:ol ci‘ inseot pes
in cottm in Ceatral Africa JTIL. Ficld Trlalse Tull. Eate Rose 57 ¢
193 -~ 197.

Matthews, Gohe end Wunstall, JoPe 1965: Aerial and grownd spraying Lfon
cotion dnscel control in Rholewia, Xupe Cotle Cre Rove 42 3 180 - 1926

Matthews, Golo zad Wunstalls JoPe 1968:  Scouting for pests end the timing
of spray epplicaticnse Cobt. Gre Rove 45 ¢ 115 - 127,

Hatthews, Gelo, Tunstall, JPe and .JOJ{JJﬂ.C.“]', Dede 1965 Ouitbresks of p.m‘“
bollwarn (Pectingoliora gossyeieila Saund. ) in Fhodesia end Halawle Inpe

o et RN

GOL-Ue C_f‘o Bzve L2 1 19 {“' éOJ

Ha}:\'{ell, FaGa, Jenkins, Jde and Koller, J.Ce 1963¢ A boll vieevil repddlan®
fraa the volatile substonces of cottone. Je lVeon. Fate 56 ¢ 804 « 895,

e s

Mistric, WeJe 1964t  Early detection of Xzliothis on cottone Je Zoone Inte
~ 859 .

Peinter, ReHo 1951t  Inssct Kesistence in Crop. Plantse Uacllillen Coo, INew Youizc

Parnell, Folo, King, h.F. and J."w.,'l;on, DeFe 1942 Jassid resishace and haivinesn:
of 'ishe cotton plente Bulle Mate Rese 39 ¢ 53%9 « 575,

Peaxson, ,,,oOo r.aalra::\:ic'l.l-»l)wl ing, ReCo 19581  ‘'fhe Insect Pests of Cotton in
Tropical Aifvica. Iapoe Cotle Gre Cor*cu and Camacnwealth Inst. Icadone

Pesty Jo¥e 1923: Prog. Reoe Iibe Stne 1926+27:  Southarn Ihodeslae Fumpe Colte
Gro. Coxpe Jondone :

Peal, J.7 1929t Rroge Repe Xp. Sine. 1927-23¢  Southern Rhodesia. Frpe Cotle
Gre Corpe Landmo : ‘

Peat, Jele 1930: Froge Rooe Jipe uulo 1923~29: Southora Rhodesia. EFape Cotto
Gre Corp. ILondune

Peat, Jole 1971t Proge Rope Ixpe Sine 1923-303  Southern Faodesia. Iimpe C-'.;‘-:
Gro Corpe Iondone :

Peat, Jel» 193 2' Proge Repe Fpe Gtne 1930-31:  Southewn Fhodesias Eope Cotie
Cre Corpe Indcne

Peat, JoBs 1933%: Proge Repe Tape Stae 1931-32: Bouthern Fhedegloe Jme Cotte
Cre Corpe London. :

— e —— -
o 3 Eal BBy BT e i Vet - B Har A
Peat, Jelle 19354 ProgeRepe BDe Biils 19%0-%3t  couthern Yhodesiae Fupe Colie
CGre Coxrpe Jondce

. oLars 2 " L
Fladb, Re¥e 1962: Fundomentals of ippliel Fntonologye Mechiillen Co., Newr Yorlto

-~

3 ] : i £ Ve ...' .‘.!,
Rainey, ]“»C 1613 0’ 'erv-a._"ulon:a en the duvelopment of bh" oo Lt:» bo].l_\
parbicular referinee to changes in suseoptid .-.w:."';,r to insecln and diseassse

Anne Applo J.JJ.OJ.O '7}5' 6-'_;.. - 8_;1\

; o (o ] e Y Yol
Rose, MeFo, Tighes, JeCo mad Jow, A 1957t Prog. Pope Txpe Stne 195657 Hucn
Fiape Colte CGroe Corpe Temidine :

feont' Asss oo




ot

-
e -
» R g SRS P

© ..23_, . ‘ .

Rose, 1 oPa, vy, Ae end Usndan  BOE Jomey, 1957b2  Proze Repe Yipe St
1956-57: Sudma.  MHape Cotle Cre Corpe JTandcne

Sh:!.lle:::'., T, Noble, T.We end Fife, L.Ce 1962: Most plents of the pink
bolliowan, Jo Eocne te 55 ¢ 67 -

Stenford, Eols and Vi I.P"LOVOT‘ Lo 1918:  Chenmistyy end histology of the glonds
of the cotten plent Vi L]‘v notes ca the cecurrence of, gimilor glends in
related plentse Joure Sgee Rese 130 LAY - L35

[ =8 - i o - . T . . - ’ ’
._abe:mlmus, Beiio 19.-.;.;'3 111_;;:&.0{; }-TJ..GJ,‘C.‘?).LOE.O::‘ o Consteb '(‘ eindl Cao. }.'EIO_Q, Iondon.

Stephens, Sl | ‘5?: Sources of registamos of colion glraine to the DLl
weevil anc'l hele possible utiliszation. Jo oo, Ent. 50 415 - L13.

tern, Vello, ven den‘]}osc:h, Re end Leigh, ToBe 1964t Stelp cubiing of alfalla
for Iyous bug cwbrole  Calife Agrice 181 4 = G

Swoctmen, Hele 1936t  The Diological Control of Insectse Camstock Fublishing
Coe, Hewr Youlte

Tungbell, JePe m iatthews, Cole 396’: Rocent efivences in the contred of
cotton i .Ln the Fholesias end Sycuelende Prode Cente Afr.
Nt - - P
Sole ard 5 519 52d Poergacon Presse

Tunstall, JePo and Habthews, Gehe 1966t Tovge sceale spraying triels for

the catrol oi cotton inseot pests in Central Afwica. Hiape Gotle CGre
Rove L3: 121 =~ 139.

Tonstall, JoP o Matthews,; Celbe and E_maas
spreyer for the urmlma;-.cu of insece
Reve 33 ¢ 22« 25

AeheXe 1951t A modified lmepssck
’:l

'/ (3
ticides to cotlone Fmpe Cotl. Gre

Pangboll, JePe, Hatithews, Gelo end Kholes, Aeloks 1965: Development of
oot sproying cquizment in Centasl Afwica. Fmpe Collie Cre Reve 42 &
131 = 15 .

Wene; GoPe end Stecte, Lol 1{)62: Delotionghipn of predabory and in;jurious
inszcts in cotion fields in the Sale River e vall ¢y avca of Lrizonae
JQ ];’301'1;. Fﬂto 55: 395 L4

Wess ine, Yele 1955 ns of
s .

¢ Resisbance to boll wesvil in mixed pogvlatio
resigtent and so:,ccpuiblc cotion plantse Je Hoone Yate 51 & 502 - 5056,

Vhellen, Jehe 19-'% Pink bollwome, (Platvedra ER58 rpiell a) i the Federatloa

of ¥hodesle and lyucalwmu FeheOo ¥la. FYrote LL‘J.J:. 8: 1130

Al 2 -y k] - £

Yhiteornd, WeHe gnd Bell, XK. 12 Cht Predaccoas Inscots, Spiders ond Mites of
Prkmses Cothan Fields. fgwice Eupte Sne L rc’c’ eville, frkonsas,
Pull. 650

&

Pl

.

'Wigglc.,..uroh V.Be 1965: Diological control of posise Soie Je L8 40 = L5

CONFERENCE ON THE
FCOLOGICAL ESPECTS O}
INTERMNATIONAL DEVELOPIMENT

1528

EIRLIE }Od"‘h V/ARKENION, VA. pEC. 811




