I. . INTRODUCTION.

The Goooldae arée sericus croﬁ pests in many parts of
the world; and most important among these are the Coccidae
of Citrus crops. In view of the fact that in the sub-
tropigs cltrus crops are_exéoodingly.1mportant agricultural
6ommod1tios, these scale inseots'rank highly aa'world :
1n§eot-pesté.' Quayle estimates that in‘Californ;a.citrua.
insects oost. g& 4,000,900 per annum in machinery, materials
and labour for control and a like sum rér losses in places
where 6oqtrol measures are not applied, or are applied and
~not erfeotivé. As the major part of this sum’ 1s used in
controlling aoale 1nsects, the enormous . economio importance
of tha family can well be Judged; (21) '

, Before proceeding to a study of the citrus Coccidae ;
or Trinidad it 1s worth while to review briefly, the position_
of these insects in the various citrus producing countries

of the world ‘at the preaent time. When this has been done

it 1111 be poaaible to treat the problems' found in Trinidad

' in tha 1ight -of . the experience of entomologists .elsewhere.

The ohief citrus producing countries of the world are
California, Florida, South Africa, Australia, Japan,
Palestine, Egypt, other Mediterranean countries and the
West Imdies. : !

Throughout these oountrios there 1s a derinite range
of climatic oonditiona. Thus in California, South Africa
and Australia the climate of ‘the citrus areas 1s dry and -
citrus is rraquontly an 1rrigatio# crop. fhese countries
can be taken as representing arid conditions. In Florida,
;épén, parts of Queensland, Wost‘Indies and coastal districts
elsewhere, humid conditions prevall. It $111 “ve see Laa _

‘how/ .




héw'important is this preliminar§ clgssificétion in determining
which apéoiea of scale 1nsects.wili béopme-pests.in any:givpn.
ares. : ' | ‘ .
. It is apparent that with a few ezoaptiona the same

speoies of scale insects are present 1n all the big citrus
produoing areas. This is doubtless due tq the ease with which
these 1naacts are traﬁsported. - Speoies of polyphagous | i3
4 habit or ‘those which infest mhture fruit have been apread
relatively" more than those 'hich do not have these habits.-
‘Silvoatri (11) points to S.E. Asia as tha home "of citrus and
suggests that the majprity of Qiprua scale insects originate -
there, the akoeptionalba;ng a fbw'or Afripan or.American
origin. R ' : :
; The scale insect :auﬁa of China and Japan contains .
species Ihich are nbt yet td be found in the species lists

,qf the 1mporténtvci£rua aré&s, -:a atrong:drgumént in favour

" of strict plant quarantine in the case of these countries. -
Insects, which are quite'harmless in the oiien£hi region
,might, on esoaping from their parasitea, become serious pests
in a new country. j _ :

. With regard to those species which are spraad throughout |
the world 1t 13 of 1nterest to attempt to find the reason ‘
for the suooeaa of some and tho failure of others in any
' given arba. As was mentioned above the main distinguishing
factor between the ohiof produoing countries is-a climatic
one. f the case of the Californian. Red Scale (Aonidiella
aurantii) be oonsiderad, it 1s found that it 13 the pre-
dominapt ‘species in Californla, South Arrioanand most of
Auitrali;., This species is not however of any importance
in Florida or the West Indioégilthough itlis present in
these areas. The réason for this difference .is olgarly
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climatic. Aonidiella aurantii evi&ehtlj favours hot dry'
arQaé. ; e | '
Ghrysomphalus ficus (Florida Red Soale) is the 1mportant
red scale in the hpnid areas. The Purple Scale (Lepidos&phes
" beckil) is the most 1mportﬁnt species'in the world,:having '
a wiaer'drstributibn.ﬁhan any other éitrué ingect. ' It 18
the chief pest of Florida, but in. Galirornia it 'is found l
“to be a pest only. 1n the coastal regions where more humid
‘conditions prevail.’ In Quoonslanq,‘Summervillo (15) reports
a similar state of ;rrairs,'noting that the low. humidities
of the interior are detiimental io this Qpééias. As wduld.
.be expected this scale is important 1n the West Indias.
'_Glover'a Scale (Lepidosaphaa gloverii) 13 similar to Purple
Soalé in its regions of importance, humid: conditiona being
prefqrrad. The ?;aok Scale (Sa;asetia oleae) is not im- .
portant on oitrus in Florida but 1s bad in South California.
-Quayla (19) considers that it is definitely limited by high
summer. temperatures. i '
'f So much .for the efreot of climaxe 1n determining the
: 1mportant apeoiaa of an area.

The biotio factors of oontrol must also be taken 1nto

',=aooount 1n this conneotion. Tho case of South Eaetern.&sia

is. interesting. Silvestri (11) considers. that the soale
insects in this region are indigenous and that a state of
oquilibrium exists between thom and thoir paraaites. It is”
to be expeeted that,when any of these inaecta get away to
new oountries without their paraaitas, they 1111 1ncrease

in numbors provided that.tha climatic factors are suitablea

© The introduction to the new country of tha'parasités re-' ' .
; spongiblé_ror control in the country of origin should be
';ollbwod by a feduotion‘éf the pest spégies. If this ie--
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reduction does not take place then the explanation will be,
either that the new country is more suitable climaticelly
for the host than the old pountryr‘or that the new country
15 less sultable for the parasites ﬁhan the old cbphtry.
Natural control and Olimatic control are thus olosely linked.
- Australia is a country’ where many cltrus scale insects
are in Qquillbrium with‘their parasites. Several uaarﬁl}
predators such as novius cardinalis and Cryptolaemus :
ﬁ;montfouzleri have been obtained from this‘69untry.
If_tha.guoceas of a scale inseoct gpesiea cannot be
attributed to more faiourable‘olimétie'conditiona, then the
-'oonoeption of natural- control will provide the answer:
The subjeut of control of citrus scale insects covers :
a very wide field. .Ip '111 be sufficient here to conslder ;
‘the main ﬁethpds which are being used to combat these pests.
i Biological sbntrel haé'ga;ﬁod some of 1ts most pro-
nounced suooeases in 'this fiold. The Gotton; Gushion,Scale
(Icerya purohaai) was controlled in Galifornia by the 1ntro-'
duotion of the Goooinqllid beetle Novius cardinalis from
Aﬁstralia; may | ﬁore'reqant cage is‘thq control of the
Gitrophiluﬁ mealybug (Pﬁeq@oooocun gahéni) in California .
by. the intrbduction of Gooéophggus gurneyi'(comperei and *
Tetrgcnemus pretiosus (Ti@hﬂ) frém Austra}ia, - This pést' ;
was serious over 755,000 aoréq a few years ago but is now
Ihard to find. (34).. Attompts-have been made t6 control .
" the Red Scale (Aonidiella aurantii) in California. by 1ntro-
duoing Casca ohinensis and Gonperiella bifasciata from
 Ohina, | |
* Thess introductions iere'badoﬂ on Silieﬁtri'a work.
1nlch1n§. Theso paraaiteq attaok chrysomphalua ficus '

and Aonidiella aurantii 1n thnir country of origin but
would/




 would not‘breed,én the lattér-in California. Jit.ﬁay be :
that there is some'slighﬁ difference in tHe gonidielia of”

. these two‘regiqna,.diatinguishﬂbie to the ﬁarasita.if nqt

to systematists. Thqse'parasites shquid; however, prove
useful 1h.a country where Chrysomphalus ficus is a pest 0ige
Florida. (25). ; " ' ' :

_ Another féilhre has to be.noted from Palestine wﬁere
parasitea and predators are not valued highly by Bodenheimer
as they are-.affected by winter and the hoat of summer.
cryptolaemus montrouzieri 'as 1ntroduoed but . could not stand
the winter. (23).

‘As regards qhemiosl control, great advanoes have been . 
mede ‘in the first place in tent fumigation by means of | |
hydrocyanic acid gas. This treatment‘originated in Cali-
fornia in 1886. The method employéd'in those early'days
was that.'mom' as the "Pot Method". Reatidn 1iquid hyaro- .
oysnic aoid gas is used and the whole teohniquo of orchard
.fumigation has reached a very high degree_of efriciency.

The most sultable season of the-qur and the cdrreoﬁ ;tmos-
pheric oonditions for fumigation are now fully understodd.
20 c.c. of Liqnid HCN 1s the gsneral requirement for each

- 100 cubic feot in the tent. -The average cost for rumigation
is about 40 cents for each tree (19). _

In Palestino much success hae been obtainod by the uaa'
of cslcium cyanide, as ‘calcid', .or 'cyanogas'

To use ‘thisja measured quantity of the solid is ground
up and ‘blown 1nto-tho tent and,in-oontaot with water vapour
-in the air,quickly forms'hﬁdroofanio ;oid gaa; It is a
simple, safe and very effective mothod; as tho action is
rapid and doos not give time tor the - development of 'protoctive
'~stupg;aotion' on the part of the insects, which takes place
Irnn/ LT ‘




when the'dose of gas takes a long time to generate. It also
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haa the benefit of remoVing water vapour from thp air instead |
of adding it as did ‘the 'Pot Mhthod‘ " A film or moisture |
_ .forming on the leaves absorbs gas and:leads to'aamQEQ of .
the foliage. (33): ? R '
: Woloobt has stated that ror West Indian conditions
fumigation is not auitable owing to the presence. of too
much moistura, but tha "Calcid® method outlined above would
probably ‘be found' to _be, suitable. ' | l :
- Quayle (19) (35) has found that Red Scale (Aonidiella
. aurantii) 1s in certain cases resiaﬁant to fumigdtion.' 3 .._-
The resistant atage is usually ‘the aeoond moult  but adult '
'individuala may also be resiatant.- A apeoial treatment for
such. cases has boon’deviﬂod. This consists 1n spraying: the
trees with a hsavy or medium oil emulsion and fumigating
suhseqnently at an interval of from two weeks up to eight.
months. Lhe spray is ohiefly erfioient against the scale
insects on the outside of the treb next to the tent, while
the gas 1s more effective on the wood.' The two treatmenta
' ‘;work together and the treatment is known as the 'combination
treatment". This treatment has beer found to be more suit-
able than two rumigations.
; Spraying of oitrus rruit treas has also reaohed a high
standard of ertioianoy in Galirornia. Petroleum oils are

chlefly used. It appears ‘that tnsecticidal efficiency and :

" . the effect of: oil on the trees are govornod by the purity

:of the oil, the heaviness of the oil and tha amount of oll
~deposited on the tree. The .oils in use are classified into .

five grades according to'iiscoslty ahd"distillation'range'
This latter figure givoa a dependable valua for - volatility,
and, sinoe both 1nseotioidal power and deleterious action

on/



-oﬁ-%he citrus trees are closely corpela£e§ with vo;atility,'_
and not necessarily with viscosity, it follows that '

'diatillaéion range" is a useful basis or‘classification.

Quayle has found that unsaturated and afbmapic hydrocarbens
" are responsible fd; the h;rmful effects on planta of these

' _0118. They can be removad by sulphuric acid and a rigure
.known‘as the "Sulphonation value" is now required for . _

-spraying oils. This is the percentage of oil rqmaining

‘unchanged after tréaﬁment with strong sﬁlphurio acid.

For light oils o.g. lo.l, this rigure must be ‘no lower thsn.
9002 p.c.' and for heavy oils e.g.' !o.s it must’ be 95 PeCo

whsn sprayed, the-e oils are cohbinsd with an emulsifier ’

and a spreader. The emulsifier 15 generally potassium rish-.

'.,011 soap, ammonium caesinate: or aaponine. In california

7 the spreader is Bowdered Blood aIbugan. -This apfeader con-
-tributes.tqwards‘the oilfdépoeiting duslity, the efficiency
.ana'aarety of the sprays. Since 1951 Tank mixers have been
. in use and have been found to ba highly succesaful. ‘The
agitators in these machines are working continuously during ¢
spraying operations and ensure’ oorrect mixing. The_combinod
’ effaot of ‘the agitator and the nozzle bring:the constituents
rof ‘the emulaion to the oorrect state tor applicstion to the
: trees. (19). ; . | ; ;
| In Florida, whére'entoﬁogendus fungi-a}e of 1mpof£mnce

in controlling scale'insects, 1t has recently been proved

by experimsnts that spraying with a rungioide definitely w SRR

_1noreasea th? subsequqny }nrestqtion with scale insects.
The use of'fungicidéa is neceésary;to ooﬁtfoi Scab ‘(Sporo-
trichum oitri).or leldnéae'runéi. ' Watson and Berger (20)
atate thnt applioations of rungicides must be fol;owod 1n
" two months with an 011 amulaiqn.;n-qrder to control scale
insects. b Btk At bs o
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Hill Iothsrs and Hiller have more reoently worked on
-this problem and rind that copper fungicides such as Bordeaux -
gixtura are th? worst in this- reapecx ang mayhreduoannatural
cbntrol.qf'séale 1ﬁhacta by entomogenous fungi rrém 60 p.c.
to 20 n.d. it will be- seen later how 1mpertant this is in
conneotion with soale 1nsect 1nrestations 1n the humld A‘
tropics. (26). _ ‘

With regard to elimination of ‘scale insects, Gardner (27),‘
' ‘dealing with the general trend ot scale 1nsoct problems 1n
i the world makos the point that the successful elimination
.:or pne 'pest 1eaves the field open for an attaok by another.
"Problems of this nature are‘qontinually oqourring and it :
6ftén‘appe§rs-és if oﬁe prbbldm'mgraly leads'tq another; but
the research institutions in the chief citrus countries ‘are
proving themselvea equal to the task and eiplanations of -
abnormal ooourrenooa and néw methods of attaok are always
: availablo. i . : . ' :

Cultural meaaures, embraoing all that 15 beat 1n orohard
praotice, are tremondoualy important in connection with soale
"1naeota and thsir avoidanoe. Frequently;very simple measures.

of husbandry havo a far-reaohing effect.. In Paleatine‘thé‘
planting of citrus trees olosqr together was found to redﬁoe
.uéh Scale cAonidiolla aﬁraﬁtii)‘bﬁoauso-the shading effect
tﬁuﬂ induced was detrimental t§ this species. (27).:
: ' Tha growing of vigorons treea by means or correot
i managenent or soll water, soil ﬁntrients and soil reactiona,
-considerably reduces the suaceptibility of ‘the Host plant .
: to attaok by scale inaeots. k : : :

The neoesaity for strict plant quaruntine is still very'
_apparent. It has been at?tedithat, booauae the main speoies_ ;
of scale insect are now spread-throﬁghout the citrus. aré;s;
it is no longer worth tho troublo of 1qposing strict plant

qusrantinea/




quarantin'ea.’ Against this it must be sald that the spresd :
of these pests 13 by no means Over. In the ragion of the f
Orient thsra are apacies of Coocidae 'hioh are capsble of

' spreading and once away from thelir country of origin,they

might bacome troublesome pesta. The existing plant quaran;

tinpa have done mich to limit the lpread of these pests. |

to Florida Red Scale (Ohrysomphalua ficus) in eastern leditar- 1

Freeborn (28) gilves information 111uatrat1ng this with regard

ranean countrlea. This insect is present as a serious pest

'in Egypt and Syria but, the Jaffa district in Palostine 1y1ng
between the. two has been kept free of 1nrestation probably ;
by quarantine meaaurea. :

Haxwall-Lerroy (7 pt.II) poinbad out the necessity for -
plant quarantine in the West Indies many years 8go. - Striat
measures,were- not taken and the result. h&a ‘been the 1ntro-
duqtion of many 1qjurious forms of insect life.

" The gbovb will serve as a short review of tﬁe‘pésition'.
. of the citrua'cooeidas as world pests at the.prssent time. ‘

It 13 the more immediato concern ‘of thia diaaertation : J
to examina the state of affairs tith regard to the West Indies
in general_and to Trinidad in particular. - - atb

- It has been mentioned above that in.the hain oiﬁrush + el
- producing countries, the oliuatelis dry and the orop 1s 7
rroquently produoed under irrig&tion oonditions. The Coocidae
-are dooidadly more troublaaome in ‘dry areas auoh as these,'
than they are in the humid tropics. The conditions 1n Florida
are probably more akin to those oﬁ the West Indiea than
any. other, but in many respects the conditions in these

'islands are unique. Scale insects rarely become major pests’
and it 1s only in the dry geason, which comprisea the flrst

" 8ix months of the year, that they bsoome troubleaome.

'As 1in Florida, control by entomogenous rungi is very vy

C
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striking and fhe meiet eonditione'prevalent throughout ﬁoeti
of the year give the eorreot eonddtions for the development
of these eentrols. '
' : The humid eheltered valleys 80 oheracterietic of many

West Indian islands form sn-ideal home for citrus crops :
_ " both from the point of view of health of the trees and quality f
of the crop. The West Tndian Lime has no ‘equal and the
greperruit of the !eet Ihdiea is plaeed beeide thet of Florida
‘a8 the beet obteinable.

Citrus seems able to stend high-humiditiee, especially

- when | there s no risk. of Seeb (Sporotrichum citri). In the
Weet Indied)elthough sour orenge stoeks are badly afreeted, .
Grapefruit and Lime are 1mmune.' This is an extremely fort- -
unate circumstance, for 1t obviates ehe heoees;ty'for fungi -
cidal epreye the effects of. ihich‘have been-dieeuésed above.
To maintain = high humidity in the plentation is the aim of
the planter in theee 1slende. Thie ensures control of,seale'
insects and also a eeeoulent fruit such as is not ebteined
from regions with any merked tendency to dry conditions.
TOR Ty Cosiaty Wbl bl one of growing importance in ..
_ “Trinidad. Greperfuit 1s the main crop. In 1926 only 54
boxes were exported in 1952 the number roee to 11,000 crates
and the orop for 1954-35 was neerly 80,000 oratee. Oranges
end limes are eleo exported. ~ As the 1nduetry is expanding
plantinge are eppepring in situations not quite 80 euitable
as the humid eheltered velleye referred to above‘ A oerteip :
'amennt of trouble is ;1kely to be met in these ogees unlees
special precautions are teken. In view oflthe above reetej
it 15 perhaps’ e enitable time for the etudy of these pests,
.ror 11tt1e is known about them’ under Trinidad conditions,
This applies alee to certain other pests of citrue ©e8s
fruit flies. "R . e ‘
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In the course of the work covered by this dissertation,
“the Goooidee associated with oitrus in Trinided have been
113ted end an ettenpt made to eeeeee their eoonomio status. .

An exeminetion of the list will reveal the fact that
there are present in Trinidad, epeoiee of :oele 1neectewhich
are notorieue pee;e in other perte or the world but-'hioh
cause no erohble at 511, As was 1nd1oated above the. reeson
for thie may be ollmetio or 1t may be due to the 1nf1uenoe'
of natural controlling raotore.. Th{s question ‘will be die—
oussed urder: each speoies Iater in this eieeertetion.’-In a
climate such as Trinidad poeseesee naturel control by insects
_eesumee a greater importance - than 1t would in a ‘temperate
climate. .The reeeon for this 1e thet ohe development of
insect 1ife is more or less oontinﬁoue throushout.the year,
thus allowing the neturel enemy to. keep pace with 1te hoet.

A certain amount of work has been oerried out on the
natural enemiee of citrus Ooooidee. No previoue work had
been done on this subjeot and. therefore no oolleotion was
eveileble to help in the 1dent1fioation of species. The 115&5
produced in thiq dieeertetion must of neoeseity be regerdod
as & prelimipery one. It 48 the hope, of the writer that
suheeqpent workere may be able, vith the help of thie 113t
and a oolleotion left in the college Iuseum, to teke up
the work with g mininum of delay. - .
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