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ABSTRACT

The structure and permeability of the protective cover—
ings secreted by four insect species, choscn to represent the
najor types of inscct protecctive coverings, have bocn invest—
igated.

Different techniques were used to study the structure of
the four coverings. Histochenical nethods employed to invest—
igate the chemical structure of the spittle covering of

Philaenus spumarius nymphs are described. A nethod for

cutting thin sections of the scale covering of Saissetia hen—

isphaerica is reported. Acid hydrclysis of the protective

coverings of P.spumarius, S.henisphoerica and the pupal silk

cocoon of Plodia intecrpunctella showed that protein was pres—

ent,
Apparatus designed and adapted to study permeability

includes a Spray Tower used to spray Cnaphalodes strobileobius

on Larch trees and P. spumarius on detached vegetation with

insecticide and other solutions. 4 spray mist could be
produced by removal of the larger spray drcplets on shutters.
Permeability was measured indircctly by assessnent of
nortality caused by an insecticide, -BHC, apvnlied to insects.
Special exposure chambers to study the penetration of satur—
ated vapour of BHC are described. The vapour phase of
radio—active —BHC was used to penetrate the covering of

C.strobilobius, and the method of penetration has been




discussed.
Precipitation of metallic salts from agueous and oil
solutions was used to study the permeability of the scale

covering of S.hemisphacerica immersed in the solutions.

The destructicn of spittle masses of P.spumarius by a

number of grcups of compounds, used both in test tubes and
as sprays, was found to be diréctly related to the chemical
structure of the spittle material.

The value of the protection afforded to the inscets by
the protective coverings studied has been ccnsidered in the

general discussion.
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INTRODUCTION

Many species of animals, particularly among the
invertebrates, sccrete coverings to protect themselves from
adverse surroundings. The protective coverings secreted by
members of the Arachnida and Insecta, although closely
associated with the animals,; are usually secreted as separate
structures while in the IMollusca, which are mainly aquatic,
the protective covering forms an integral part of the animal.
In general, where nrotective coverings are employed, they are
secreted by developmental stages which are more vulnerable to
unfavourable climatic conditions. and to attack by predators
and parasites, usually because of restricted mobility.

The protective coverings secreted by insects vary in
their efficiency and in the type of vrotection they afford,
and it is the structure and permeabllity of the coverings
secreted by four selected species of insects which are
investigated in the present work.

Classification of Insect Protective Coverings.

Any classification of insect protective coverings is
difficult because of their diversity, but they may be -
arbitrarily divided into two main types vizi-

1. those which make use of secretions in some form, with ar
without the incorporation of extraneous materials, and
2. those Which result from adaptation of existing substrates,

without the use of secretions.
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Insects using these methods of protection may be classed
as "actively" and "passively" protected respectively.

Passive Protection.

Passive protcction is conferred upon an insect by virtue
of its position within a host, either plant or animal. Some
examples of passive protection in plant hosts are gall
Tormation and the exéavations of leaf miners and stem borers:
in animal hosts many species of parasitic insects are passively
protected.

Passively protected insects arc not considered in this
work.

Active Protection.

Actively protected insects are defined as those which
secrete at least a part of their protective covering. The most
commonly occurring secreted materials found in insect protectiwe
coverings are silk and wax. Other materials are used but they
are more specialised and restricted to a few species. (See
below).

Silk

Silk production is mainly associated with a limited number
of insect orders, for example the Lepidoptera, Trichoptera
and Hymenoptera but members of other insect orders do utilize
this material. The silk may be used as protection for a single
insect or for a communal group of insects. The silk employed

may be formed in many different parts of the body, for example,
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the labial glands of larval Lepidoptera and Trichoptcra, the
malpighian tubules in Neuroptera Planipennia, and from derma}
glands in the fore tarsi of Embioptera.

The best known use of silk is in the pupal cocoon of
Lepidoptera, which vary from the extremely dense and perfect
formations of the family Saturniidae to the small pad of silk
formed by some Papilionoidea representing the last vestige of
a cocoon. Other larval Lepildoptera, for example, the
Phycitidae, live in silken tunnels in their food medium and
pupate subsequently in freshly spun cocoons.

Communal silk cocoons are spun by larvae of Dielccerus

{(Hymenoptera, Argidae); and certaili parasitic Braconidae
(Bymenoptera), a number of which may emerge simultaneously
from a host.

Silk is occasionally used as a protection for the adult
insect. The Embioptera live gregariously in silken tunnels,
which are used as a rctreat for protecction from predaceous
insects and for moisture conservation. Many Psocoptera
are also gregarious and live under a fine silken canopy; in
this case the eggs are also often protected against
dislodgement from the leaf surface.

The larvae of many species of the Lepidopteran families
Tortricidae, Gelechiidac and Drepanidae obtain protection by

binding the leaves of their host plants together with silk



threads.

The incorporation of extraneous materials into protective
silk coverings is restricted to the larval and occasionally the
pupal stages of certain insects. Many larval Trichoptera
construct cases of silk upon which are placed fragments of
vegetation. In some families, for example the Phryganeidae,
these fragments are arranged in a specific pattern, while in
others, for example the Limnephilidae, they are arranged in a
random menner. Some Jarvae spin a silk wall across bosh ends
of The case before pupation,often incorporating small stones or
other materials in these walls. An analogous type of protective
stricture is formed by the larvae or the bagworms (Lepidoptera,
Psychidae); in this instance the insects are terrestrial.

In the Hymenoptera, some larval Siricidae construct silk
cocoons, including gnawed wood fragments, within the 1-rvnl
galleries excavated in the treec.

Wax

Insects secreting wax belong almost exclusively to the
Hemiptera—~Homoptera. The wax may be sccreted in the form of a
powdery covering, as filamentous threads or as lamellae. Wax
secretion is particularly evident in the Coccoidea where it is
a powdery covering or thread-like in some Pseudococcoidea, as
lamellae of wax on the integument of some Coccidae,or as a

hard waxy scale in some Diaspididzae.
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In other Homopteran families,filamcntous waxy moterials
secreted for protection arc found, for example, in the nymphs
of some Flatidae, the adults of some generations of Adelgidac
and the 'pupae' of Aleyrodidae.

Among other orders the occurrences of wax seccrected for
protective purposes are few. Two examples arec the larvac of
some Coecinellidac {(Coleoptera) and 2 species of Selzudria
(Hymenoptera, Tenthredinidae).

Other Secretions

The developmental stages of some insect specics construct
protective coverings which are specific and highly
characteristic.

The nymphs of many Ccrcopidae (Homoptera) cover
themselves with a frothy secretion, the well known spittle,
composed largely of water derived from the host plant, and
secretions from the malpighian +tubules and certain dermal
glands.

Lac is secreted by certoin Coccoidea (Iacciferidae)
and is basically a resinous substance containng wax and other
materials. The constitution of the protective coverings
varies and depends largely on the amount of resin present in
the host plant.

The secretion of the aphid, Eriosoma lanigerum (Hausm),

althovgh similar in appearance to the powdery and filamentous
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wax secretions of certain Coccoidba,is composed mainly of
fats.

The pupal cocoon of Dicranura (Lepidoptera,Notodontidae)
is constructed from silk and gnawed fragments of wood
agglutinated by a thoracic gland secretion reported by ILatter
(1897) to be formic acid (c.f. Hymenoptera, Siricicdae). The

cocoon of Euplectrus (Hymenoptera, Eulophidae) is formed from

producte of the malpighian tubules modified in the hind gub:
in some Curculionidae and Scarabaeidac (Coleoptera),
melpighian tubule products are modified in the posterior
CAEGCUERL.

The exanples presented above, although not exhaustive,
show clearly the diversity of methods and materials employed

by insects to secure protection from their surroundings.
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MATFRIALS AND METHODS

CHOICE OF INSECT MATHERIAL

In this work the following species of insect were chosen

to provide examples of diffcrent types of protective coverings.

HEMIPTERA - HOMOPTERA
APHIDOIDEA — ADELGIDAE

Cnaphalodes

strobilobius (Kaltenbach 1843)

Type of protective covering — flocculent wax—wool of adulte

of cclonici generation.

CICADOIDEA -+ CERCOPIDAE
spumarius (Fallén 1826)
Type of protecctive covering — foam—like spittle mass of

nymphs.

COCCOIDEA — COCCIDAE
Saissetia

hemisphaerica (Targioni-Tozzetti 1867)

Type of protective covering — shicld—like scale of adults.



LEPIDOPTERA
PYRALIDOIDEA <« PHYCITIDAE
Plodia
interpunctella (Huebner 1810/3)

Type of protective covering — silk cocoon of pupae.

These species of insects were selected for the following
reasons.

1. They provide representatives of the major typcs of
protection described above.

2. The case of obtaining experimental material was of prime
importance in view of the limited time available. Apart from

Plodia interpuncteclla (Hb) it was not possible to rcar the

insccts in the laboratory,and they had, therefore,to be
available in quantity in the field.

3. As far as possible the insccts were selccted as
representatives of specics possessing protective coverings of

some economic importance.

CULTURE OF INSECTS

Cnaphalodes strobilobius (Kalt)

Two hundred Japanese larch scedlings (Larix leptolepis

Murr.), obtained from the Forecstry Commission, were plantcd
in eight inch pots placcd in rows on the surface of an

experimental plot. To conserve moisture in hot we=ather, a
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nunber of pots were sunk in the ground ,but the trees in these
pots tcnded to vproduce abnormal flattcned crowns (Figure 1.4.)
This method of watcr conscrvation was later abandoned,and
instead a muslin screen was crected over the experimental
plot. This provided shade for the trees during hot weather,
and also protected the nymphs uscd to infest the trees,
(Varty 1956).

Young sistens and progrediens nymphs of the colonici
generation were collected in large numbcers from infestead

Japanese and European larches (Larix europaea D.C.),and

transfericd to the cexperimental trees. Twe methods of
infestation were tried. In the first, glass tubes containing
nywpas were piaced cver the enas of draaches,but this method
failed in hot weather because condensation within the tubes
trapped the insccts. A better method was to placc small,
heavily infested twigs from the original trecs among the
foliage of the cxperimental trees (Crooke 1952). As a result
of artificial infestations carried out over a two year period
a population was established on the coxperimental trecs.
(Figure 2.).

At various times the trees showed symptons 6f magnesium
and boron-doficiencies. In order that these deficicncies
would not be confused with phytotoxicity caused by sprays,

these conditions were treated. Magnesium was supplied by the
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application of a mixturc of sand, dolomitic limestonc and
magnesium sulphatc to the soil while boron deficicncy was

overcomec by the addition of a small quantity of borax.

Philacnus spumarius (F).

As spittle was required in quantity for cxperimental
purposes,an attempt was made to produce it in the laboratory
and so avoid field collecting as far as possible. Nyvmphs ffom
plants collected in the ficld werc placed on plants of the
same species growing in pots in the glasshousc. Observations
over a long period showed that although spittle masses werc
occasionally produced,this method was impractical in view of
the relatively short developmental period of the insect. All
experimental material was, thercforc, collected in the ficld.

To obtain intacf spittlc masscs it was important to
prevent contact with any surface during collection because of
the viscous naturc of the spittle. The best method found was
to support the piccc of vegetation bearing the spittle mass
in a tube fitted with a cork,through a hole in which the stem

projccted.

Saissetia hemisphaerica (Targioni-Tozzetti)

This insect was cultured in a hecatcd consecrvatory, on
spceies of ornamental fern (Terris spp) and also on Asparagus

sprengeri and was collected when required. The temperaturc
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range in the conscrvatory was 55°F to 80°F.

Plodia interpunctclla (Hb.)

All laboratory stocks of storcd products inseccts
originatc from wild stock infestations,bred under controlled
conditions (Parkin 1951). The cxisting stock of Plodia

interpunctella (Hb.) at Ashurst Lodge,was used to build up new

cultures. The insects were bred in wide mouthed glass jars
with a muslin cover. To cxclude mites from the cultures,the
jars were placed on cnamel trays containing one—quarter inch
of kerosene o0il. Controllcd conditions werec maintaincd, the
temperaturce at 25°C © 0.5°C and the rclative humidity at 70%
£5%. Tight conditions varied,but gencrally a 16 hour day
length was maintained. A variable tcmperature regime during
larval development is known to induce larval diapausc in
Plodia. This effect is enhanced by overcrowding and short
day—length conditions. (Tsuji 1958, 1959, 1960;

Tranakakis 1959).

Most culturc methods for rcaring Plodia depend on the use
of grain products in somec form. However Russell (1961), used
heavily salted pistachio nuts as a culture mcdium at a
relative humidity of 30% — 40%. The cxcess salt absorbed
moisturc to keep the kernels moist,and rcduced the development

of mould. This method was only successful for rcaring small
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nunmbers of insects for a short time. More recently Williams
(1964) has described the life history of Plodia on a wide
variety of foodstuffs in a British warchouse,and found that
the following matcerials were used in decreasing order of
suitability, wheat, milo, sultanas, maize and groundnuts, and
maize meal.

The food medium uscd was a mixture of bran and ycast

("Yestamin®"), moistencd with glycerol, in the follOWihg

proportionsi—
Bran 600 gms.
Yeast 30 gms.
Glycerol 100 ml. (de Almeida 1962)

The jars were filled to a depth of two inches,and twenty
freshly emerged moths were placed in each jar, cach group of

moths containing a number of actively mating pairs.

Th. »rsucticd of Stnix isc?! Pus .

The duration of the egg, larval and adult stages of
Plodia were not accurntely determined,but a standard procecdurc
was adopted for sclecting candidate larvae for pupation.

De Almeida (1962) states that under the controlled conditions
previously mentioned, the larval stage lasts from 15 to 18 days.
After several observaisions,only larvae which were visibly
migrating for two days were sclected for the production of

experimental pupac.
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The susceptibility of test insccts to inseceticides is
kmown to changc if culture containers arec shakcen or agitated
to obtain samples, and their rcesistance may not return to the
normal volue for several hours. This procedure also increascs
the heterogencity of any sample taken (Parkin 1951). To
minimisc this cffect,the culturc jars were cxamined every six
hours when the larvae had begun to migrate from the culture
medium scceking pupation sitecs. When migration had been in
progress for about 48 hours, thc jars were uncovered and all
larvae that crawled out of the jars were placed in batches of
ten in 4 inch plastic petri dishes to pupate. A roll of
corrugated cardboard placed in the culture jars provided
pupation sites,but this method failed to produce pupac which
could be removed with perfectly formed, undamagcd cocoons.

The removal of larvae to clcan containers also allowed the
production of cocoons uncontaminated with particles of culture
nedium and frass.

Table 1 and Graph 1 show thc percentage mortalities of
larvae,rcmoved to petri dishes at one day intervals after the
start of migration. The mortality of both larvae and pupae
was lowest when larvae wecrce rcmoved on the sccond day after
the start of migration. For 2ll experiments, thercfore, larvac
were removed at this time,as control mortality was then

expected to be lowest. Mortality of larvac and pupae was
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causcd almost c¢ntirely by cannibalisnm.

Migrating larvac rcmoved to petri dishes searched for a
crevice in which fto pupate,but cventually settled on the 1lid
or floor of the petri dish,or in the angle between cither flat
surfrce and the side of the dish. TFor cxperimental purposcs,
only thosc pupae which had formed cocoons on a flat surface
were selected,as cocoons formed in other positions wofc
irregular in shape. By gripping one cxbtrcme end of the cocoon
with £ rceps, it was possible to pcel off the cocoon containing
the pupa,completely undamaged. Some larvac in the petri
dishes pupated without spinning a protective cocoon, and it
was thought at first that this might be a manifestation of
cxcess handling or changce in surroundings. However, as
similar pupac were also found on the surface of the culture
medium in the jars,thec non—production of a cocoon was not
regarded as an abnormal occurrencc. Potter (1938) stated
that removal of pupac from their cocoons made them less
resistant than normal pupac to inscctidides,but that the
differences in resistance did not appear to be very great.

A series of obscrvations was conducted to see whether
sufficicent numbers of pupaec with intact cocoons could be
obtained in this manner; thc results in Tablc 2 show that
this method was satisfactory. Further obscrvations confirmed

that ten larvae in onc dish was a suiteble number for
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production of pupae with cocoons. (Table 3).

ASSESSHMENT OF PERMEABILITY

In somc of the experimental work,dircet cstimation of the
degrce of permeability of the protective coverings was possible
for example,the comparison of colour intensitics of solutions
containing rccovered fractions of dyc solutions sprayed on to
insecets, and the mecasurcment of activity in extracts of
insects and protective coverings treated with C—14 labelled
insecticidc. In other cxperiments,pcrmcability was cstimated
indirectly by using mortality caused by insecticidc as a
correlate of permeability. The amount of insccticide applied,
cuther topically or as a spray, was adjusted so that mortality
betwecen 0% and 100% would occur. Using thesc methods
permecability was cstimated by using insccts, as far as
possible, in 'protected'and 'unprotccted' states, that is with
their protective coverings intact and with their protcetive

coverings removed respectively.

THE INSECTICIDE

The insecticide selected for the work was the gomma (¥)
isomer of 1,2,3,4,5,6 — hexachlorocyclohexane, §-BHC. A sample
of the pure isomer was obtained from Imperical Chemical
Industries Ltd. and was not less than 99.6% pure. This

insecticide was chosen becausc of its contact toxicity and
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and fumigant action, the latter resulting from its high vapour
pressure. Purc §-BHC has a melting point not lowecr than 112°%.,
and its vapour pressure is 9.4 x 10"6 mm. Hg.. Before use the
insecticide was recrystallised twice from analytical grade
nmethanol.

The propertics of the (¢-14 labelled sample of ¥-BHC
used in some of the penctration exveriments are described in

the section dcaling with the permeability of the wax—wocol

covering of Cnaphalodes strobilobius (Kalt.)

APPARATUS
Apart from the spray tower, 2ll items of specilally
constructed apparatus used are described in the appropriate

secctions,and arc only listed here.

VAPQUR PENETRATION CHAMBERS

These chambers were designed to study the venetration of
an insecticide, ¢ —benzene hexachloride ( ¥-BHC), through the

protective coverings of Plodia interpunctella (Hb) pupae, and

the adults of the colonici generation of Cnaphalodes

strobilobius. (XKalt).

CHAMBERS FOR USE WITH C-14 TABELILED INSECTICIDE

These special small chambers were required because
factors such as humidity, temperaturce and vapour distribution

within the chamber had to be controliled to a high degree of
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accurncy, and also because of the limited amount of radiocactive

(abelled) matcrial available.

THE SPRAY TOWER

A sprey tower was rcauired in which it was possible to
produce an evenly distributed and casily replicated spray mist
to settle on small flat objects/such as open petri dishes, and
also on larger objects, particularly small plants infested with

nymphs of Philaenus'spumarius (F), and small larch trces

infested with Cnaphalodes strobilobius (Kalt). A comparatively

large structure was,therefore,required and the spray tower
described had to bc specially designed.

Development of Laboratory Spray Towers

Since Tettcersfield and Morris (1924) built an apparatus
able to deliver-accurate and rcproducible deposits of
insecticide or other solutions, nany workers have designed and
adapted similar picces of apparatus. Thesc have been of two
main types, thosc which spray solutions dircectly on to a test
surface,and those in which the larger spray droplets are
removed before the remaining mist is allowed to settle. The
nethod of spraying has varied from vertically downwards,
(Pattersfield and Morris, 1924; Nelson, 19373 O'Kane et al.
1941: Bottimer, 1945; +ten Houten and Kraak, 1949; Subba Rao
and Pollard, 1951; Potter, 1941 and 1952;),to vertically
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upwards, (Stultz, 1939; McCGovran and Mayer, 1943; Way, 1949;
Ebeling, 1951),and to horizontal spraying by means of air
currents, usually fan assisted, (Hoskins and Caldwell, 1947;
Roan and Kearns, 1948; Dorman and Hall, 1953). The settling
mist method has been employed by Waters, (1937): Campbell
and Sullivan, (1938); Petty, (1946): Webb, (1947) and Dean
(1947 and 1951).

Other methods of obtaining accurate and repeatable
deposits have included the vibrating rod principle (Rayner
and Hurtig 1952),where & rod oscillating at a constant rate
removes droplets from the end of a fine pipette, and the
spinning disc principle (Parr and Busvine 1948), where liquid
is fed at a constant rate on to a disc spinning at constant
speed, and droplets of standard size are deposited at a given
distonce, measured horigzontally, along the trajectory.

The most completc record of results obtained in a
vertical spray tower are those of Potter (1952),who described
and analysed the effeets of nozzle sizes and settings, solutiom
viscosity, humidity, temperature, air pressure, turbulence
and elcctrostatic charge on droplets.

The essential features of any apparatus of this type are
an atomising nozzle, a cylinder or cage to contain the spray
and assist in the »nroduction of turbulence, and a receptacle

- upon which the spray or settling mist is deposited.



ATOMIZING NOZZLIE

Atomizing nozzles which reduce liquids to 2 fince spray
may be of several types,but the choice becomes more limited
when for rcsearch purposes,a recgular and rcpeatable spray
pattern with the ninimum variation in droplet size is recuired-.

The most importont contributions to nozzle design for
exverimental spray towers have been those of Hewlett, (1946),
ten Houten and Kraak, (1949) and Potter, (1952). In all these
nozzles a central liguid Jjet is surrounded by an annulor
orifice through which a currcent of air passes, removing small
droplets of liquid to form the spray.

The nozzle described by Pottcr (1952) is the most versatile
of those mentioned,as it is supplied with mechanisms for
projecting and retracting the liquid jJet, and for centering
this jet in the air orifice. This nozzle was selected for
preliminary tests in the tower, and proving successful with a
range of spray solutions,was rectained. The air cap venturi
length was 0.04 in. The nozzle is described in detail by
Potter, (1952).

A second type of nozzle was considered for the production
of smaller droplets. This was the fderaspray Ultra—Fancx G.5
spray gun. Supporting struts fitted to the tower 1lid
(Figure 5) held the gun which was assembled to spray

vertically downwards. The needle valve was retracted from
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the liquid orifice by securing the trigger to the body of the
gun. Substantially greatcr air pressures werce used to reduce
the droplet size,but no reoproducible results werc obtained for
spray distribution or recplication. The gun w.s, therefore,
rcgorded ag unsatisfactory for the present purpose.

In view of the viriation in size of the objects to be
gsprayed it wns decided to spray dircctly down the tower,
removing the larger spray droplets when nocessary by means of

shuttcers.

DESCRIPTICN OF TOWER

The tower (Figurcs 3 and 4) consists of two main parts,
the aluminium cylinders which form the main bulk of the
apparatus,and the supports and frameworks which scparate the
cylinders.

The cylinder sections are made from separate sheets of
hardened aluminium. The upper section (US) 1is the largest,
29 inches high and 23 inches in diameter. TUpon this section
the 1id (L) fits tightly, overlapping round the top to a
depth of 2 inches. This tight fit ensured the complete
rigidity necessary for the nozzle mounting. The middle sectiai
(MS) is of the same diameter and 29 inches high. One side of
this cylinder is modified by having a 14 inch by 21 inch

seetion removed to facilitate the introduction and removal
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of trecs for sproying. Thp ancrturce is covcfed when spraying
is in progress by a curved rcetangular plate (RS), 18 inches
by 23 inches, which is boltecd in placé. In the centré of the
rcmovable section is o 10 inech square window (W). The lower
section (LS) is 15 inches high by 21 inches in diamcter, and
was made smaller in diamcter %o limit the amount of turbulence
in the spray mist dir. ctly above the spray”drawor.

Although spray solutions were not sprayed: to the point of
run—off,the inner surface of the lower section was cleaned
regularly to prevent build up of liquid,and the resultant
possibility of this liquid running into the spray drawer
during exposurc of tecst material to the s@ray mist. The
overlap of the middle scction over thé lower scetion retained
any excess spray ligquid collecting on the walls of the middle

and upper cylinders. (PFigures 3 and 4).

To overcome any possiblce build up of eclectrostatic
charge on the spray tower (Potter, 1941) the thrce metal

cylinders were connected together and carthed.

Including the base thce overall height of the tower is
87 inches. The base (B) is a wooden construction strengthened
by internal braccs,and large enough (4 feet long, 3 feet wide,
5 inches deep) to give complete stability. Towards ore end

of the base is fixed a wooden framework (BSS) incorporating
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the spray drawer (D) and lower shutter (BS),and upon this is
set the support for the lower section (LSS). Between the lower
and middle sections is a framework (CF) consisting of twohhalf
— inch thick cirecles of composition board, one attached to
each cylindcr and the two bolted together extcrnally. The
upper section support incorporates the unpper shuttcecr (TS) and
is made in two parts, the lower and larger upper shuttcr
support (TSS) being a sheet of board suvported bclow by two
wooden strips 4 fect long and 1% inches thick. Two very thin
wooden strips above the board serve as guide runners for the
upper shutter. The sccond part of the upper section support
(USS) fits closely =round the cylinder,and is strengthened

by four wooden braces, one along each side running tangential
to the cylinder itself. The whole framework is bolted
together by six large bolts (WN). The upper shutter (TS) is'
of vpolished hordboard, guided into position by the runners
mentioned above.

The spray drawcr (D) is made of wood with a hardboard
base. Before spraying the drawer base was covered with
absorbent paper to prevent its contamination with spray
materials. The lower shutter (BS) is held about -&inch above
the drawer,and is made of aluminium slightly dished in the

centre to collect ecxcess spray matorial.
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When firmly bolted together the whole structure was rigid
and too large to be levelled with adjustable screw supports.
It was,thercforc,levelled with mctal wedges benecath the base
and the use of 2 spirit lcvel checked that the apparatus
remained level during spraying.

The whole tower was easily dismantled for cleaning.

THE NOZZLE MCUNTING

The nozzle is mounted (Figure 5) in a 6 inch diamcter
hole in the centre of the 1lid (L). Three mild steel rods are
screwed into the body of the nozzle and project at angles of
120 decgrecs to cach other. These rods are located distally in
the terminals of three levelling scrows located in turn in
one inch radial slots in the tower 1lid. By means of these
screws 1t is possible to cemtre the nozzle and to align it to
spray vertically down the tower. The use of a plummet
(Tattersfield and Morris l924),ensures that the nozzle is
mounted dircctly above the centre of the spray drawcr.

An exhaust outlet (E) is provided in the 1id but this
proved unnecessary when an cxtraction fan was fitted in the room
wall near the top of the tower. In view of the large size of
the tower it was considered necessary for the operator to wear
a mask while spraying was in progress.

The nozzle described by Potter (1952) was used without
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modification (as mcntioned above).

To obtain an accurately measured dose,liquid to be sprayed
is pipetted into a reservoir supported next to the nozzle.
The liquid is drawn into the nozzle through a feed pipe by air
passing through the annular orifice surrounding the liguid

jet, and is thus atomized.

LOCATION AND USE OF TOWER

The tower was used in a tall narrow room maintained at
22% * 29 by means of a combined heater and fan unit. All
spray ligquids were allowed to attain temperature equilibrium
in the room before use. Hunidity control was not practical.

Conmpressed air was first passed through & reservoir to
reduce air—flow fluctuations and then through two pressure
reducticn valves. A mercury manometer and an air-flow meter
in the circuit monitored the air flow rate. At the air
pressure used, (76 cm. Hg)‘the nozzle gave good results for all

liquids sprayed.

SPRAYING PROCEDURE

Ten ml. of liquid werc spraoyed down the tower irrespective
of delivery time,which varied with the viscosity of the liquid.
Dean (1951) relied on & solenoid switch in the air system to
allow delivery of spray for an accurately measured time, bhut

ten Houbten and Xraak (1949) »referred to spray 2 known volume -
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of liquid, to overcome fnctors such ns unnoticed partial
blockage of the nozzle.

Before use, the nozzle was flushed out'with a small
guantity of acetone sprayed under operating air pressure,a
proccdure advocated by Roan and Kearns (1948), Allen, Dicke and
Brooks (1943), Bottimer (1945), and Subba Rao nnd Pollard
(1951). The liquid to be sprayed was used as o priming dosc
(Webb 1947) until the atmosphere within the tower was satura—
ted.,

The lower shutter was used to remove large droplets
produced during spraying, the shutter was removed 5 scconds
anfter spraying was completed and replaced after 3 ninutes.
The upper shutter was not used during spraying of Larch trces
because, when in use, loss of spray nmist occurred cven when
using reduced pressurc and less spray fluid., Standardisation
of tree size, and the distribution of spr~y produced with and
without the upper shutter are described later.

The cffect of turbulence created in the tewer is lmown to
assist in the preduction of an even spray deposit (Roan and
Kearns 1948, Potter 1952). As the amount of turbulence can
very between spraying operctions regular checks were nmade by
weighing deposits delivered on to glass slides placed in

standardised positions in the spray drawer.
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TOWER PERFORMANCE

Three liguids — acetone, water and Risella oil (R.17) were
selected to examine the performance of the tower and provide
details of the distribution and replication of deposits from
liquids of widely differing physical properties (Potter, 1952).
The liquids were Sprayed on to glass slides arranged in the
spray drawer; these slides were first oven dried at lOOOC,
cooled in a dessicator, weighed and returned to the dessicator
in the spray room.

Acetone

10 mls. of a 5% solution of the insecticide §-BHC in
acetone were sprayed on to five 3 inch by 1 inch glass
microscope sliks, four arranged round the periphery of a
12 inch diameter circle in the spray drawer with the fifth
slit in the centre. Aftcr spraying the acetone was allowed tc
evaporate and the amount of insecticide deposited on cach
slide was weighed. Ten sprayings were carried out (Table 4).

Water

10 mls. of & 1% solution of the dye methylene blue in
distilled water were sprayed on to glass slides arranged in
the same positions as above. The deposit on each slide was
washed into & volumetric flask and the volume was made up to
25 ml. with distilled water. The colour intensities of the

solutions were measured with a Hilger '"Spekker"
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photoabgorptiometer and the weights of dye deposited were
estimated by comparing with a stmandard calibration curve. Ten
sprayings were carried out (Table 5).

Risella oil (R.17)

The quantitics of o0il deposited on the glass slides from
the 10 mls. sprayed were weighed directly. Six sprayings were
carried out (Table 6). The physical properties of Risella

0il (R.17) are given in Table 7.

DISCUSSICK OF TOWER PERFORMANCE

For =211 the sprays the mean deposlt on the centre slide
was slightly lower than the mean dcposits on the four
peripheral slidcc, but in the three experiments using the
diffcrent spray'liquids there was no significant departure fror
evenncss of deposit at one time of spraying over the arca
tested,using the F test (Fisher 1936) at the 5% significance
level. The same test showed that there were significant
differences of deposit between trials. These differences,
though significant, are nevertheless relatively small.
(Tables 4, 5 and 6).

Hewlett (1946) stotes thet in work on insectieidal
sproys, the standard deviation of deposit is usually a better
measurce of performance than the standard error because, in

gencral, the variotion between individual geposits is more
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important than the difference betwecn the means of sets of
deposits. TFor all spray results the standard deviation of a
single deposit is given, together with the standard errors of
the means of deposits for positions and trials.

From the figures obtained it was concluded that the tower
performance was satisfactory for each of the spray liquids
used. The effect of the differenccs between trials was taken
into account by checking the deposits obtained at intervals
during spraying.

The results for distribution and replication in the tower
were better than expected for an apparatus of this size. It
has already been mentioned that turbulencé is an inportant
factor in the production of an even deposit, and the results
obtained might be explained in terms of this effect. The
lorge volume of air in the tower is rclatively static before
spraying is started. The impzect of the cone of spray liquid
from the nozzle on the air mass may tend to produce turbulence
near the top of the tower,as there is considerable roon for
the expansion of the spray as compared with smaller apparatus
of this type. The turbulence would continue down the tower
cylinder until the whole air mass was moving. The smaller
dianeter of the lower section of the tower immediately above
the spray drawcr would tcnd to lessen the amount of turbulence
slightly, allowing a more stable mist to settle on the objects

in the spray crovaer.
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DROPLET SIZE

Droplet size may be measured in several ways; by
measuring crater marks produced on coated slides (May, 1945,
Hoskins and Caldwell 1947, Roan and Kearns 1948); Dby the
measurement of spherical droplets deposited in non—migcible,
viscous materials (Cnipbell and Sullivan 1938, Parr and
Busvine 1948) and by the preparation of microphotographs of
gprays (ten Houten and Kraak 1949).

In the present work it was intended to investigate the
penetration of spray droplets in two size ronges, coarse
droplets above IOO)Jin diameter, and fine droplets below 25P
diameter. With agueous sprays, nmeasurcmnents were made using
the technique of May (1945), that is neasuring the diameter of
craters formed by the impact of droplets on slides coated
with magnesium oxide, and the technique of Parr and Busvine
(1948) measuring the diameter of spheres formed from the
spray droplets in a non-miscible medium, a heavy nineral oil.

The larger spray droplets were removed by the lower
shutter for 5 seconds after spraying finished, and the spray
mist was allowed to scttle for 3 minutes.

The diameter of the spray droplets measured ranged from
40}; to ZGO.F' These droplets were obtained within the first
three minutes aftcr settling commenced and were considered

as coarse droplets. AfLtempts to produce smaller droplets
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in sufficient quantity with the apparatus were unsuccessful.
If the shutter remained closed until all the coarse droplets
had settled finer droplets were obtained (David 1946),but not
in sufficient quantity due to the size of the apparatus.
Inqreasing the air pressure to obtain finer droplets
(Compbell and Sullivan 1938 and Roan and Kearns 1948)
resulted in very uneven distribution and was}therefore,

unsatisfactory.
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THE STRUCTURE AND PERMEABIIITY OF THE WAX-WOOL
T T N 0D A BIUS (KAIT).

¢ o
et

£

INTRODUCTION

Cnaphalodes strobilobius (Kalt) belongs to the family

Adelgidae (Homoptera, Aphidoidea) which is separated from the
closely related family Aphididae mainly by the faet that all
females, sexual and parthenogenetic are oviparms while all
parthenogenetic females of the Aphididae are vivipaous.

The life history of many species of Adelgidae has been
intensively studied; all species are obligate pests of
conifers and most species normally require a primary and a
secondary host on which to complete the life cycle. The
‘primary host is invariably & species of Spruce (EEESE) and
the secondary host cither ILarch (Larix), Douglas Fir

(Pseudotsuga), Pine (Pinus), PFir (Abies), or Western Hemlock

(Tsuga). The life cycle takes two years to complete through
five generations and in all species has proved diffieult to
elucidate because of its complexity. Many species are
difficult to distinguish anatomically and there has been
considerable confusion over terminology.

Of the two very similar species known to infest Iarch,

Adelges (Chermes) viridis (Ratz) and Cnaphalodes strobilobius

(Kalt), the latter species was studied in the present work.
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Identification of this species was based on the following
obsecrvationsi—

1. Cnaphalodes infeststhe twigs and leaves of Iarch (Steven

1917) contrasting with Adelges which is primarily a bark
feeder.

2. Cnaphalodes is black in colour (Burdon 1908b):; Adelges

is more green than black.

3. The apterous progrediens (see life cycle) of Cnaphalodes

produce eggs under & copious wax—wool secretion on the
leaves (Figure 6),differing in this respect from Adelges
(Burdon 1908b).

4. The head and prothoracie plates of the first stage

colonici sistens larvee of Cnaphalodes are fused into a

homogeneous shield,while in Adelges the plates are
separate (Steven 1917).
LIFE CYCLE

The basic details of the life cycle of this speciés
were worked out over & period of many years by such
authorities as Blochmann, Borner and Cholodkovsky. The
publications of these workers are numerous and reference
is made in the Bibliography to a single publicntion only.
Burdon (1908a) and Steven (1917) haove described the life cycle

in Britain. The last mentioned author was the first to record
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that Larix leptolepis Murr (Japanese Iarch) is an

intermediate host for this spccies.
Crooke (1952) and more recently Steffan (1962) have shown

that Adclges viridis (Ratz) (Sacchiphantes—complex of the

latter author) can break the normally obligatory alternation
of hosts and maintain themselves wholly on the secondary host
by parthenogenetic reproduction, at lcast for a nunber of
seasons.

The 1ife history of Cnaphalodes strobilobius (Kalt)

is complex and it was important to understand it as far as
possible to ensure that the same developmental stage was used
for experimental work. Alate adults were captured in traps
during the establishment of the experimental cultﬁre

(Figure 2) and provided evidence that the normal life cycle
was operating, Whether a reduced parthenogenetic cycle on Larch
alone vprovided = further source of infestation is not Ymown.
Figure 7 is a diagrammatic representation of the 1life cycle

of Cnaphalodes strobilobius (Kalt) in Great Britain compiled

from several sources (Burdon 1908a, 1908b, Steven 1917,
Speyer 1919, and Crooke 1952) and shows the normal life cycle
with inset, the possible reduced parthenogenetic cycle on
Larch. The authors of the terminologies used for the

different generations are rcferred to in PFigure T.



Diagrammatic representation of life cycle of CNAPHALODES STROBILOBIUS [KALT\)

compiled from various sources
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Three of the five gerncrations are completed on Picea,
one sexual (Figure 7, V) ond two vparthenogenetic (Figure 7,
I and II). The fundatrix (stem—-mother) lays mony eggs which
develop into first stage gallicolae larvae, and these together
with the fundatrix hibermnate in a gall produced from a weak
spruce bud. This is an exanmple of "passive" protection
referred to carlier. The following spring two tyves of larvae
are produced, alate gallicolae migrans which carry the
infestation to the secondary host Larix ond apterous
gallicolae non—migrans which help to build up the infestation
on Picea. The colonici generntion 5h Larix,derived from the
gallicolae migrans lays many eggs. These hatch as two types
of larvac, sistens and progrediens. The sistens are all
apterous; some serve to build up the population after
hibernation while others continue feeding (imnulse feeding)
on the Larch needles, moult and eventually die. After the
third moult progrcdiens larvae'develop into two types, the
first beconing apterous cdults which lay many cggs, under
copious wax—wool, while the second becones the alate sexupara
generation which nmigrates to Picea. Eggs laid by this
generation develop into the sexualis, or sexunl, generation.
The fertilised female sexualis lays one egg from which the

fundatrix develops to rencw the cycle. The cycle takes two
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yearrs to complete.
In the prescnt work the apterous,colonici progrediens
generation which secrctes a wax~wool covering was studied

(Figure 7, III).

CHEMICAL CONTROL OF ADELGIDAE

All spcecies of Adelgidne ore vests on conifers but their
economic inportance is generally slight. Infestaticns are
certainly unsightly, an important foctor on ornnmental trees,
and their attack may render trees morc liable to secondary
fungal infection. It is also known that attack ¢an lead to
the formation of compression sapwood (rotholz) thus rendering
timber unsuitable for us (Varty, 1956). Whether the insects
reduce vigour or rate of growth of their hosts is not certain,
but they can causc considerable damage in secd orchards where
the trees are particularly valuable (Crooke, 1952).

Originally some control was obtoined by spraying infested
trees with varaffin and soap solutions (Burdon 19082)., Modern
control measures rely on chlorinated hydrocarbon and orgono—
phosphorus insecticides. The high fecundity of the insccts
and the fact that they sccrcte themselves in crevices in the
bark nake it necessary to treat infested trees every two or
three years (Schneider—Qrelli, 1950). Several insccticides

were exemined os sprays by Flamant (1962) and as sprays and



dusts by Petersen (1962). The latter author found thnt
diazinon and K—BHC werc satisfactory, when used alone, for

control of Chermes nordmannianae Eckstein on Silver Fir, but

the best material was Midol 556 (3% DDT., 2% §- BHC and 1.5%
chlorbenside). Dusts were less cffective than sprays.
Plamant (1962) found that a single winter spray of §- BHC or

parathion caused high mortality of Cher—es tardus on Spruce.

Wettable powder sprays (75% DDT and 25% §- BHC) were effective

agoinst Cnaphalodes strobilobius (Kalt) on ILarch (Xerr, 1953).

The wax-wool secretion of certain generations of the
insect is an effective barrier to sprays, but Lightly and
Feulkner (1964) state that control of light infestations of
a nunber of specieson nony types of conifers in nurseries,is
satisfactorily achieved . by fumigation with ¥- BHC. Heavier
infestations are better controlled by mist applications of
malathion.

STRUCTURE OF WAX~WOOL SECRETFD BY CNAPHALODES STROBILOBIUS
(KALT).

Physica

The terms 'wool' and 'wax—wool' used by many authors to
describe the naterial secreted by certain generations of spaﬁes
of Adelgidne, relate both to its general appearance and

chenicnl nature. The wax-wool of Cnaphalodes strobilobius
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(Kalt) is composed of. long brittle filaments of waxy material
interspersed with shorter fluffier masses of filaments, the
whole structure completcly covering the insect. Burdon (1908Db)
described a number of characters useful for identification of
species of Adelgidae found in Britain; one of these
characters was based on the type of wool produced, which was

short and 'frizzy'! in Adelges (Chermes) viridis (Ratz) and

long and straight in Cnaphalodes (Chermes) strobilobius (Kalt).

In Cnophalodes the material is secreted through norcs

located in glandular plates on the dorsal surface of the
insect (Burdon 1908b; Steven 1917) and is distributed around
and over the whole body. The eggs laid by the colonici
generation are sonetines also protected by the secretion.

A nunmber of hypothescs denling with the secretion of wax
by insects are menticned by Locke (in Rockstein 1964). The
wax nay be conveyed to the body surfnce in a solvent which
later evaporatessas in the cockroach (Beament. 1955) or may
be secrcted in a water soluble form in combination with a
protein as in the eggs of ticks (Lees and @eanent& 1948).
Pore canals in the cuticle may allow passage of wax to the
exterior; in o number of insects final synthesis of wax by
an esterase in the pore canals ond epicuticle has been
suggested (Locke 1961). Rogojanu (1934) found no pore canals
in the 'coccid! Eriosoma and concluded that the wax escaped

-5 in a liquid state. In Orthezia he obscerved discharge of
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wax through the apex of hollow hairs on the body.
The wax—-wool sccrction of iAdelgidae is extruded in a
filanentous form through wax vores in the cuticle,but the

source and method of production of the secretion is not known.

Chenmical

The researches of Chibnall et al. (1934a, 1934b, 1934c)
on the chemical composition of waxes suggested that all waxes
are essentially of the same general type, containing primory
2lcohcls, normal fatty acids and paraffin hydrocarbons. Waxes
differ in chemical composition only in the proportions in
which these products occurg the physical propertics are
deternined not only by the amount and rcspective chain length
of paraffins (625_37), free prinory alcohols (C24—36)’ free
\Anormal fatty acids (024_34) and true wax esters present, but
also by the chain length of the two compounds of the wax
esters (Chibnall et al. 1934a). However, Baker et al (1960)

estimated the percentages of the constituents present in the

epicuticular wnx of the Mormon cricket, Anabrus simplcx Hald,
as 48-58 per cent hydrocarbons, 15-18 per cent free acids,
9—-11 per cent esters, 2-3 per cent free alcochols and 12~14
per cent acidic resin polymers. Gilby and Cox (1963) found
the grease of the cockroach, Pcriplancta americana (L)

J
to contain 75~77 per cent hydrocarbons (C25_27), 7~11 per cent
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fatty acids (mostly 018)’ 8—9 ner cent aldehydes, 3-5 per cent
esters and wnderl per cent sterols. Warth (1956) stated that
the free alcohol centent of beeswax was very low. These
results contrast to those obtained by Chibnall et al. (1938a)
who claimed that high quantities of free alcchols were present
in waxes.

Blount, Chibnallzrs ¢l Mangouri (1937) found that the

wax of White pine Chermes, Adelges strobi Borner was very

gsinilar to that of Chincse insccet wax or cochineal wax

obtained from Coccus cacti.

They identified the components as a ketonic alechol
(17-keto—n—hexatriacontanol) esterfied by a ketonic acid
(1l—keto-n~triacontanocic acid) with a negligible 2anont of
n—-fatty acid. These conmpounds all possess the common group
CE3(GH2)1800— and Ffit neatly into the scheme of metabolism
of waxes proposed by Chibnall and Piner (l934§).

The chain lengths of thce constituents were foretold by
X~ray analysis and the constitution was detcrmined by putting
the oxines of the respective ketonic acids through a Becknmann
transformation and hydrolysing the resulting nixed anmides.
(Blount et al. 1937).

In view of the time available and the complicnted

chenical naturc reported for the wax of Adelges strobl no
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attenpt was made to identify the components of the wax—wool

of Cpnaphalodes strobilobius, but it is rcasonable to assunme

that the compounds present may be similar to those of

Adelges strobi wax.
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THE PERMEABILITY OF THE WAX-WOOIL SECRETION OF
CNAPHALODES STROBILOBIUS (KaLT.)

A number of methods for assessing the permeability of
the protective covering of this insect were tried but very
few were successful. Topical apliecation of sclutions of dyes
in water and oils gave little indication of the degree of
permeability, due mainly to the small size of the insects and
the difficulty of recovering sufficient dye for colorimetric
gstimation. High control mortality was obtained after topical
application of Y-BHC in oils, odourless kercsene and hexane,
and it was considered unsatisfactory to apply small volunes
of emulsions containing the insecticide.

The work of Greemslade (1934) and Ebeling (1939), who
investigated the penetraticn of insecticide solutions con-—
toining different amounts of emulsifiers into the waxy

coverings of Eriosoms lanigerum (Hausm) and honidiella

aurontii (Mask) respectively, suggested that it might be
of interest to study the penetration of oil and water
emulsions contnining different proporticns of emulsifier and
y-BHC. Insects, in situ on ILarch trees, were, therefore,
sprayed with two such emulsions.

The permeability of the protective covering of

¢. gtrobilobius was also investignted by exposing protected

insects to saturated X-BHC vapour:; the insecticide was used
b5 2

as the normal X-isomer and as carbon 14 1abelledbﬁBHC,
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to study the rate of uptake of the insecticide and the
possible method of penetration through the wax—wool covering.

SPRAYING WITH EMULSIONS CONTAINING §-BHC.

Young Larch trees infested with Cnaphalodes strobilobius

were sprayed with two water—kerosene oil emulsions, contain—
ing different amounts of a non—ionic surface active agent,
Lissapol NX.

The use of oil—containing sprays gave rise to the problem
of possible phytotoxic effects on the trees (referred to
earlier in "Culture of Insects"); Y- BHC has also been shown
- to have phytotoxic effects. Gast and Early (1956) suggested
that phytotoxicity of sprays is often caused by the enulsi-—
fier used rather than by the solvent. Stoker (1948) showed
that the use of{-BHC sprays below 0.04 per cent concentration
avolds direct foliage damage to most plants, while Rohwer
(1949) stated that plant safety would be ensured if the
major. part of the ot and § isomers of BHC were eliminated.
Simkover and Shenefelt (1952) applied BHC to twenty species
of Pine, via the soil,at rates of one pound per acre, and
found that K—BHC caused root malformation in all species.

It was mentioned earlier thot the upper shutter was not
used during spraying of Larch trees. With the upper shutter
in the closed position, spray mist was lost from the tower

even when reduced pressure and less spray fluid were used.
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Considerntion of the dimensions of the trees suggested
that n regular and rcpeatable spray could not be expected.
Measurenents of the amount of spray deposited in different
positions on several trees, standnrdised as far as possible
for height and general shape, showed this to be the case.
It was, therefore, decided for this section of the work to
spray directly and to take a far larger representative
semple of insects for mortality counts. 150 insects were
taken at one and three day intervals after spraying for
cach mortality count. The same number of control inseccts
were token from trees sprayed with the emulsions alone.

As far as possible, all trees sprayed were not more than
4 feet high, and the spread of the lateral branches was not
more thon 2 feet 6 inches.

The following emulsions were screened for phytotoxicity.

411 emulsicns contained 1.0 per cent &BHC.

Parts by volume

Emulsion  Kerosene oil  Decone  Water  Lissnapol NX
A — —_— 8 2
B —— 6 3 1
o —— 3 6 1
D 6 — 3 1
E 3 —_— 6 1
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5 nls. of each enulsicn were sprayced directly onto the
trees in the spray tower, and the trees were rencved fronm
the tower three nminutes after spraying finished. The pots
and soill were covered during spraying to prevent soil
contamination.

Figure 8 shows the typical results of these sprny tests
fifteen days after spraying. Erulsions B and D caused
heavy defoliation of the trees within this period;' ermulsions
C and E caused slight leaf scorch, less severe with emulsion
E. No phytotoxic effcets were observed after spraying with
solution A.

Eriulsicn E was selected to investignt. the permeability

of the wax-wool secretion of C. strobilobius, but the

emnulsion was nodified by the addition of different quantities
of inseccticide and surface active agent.

Bxperimentai Procedure

Larch trees, heavily infested with adult colonici

nrogrcdiens of C. strobilobius, were collected fromn the

experinental plot and placed in the spray roonm for 12 hours
at 22°C before spraying. The trees were intreduced into the
tower through the hole in the middle section (Figure 3 ) and
the remowc-hle section was bolted in pesition. The two
emulsions sprayed contained five different concentrations
cﬁ'&BHC, 1,000, 100, 10, 1.0 =2nd 0.1 mgs. per cent., and

0.2 end 2.0 parts by volume of Iissapcl NX respectively.
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The treces werc rcmoved frem the spray tower 3 minutes
after spraying finished, and were replaced in the experimental
plot. 150 insects werc token from each tree one and three
days later and nortality counts were made. The sampling
procedure was stoandardised, 50 insects being taken at
randon at approximately 1, 2 and 3 feet levels neasured from

the lowest branch.

Results and Discussion

The results are shown in Tables 8 and 9 . After
24 hours, the ILD.50 volues for the insects sprayed with the
two emulsicns differed significantly at the 5 per cent
probability level. It appears that the emuision containing
’_the 1nrger anount of surface active agent was able to
?enetrate the wax—wool covering of the insects nore effect—
ively. The LD.50 values after 72 hcurs were again signifi--
cantly different althcugh the mortality in both cases was
sinilar to the mortality after 24 hours (Tables 8§°and 9).

The mortality of the insects sprayed with the enulsion
containing the larger quantity of surface active ngent was
significantly greater after threce days (Table 9 ) than after
one day.

Ebeling (1939) fcund th~t mortality of the red scale

(dcnidiella aurantii (Mask)) caused by a given toxicant,

correlated with the effectiveness ~and concentration of
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the sprender used; the more effective and higher concentra-—
ticns resulted in greater insecticidal efficiency, duc to an
increased rate of penetration thrrugh the nass of waxy

threads under the bodies of the insects.

Greenslade (1934) found that Eriosoma lanigerum (Housn.),

a woolly aphid, was killed by a 0.025 per cent concentration
of nicotine if the ligquid actunlly renched the insect body,
but he found that it was difficult to penetrate and wet the
mass of wax threads covering cach inscect. The percentage
kill was increased from 1 to 96.6 by the same concentration
of insecticide, as the percentage concentration of erulsifier
(o soft soap solution) was increascd from 0.1 to 3.

It appears from these results that the amount of
emulsifier present in the emulsions spraYed, considerably
influenced the rate and degree of penetration of the wax-—

wool covering of C. strobilobius.
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EXPOSURE OF CNAPHALODES STROBILOBIUS TO SATURATED
VAPOUR OF %—BHC

These experiments were carried out in two ways. Tho
first series of experiments investignted the rate of action
of saturated 1§—BHC vapoury by exﬁosure of insccts protected
by their wax—wool covering. Subsequently a furthcr series of
experiments using the saturatced vapour of carbon-l4 labelled

¥ —BHC investigated the rate of uptake of the insecticilde by

the wax-wool covering and by the insect itself.

Aggaratus

To maintain an insecticide saturated environment special
fumignation chambers wcere designed (Figure 9 )

The body of the chanmbers werce 2 crn. lengths of brass
tubing, 6.3 crm. internal dinncter with a flat base soldered
to one end. At 120 degree intervnls round the outer
circumference, hexagonal studs were soldercd flush with the
top of the chamber, of sufficient length.to aeccormodate a -
scrcecw thread firmly. The circular lids were of perspex,

7.9 cm. in diancter and 0.3 cn. thick; threc holes drilled
through the 1id corresponded in position to the screw threads

fixed to the chamber body. A rubber ring and two circles of
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polythene placed between the 1id and the top rim of the
chamber actcd as leak—proof gaskets. The lids were clamped
tightly to the chamber bodices by 4 B.A. nuts.

To test for air tightness the chanber bodies were heated
to dryness in an oven, the gaskets and 1id were dried in a
dessicator over solid potassium hydroxide, and crystals of
anhydrous copper sulphate were introduced. The state of the
crystals remained unaltcred over & period of ten days in a
humid atnoesthere.

About 0.5 gm. of solid Y¥-BHC crystals were ploced in a
snall petri dish covercd with a circle of metal gauze,which
providea a surfrnce for the insccts and also prevented the
test insects falling into the insecticide container.

The atmosphere within the chamnbers was allowed to become
saturated with insecticide vapour for 12 hours at 25°¢ bvefore
the insects were introduced. A small container of saturnted
sodium chloride solution in the chamber maintained the

relative humidity at 75 per cent.

Procedure
25 adult insects, compltely covered with wax—wool
secrction, were placed on the gauze circle, without detaching

thenr from their leaves. The exposure periods ranged fron
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6 hours, incre¢asing by 6 hour intervols, to 48 hours. At the
end of the expesurc periods the chanbers were opened 2nd a
nortality cocunt was made. A1l dead inscects had withdrawn
their %?lets from the leaf but the criteriom of death used
was inability to move any of the appendages after stimulation

with o neecdle.

Results

The results are shewn in Table 10 , and show thot
the rate of action of Y¥-—BHC vapour is fairly rapid. During
the initial stages of exposure little mortality occurrcd
but after about 18 hours cxposure mortality incrcased
rapidly. Over half the insects were dend after 30 hours
exposure, but mortality was not complete even after 48 hours
exposurec,

The discussion of these results is included in the

next scction.
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EXPQSURE OF CNAPHATODES STROBILOBIUS (KALT) TO
VAPOUR OF CARBON—14 TABELLED ¥ —BHC

INTRODUCTION

The quantitative mneasurenent of very small amounts of
insecticides vpicked up by insccts has been made possible by
thedeveingmanj of radioactive tracer techniques.

Lewis (1963) used iodine-131 to investigate the spread

of 0il over the cuticle of Phormia terraenovae R—D. Tritium—

’

labelled oils and carbon—14 labelled dieldrin were used in a
second scries of experiments to study the penetration of both
an oily solvent and insecticide through the cuticle of

Tribolium castancum Herbst. Both these series of experinents

used active inscets crawling iover treated filter papers.
Gosswald et al (1963) studied the pickup of sulphur—35
labellcd thiodan by thce surface of thc integument of

Sitophilus (Calandra) granaria L. and stotcd that the vapour

phase of the insccticide was advantageous becnuse test
inseccts 2re exposed to purc insceticide in molecular form.

In the present work Cnaphalodes strobilobius (Xalt) was

exposed to the vapour phase of carbon~-l4 labelled ¢ —BHC,
to investigate the relative adsorption, penetration and
agsimilation of the insecticide of and by the wax-wool
covering of the insect and by the inscet itself. The vapour

phase was used as these insects are sessile on Larch leaves.
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MATERTIALS AND METHODS

Radioactive materinl

The sample of Carbon=14 labelled ‘(-BHC, obtained from
the Radiochemical Centre, Amershanm, had a specific activity
of 9.4 nc/mM (millicuries/milliMole) and its radiochemical
purity was 95 per cent. The insecticide was supplied in
benzene solution in a vacuum sealed ampaidle which was opened
by cutting a deep groove in the neck and applying 2 white hot
glass rod to the groeove;” the sanple wes poured into a carefully
cleaned glass tube and stored in a deep freéze refrigerntor.

Insect material

The insccts selected for experimental study were nature,
adult colonici progrediens which had just started oviposition
and which were completely covered with wax—wool sccretion.

A11 visible eggs were rcrnoved without disturbing the secretion.
The insects were allowed to nttain temperaturc equilibriunm

at the toenperature of cxposure (2500) for four hours before
use. Ten insects, each on 2 lecngth of their original leaf,
were used for each exposure.

Exposure chambers

The special exposure chanbers (Figurc 10) for studying
the fumigant action of C—14 labelled ) -BHC were modified
from an apparatus used in the Department for measuring uptake

of aldrin by Tribolium. EREach chamber consisted of a brass




B—Brass block.
D—Depression for sodium chloride solution.
G—Glass cover.

P—Rocking platform. ale.
S— Shelf.

—
lom.

Tigure 10. Diagram of chamber for
exposure of C.strobilobiuvus to satur—
ated vapour of C—14 Iabelled §- BHC.

]

w

C -Exposure chamber
H-~-Magnet arm
M-Mngnn

S - Spindle

W- Mator

]
\

Pigure 1l. Dilagram of magnetic stirring
nechanism for use with exposure chamb—
ers (Figure 10).
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blecek (B), 8.0 cn. by 4.5 cm. by 2.0 cni. deep, covered by a
glass microscope slide (G) held in vnosition by clips. A4
circular well drilled in two stnges formed the actual
exposurc chrmber. The upper well, 1.5 cn. across and 0.8 cn.
deep contained the inscet naterial; +the insecticide was
placed in the lower well, 1.1 cm. ncross and 0.4 cm. decp.

A thin perforated circular plate of aluniniun (P),
p%voted about a diameter on a thin sterl rod supported in 2
short length of capillary tubing attached to the plate, formed
a rocking platform. The ends of the stecl rod rcsted in
grcoves cut in the shelf (S). Two small picces of soft iron,
secured on opnositc sides of the top surface of the platg, were
attracted in turn by a nagnet passed over the chamber, thus
rocking the platform. This rocking movemecnt, assisted by
the perforntions in the plate, ensured even distribution of
the insecticide vapour within the chamber. Two six inch long
bar magnets, (Figurc 11 , M) were secured vertically to either
end of 2 12 inch length of hardboard (H) which was attached at
its mid point to the vertical spindle (S) of a nmotor—car
windscreen wiper motor (W). The wholc stirring apparatus was
arranged so that the nagnets oscillated just above the glass
covers over the chambers (C) continually rocking the
aluminiun platforri. The oscillation time of the nagnets was

5.5 seconds.



6.

Gosswald et al (1963) found thet pickup of S—35 labelled

thiodan by Sitophilus (Calandra) granaria L. was considerably

influenced by relative humidity. At high humidity a thin
film of water covered the epicutiecle reducing the solubility
of the insecticide. At very low humidities, the rate of
transpiration and loss of water through the cuticle acted
against the deposition and pickup of thiocdan molecules. The
fastest rate of pickup was shown to be at the middle range
of humidity where both of these frnctors were mininised. The
relative humidity within the chamber was controlled at 75 ver
cent in the present work,by placing a small aluniniun containe
of saturated sodiun chloride soluvion in a small depression
(Figurc 10, D) in the floor of the exposurc chanmber.
All experiments were conducted at o tenmperaturc of 25°¢

1(3.300. To ninimise tenmperature fluctuations, particularly
those due to heat produced by the motor, all exposurcs were
carried out in a constant tempcrature box (Figurell )
constructed from 1l inch thick sheets of volystyrene. The
internal dimensions of the box were20 inches high, 24
inches long and 19 inches decep. The notor was mounted
outside this box with the spindle passing through the roof
to support the magnet arm (H). A number of exposurcs could
be carried out at the same time as the conbined swecp of the

two magnets covered a complete circle.



EXPERIMENTAL PROCEDURE

A series of trial tests were cnrried out using a range
of/ML, quantities of radio-active material in the chambers, to
find the quantity required to maintain a constant concentratiorn
of insecticide vapour within the chamber for the exposure
periods used. 25)*\,of the original benzene solution was
selected as satisfactory.

A1l component parts of the exposure chambers werc cleaned
by rapid immersion in concentrated nitric acid followed by
rinsing in glass—distilled water, and then dried in an oven
at 110°C.

25/uL.of the radioactive solution were introduced on to
the base of the chamber from a micro—capillary tube. The
benzene was allowed to evaporate, the shelf and pivot were
placed in position and the glass cover fixed on, and the
whole apparatus was placed in the constont temperature box
to equilibrate for 12 hours. To exposc the insects the
chambers were carcfully opened (in 25% surroundings) and the
insects quickly placed in position on the aluminium shelf., &
mark on the glass cover allowed it to be replaced in exactly
the same position. The chambers were returned to the constant
tenperature box and the stirring apparatus was st rted. Aftcr
checking that the pivot mechanisn was working smoothly the

constant temperaturc box was closed and the apparatus left for
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the required exposure time. Regular checks were made on the
pivet mechanisn.

Insects were exposed for periods of time ranging fronm
% hour to 48 hours in order that the rate of uptake and
penetration of the insccticide by and through the wax-wool
secretion and the rate of assimilation by the insect could be

determined,

Wax—wool extract

The insects were taken singly from the chanber, detached
from the leaf fragment and the wax—wool carefully removed
beneath a binocular nicroscope. The coverings werc placced
in a glass tube and rinsed with a small quantity of hexane
which dissolved any deposited Y¥-BHC. Several separate rinscs
were node, not amounting to more than 5 ml., and these were
combined in a separate tube. The rcsidue,after hexane
extracticn,was checked for rcsidual activity with a thin-end—

window Geiger-Miller counter.

Insecct surface extract

After removal of their coverings the insects were rinsed
with several aliquots of hexane to a total of 5 ml. This
dissolved the insccticide present in the epicuticular wax
(Lewis 1963). The possibility of insecticide assimilatced by

the insects leeching out into the external washes was
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considered. However, as the immersion periods in hexane were

short any leading which might occur was considered negligible.

Insect internal extract

This extract recovered insecticide that had been
assimilated by the insects. The washed insccts were placed in
2 hard glass tube with & small quantity of hexane and also
anhydrous sodium sulphite to rcmove water, and crushed. A
further quantity of hexane was added and the crushed insccts
were extracted in boiling hexane for two hours. When cool the
hexane was pipetted off into a fresh tube: two washes of the
crushed insects and the tube werc combined with the original

extract,

Weter-~-soluble metabolites

The crushed insect naterial was also cxtracted with
boiling water to dissolve any water-soluble derivatives of
¥ -BHC which might have been formed within the insects. No
evidence of watcr—soluble metnbolites of §- BHC was found in

the extracts,

Mcasurement of activity in the extracts

The amount of radioactive nmaterial in the extracts was
ncasured in a scintillation counter, an Isotope Developnent
Ltd. (IDL) Secaler 1700. The scintillation hend was fron

Nuclear Enterprises (G.B.) Ltd. The machine was switched to
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the working voltage thirty ninutes beforce rcndings were tnken,
and was gct to accept all enissicns at 2ll cnergy levels. A
satisfrctory working voltage for the machine was 900 volts,
and it was found to be necessary tc avoid times of day when the
mains voltage was known to fluctuate.

Specially constructed tubes with clear quartz bases were
used to contain the standard C-14 solution and the sanmples.
Five rcadings for the C~14 standard were taken before and
after the sample recadings to check the working efficiency
of the counter for each sample (Table 12 ).

The samples were added teo 5 ml. of liquid scintillators
the scintillation liquids, obtained already formulated freom
Nuclear Enterprises (G.B.) Ltd., were NE 213 bnsed on xylene
for the hexanc extracts and NE 220 based con dioxane for the
water extracts. Before addition of the sample to the
scintillator five background counts were taken for each tube.
The sanples were ndded to the scintillator teogether with a
wash of the sample tube and five counts were taken. The C-14
standard and background emissions werc recorded as counts per
second (cps); the activity of the samples was rccorded as
the nuwmber of seconds needed for 400 or 4000 counts. After
counting the sample was poured into a special contoiner and

the counting tubc cleaned.
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The results obtained from these cxperiments are shown
in Table 12 and Graph 2 . Table 11 is given as an
B

exnmple to show the method of rccording and calculation of

results.

Results and Discussion

The curves in Graph 2 show that in the initial
stages of exposure, the rate of uptnke of C-14 labelled
§—BHC by the wax—wool covering and the insect surface is
gimilar and is fairly rapid. It a2ppears that the build-up
of J§-BHC on the wax—wool covering begins to lcvel off after
about 8 hours exposurc, while ot the same time the rate of
upt~ke by the insecet surface is still inercasing.

Gosswald et al. (1963) found that S=35 labelled thiodan
is to some extent soluble in the epicuticular lipoids of

‘Sitophilus (Calandra) granaria. As 0>—BHC, like thiodan, is

a lipophilic matcrinl it sccms possible that at first the
build—up of ¥ —BHC on the wax—wool is due to surf:cc
adsorption; at a later stage the rate of uptake may decroaée
as the surface of the wax—wool covering becomes progressively
more saturated with the insecticide. If this is the case,
then after about 8 hours exposure the atmosphere contained
within the wax—wool coverings would be saturated with J—BHC

vapour and a state of dynanic equilibrium would result,
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molccules of insccticide leaving 2nd returning to the
wax—wool in equal numbers in unit time. The nccess of the
insecticide molecules to the body surface would, therefore,
be facilitated and naoy account for the increase noted in the
rate of uptanke by the insect surface.

G3sswald ot al. (1963) found that the pickup of S35
labelled thiodan by freshly killed Sitophilus (Calandra)

showed a linear increase. In the present work, the curve
showing the amount of insecticide in the insect surface
extract increases linearly after 18 hours exposure, suggest—
ing that mortality of the insects incrensed fairly rapidly
after this time. Table 10 shows that 50 per cent mortality

of C. strobilobius exposed to saturatedJLBHC vapour (at the

same tenmperature, 2500) would be expected to occuf between
24 and 31 hours exposurec.

The same authors separated the responses of Sitophilus

(Calandra) to thiodan at 25°C into five phases, and found
that during the third, or strong excitation phase, the rate
of pickup of the insecticide by the insect surface fell, due
to 2 physiological reaction of the insects. Armstrong ct
al. (1951), investigating the penetration of different BHC

isomers into Sitophilus (Calandra),found that between 12 and

22 hours the anmount afJCBHC on the insect surface fell, and

concluded that this was due tc the relative immobility of
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the inseccts as almost complete mortality occurred after 22
hours.

The curve for the insect surface extract (Graph 2 ) shows
a slight fall in the rate of pickup of ¥-BHC between the 4
and 12 hour exposure periods. Although this fall is not
narked, it may indicoate o decrease in the rate of pickup of
insecticide og a result of strong excitation, which in a
small, sessile insect would possibly bte less intense than in
an active, crawling insect. A greater heterogeneity within
the sample batches of inseccts exposed at the 4 to 12 hour
periods, and possible fluctuations of mains voltage during
counting of the samples, are considered less likely explana-—
tions as severnl observations are affccted.

The amount of}fBHC recovered in the internal extracts
increases with time,indicating that penetration of the
insects by the insecticide occurred. Armstrong et al. (1951)

showed that ¥BHC penetrates dend Sitophilus (Calandra) freely,

the rate of penetration remaining constant or increasing.

The rate of penetration of C. strobilobius by C-14 labelled

XZBHC (Graph 2 ) increased linearly with time of exposurc.
As was shown in the earlier fumigation experiment with

X-BHC, the wax-—wool covering of C. strobilobius appears to

have a protective function for a relatively short time only.

The results of the radio—active ¥-BHC cexperiments indicate
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how the protective function of the covering might fail under
treatnent with a lipophilic insecticide.

It would be of great interest to compare the behaviour
of other insecticides, both lipophilic and non-lipophilic,

in the vapour phase under similar conditions.
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THE STRIUCTURE AND PERMEABILITY OF THE PROTECTIVE
COVPRIN@ SECRETED BY NYNMPHS OF PHILAEBNUS SPUMARIUS (F)

INTRODUCTION

0f the few palaerctic genera of Cercopidae (Homoptera)

only four, Cercopis, Aphrophora, Neophilaenus, and

Philaenus are found in Britain. The nvmphs of the last three
named genera arc known as 'froghoppers' which at certnin times
of the year, May to enrly July, settle on vegetation and
surround themselves with a frothy secrction, the well known
'cuckoo—spit! or spittle. This material is believed to act
mainly as protection aganinst varying climatic conditions,
for example for prevention of dessication under strong sun
(Kirkaldy 1906). It has be¢n generally thought that the
nynphs arc protected in this way from predaceous insects and
other Arthropods, but they are not infrequently seized from
their spittle coverings by fossorial Hynenoptera, for example
Gerytes spp. (Sphecidae). (in Imms, revised edition Richards
and Davies 1957).

"In the work described below the structure and
perneability of the protective covering secreted by nymphs

of Philaenus spumarius (F) was investigated.

IDENTIFICATION OF NYMPHS

A key to the adult Cercopidae of the British Isles
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was prepared by Bdwards (1896) but there is no key for
identification of the nymphal stages. Correct identificoation
was inportont in this work because naturally occurring
naterial, that is not produced in the laboratory, was uscd
for experimental purposes. Nynphs of three common spittle

producing Cercopidae, Philacnus spumarius (F), Neophilaenus

lineatus (L) and Aphrophora sp. were found, the last named

easily identified from their habitat, small shrubs and trees,
and thus excluded from further consideration. The nynphs of
the fourth British genus, Cercopis, arc subterranean.

A number of charactcrs which distinguish betwecn the

nynphs of Philaenus_spumarius (F) and Neophilaenus lineatus

(L) were studied and are summarised below, using genctic names
only.
(a) Host vegetation (Table 13 )

Philaenus is found almost exclusively on plants other

than grasses. Neophilaenus is restricted exclusively to

grasses. The type of host vegetation is of major importance
to the survival of the nymphs. Osborn (1916) transferrcd
nynphs of Philaenus to grasses and found that they produced

no spittle. Very few survived for any length of time although
not 2ll transferred nymphs died. Nymphs of Neophilaenus

removed from grasses to clover (Trifolium sp.) all died.
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(b) Position on plant

Philaenus nymphs formn spittle masses in the axil of a
leaf petiole or inflorescence (Figure 12 ) towards the tip of
the plant. When supporting vegetation is renoved the spittle
mass remains intact over the nymphs, being less ligquid in

structure than that of Necophilaenus. The spittle masses of

Ncophilaenus nymphs are formed low down on grass stems and

they are prevented from running down to the ground by the
proxinity of other grass stems. If the grass is parted the
spittle mass runs to the ground often leaving the nymph
partially exposed.
(c) Colour

The nymphs of Philaenus have a pale to dark green thorax

with a yellow to orange abdomen. Neophilaenus nymphs are

generally pale yellowish grcen with occasional pale green
areas.

(d) Appearancc of gonads

The developping gonads of Philaenus nymphs are not easily
visible through the abdominal wall until late in development.

In Neophilacnus nymphs, however, the developing gonnds are

visible as red patches through the side of abdominal segments

two to five in the second and subsequent instars.
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CHEMICAL STRUCTURE OF SPITTLE

This section is dealt with in two parts, (2) the water
content of spittle and (b) the naturc of the rcmaining solid
material,

(2) WATTR CONTENT

Values given in the literature for the percentage of
water by weight in spittle are all of the same order of
magnitude. Gruner (1901) stated that the water contcnt of

Aphrophora sp. spittle was 99.48 per cent, while Ziegler and

Ziegler (1958) give the water content of Philaenus spumarius

spittle as 99.3 to 99.75 per cent:; the mean of twelve
determinations was 99.67 per cent. Neither of these reports
specified the instar from which the spittle was obtained.
Under warm, humid conditions spittle masses are often
gseen with drops of water suspended from them. Thesc drops
do not form part of the spittle mass but are excess liquid
secrvted by the insect under these conditions. 7o determine
the water content fresh spittle was collected early in the
day under as similar conditions as possible and placed on
clean, weighed glass slides. The slides were dried at 105°¢
and storcd in a dessicator until required. The slides plus
spittle were wecighed, dried at 105°C for 24 hours, cooled in
o dessicator and reweighed. Twenty five determinations were

made, five for each instar. The avernge water contcent varied
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very little in differcnt instars and was 99.2 per cent,
instar 1; 99.0 per cent, instar 2: 99.4 per cent, instar 3;
99.5 per cent, instar 4; 99.4 per cent, instar 5.

When developrment is completed the insects cecase to
produce fresh spittle, the last inhabited mass partially
drying out without losing its foamy nature (Ziegler and
Ziegler 1958). The young adults remain for o whilc within
a cavity in the spittle mass, often several adults collecting
within one mass. The difference in texturc and appearance of
the partially dried spittle masses appears to be due soldy
to water loss; determinations of the water content of this
naturally dried spittle resulted in an average value‘of

46.7 per cent.

OTHER MATFRIALS IN SPITTLE

SPITTLE STABILISATION THEORIES

A number of workcrs have attempted to identify the
substance or substances necessary for maintenancce of the
coherent frothy structurce of spittle bearing in mind that
spittle contains over 99 per cent water.

The large quantity of liquid necessary to form spittle
is obtained from the host plant and is passed directly through
the modified alimentary system (Licent 1912). To maintain the
froth the prescnce of a Wiscous substance' has been suggested

by many authors. Wilson and Dorsey (1954) state that the
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formation of bubbles in aqueous solution depends on the
presence of a suitable surface tension devnressant. The
origin and nature of this substance or secretion has been
described in the following ways.

Glnnd Secrction Theories

Porta (1901) thought that the secretion originatcd in
glands distributed over the general body surface, particulorly
in the anal region, and was waxy in nature. Other workers
suggested that the secretion was produccd in special
hypodermal glands first described by Batelli (1891) and nanmed
after him. Batelli identified these glands on the last two
abdominal segments while Gruner (1900) and Berlese (1909)
reported their presence on the 7th and 8th, and 8th and 9th
abdominal pleurites rcspectively. Guilbeau—Braxton (1908)
agrced with Gruner's finding, and also found that if air was
blown into liguid prcduced by nymphs in which these glands
had been cauterised no stable bubble formation resulted.
Liquid from mymphs with normal glands produced bubbles when
treatecd in the same manner. By placing live nymphs in weak
alcohol solutions Osborn (1916) found that a viscid substance
was secrcted from lateral glands on the 7th and 8th abdominal
segments. Xato (1958) thought that a fatty acid produced

after enzyme decomposition of fatty substnnces, probably wax
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in the secrction from Batelli's glands, was present in the
anal secretion. The acid combined with ammonia or cholesterl
to form the stabilising substance. Keto also thought that a
vrotein secrcted by Batelli's glands helped to stabilise the
spittle. Sult (1911) explained the change of the ligquid into
a frothy substance by the action of an enzyme, cerotinase,
which hydrolysed the wax secrce¢ted by Batelli's glands.
Fatty acids produced by this hydrolysis in conjunction with
an alkaline material in the "liquide anal" formed a soap

like substance (also Wcber 1930).

Malpighian Tubule Theories

Further theories explaining the formation of a stable
naterial result from investigations of the malpighian tubules
and most of the authors suggcst the nresence of a
proteinaceous naterial.

Ticent (1912) obtained a pesitive Millon reaction with
spittle indicating the presence of an albuminoid substance
and concluded that this was the "viscous substance". He
suggested that a sccretion from the glandular proximal
section of the malpighian tubules, similnr to the sericin

covering of the silk fibres secrcted by Bombyx mori L.,

was passed into the liquid resulting in stable bubble

formation. Kcrshaw (1914) suggested that the spittle was
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probably stabiliscd by a nucin scereted by the proxinal
scgments of the malpighian tubules. The results of
dissections of nymphs in Ringers solution by Pesson (1956)
showed that o substrnce was present in the glandular secretion
of the malpighian tubules which swelled after prolonged
immersion in watcr: his conclusion was that a substance
similar to a mucin was present. Using staining tcchniques
Iison (1953) supported the precsence of an acid polysaccharide
secreted by the malpighian tubules. Pesson (1956) obtained
positive Mucicarmine and Toluidine blue rcactions with the
malpighian tubules but an inconclusive reaction with the
Periodic acid—Schiff reaction. Comparison of results obtained
by Licent (1912) and Day (1949) led Pesson to conclude that

a muco— or glyco—protein was present in the malpighian tubule
secretion.

Other Theories

Cecil (1930) was unable to locate any Batelli's glands

in Philaenus leucophthalamus (L) and concluded that the anal

fluid alone was sufficicent for spittle stabilisation. The
salivary re—imbibition theory of Gruner (1901) suggested that
a ptyalin-like substance was produced by the salivary glands,
re—imbibed and passed through the gut to form the 'viscous
substance!. Wilson and Dorsey (1954) thought that o surface

tension deprecssant may be derived from saponin in the plant
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sap or from the synthesis of polysnccharides by bacteria
present in spittle. Chromatogranhic analysis showed that in
thrce out of four samples, hydrolysed spittle contained more
sugars than unhydrolysed spittle and they concluded that
spittle must contain a polysaccharide. Ziegler and Ziegler
(1958), however, found no cvidence of cither simple or
complex saccharides and maintained that protein was the main

stabilising agent.

From the evidence prcsented by these various theories
it appesrs vprobable that spittle is stablised by & conbination
of sccreticns from the glands of Batelli and the malpighian
tubules, in the form of a mucocomplex of protein and
polysaccharide.

The work described below was attempted to determine
the major chemical components vprosent in spittle and to
resolve thc various opinions on the presence of

polysaccharide.

Histochemical investigations ( techniqucs in Gurr, 1958).

"he following histochemical investigntions into the
structure of spittle were carried out. Spittle masscs of

third instar nymphs were collected, placed on carefully
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cleance glass slides and dried at 9OUCD fer 48 hours. The
tcchniques used are listed below together with the reactians

observed: the interpretation of the results is discussed later.

Periodic Acid — Schiff reaction.

1. Three slides were irnersed in distilled water, then

2. nlaced in a 0.5 per cent ngueous solutirn of Pericdic acind
for 10 rminutes.

3. The slides were washed in o s~lution of 1 gn. notassium
iodidc and 1 gm. sodium thissulphate in 20 nl. water, to
which 30 rl. ethancl and 1 ml. ¥. hyirochloric acid were
added, fcllowed by

1. drmiersion in Schiff's reagent for 10 minutces.

5. Three washes in freshly prepared 'sulphite rinse', prepared
from equal volumes of 1 per cent sodium metabisulphite and
0.1N hydrochloric acid were follcocwed by

6. washing in tap water for 5 minutes.

The spittle mass was stained a red - purple colour indic —

ating the prescnce of carbohydrate. This reaction detects a

varicty of substances contoining 1,2-- glycol linkages, which

are believed to eccur cnly in carbohydrates and sone 2nine acid

Gentian viclet reaction.

1. &lides taken from distilled water were irmmersed in a solutien
of 0.25 ml. of 0.1 per cent agueocus gentian vielet in 100 ml.

distilled water.
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3. After draining the slides were decclourized in a scluticn of
equal velumes of aniline and xylene.
The spittle stained viclet in cclour suggesting the pres —

cnce cof acid muccpolysaccharide, possibly hyaluronic acid.

Mucicarmnine reaction.

1. Slides taken from distilled water were placed in a sonlution
of 1 volume of carmine solution and 9 velumes of 70 per cent
alcchel. The carmine solution was preparcd from 1 gn.
carmine and 0.5 gr. anhydrous aluminium chloride dissclved 1.
100 ml. of 50 per cent alcchol, beoiled and filtered when coc.

2. The slides were then washed in distilled water.

The spittle stained a light red cclour suggesting that

a nmucoid substance is present.

Toluidine blue reactiocn.

L. Slides taken from distilled water wore immersed for 5 min —
utes in a 1:100 aquecus dilution of a 1 per cent solution
of Toluidine blue, followed by rinsing in distilled water,

2. The slides were placed for 2 minutes in sclution of equal
volumes of 5 per cent agueous ammonium molybdate and 1 per
cent aqueous potassium ferricyanide and were then washed in
distilled water.

The spittle stained a purnle—~blue colour indicating the

possible presence of acid muccpolysaccharide.
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Bismarck brown renction.

1. Slides taken from distilled water were rinsed gquickly in
acid alcohol.
2. The slides were then immersed in a sclution of 7 volumes of
a. 1.5 gn. bismarck brcecwn in 70 ml. absolute alcohol, and
3 vclumes of
b. 0.5 gn. of ferric chloride in 30 ml. water, for 2 hours.
3. A guick rinse in 70 per cent alcchol followed by immersion ir
a solution made from equal volumes of the following,
2., 10 ml. of 10 per cent haemotoxylin and 90 ml. absolute
alcohol.
b. 4 ml. of 30 per cent agqueous ferric chloride, 1 ml. of
hydrochloric acid and 95 ml. distilled water,
for 5 minutes.
4. The slides were finally washed in tap water.

The spittle stained a light brown colour indicating the
possible presence of mucoprotein.

The results of the tests described above suggest the
presence of acid polysaccharide, possibly combined with protein
in a rnucocomplex. The positive results cbtained with the
Gentian violet and Toluidine blue reactions suggest that the
acid polysaccharide is in fact an acid nmuccpolysaccharides; the
feollowing enzyme digestion cf spittle was carried out to

determine this point.
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Enzyne Digestion of Spittle.

Two series of slides with dried spittle were used for this
test. The wlides were immersed in distilled water; half of the
slides wcre then incubated for three hours at 3700. in a solut—
ion of 1 per cent hyaluronidase (from bovine testes) in 0.85
per cent agueous sodium chloride. The second half of the slides
were treated in the same monner except that the enzyme was not
present in the incubating sclution. After washing in distilled
water both series of slides were examined for presence of
carbohydrate by the Pericdic acid — Schiff reaction. A negativ:
reaction was obtained with thc spitile that had been digested
with hyalurcnidase, indicating that acid nucopolysaccharide

was originally present.

Acid Hydrolysis of Spittle.

To determine whether protein is present in s»ittle acid
hydrclysis was carried out. About 20nmg. of dried spittle was
placed in a glass ampoule with 5 ml. of 6N. hydrochloric acid
and the ampoule was sealed. Hydrolysis was carried out in 2
pressure cooker at an extra pressure of 15 pounds per square
inch for 6 hours, (Alexander and Block,1960). The hydrolysed
naterial was decanted and centrifuged at 4,500 revcolutions ner
ninute for 10 minutes to remove all débris. The ligquid
hydrelysate was then decoleurised with charcoal and the hydro—

chloric acid was remcved by distillation under reduccd pressurec.
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The anino acid hydrochlorides were dissolved in 10 per cent
iso—-propancl. To determine the presence of anmino acids in this
solution a small volume was pipetted on tr a filter paper, dried
and immersed in ninhydrin solution (6.25 gn. ninhydrin in 100
nl. acetone) and heated until the characteristic purple spot
developed. The presence of any possible unhydrolysed protein
was tested for by placing a drop of the iso-pronancl solution
on filter paper, drying and immersing in a solution of 0.1 per
cent bromophencl blue in absolute ethanol saturated with mer -
curic chloride. The paper was then washed under the tap until
all the blue colour was washed out. The presence of unhydrol -
ysed protein is indicated by a blue spct. No unhydrolysed
protein was found in the spittle hydrolysate.

Two dimensional chromatograms of the amino acids were
prepared. 25,A1. of the iso—propancl solution were apihlied to
a marked spot on the intersection of two pencil lines drawn
1 4 inches fron the edge of the paper. The paper used was
Whatmonn Number 1.

The two solvents used were Butanol — Acetic acid and
water saturated phenol. To prepare the Butanol — Acetic acid
sclvent 60 nl. of glacial acetic acid were added to 500 ml. of ¢
freshly shaken mixture of egqual volumes of water and n-butanol.
After separation the upper layer was decanted off and used as
the moving phase; the lower layer was used in the chamber to

naintain a saturated atmosphere.
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The phenol soluticn was prepared by adding distilled water
to analytical grade phenol until a clear sclution was obtained
after gentle warming.

Several papers were supported in a multiple frame in the
chamber for each sclvent run. The Butanol — Acetic acid run
was carried out at 20°C. overnight (Figure 15, direction 1).
After removal from the chamber the papers were dried at room
temperature and replaced in the chamber for the phenol run.

The second sclvent, phencl, was run sc that the advancing
front was at right angles to that of the first solvent. The
chromatograns were allowed to develop overnight at 2000., and
the papers were then removed and dried again at room temperatuw

When dry the papers were sprayed with a solution of
ninhydrin in acetone and dried at 80°C. until the coloured
spots produced by reaction with the amino acids developed.
Figure 15 shows a typical chromatogram of hydrolysed spittile.

The amino acids were identified by calculating the Rf
values, that is the ratio of the distance moved by the anino
acids to the distance moved by the sclvent front. This latter
distance was taken as 100 so that the Rf values are represented
as percentages (Table 14), a method used by Smith (1958). The
relative positions of the amino acids on the paper wcre
compared with those obtained by Smith (1958) and certain amino

acids were further identified by specific colour reactions.
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Glycine gave a green spot when papers were sprayed with a
0.2 per cent solution of o-—phthalaldehyde and dried at 50°¢.

A number of amino acids were identified by dippins papers in a
0.2 per cent solution of isatin in acetone and drying at 70°¢.
in a water saturated atmosphere. The spot colours obtained
with isatin are; glutamic and aspartic acids (dark blue), serine
threonine and tyrosine (light brown), proline (bright blue) and
glutamine, valine, glycine and alanine (pink). Papers dipped
in the above soluticn to which had becn added 4 per cent of
acetic acid gave blue to blue—green spots with proline, phenyl—
alanine, tyrosine, glutanic acid, arginine, aspartic acid and
cystine. These specific reactions are reported in Block et al.
(1955).

The anino acids identified in hydrolysed spittle are given
in Table 14 and Figurc 15.

Any polysaccharides present in spittle will be present as
nonosaccharides after hydrolysis. A few drops of the iso—prop-
anol solution were placed on filter paper and dried. The paper
was then dipped in a solution of 0.1lml. saturated agueous
silver mitrate and 5N ammonium hydroxide in equal volumes and
dried at 105°C. The brown backgrcund colour of the paper after
this treatment, due to the production of silver oxide, was
removed by washing in water and Kodak ‘liquid X—ray fixer!
(Benson,1952). Sugars appear as brown spots on the peper (Part—

ridge,1948);: no such spots were found.






los.

Salts

Ziegler and Ziegler (1958) rcported the precsence of &
number‘of inorganic anions and cations in the spittle of P.
spunarius. The major anions found were sulphate and carbonate
with small - amounts of chloride and phosphate. The major
cations were magnesium, calciunm, silicon and potassium with
traces of sodium, copper, aluminium, titanium and iron. These
results were not verified in the %ime available.

Conclusions on the structure of Spittle.

The invesfigations reported above suggest that the solid
material of spittle i1s composed largely of protein, possibly
conjugated protein, containing sugars ~r sugar derivatives.
Conjugated, or glucoproteins, contain polysaccharide as the
prosthetic group, and are classed as mucoproteins and glyco— .
proteins if they contain more or less than 4 per cent suga;z?ﬁw('
The presence of nmucoprotein is suggested by the positive stain-
ing rcactions obtained with the Mucicarmine and Bismarck brown
tests,and the Gentian violet and Toluidine blue reactions
indicate that an acld mucopolysaccharide may be present. This
was further confirmed when enzyme digestion of spittle destroy-
ed the carbohydrate material. Testicular hyaluronidase dest—
roys both hyaluronic acid and some chondroitin sulphates; the
linkages of both of these compounds to protein arc similar.

Certain proteins, for example gelatin, form gels with

water when present in less than 2 per cent concentrations
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(in Haurowitz,1950). A smaller concentration of protein may
possibly be sufficient to help maintain stability of spittle
in the form of a nore fluid gel. The presence of an acid muco—
polysaccharide such as hyaluronic acid might also help cohesion
by cross linking with salts (in Haurowitz,1950); magnesium and
calcium might well be ugecd. The absence of hydolysed sugars
after acid hydroysis of spittle suggests that any polysaccharide
present is there in very small amounts.

These results prove the presence of protein in spittlec
and indicate that an acid mucopeclysaccharide is also present.
The enzyme hyaluronidase is known to occur in pathogenic org—
anisms, snake and insect venomns and many animal tissues, in
particular testes (Pigman,1957). Stevens (1956) has also den—
onstrated the presence of hyaluronidase in the salivary glands
of non-—venomous insects. Although the presence of an acid
rmacopolysaccharide in spittle has not been conclusively proved,

if present it wouvld be unique in insects,
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THE PERMEABILITY OF SPITTLE MASSES SECRETED BY NYMPHS OF
PHILAENUS SPUMARIUS (F).

Dissolution of spittle masses.

Howden and Marshall (1961) described the destruction

of spittle masses of Philaenus spumarius and Neophilaenus

linentus by solutions of mineral acids, the rate of destruc—
ticn appearing to solely depend on the normality of the acid
uscd for o given sized mass. In the present these experiments
were extended, and members of a number of other groups of
compovnds were tested, to investignte the stability and

the chemical nature of spittle. The compounds were first
screened for their ability to destroy spittle in a test tube
in the laboratory; some of the more interesting compounds
were subsequently chosen for testing as sprays in the spray
tower. This procedure saved time and material and also mini-—
mised the amount of possibly corrosive material which had to
be passed through the spraying equipment.

Fxperimental Procedure.

10 nls. of each concentr-ticn of the compounds tested
were placed in a glass test tube and & spittle mass fronm a

late third or early fourth instar nymph of P. spumarius was

introcduced on to the liguid surface. The tube was agitated
at a uniform rate and the time taken for the spittle mnss

to break down was recorded. The 'end-point' of dissolution
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was tnken when, at ncst, there was o single half ring of small

bubbles around the .

tion of 2ll compounds

meniscus of the liquid.

WEG

time was recorded (Graphs 3 to 9 ).

The following compounds were tested

Each concentra—

tested five times and the average

Chenical Compound FITect on
Group Spittle.
Miner~l acids Hydrochloric nacid, Nitriec acid, Dissolution
Sulphuric acid, o—Phosphoric

acid.
Normal Formic acid, Acetic acid, Dissolution
aliphatic s .
soids Propionic acid
(ronobasic)
Saturated (xalic acid, Malonic 2cid Dissolution
dibasic s
noids Succinic ncid
Chlorine— Monochloro—; Dichloro— and Dissolution
substituted Trichloroacetic acids Precipitation

acetic acids

Unsaturated acids

Monchasic

Dibasic

Aliphatic
Monochydroxy
Alcohols

Ketones

Glyccllic acid,Lactic acid,
Malic acid

Maleilc acid, Pumaric acid

Methanol, Ethanol,n-Propanol,

n—, sec—, iso—, tert—Butanocl
n—Anyl alcohol.

Lcetone, Methyl ethyl ketone,

Methyl propyl ketone, Iso-butyl

ketone

by Trichloro—
acetic acid.,

No effect

No effect

Dissolution
Precipitation

Dissolution
by acetone.

Precipitation
by all
ketones.
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Aldehydes Formaldehyde No effect
Aromatic Benzyl alcohol No effect
Olcohols
Ethers Di—ethyl ether No effect
Glycols Ethylene glycol No effect
Paraffins n—-Hexane, n-Decnne, Odourless Reduction of
kerosene surface ten—
sion.
Other- - p'~Xylene, Benzene, Chloroforn, Slight reduc-
compounds R C tion of sur—
Amyl acetate, Methyl benzoate face tension
Surface active Lissapol NX, Aphrosol FC, Reduction of
agents Pixanol C. SFrface ten--
sion.
Inorganic Potasgssium hydroxide, sodiun Dissolution
hydroxides nydroxide.
RESULTS

Mineral aocids.

W - - —

Mineral acids were the only compounds tested by Howden
and Marshall (1961) for their 2ability to destroy spittle
masses and formed an cbvious starting point in the present
work. Four common mineral acids, hydrochloric acid,nitric
acid, sulphuric acid and o-—phosphoric acid were tested as
solutions of the following normalities, 0.001 N, 0.01N, 0.1N,
1.0N and 10.0N. The results are given in Tableid5and Graph 3

The optimum observed normalities for disscolution of
spittle are shown in Table22, and were 0.1lN for hydrochloric
acid, nitric acid and o—phosvheric acid and 1.0N for sulphuric

acid. The molarity of the =2cid solutions at these
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normalities suggest that the rate of dissolution of spittle
is not related to the number of molecules of the acids
available.

It wns expected thot as the nornality of the acid
incrensed the rate of dissolution of spittle would also
increase (Howden and Marshall 1961) but this did not happen.
Graph 3 shows that 211 four acids behaved very differently
at the minimun and maximun normalities used (0.001N and
10.0N).

It appears from these results thnt apart from physieal
factors such as molarity and degree of dissocociation of the
acid which might affect spittle stability, the actual
composition of the acid itself may be important. pKa values
(the negative logarithms of the ionization constants) given
in Table 2 donot appear to be correlated with the dissolution
rate at the optimum observed normnalities. At the 0.001N
concentraticn the two factors do appear to be correlated,
the stronger the acid the more rapid the dissolution rate,
while the reverse is true at the 10.0N concentraticn.

(Graph 3 ).

Aliphatic Monobasic acids.

The first three members of this homclogous acid series,
formic acid, acetic acid and propionic acid were tested at

0.001N, C.Q1N, 0.05N, 0.1N, 2nd 1.0N concentrations. The
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results are shown in Tablelsand Graph 4 . At all normalities
used the rate of dissolution appeared to be inversely related
to the pKa value (Toble22), but directly related to the chain
length of the acids.,

Aliphatic Dibasic acids.

Oxalic acid, malonic =2cid and succinic acids were tested,
at 0.1N, 0.2N, 0.5N, and 1.0N concentration. The results are
shown in Table 17 and Graph 5 . The curvesrare typically
U—shaped_wifhin the range of normalities tested, and for all
the acids the optimum obsertved normality was 0:5N. As with
the fliphatic mcnobasic acids, +the stronger the acid the slower
the rate of dissolution cbserved, except at the 1.0N concen—
tration. The pattern of the curves in Graph 5 suggests that
chain length cf thé acids may affect the rate of dissolution
cf spitile.

Chlqgine«substituted acetic acids.

The results of the tests made with these acids are shown
in Table 18 and Graph 6 . The acids were tested at 0.001N,
0.01N, 0.1N and 1.0N. The curves in Graph 6, indiccoting the
rate of action of these acids compared with that of acétic
acid, suggest that substitution of additional chlorine atonms
in the acetic acid molecule increases the effectiveness of
the acid, particularly at the lower concentrations. In this

case the pKa value of the acids appear to be directly related
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to the rote of dissolution observed, except 2t the 1.0N
concentraticn.

Tissoluticon of s»nittlc in the highcr concentrations of
trichlorcacetic acid resulted in the formntion of =2
precipitate, suggesting that protein may have been originally
present in the spittle.

Unsaturated acid series

Attermts to use the lower nembers of the unsaturated
menobasic and dibasic oieid series were abandoned, as no
measureable dissolution of the spittle masses occurred.

Aliphatic monohydroxy alecohols

Methanol, ethancl, n-propanol and tert-butanol were
tested nt different per cent concentrations in water. The
results are shown in T2ble 19and Graph 7 . At 80 per cent
concentrnticn or higher, the dissolution of spittle was almost
immedinte, the rate decrensing os the concentration of
alcohol decreased. The curves in Graph 7 show that the rate
of dissolution of spittle is similar for all the alcohols
tested, but more rapid as the chain length of the alcchols
increases. All the butanol isoners and n-anyl alcohol
dissolved spittle very rapidly as pure compounds. Table 19
shows that a precipitate was formed by the higher concentra—
tions of the alcohols, ngnin suggesting that protein nay

be originally prescnt in the spittle.
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Ketones

Soluticns of acetone in wnter dissolved spittle nore
rapidly with incrensing concentration (Table20 and Graph 8 ).
A precipitate was formed with the higher concentrations of
acetone and o nore glutincus precinitate wns feormed when
spittle masses were treated with methyl ethyl ketone, methyl
nropyl ketcne and iso—butyl ketone, agnin denonstrating the
possible presence of protein in the spittle.

Incrganic hydroxides

Sodium and potassium hydroxids were used in these tests
2t concentrations o .0.001N, 0.01N, 0.1N, 1.0N and 10.0N.
The results are given in Table 21 and Graph 9 and show that
the rate of action of both compounds was similar at all
concentrations tested.

Other conpounds

None of the other compcunds tested had any measurable
effect on spittle. Certain comprunds such as ethylene glycol,
retained the spittle on the surface as an intact nass:; others
such as ether, benzene, chlorofcrn, the paraffin hydrocarbons
and solutions of surface aétive agents appeared to slightly
reduce the surface tension of the spittle nass but did not

cause any dissoclutiocon.
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Discussion

Spittle was dissolved by most of the acids tested
and also by inorganic hydroxifes, alcohols and ketones (Tablesld
to 29.The dissolution of spittle by these compounds may be
explained by considering the chenmical structure of the spittle
naterial, It has been shown earlier that protein is a major
comnponent of the solid material in spittle, probably present
as part of = mucocomplex.

Dissolution of spittle in acids and alkalis nay he due
te the combinaticn of positive and negntive ions formed by
these compounds in solution. with ions formed by the protein
fraction of the spittle. It is thought that amino acids
in sclution consist of an exceptional type of ion, the
mzwitter-~ion" (in Karrer 1950). Proteins behave towards
acids and alkalis in much the same way as do amine acids and
they may, in fact, be regarded as very complex anino acidsg
they combine both with acids and alkalis and it is probable
that they also form zwitter—ions. Each zwitter-ion hos a
pclar charaoter, the amino group beconing 2 charged cation
while the acidic portion becomes a charged anion (in Karrer
1950). At a certain pH value, the isoelectric point, specific
for each protein, a protein solution apparently carries no
charge; this indicates that the protein is in equilibriun

with its neutral zwitter—ions. The additicn of acids or
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alknlis to protein solutions will convert these t¢ basic
ions and acidic ions respectively, thereby causing further
dissociation and scoluticn of the protein (in Taylor 1957).
The faster rate of action cof alkalis nay be explained if
the pH value of the iscelectric point is much less than
7, as it is for nany proteins, for example, gelatin (4.7)
and egg albunin (4.8). (in Taylor 1957).

The dissolution of spittle by certain other conpounds,
with the producticn of a precipitate, is also explained by the
presence of protein in spittle. Alcohols, ketones and
trichlorcacetic acid all precipitate prot-ins from sclutiocn,
and, in the present work these conpounds did produce a
precipitate.

From this work it appears that dissolution of spittle
is brought about by chemical reactions cf the successful
compounds tested, with the material which composes spittle.
For the homologous secries of compounds tested, chain length
and pKa values seem to be connected with dissolution rate,
but fdr other compounds such as minernl acids, there does not
appear to be any single factor acting, normality of the
acid, the pKa value and possibly the chemical composition of

the acid all appearing to exert some influence.
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DESTRUCTION OF SPITTLE BY SPRAYS

Only certoin compounds, selected fron results in the
previous tests, were used os sproys in these experiments.
Initiclly water, both with and without dye in solution, and
later odourless kerosene, sulphuric acid, n—decane emulsicns
and several surface active agents were sprayed on the spittle
nasses in the spray tower.

Spray method

Pieces of vegetation,each supporting one spittle nass,
were held in a vertical position in glass tubes with the
sten projecting through a hole in the cork into 2o small
volume of water. Several nasses were presented in this nmanner
within a 12 inch diameter circle in the centre of the spray
drawer . The hcight of the vegetation above the base of the
drawer was standardised as far as possible at 20 cns; the
lower shutter could not, therefore, be used., Investigntions
of the effect of sprays settling cn the test material were
nade with the upper shutter in the open and closed position.
Exanination of the spittle nasses after spraying showed that
the effect of the larger spray droplets was negligible, and
all sprayings were, therefore, conducted with the upper shutter
in the open position. To avoid the possibility of larger drops
of liquid falling from the nozzle on to the spittle nasses,

no test material was placed in the centre of the spray drawer.
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Spittle masses formed by third and fourth instar nymphs were
used in these tests. Ten nls. of sclution were sprayed in
each test and the deposit was allowed to settle for 3 nminutes.

Agqueous sprays

These sprays had no effect on spittle, o result which was
expected,as spittle masses in the field are not disrupted by
the inmpact of small rain drops. All nymphs emerged from the
spittle masses within 10-15 minutecs after spraying. This
effect was observed in all the spray tests, and it was receg—
nised that the nymphs on pieces of vegetation removed fron the
growing plant would be unable to maintain the spittle by
arawing water from the vascular system. It is also possible
that the impact of spray droplets on the spittle may stimulate
the insects to leave their protective surroundings.

Spittle nmasses sprayed with o one per cent aqueous solu—
ticn of methylene blue strined blue , as dye deposited on the
spittle dissolved in the water contained in the spittle.
in attenpt was made to discover whether the dye penetrated
into the spittle mass,via its contnined water, by preparing
frozen sections. The spittle materinl was tce voacuolated to
allow proper sections to be cut; it appeared that the dye did
not penetrate the spittle, but remained in the outer region

of the spittle mass.
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0il Sprays

Qdourless kercsene sprayed on to spittle masses had no
effect apart from a small reduction in size of the outer
bubbles. The sane result was obtanined with an n—decnne spray.
Thece results substontiated those obtained when attenpts to
destroy spittle in these compounds in test tubes failed.

Surface active agent sprays.

Five surface active agents were sprayed on to spittle
nasses at concentraticns of 0.1 ner cent, 0.5 per cent, 1.0
per cent, 5.0 per cent, and 10.0 per ceni in distilled waver.
The spray time for a.fixed volume of spray (10 mls.), increas—
ed with concentration. As surface active agents are of three
types, non-ionic, anionic and cationic (Barker 1948), at
least one of each type was used.

The non~ionic surface active agents used were, Lissapol
NX (nonyl phenol ethoxylate), Nonex 52 (pclyglycel 600 mono—
oleate) and Tween 80 (polyoxyethylene sorbitan monc—oleate).
The anionic and cationic surface active agents were Aphresol
FC (sodium alkylnaphthalene sulphonnte), and Fixanol C
(cetyl pyridinium bromide). The cationic surface active
agent was dissolved originally in hot water.

None of the surface nctive agent sprays had an effect on
the spittle apart from reducing the size of the outer layer

of bubbles, presumably by lowering the surface tension.
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However, all sprays drove the nymphs frenm the spittle faster
than water alone, within 5 nminutes for the caticnic surfaceact:.
agent and in 5 to 10 nminutes for the anionic and non-ionic
surface active agents.

Lissapol NX, is kncwn to produce an increasingly alkaline
gsolution in water as the concentration increases. The pH
value lies between 7.0 and 9.0 at a concentration of 10 ner cen
Scluticns of Aphrosol FC are neutral,while Fixancl C produces
an acid solution in water. Although there was nc difference
between the effect of the various sprays on spittle, it was
noticed that the nymphs were driven out of their protective
masses sooner by the cationic surface active agent, Fixanol C,
pcssibly because of the slightly acidic nature of this compound
at the higher concentrations used.

Erulsion sprays

Emulsions were prepared from odourless kerosene, Lissapol
NX and distilled water in the following ml. proportions.

Emubion  OdouPless keroBene (ml) Lissapol NX(mI) Yater (ml).

A 20 9 71
B 40 9 51
C 60 9 31

At 76 cm. Hg. air pressure the times to spray 10 nls. were,
25, 28 and 34 seconds for enulsions A, B and C respectively.

The shutters were not used and the spray was allowed to settle
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for three minutes.

The only visible effect of the emulsion sprays was that
the nymphs vacated the spittle masses. However, the activity
of the nymphs was impaired after contact with the spray depos—
it, the length of time needed to recover full mobility depend—
ing on the propertion of o0il in the spray. The nymphs in
contact with emulsion A appeared to recover within about 20
minutes after removal to damp filter paper in 2 petri dish.
Nymphs in ccntact with emulsions B and C, when treated simi-
1arly, seemed to reg2in full mebility after about two hours.
No mortalities were recorded within a 24 hour period after
spraying.

4 similar set of emulsions was prepared substituting
n—decane for odourless kerosene and the most stable of these,
60ml. decane, 9ml. Lissapol NX and 31lml. distilled water
(Bard 1961) was selected. No mortality of nymphs was recorded
24 hcurs after spraying spittle masses with this emulsion.

Erulsicn sprays containing ¥=BHC

The above emulslon was used to spray the insecticide
KCBHC, dissolved criginally in the decane, on to spittle
masses. Twenty five spittle masses containing third and
fourth instar nymphs were sprayed with the solutiocns. The

emerging nymphs were placed on demp filter paper in petri

dishes and maintained at the temperature of the spray rocn,
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22°¢ 2 2%, The mortality of the nymphs was assessed after
24 hours (Table 23 ).

Mortality of nynphs of both instars increﬂsed as the
concentraticn of insecticide present increased; a t test
" (Pinney 1947) showed that there was no significant difference
between the LD.SO values bbtained for instars thrce and four
(Table 23 ). |

Sulvhuric acid sprays followed by ¥-BHC sprays

To determine whether the destruction or partinl destruc—
ticn of the spittle mass would alter the susceptibility of the
nymphs %0 ¥-BHC, spittle masses containing third and fourth
instdr nymphs were sprayed with suiphuric acid solutions,.

which unlike n—decane had been shown to destroy~spittle,
immediately before spraying with the emulsion containing ¥-BHC.
Sulphuric acid was sclected becaﬁse of its ldw vapcur pressure
(Howden and Marshall 1961) and the consequent reduced risk of
complicating fumigant effects.

10 mls. of sulphuric acid solutions of 0.1N, 0,.5N, and
1.0N concentration were sprayed on to spittle masses, and each
of these sprays was follcocwed by 2 10 ml. spray of the decanc
erulsion containing 10, 50 and 10C ng. per cent §-BHC. Three
ninutes elapsed before the seccond of each pair of sprays was
used. Twenty five spittle mosses of instars three and fouf

were used for ench pair of sprays.
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Each of the acid sprays decomposed the spittle to sone
extent, the most effective being the 1.0N spray. Three
minutes after spraying with the decone emulsion, the nymphs
were removed to damp filter paper in petri dishes in the
spray room. and mortality counts were made 24 hours later.

Tables23 and24 show that the mortalities caused by the
¥-BHC were substantially the same, whether the spittle masses
were first sproyed with solutions of sulphuric acid or not.

" DISCUSSION OF SPRAY RESULTS

Spittle masses sprayed with a number of different com=
pounds appeared to afford little or no protection to the
insect. It was noted that the insects were stimulated to
leave theilr masses faster by compounds which either partially
deconmposed the spittle mass or which provided an irritant
stimulus,

The effects prcduced on spittle by spraying compounds
which had been successful in the laboratory tests %howed the
sane type of acticn but to o lesser extent.

The mortality coused by ¥-BHC sprays (Tables?23 and 24 )
was similar, regardless of whether previcus partial destruction
of the spittle mass had taken place. It appears from these
results that the presence of an irritant material in the
spraying liquid is sufficient to drive the insect from its
protection and thus into contact with the deposited insecti-

cide.
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Exposure to Saturatedxx-BHC vapour.

Protected and unprotected nymphs of P.spumarius were con—

fined in a small chamber saturated with ¥ —BHC vapour at 18°¢.
and at a relative humidity of 79 per cent, maintained by sat—
urated ammonium chloride solution, in order that effects due to
dessication would be minimised.

5 nymnphs of each instar were exposed. The mortalities
given in Table 25 arc those for originally unprotected nymphs,
as protected nymphs were stimulated to leave their spittle
nasses within a few minutes. The resistance of the nymphs to
the insecticide vapour appeared to increase with age, with the
exception of the third instar. Nymphs maintained under the
same conditions but not exposed to the insecticide vapour were

alive after 24 hours.

Spittle as a protection against dessication.

Spittle is of great importance for preventing the rapid
dessication of nymphs of Cercopidae (Kirkaldy,1906). To in -
vestigate the effects of dessication 25 protected and unprotec~
ted nymphs of each instar were exposed over potassium hydroxide
at 18°C. Survival times for originally unprotected nymphs are
given in Teble 26,

The first reaction to dessication was a slowing down of
searching mdvements; later the insects fell on their backs at

the bottom of the tube. The criterion of death was taken as
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inability to meve the fore legs, these being the last append—
ages seen to move. Nynphs maintained on damp filter paper at

the same temperature survived for 24 hours.

The results of these two series of cxperiments (Tables
25 and 26) show that even under the influence of irritant
stimuli which have no mechanical effect on spittle, as for
example in spraying, nymphs are stimulated to leave their proit-
ective surroundings rapidly. It may be possible that there is
a contact botween the outside environment and the nymph enclos—
ed in the spittle which pernits stimuli to reach scensory rec—
eptors on the insect. It would be of great interest to locate
any such receptors and to study whether the insect is able to

rnaint2in contact with the external environment.
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THE STRUCTURE AND PERMEABILITY OF THE SCALE OF SALSSETIA
HEMISPEAERICA (T4iRG) .

INTRODUCTION

The adult females of many families of Coccoidea
(Homoptera), are sessile pests on a large number of tropical
and sub-tropical plants, and need a more efficient protective
covering than mcre active species.

The usual tyne of protective covering found is a
thickened dorsal scale, secreted by the insect and impregnated
with differing amounts of waxy material and waste products
of metabolisn, (Coccidae and Diaspididae), and in some fani~
lies, for example the lacciferidae, resinous materinls obtain-—
ed from the host plant. In other families, more active species
secrete o powdery or filamentous wax covering (Pseudococcidae).
The presence of the protective scale mokes the econonically
important species difficult to control, as penetration of the
scale by insecticides is limited.

In the present work, the structure ~nd permeability of

Saissetia hemisphaerica (Targ), a typical member of the family

Coccidae, was studied.

Formation of the scale

Baranyovits (1953) describes the formaticn of the scale

by Aonidiella aurantii (Mask) in the following manner. The

active first instar nymph, or crawler, comes to rest, inserts

its stylets into the plant (citrus) and begins to feed
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intracellularly (Bodenhciner 1957). Glands scattered over
the dorsal surface of the body secrete fine "silken" filaments
and these are distributed over the whole insect body as a
result of pivoting movements about the inserted stylets.
Eventunlly the insect is covered With a tangle of loose silk.
.Berlese (1909) also described secreticn of silk threads by
immature scale insects.

A glutinous liquid secreted by the malipighian tubules
is now distributed in the saﬁe way and, being absorbed on to
the silk, forms a soft, apparently homogenous mass which
subsequently toughens to form the scale. Because the ali-
nentary system is blind, there being no connection between
the mid and hind gut, provision is made for the products of
netabolism to pass directly into the haemocoele and be
incorporated with the "secretions" deposited in the scale.
Wax filled haemocytes are known to occur in the haemolymph of
some species of Coccids and Aphids (in Imms, revised edition
1957).

It is not known whether this method of laying down the
basic structure of the scale is common to all scale insectss
the presence of amino acids similar to thoseof silk suggests

that the structure of the scale of S. hemispheerica may be

formed in this manner.

CHEMICAL CONTRCL OF SCALE INSECTS

Scale inscects are one of the most difficult groups of
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insect pests to control., The possessicn of a dorsal scale —
like structure, impregnated with wax or resin in many speccies,
precludes the effective use of insecticidal naterials for
direct penetration to the insect surface. 4 second feature,
is that fairly rapid development of resistonce to some control
mneasures is known to cccur.

One of the most effective control measures used, is
fumigation with hydrogen cyanide (HCN) gns,but in 1914;15 it
was noticed that certain strains of the red citrus scale,

Aonidiella auvrantii (Mask),and the black scale, Saissetia

giggg (Bern) were resistant to HCN (Quayle 1938). Dickson
(1941) found that the difference in susceptibility was a
sex~linked character, and Lindgren (1941) and Yust el al.
(1943) demonstrated that resistonce was not connected with
the possession of the scale covering in the adult.

Ebeling (1939) found that the impermeability of the
scale by sprays could be overcome by using spray solutions
having a low advancing contact angle which penetrated beneath
the edge of the scale, and through the mass of waxy threads

secreted beneath Aonidiella.

0ils and oil emulsion sprays containing insecticides,
must be used carefully to avoid phyotoxicity. DDT and methyl
parathion successfully control a number of armoured scale

insects (Diaspididae; Brown 1951). J-BHC sprays are not very
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effective against soft scnles (Coccidae). Brown (1951) found

that the crawlers of Saissetin oleae (Bern) are able to

toleratef-BHC, but not DDT, the crawlers being unable to settle
on surfaces treated with this material.

HCN fumigation is still practised for control of
non—-resistont strains of certnin scale insects. Spray solu—
tions having ropid spﬁ%ﬂing powers are used to penetrate
beneath the edge of the scales; the combination of oils and
insecticides in sprays results in better control of scale

insects than that obtained by either material used alone.
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TI'E STRUCTURE OF THE SCALE OF SAISSETIA HEMISPHAFRICA.

Physical structurec.

Scetions of adult scale insects were prepared using the
method of Sinha (1953). Inscets were fixed in o mixture of
a saturated sclution of picric acid in 90 per cent alecohol (75
parts), formalin (25 parts) and concentrated nitric acid (5
parts) for 2 days to soften the scale material. The insccets
were then dehydrated in 90 per cent and absolute alcohol for
16 hours. The insects were placed in clove oil for 1 day, and
then in clove o0il saturated with celloidin. After infiltrat—
ion of this soluticn the insects were placed in chloroform for
12 hours. When hard the block was trimmed and transferred to
a mixture of paraffin (1 part) and chloroform (5 parts) for
12 hours, at 78°C. 4 single change of melted paraffin wax
was sufficient to complete the production of the block.

Sections of the insects wcre cut at lO/L; a part of a
typical section is shown in Figure 17.

Smith (1944) described the structure of the scale of
Saissetia nigra and stated that it consisted of cell units, or
'tesselation' units. The thickness of these units increased
with age and in the maturc insect ventral ridges expand later—
ally to form box—like structures each containing a space or
cell. Several cells of this type are shown in the scale struc-
ture in Figure 17. From each cell a minute pore connects to

a gland duct through which wax passes to the surface.
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In sections of S.hcemisphaerica no pores were found, prob-

ably due to the thickness of the sections. Sinha (1953) states
that sections are best cut betwecn 8/Land 12f"

The possible method of formetion of the scale has alrcady
been described.

The external appearance of the dorsal scale of S.henis -

phaerica 1is shown in Figure 16.

Chenical structure.

Attempts to identify the constituents of Coccid wax have
been made by Chibnall et al. (1934a),Hackman (1951), Gilby and
Alexander (1957) and Lower (1959). Chibnall et al. (1934a)

stated that the wax produced by Tachardia lacca Kerr. is conp-—

osed of primary alcochols (026—34) in the alcohol soluble fract—
ion and primary alcohols (030—36) and n-fatty acids (C30—34) in
the alcohol insoluble—benzene soluble fraction. Cochineal wax

from Coccus cacti was found to consist of cocceryl alcohol

(15-keto—n—tetratriacontan. 1) and two acids, n~triacontanoic
acid and l1l3-keto—n—dotriacontanoic acid, compounds closely
related to those found by Blount et al. (1937) in the wax of

Adelges strobi.

Gilby and Alexander (1957) investigated the effects of
age, climatic conditions and host plant on the wax of Ceroplast—

es destructor (Newstead) and concluded that, whatever the cond—

itions, the wax was typical, consisting of paraffin-chain acids,

alcohols and esters. Hackman (1951), working with the sanme
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species, detected nce paraffin hydrocarbons. The more recent
work of Baker et al.(1960) and Gilby and Cox (1953) has thrown
doubt on the presence of free alcohols in insect waxes,

Lower (1959) found that the scale of Austrotachardia

acaciae (liask). contained 7.8 per cent wax and 44.2 per cent
of a lac type material by weight and smaller quantities of
unidentified materials., In view of the complicated nature of
the wax no attenpts were made to identify the constituents in
the time available; however, preliminary investigations into
the possible presence of silk in the scale were made (Berlese,
1909; Baranyovits,1953).

Baranyovits (1953) found that none of the typical wax

solvents attacked the scale of Aonidiella auraniii even after

immersion for over a year, although the scales were dissolved

by boiling N. sodium hydroxide. Scales of S.hemisphaerica

were bolled in benzene under reflux to remove the surface waxg
the bodies of the insects were removed by gentle boiling in
sodium hydroxide solution until only the scale remained. Thesec
scales were hydrq&sed in 6N. hydrochloric acid for 10 hours..
Chromatograns were produced by exactly the same methods

already descibed for the chromatograms of P.spumarius spittle.

The amino acids(identified in Table 14) are very similar to
those of spittle, except that cysteic acid, leucine and iso—
leucine were found in addition, (Figure 19). It is shown later

that apart from these three amino acids, the amino acid comp-
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osition of the silk cocoon of Plodia interpunctella is also

very sinilar.

The pigment present in the scales of S.hemisphaerica

was extracted in two fractions, cne in beiling water and the
other, possibly moré closely bound to the structural material
of the scale, in beiling sodium hydroxide. The two fractions
were obtained after 6 and 15 hours boiling respectively.
Table 26a. and Figure 18 show that the absorption- spec—
tra of the two Practions is almost exactly similar. Iower
(1959) found the absorption peak of the dye obtained from

Austrotachardia acaciae to be at approximately 450m , while

Gilby (1957) found that for hydrolysed wax of Ceroplastes

destructor the abscrption maximun was at 227.5m .
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PERMEABIIITY OF THE SCALL OF SAISSETIA HEMISPHAERICA (TARG)

The permenbility of the scale of S.henisphaerica was

investigoted by immersicn in alcoholic dye solutions, agueous
solutions of cobalt chloride and solutions of cobalt naphthen—
ate in a paraffin hydrocarbon. The latter two tests made use
of precipitaticn of insoluble cobalt compounds after addition
of l-nitroso~2-naphthol and gaseous hydrogen sulphide
respectively, to the origina,l solutions. It was hoped
that precipitation o¢f these compounds would take place
wherever the original solutions had penetrated the insect.

All insects were immersed on a piece of the vegetation
to which they were attached, and werc examined under =a
microscope to discover sites of accumulation of the dye or the
precipitates.

Permneability to an alcohclic dye solution

Young adult insects, which had not storted oviposition,
were immersed in a one per cent soluticn of eosin in ethanol
for 1, 6, 12 and 24 hour periods.

After wrshing in clean solvent, the insects were removed
from the vegetation and examined for sites of dye accurmlation.
Some concentraticn of dye was observed where irregularities
of the scale structure occurred, nmainly arcund the edges of
the scale and on the ventral surface of the body. Sections

of these insects were cut, by the method of Sinha -(1953)
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described carlier. Nc dye was found to have penetrated the
dorsal scale structure of the insect.

Permenbility to an aqueous solution

Insects were immersed in =2 5 per cent solution of cobalt
chloride for the same pericds of time as in the previous test.
The addition of a few drops of 2o one per cent soluticn of
l-nitroso~2-naphthol caused the formation of a reddish-brown
precipitate, the nature of which is not exactly known. The
insects remained in this soluticn for 2 heurs; Wigglesworth
(1950) using o similar technique with oily solutions under
reduced pressure to investigate tracheal penstration, stated
that precipitaticn should take place as rapidly as possible,
to prevent the fluid which had penetrated Dbreaking up into
short lengths.

‘No evidence of penetration of the scale structure or
of the insect itself was fcound in sections of the insects.
Lccumulation of the precipitnte was found arcund the edges of
the scales, as with the alcoholic dye solution.

Permeability to a hydrocarben solution

The technique described by Wigglesworth (1950) was used
to investigate possible permeability of the scale to an oily
soluticn under reduced pressure. Wigglesworth states that an
oily soluticn is necessary and found that cobalt naphthenate

in the solution gave good results; an intensely black
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Jp recipitate is formed after treatment of the oily soluticn
with hydrogen sulphide.

Young adult insects wcre placed in the side arm of a
glass tube containing 8 per cent cobalt naphthenate in
n—dccone solution connected to a vacuum pump. The systenm
was evacunted to o pressure of 1Omm,., Hg and an inert gas,
nitrogen, was intrcduced restoring the pressure to atmospheric
level. This procedure was repeated twice. After the final
evacuation, the insects were tipped into the solution, and
after immersion for one minute, the pressure was restored
gently, but rapidly, by admission of air.

The insects werc removed from the solution, washed twice
with clean decane and then hydrogen sulphide was bubbled
through decane saturated with hydrogen sulphide containing
the insects, for one hour. The reaction between hydrogen
sulphide and cobalt naphthanate produces a black precipitate
of cobalt sulphide.

Before the insects were prepared for section cutting,
microsocpic examinaticn of the insects sheowed a large amcunt
of precipitate around the edges of the scale and on the
ventral surface.

Sectiocns of the insects were cut by the method described
carlier. The precipitate was not found in the cell units of

the scale structure and exs_mination of a large number of
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sections failed to reveal the presence of the precipitate in
the wax pore ducts.

The failure of decane solution to penetrate into or
through the scale via the wax pore ducts suggests that the
pore ducts pessibly contain material for secretion which
blocked the entry of the solution.

Exposure to saturated ¥-BHC vapour

Ovipositing adults of S. hemisphaerica, still attached

to_vegetation, were confined over sélidﬁ&BHC crystals in a
narrow glass tube, at 20°¢. The relative hunidity within
the exposure tubes was maintained at 70 % . The insects were
placed on a tightly fitting perforated partition placed down
the centre of the tube above the insecticide. The partition
prevented the possibility of contact with the solid insecti—
~cide, a_s some insects, during fumigation, withdrew their
stylets from the vegetation and moved short distances.

The insects were immobilized by the insecticide vapour
within a few hours; total mortality was observed after 24
hours. The critericn of death used was inability to move any
appendage, after removal from the vegetaticn, on stimulation
with a needle.

In the time available, it was not possible to determine
the exact age and stage of development of the insects used

in this experiment. Most of the eggs laid by the adults
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before exposure to the insecticide vapour hatehed, but the
young insects, or crawlers, which emerged, were killed within

about 6 hours.

Discussion of results.

These experiments show that penetration of the solutions
occurred peripherally at the edges of the scale and that
alcohelic, aqueous and decane solutions all fail to penetrate
the scale structure.

The prelinminary experiments with ¥-BHC vapour show that
the vapour is absorbed by the insects despite the presence of
the scale, but provides no evidence for or against the
permeability of the scale structure to vapours. The simplest
explanation is that ¥-BHC vapour enters at the periphery of

the scale,
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IHE STRUCTURE AND PERMEABILITY OF THE PUPAL COCQOON OF
PLODIA INTERPUNCTFLLA (Hb.)

INTRCDUCTION

Plodia interpunctella (Hb.), the Indian ncal moth, is

an important pest of stored flour and milled grain products
in nmany parts of the world. The female noth lays its eggs

in preferably the coarser grades of suitable stored products.
Under temperate conditions, including southern Great Britain,
the life c¢cycle from egg to adult tarkes about four weeks to
complete (Cotton 1943). Towards the end of the last larval
instar, just before pupation, many Phycitidae migrate upwards
away fron the food medium in which they have been living,
secking a suitable site for pupation. Richards and Waloff

(1946 ) describe how the randon progress of Ephestia elutella

Hb. larvae in the food medium alters to a powerful upwards
urge causing an apparently uninfested stockpile to becone

a crawling mass of larvae. At this time Plodia and Ephestia
larvae secrete 2 continuous silk thread which gives rise to
the chiracteristic webbing effect associated with these
pests, also further contaminating the stockpile. When the
8ilk cocoon is eventually spun, it is of sufficiently open
texture to reveal the outline of the pupating larva or pupa

within. 4 similer structure is also described by Becson (1910)
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in his account of the Toon shoot borer, Hypsipyla rcbusta

Moore (Lepidoptera, Phycitidae).

THE CHEMICAL CONTROI. OF PEST SPECIES OF PHYCITIDAE

The economically important species of Phycitidae arc
controlled by fumigation, contact insecticides applied os
dusts or fogs, or morc rarcly by dessicating and abrasive
dusts (Brown 1951).

Examples of fumignants used in bulked stored grain are
carbon disulphide, ethylene dichloride, chloropicrin and nethyl
bromide, the latter being outstanding for fumigation of
bagged material due to its great powers of penetration.

Chlorinated hydrocarbon insecticides protect stored
grain without impairing germination. DDT and ¥-BHC have
both been uscd successfully, but the taint problem of 'K-BHC
is an importont factor. Synergised pyrethrum sprays kill the
adult moths (Owen and Waloff 1946) but fail to kill the
larvae already inside the infested food medium. Potter
(1935, 1938) investigatcd the effect of residual films of
insecticide appliecd as sprays for control of Ephestia

elutella Hb. and Plodia interpunctella (Hb.) and found that

2 thin invisible film of pyrethrun in white oil deposited on
exposed surfaces killed larvoe and moths on contact. During

the ndult emergence period regular spraying was necessary to
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maintain the residual filn.

The use of finely ground powders as dessicating ngents
is limited becnuse they rcduce the flow properties of bulk
grain (Pirie 1951})but o silica aerogel has been used in
foodstuffs (Cotton and .Frankenfeld 1949),

Most control methods uscd concentrate on the cradication
of the larvel and adult stages of thesce insccts,2s thelr
mobility helps the control agent to achieve its purpose. The

pupal stage, quiescent, partially concealed and protccted by

its cocoon ig & lecss likely target for control nmeasures.
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THE STRUCTURE OF THE PUPAL SILK COCOON OF

PLODIA INTERPUNCTELLA (Hb)

Migrating larvae of P.intecrpunctella search cut a crack

or crevice in which to pupate. When settled the larva prod—
uces a small pad of silk upon which the main body of the
cocoon is spun. The cocoon is very flimsy in structure and
the outline of the pupa can often be easily made out. Beeson
(1910) describes a similar sort of structure for the pupal
cocoon of Hypsipyla robusta (Moore), a Phycitid occurring in
India.

Silk is secreted by the labial glands in Lepidoptera in
the form of fibroinogen which, on extrusion, denatures into an
elastic protein fibroin (in Imms, rcvised edition,1957). Two
conoentric cores of fibroin are present in the silk of Bombyx
mori L. coated with a gelatinous pretein, sericin. Attenpts
to identify the production sites of the two proteins in the
silk of Bombyx mori (Machida,1927) by differential staining
techniques indicated that sericin is secreted throughout the
whole length of the mid dividion of the labial gland, while

the: fibroinogen is produced in the posterior pertion only.

After extraction in hot water of a large number of cocoons
of P.interpunctella no residue indicating the presence of seri-—
cin was found. Whole cocoons were, therefcere, hydrdysed by the

technique described earlier and amino acid chromatograns were
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prepared. The anino acids found are shown in Table 14 and
Figure 20, and are scen to be very similar to those found in
both hydrolysed spittle of P.spunarius and the scale of

S.hemisphaerica.

Figures given for the water content of silk cocoons of
Bombyx mori vary from 5.1 per cent (Abderhalden znd Behrend,
1909) to 12.5 per cent (Kellner,1884). The watcr content of

the silk cocoon of P.interpunctella of three different ages

is given in Table 27; the highest water content was found in
the cocoons of the youngest pupac indicating that there is a

certain amount of water loss from the cocoon during development-
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THE PERMEABILITY OF THE PUPAL SILX COCOON OF
PLODIA INTERPUNCTELLA (HD)

To investignte the permeability of the pupal cococn

the following experiments were carried out.:

a) measured amounts of a 5 per cent solution of ¥-BHC
in acetone were applied to protected and unprotected
pupae, at 25°¢.

b) protected and unprotected pupae were exposed to
saturated wvapour of §*BHC at a number of different
temperatures.

Mortality of pupae was used as the criterion of
permeabllity in these two experiments.

¢) Both types of pupae werec sprayed with solutions of
dyes in the spray tower. Permeability was assessed
by comparison of the intensities of the coloured
solutions prepared from the recovered dye.

P. interpunctella was the only insect used in the present

work which could easily be used in both protected and unpro—
tected states, that is with and without the protective cover—
ing respectively. In the experiments where mortality was
measured, Lo avoild possible differences in response due to
physiological changes after handling, naturally unprotected
pupne were used in prefercnce tTo removing cocoons already

formed.



TOPICAL APPLICATION

Experimental Procedure

Measured cmounts of a 5 per cent solution of ¥-BHC in
acetone were applied to the thorax of the insects with an
Agla micrometer syringe. The tip of the canula was bent down—
wards to minimise loss due to the volatile solution running
back along it. After a preliminary test to find a suitable
range of dosages the following werc used — 2, 5, 8 and 10
containing respectively 0.1, 0.25, 0.4 and 0.5 mg. of
insecticide.

A series of batehes of pupae, both protected and unpro-—
tected, were tnken on successive days after pupation, that is
pupae one to nine days old. About 30 pupne of each age were
treated with each dose of insecticide. Protected pupce were
placed on a filter paper in a petri dish and trcated with
the insecticide sclution. The solvent was allowed to evapor—
ate and the pupae were placed on fresh filter paper in the
dish. Unprotected pupae were treated in the same manner,
except that for the higher dosage rates the solution was
applied in successive small quantities and the solvent was
2llowed to evaporate before the next drop was applied. This
procedure prevented the possible run-off of large drops from
the smooth surface of the pupae (Figure2l). Topical applica-

tion to the silk cocoon of protected pupae (Figure 22)






/55

allowed the insecticide solution to spread over the cocoon
and the surface of the pupa within.

Pupae used as controls were treated with the same amounts
of acetone alone. Treatment and post—trextment conditions
for the pupae were those used for the Plodia cultures, 25°¢
+0.5%°C and 70 per cent £ 5 per cent relative humidity.
Regular observations of the insects were made and emerging
adult moths were removed tc prevent disturbnance of the re—
maining pupac.

In estimating mortality, adults emerging from pupce
within ten days of pupation were recorded as live. Insects
which completed their pupal development but failed to emerge
successfully were reccorded as dead.

Results and Discussion

Tue resulis are shown in Tables28 and 29 and Graph 10,

The different stnges in the life history of a
holometabolous insect (egg, larva, pupa, adult) may differ
considerably, both between and within stages, in their
susceptibility to an insecticide under identical conditicns.
Du Cha_nois (1947) experimented with house flies, Musca
domestica L., and found that the second instar larva was
more susceptible than the pupa, the most resistant stage,
by a factor of about 190 measured in mg./litre at the 1..D.50

value.,
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Graph 10.
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Mukerjen (1953) suggested that because of its changing
metabolic rate, and often added protection, the pupa is
usunlly one of the most resistant stages. He found that one

day old pupae of Tenebrio nmolitor L. and Diataraxia oleracea

L. and those about toeserge (8 and 20 days old respectively)
were much less resistant to DDT and pyrethrins than pupae 4
and 10 days old respectively. As great physiological and
morphological changes occur during pupal devclopment this
change in susceptibility is not unexpected.

In the present work Graphld shows only small differences
in susceptibility of protected ond unprotected pupae. Morta—
lity increased with age of unprotected pupae at all four
dpplication rates but for protected pupae age at time of
application seems to have much less effect. When §-BHC was
applied to the younger protected pupae it was thought that
the presence of the cocoon might help to maintain insecticide
vapour around the pupa, thus leading possibly to greater
susceptibility. This seems to have been the case for the
two higher dosage rates.

Regression lines were obtained (Table 30) for ench day's
treatment of both types of pupa. The slopes were flat, and
at days 2 to 4 the acturl concentration of insecticide had
little effect on response in unprotected pupae, but they

appear to be much less susceptible than protected pupae of
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these ages. At days 5 and 6 the LD.50 values suggest that
the susceptibility of the protected pupae was greater, and
on days 8 and 9 that the unprotected pupae were more suscep—
tible. The LD.50 values on day 7 were almost equal, however,
a ttest applied to the results for days 5 to 9 showed none
of these differences to be significant at the 5 per cent
probability level (Table30 ).

To determiné whether pupae, in the middle stages of
development, were more resistant than either earlier or later
stages, further t-tests were applied to the ID.50 values at
5 and 9 days for unprotected pupae and at days 1 and 4, and
4 and 9 for protected pupae. These tests showed no signifi-—
cant differences.

It appears from these results that for the range of
dosages applied, the pupal cocoon has little or no proteciive
value against topical application of insecticide at 25°¢.

It is surprising that no significant differences were
found for insecticide resistance between any developmental
Stages of pupne, further experiments involving large numbers
of pupae are obviously necessary to clarify and expand these

results.
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EXPOSURE OF PUPAE TO SATURATED ¥-BHC VAPOUR

The protective valuec of the pupal cocoon of P.inter—
punctella was investigated by exposing pupae to saturated
HﬂﬂK)vnpour. The experiments were designed to study the
effcet of the inscecticide under the following conditions

A. State of pupae

Pupae were used in normally protected (Pl) and unprotect—
ed (U) states for the duration of the itreatment and recovery
periods. A further series of pupae (Pg) were used in the
protected stote for the treatment period and carefully
removed from their cocoons for the recovery period, to
investigate the possibility of prolonged fumigant action
within the cocoon.

B. Age of pupae

Pupae of three ages, 8-14 hours (4), 90-96 hours (4,),
and 190-196 hours old (A3) werc exposed to determine whether
insecticide resistance varied during pupal development.

C. Tenmperature

Pupae of the ages and states described above were eprsed
to the insecticide vapour at 1500, 25°c and 30°C for the
treatment and recovery periods; further pupae were exposed
at 15°C and subsequently removed 1o 25°C surroundings for
recovery.

The time taken for pupae to complete development varied

with the treatment temperature and also with the age at
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the start of exposure. Adults emcrged from the youngest
pupae kept at 2500 throughout after 9 to 10 days, while
emergence from similar pupae kept at 15°C occurred after
20 to 27 days. The youngest pupae treated at 15°C and
allowed to recover at 25°C completed development in 12 to
16 days.

All pupae were reared and maintained at 2500 before
exposure.

Experimental procedure

The exposure chambers used in these experiments (Figure 9 )
have been described in detail earlier. The atmosphere in the
chambers was allowed to saturate with\&-BHC vapour for 72
heours before the insects were introduced.

Seven cxposure periods were used for the 8 to 14 hours
0ld pupae (Al), 12, 24, 48, 96, 144, 192 and 216 hours, and
six for the 90 to 96 hours old pupae (Ag), 12, 24, 48, 72,

96 and 120 hours. The oldest pupae, 190 to 196 hours old
(A3), could only be exposed for short periods (12 and 24
hours). There were five replicates of ten pupae for each
exposure period. Unprotected pupae were placed on the gaugze
in the chambers and after exposure were removed to clean
petri dishes for recovery ot the appropriate temperature.
Protected pupae were similarly treated, except that 20 pupae

were originally exposed, half of which were removed to petri
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dishes after treatment, with their cocoons left intact (Pl).
The remaining 10 pupae were removed from their cocoons (P2)
befbré being pldced in petri ﬂishes to reCOVef.

One replicate of ld TUPLE Was used aé o control for each
exposure period. Control mortalities were higher at 15°¢

than at any sther temperature, but were generally low.

Results oand Iliscussion

The results are shown in Tables 31tco 37, and summarised
in Graph 11.

At first sight the lines in Graph 11did not sufficiently
rosemble 2 sigmoid curve to suggest a2 true regression rela—
tionship. Such a relationship would be expected in this
type of experiment. Probit cnlculaticns were done on these
lines, Table 38, and the low values obtained forfxz confirmed
thot they are dosnge-nortality regressions, the dosage being
a concentration—time product in which the concentration
rennined constant.

Values for the ILT50 are also given in Table 38. A large
nunber of comparisons between the LT50 values, using the

test (Finney, 1947) arec possible; most cf the LT50 values
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Graph 11.
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for different pupal states, and different ages are nof
significantly differcnt when compmred at the same temperature
value.

The presence of the pupal cocoon at ages one and two
did not significantly reduce the susceptibility of the pupae,
except for pupae of age two (90-96 hours old) exposed at
15°¢ and for pupae of age one (8-14 hours old) exposed at
15°C and allowed to recover at 25°C. The results for
rrotected prpae (PZ)’ removed from their cocoons after
treatment, are similar to the results for protected pupae
(Pl)’ which remained in their cocoons.

In 211 cases exposure at the lowest temperature, lBOC,
was more effective than at 2500, and as might be expected,

" exposure at 1500, followed by recovery at 2500, gave inter—
mediate results. Exposure of the youngest pupae (Al) at 15°¢
produced a complete 2and rapid kill, irrespective of the state
of the pupa. A similar rapid kill was observed when pupae

of all three ages were exposed to ¥-BHC vapour at BOOC.

As mentioned earlier, in the topical application experi~—
ments, it was considered possible that pupae in the middle
stage of development might be less susceptible than pupae
at earlier or later stages of development. Exposure of
pupae at 1500, generally resulted in lower mortality: of

pupae of age two, but this is not always the case, |
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particularly when the cocoon was present throughout.

It appeors from these resul%s that the presence of the
cocoon during treatment does not reduce the susceptibility
of the pupaefbﬁ%BHC vapour, and that in general there is no
sigrificant difference in susceptibility of pupae at any of
the three stages of pupal developnent used.

The effect of temperature

The effects of the different témperature regimes enployed
in these experiments a re quite different.

At 15°% mortality was complete and rapid with the
youngest pupae 1n all states but less marked for the two
older groups of pupae. AL 3000 the kill was rapid and
complete regardless of the age cr stnte of the pupae. Exposure
at 25%resulted in fairly low mortality, highest for the
unprotected pupaec and similar with both types of protected
pupae. Pupae in any state exposed at 15°¢ and removed to 25°C
for recovery show intermediate mortalities in every case.

The toxicity of all fumigants is affected by temperature,
as well as moisture, stage of development and physiological
condition of organisms (Shepard 1937). Moore (1936) stated
that mortality of insccts may be greater at lower temperatures
which favour adsorption of gas, rather than at high tempera-
tures which favour chemical and physiological action, but

which decrease the surface adsorption.
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McIntosh (1954) and Munson et al. (1954) found that a

negative coefficient of kill of Oryzaephilus surinamensis (L)

was obtained with DFDT. [DFNT—(1; 1-bis (p—E£luoropheny 1)-

2,2,2 =trichloroethane)] In both cases the insects were
reared at 3OOC.' MeIntosh obtained his negative coefficient
between 11°C and 30°C. Munson exposed insects treated at
3OOC to 34°C for a short period to increase penetration and
obtained his negative coefficient between 8°C and 34%¢..
Between 18°C and 34°¢, however, DFDT was found to give a
positive coefficient 7 hours after treatment. McIntosh (1954)
stated that the temperature of greatest resistance of

Oryzaephilus surinomensis may well be between 11°¢ and 3OOC,

and that there is no simple general physical rule connecting
the toxicity of any one compound with its vapour pressure
or temperature.

Munson (1953) found, during work on liposoluble insecti-—
cides, that cockroaches preconditioned at 23°¢ compared with
those preconditioned at 3400 for two weeks were more resis—
tant to the action of DDT wheﬁ both were held at 2300 after
treatment. It is thought that all insects possess lipoids
which are subject to temperature influences, and as many of
the more effective insecticides are liposoluble; negative
coefficients of action with temperature and preconditioning

effects should occur with many compounds (Munson et 2l.1954).
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DDT has a physiological action on nerve membranes which
are lipoidal in nature. amasaki and Ishii (1953a). found
that the negative coefficient of action of DDT in the
cockroach could not be explained by the penetrability of
the cuticle by DDT, nor by the detoxification of the material,
but found that the susceptibility of the nervous system
was greater at lower temperatures. Ya_masaki and Ishii
(1953b) using oscillographic techniques proved that}- BHC
also acts on the nerves in the cockroach.

Hurst (1949),found that mature larvae of Calliphora

erytharocephala, were extremely resistant o crystalline

DDT at 20°C but after contact at 36°C for 2 hours, sufficient
DDT was absorbedto cause paralysis when the temperature was
reduced. Hurst conclulded that DDT could be thrown out of
internal lipids by chilling, and thus act on the peritheral
nervous systen.

The following possible explanations of the variaticn
of the coefficient of action from negative to positive
were put forward by MUnsoﬁzz&954). Internal lipids effect
a storage property which would be increased at higher
temperatures rémoving the poison from the site of lethal
action. Cuticular lipids can prevent or facilitate penetra—
tion of an insecticide depending on its liposolubility and

the temperature.
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Rates of absorption, detoxification, excretion,circula—
tion of haemolymph and repair or replacement of damaged
tissues are all possible factors in a complex of equilibria
and reactions occurring simultaneously.

From the results obtained in these expéfiments, it
appears that there is an optinmum temperature of resistance

of Plodia interpunctella pupae to§-BHC vapour, which may

be befween 15°¢ and 3000. Increasing the temperature

from 1500 to 25°C after exposure, resulted in & decreasec in
mortality suggesting thatX~BHC exhibits n negative coefficient
of kill below 25°¢. Unfortunately, pupae exposed at 3000,
were not removed to 2500 for recovery as the kill at 3OOC
was rapid. It appears therefore, that §~BHC possesses both
a vpositive and negative coefficient of kill between 15°¢
and 3000, a possible temperature of greatest resistance
occurring somewhere between thesc two values.

| Further experiments using a different and greater range
of temperatures would be of value in determining the exact
method of action, and possibly the temperature of greatest

resistnnce toXLBHC and other insecticides.
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The permeability of the cocoon %o sprays.

To determine the permeability of the pupal cococon of

P.interpunctella to sprays, protected and unprotccted pupae

were sprayed with water and oil soluble dyc solutions. The sol-
utions sprayed were 1 per ccent methylene blue in water and 1
per cent 0il Red O in hexane and Odourless keroschne. No
results were obtained with the latter spray as it was not poss-
ible to renove the cocoon from protected pupae withont trans—
ferring some of the dye.

5 replicates of 20 pupae of cach type were sprayed at the
same time to avoid replication differcnces between sprays. 10ni
of solution was sprayed; the spray details and results are _
in Table 37 » Unprotected pupac wcre washed with wntor ~r with
hoxano;prbtected pupae werc first carefully remcved from their
coccons before washing. The intensities of the dye solutions
preparcd were ccmpared against the appropriate solvent blank
in 4cm. cells in a Hilger 'Spekker' photoabsorptiometer,

Ilford filter No.606 was used for the water solution; filter
No. 604 was used for the hexane sclution.

The results of these spraying experiments ame given in
Table 39 The results show that the pupal ccocoon is fairly
effective in preventing sprays from reaching the insect surface,
more so for the water spray than for the hexane spray, a fact
which is probably explained by the lower viscosity of hexane

and by its greater volatility. Droplet sizes. ranged from*40—260ﬂn
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SUMMARY
l. The types of protective coverings sccreted by inscets are

briefly discussed.
2. The structure and permeability of the protective coverings
secreted by four seleccted insect species have been studied.
3. Fermeability was estimated by direct measurenent of Mycs
reecovered ori insecgts _sprayed with dye solutions and
indirectly by assessing mortality caused by an insecticide,
K—BHC, applied to protected and unprotected insects.
4. Apparatus designed for this work includes chanmbers used to
study the penetration of vapour of Y-BWCand radio-active
&BHC. A Spray Tower was designed to accommodate naterial
ronging in size from insects in petri dishes to small trecs.
A description of the Tower and its performance is given.

5. Permeability of the wax—wool covering of Cnaphalodes strob—

ilobius to 0il emulsion sprays and to vapour of &BHO has
been investigated. The method of penetration of the covering
by the insecticide vapour was determined by using the vapour
phase of Carbon-14 labelled ¥ BHC.

6. The chemical structure of the spittle secreted by nymphs of

Philaenus spumarius was investigated by histochemical and

acid hydrolysis techniques, The rate of dissoclution of
spittle masses by a number of groups of compounds and the
possible mode of action of the compounds has becen examined.

The protective nature of the spittle was studied by subject-
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ing spittle masses to sprays, dessication and fumigation.
Attempts ninde to penetrate the dorsal scale of Saissetia

henisphacrica by alcoholic, agueous and oily solvents are

reported. The results of acid hydrolysis to determine protein
in the scale are also described.
The amino acid composition of the pupal silk cocoon of Plodia

interpunctella has been investigated. Permeability of the

cocoon was assessed by topical application of insecticide in
agetone solution, by exposure of protected and unprotected
pupae to saturated vapour of‘&iﬂﬂh and by spraying pupae of
both types with dye sodutions. Vapour penetration of the coc—
ocon was investigated using pupae of three different ages under

different temperature conditions.

9. A brief discussion of the value of the protective coverings is

given,
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GENERAL DISCUSSION

The intention of this work was to study the structure and
permeability of the protective coverings sccreted by four sel-—
ected inscct species. The coverings were chosen to represent,
ag far as possible, the major types of protective covering
materials utilised by insects and bccause of this, the invest--
igations carried out fell naturally into four scctions. The
study of the structure and perneability of each type of secret-—
ion needed different tcchniques and in this discussion the
value of the protective coverings of the four insects is con~
pared.

The physical structure and appearance ¢f the four cover—

ings is complectely different. In one species oaly, P.spumarius.

does there appear to be complete coverage,but in this insect
awareness of the external conditions suggests that sensory
reception is highly'brganised. There nmay,in fact, be sone
connection with the outside of the secretion; this pescibility
would benefit from further investigation.

In P.interpunctella the outline of the pupa can be clearly

scen through the structupe of the cocoon. The cococn appears tc
be highly permeable to insecticide applied topically or in the
vapou phase; permeability was reduced only in the spraying
experiments but here the nature of the solvent apﬁeared to play
a part.

The aphid, C.strobilobius and the Ceoccid, S.Hemisphacrica.
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apparently well protected, werc shown to.be cdsily penetrated
by certain trcatments, the wax—wool covering of the aphid being
inefficient protection against materials which wet the fibres
of the covering and the vapour of the insecticide used; the
dorsal scale of the Coccid was not penetrated in this work,but
the 1nsect was easily reached by materials which penetrated
bencath the edge of the scale.

Protein material was fomnd in threc of the coverings and
in Philaenus, where it constituted a very small fraction of the
spittle covering, materials which attacked the protein, such
as acids, were found to be highly effective in destroying the
covering. The protein in the scale of Saissetia is probably
present as a basis for further secretion: it is this other
material which is helieved to rcnder the scale practically
inmpermeablec. The silk cocoon of Plodia pupae is probably
produced to prevent mechanical damage as the silk fibres apnear
to possess no property other than forming a physical barrier:
as such the pupal coccon had little or no protective value in
the present work.

The secretion of Cnaphalodes, which is mostly wax, could

be penetrated by materials which lowered the absorbing powers
of the wax. Thus the addition of a wetter to the spray solut-—-
ions used allowed greater and more repid penetration to occur.

Similarly, the depositicn of molecules of a lipophilic inscct—
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icide such as ()"BHC will occur until the wax becomes saturated
at this point a dyhamic equilibrium will be set up within the
covering which then becones freely permeable. The results of
the penetration experiments using saturated vapour of Carbon—
14 labelledf&BHC indicated that this equilibrium point was
reached after about 8 hours and that after thaﬁ time deposition
of the insecfticide on the inscct surface increased fairly
rapidly, while the amount adsorbed on to the wax of the cover—

ing remained fairly constant.

The protective coverings secreted by these fcur insect
species are probably used naturally for protection from adverse
climatic cenditions, except perhaps in Plodia, and fronm pred—
atory and parasitic insects.and other aninals, Fromn the res-—
ults of the investigations carried out it is certain that
control neasures,for these and probably other similarl& protect-
ed insects, which make use of the inherent weaknesses of the

protecctive coverings will be more efficient.
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TABLE 1

Wertality of migroting larvoe of
P.intcrnunctellsa in pétri dishes

Ten replicates of ten larvae for cnch age.

boys after No. No. Vi No. 7 Total ¢
start of larvae pupae mortality adults mortality mortality
migration pPro— pro—
duced duced
1 100 73 27.0 67 8.2 33
2 100 88 12.0 85 3.2 15
3 100 82 18.0 66 19.5 34
4 100 T4 26.0 57 23.0 43
5 100 38 62.0 28 26.3 T2
TABLE 2

Numbers of protccted and unprotected pupae produced in

67 petri dishes. Ten larvne in e~ch petri dish.

Type of pupa produced Nu%%%geof % pupae
Pupae  with cocoon-"protected” 394 59'
Pupae without cocoon—-"unprotected® 216 32

Total mortality 60 9

Total . 670
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TABIE 3

Results of cbservatirns of the number of larvae
in petri dishes, for prcducticn of the cptimum
nunber of »Hupae with coccons.
Nc. lqrvae Total Number of punac preduced No. of larvae
per dish ggmgiivae "Protected? "mnrotectedn PUPTE dead.
used
Number % Number % Number %
1 10 3 30, T 70 0
2 20 3 15 16 80 1 5
3 30 9 30 21 70 0
4 40 8 20 32 80 .0
> 50 18 36 28 50 4 8
6 60 17 28.3 35 58.3 8 13.3
T 70 31 44.3 35 50 A D.7
8 80 27 33.8 51 63.8 2 2.5
9 9¢ 44 48.9 34 37.8 12 13.3
10 100 68 68 22 22 10 10
11 33 17 51.5 11 33.3 5 15.2
12 36 14 38.9 15 41.7 7 19.4

Totals 619 259 307 53




| &2

TABLE 4.

Analysis of spray deposits of'KfBHC from acetone solution

(Conditions of testi— room temperature, 22°C 2°0; air
pressurc of atomiéation, 76.0 cnm.Hgs Volﬁme of fluid sprayed,
10 mls; time taken to spray, 19 secs; time for spray
deposition, 3 mins; lower shutter opened 5 secs. after
sprayingfinished; deposits in ngs. on 3 in. by 1 in. glass

slides; spray solution, 5% BHC in acetone)

Position 1: 2 3 4 5 Mean

Trial (peri= (peri-~ (peri— (peri-— \centre) (mgs)
nhery) phery) phery) phery)

1 1.6 1.5 1.6 1.5 1.6 1.56
2 1.4 1.5 1.5 1.6 1.4 1.48
3 1.4 1.4 1.4 1.5 1.3 1.40
4 1.3 1.7 1.4 1.7 1.6 1.54
5 1.5 1.1 1.6 1.3 1.2 1.34
6 1.2 1.3 1.4 1.4 1.1 1.28
7 1.4 1.3 1.3 1.6 1.3 1.38
8 1.3 1.3 1.6 1.3 1.6 1.42
9 1.5 1.2 1.4 1.5 1.1 1.34
10 1.4 1.4 1.4 1.3 1.3 1.36
Means 1.40 1.37 1.46 1.47 1.35 1.41

Between positions vaeriation F=1.40 not significant at
P = 0005-
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Between trials voriation P = 2.58 Significant at P = 0.05

Standard deviation for single deposit L 0.138

Standard error of rmean of ten deposits at one position

t 0.044

Standard error of mean of five deposits at one trial

£ 0.062
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TABLE 5

Analyais of spray deposits of methylene blue dye
fron agueous covlution.

-

(Conditions of test—! as Table 4 except, time taken to spray

22 secs; spray solution, 1% methylene blue in distilled

water).
Position 1 2 3 4 5 Mean
Trial. . (peri—~ (peri— (peri— (peri— (centre) (mgs)
phery) phery) phery) phery)
1 0.38 0.39 0.39 0.38 0.38 0.384
2 0.43 0.43 0.42 0.43 0.42 0.426
3 0.42 0.42 0.41 0.39 0.41 0.410
4 0.44 0.43 0.42 0.42 0.40 0.422
5 0.39 0.37 0.39 0.40 0.41 0.392
6 0.39 0.39 0.40 0.40 0.41 0.398
7 0.41 0.43 0.41 0.40 0.40 0.410
8 0.43 0.42 0.41 0.42 0.38 0.412
9 0.38 0.39 0.40 0.39 0.40 0.392
10 0.40 0.41 0.39 0.41 0.39 0.400
Means 0.407 0.408 0.404 0.404 0.400 0.405

Between positions variation P =0.67 not significant at
P = 0.05

Between trials variation F=6,39 significant at P= 0.05
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Standard deviation for single deposit  ¥0.012

Standard error of nean of ten deposits at one position
£ 0.0038

Standard error of nean of five deposits at one trial

¥ 0.0054



16

TABLE 6
Analysis of spray deposit of Risella oil (R.17)

(Conditions of test —i: as Table 4 except, time taken to

spray 115 secss; spray solution, Risella oil (R.17).

Position 1 2 3 & 5 nean

Trial (peri~ (peri— (peri~ (peri~ (centre) (nmgs)
phery) phery) phery) phery)

12.8 12.8 13.4 12.8 l12.2 12.80

1

2 14,1 13.9 14.3 13.6 12.7 13.92

3 13.6 13.8 12.7 13.1 13.2 13.28

4 12.7 13.4 14,2 12.8 1z.4 13.10

5 13.1 12.9 13.6 13.3 12.7 13.12

6 12.9 13.2 13.1 12.9 13.2 13.06
Means 13.20 13.33 13.55 13.08 12.90 13.21
Between positions variation F = 2.46 not significant at

P = 0.05

Between trials variation P -~ 4.87 significant at P = 0.05
Standard deviation for single deposit * 0,384

Standard error of mean of six deposits at one position
£ 0.121
Standard error of mean of five deposits at one trial

£ 072
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TiBIE 7
Scme Physical constonts of oils used in
eXperimental work.

Physical constants Odourless kerosenc Risella eil (R.17)
Mean molecular weight 200 280
Initial beiling point,

°c 180 288
Flash point, °F 160 310

Visoosityo(Redwood 1
at T0°F) 31 125

Specific gravity 60/6C°F 0.790 0.870




TABLE 8

(€.

Mortality, after 24 and 72 hours, of C. strobilobius
sprayed cn Larch trees with a 6:3:0.2 v/v enulsion
of odourless kerosene, water and Lissapol NX, con—
taining different concentrations of y-BHC.
(Conditions of test: temperature, 22°C;, air
pressure of atomigzation, 76 cm. Hg, voclume sprayed,
5 mls, +time for deposition, 3 mins,

¢ concentraticn NO. Mortality after Mortality after
of ¥-BHC (mgs.) ins-— 24 hours 72 hours
ects No. dead 7Morta— No.dead % Mortea—
lity lity..
0.1 150 32 21.3 43 28.7
1.0 150 67 44,7 71 47.3
10.0 150 81 54.0 100 66.7
100.0 150 119 7943 129 86.0
1000.0 150 145 96.7 142 94.7
Control Average 15 10.0 17 11.3
P = 0-050
24 hours. ILD.50 = 5.5 0.002 mgs/litre. Y = 3.87 + 0.65x
X’=8.45 |
72 hours. 1ID.50 = 2.6 0.001 mgs/litre. Y = 4.13 +0.61x
X*0.23
t test, (P = 0.05) confirmed that difference between

1 and 3 day treatments was not significant (t = 2.34)
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TABLE 9 Mortality, after 24 and 72 hours, of C.strobilobius
sprayed on Larch trees, with a 6:3:2v/v emulsion
of odourless kerosene, water and Lissapol NX,
containing different concentrations of ¥‘BHC.

(Conditions of test: as Table 8 except, time to
spray, 33 secs,)

% Concentra— No. Mortality after Mortality after
tion of ¥~BHC ins— 24 hours 72 hours

(mgs) ects Wo. dead /mortality  No.dead JMortality

0.1 150 18 12.0 20 13.3
1.0 150 40 26.7 43 28.7
10 150 66 44,0 76 50.7
100 150 93 62.0 101 67.3
1000 150 130 86.7 139 92.7
Control 23 15.3 19 12.7
P = 0.05.
24 hours. ID.50 = 4.90 X 0.0llmgs/100ml. Y = 3.04 + 0.73x
A=4.69
72 hours. 1ID.50 = 2.19% 0.005 mgs/100ml. Y =3.24 + 0.75x
X" 4.88.

t test, (P = 0.05), confirmed that difference between 1 and
3 day treatments was significant (t = 2.67) o
Differences between emulsion sprays

t test, (P = 0.05), confirmed that differences between 1 day
and 3 day treatments with the two emulsions were significant.
1 day treatment «» +t = 7.04
1

~

T 6.74

3 day treatment .
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TABLE 10

Mortality of C. strobilobius exposed to
saturnted vapour of §—BHC.

(Conditions of test—:  temper~ture, 25°¢ X 2°C;relative
hunidity of chzmber, 75 per cent.)

Expogure Number Mort~lity of insects Cont;ol
period  of Ansects  yi qong g mortnlity | POTPRLiRY
6 25 0 0] 0
12 25 1 4 0
18 25 7 28 1
24 25 10 40 0
30 25 14 56 2
36 25 18 72 0
42 25 20 80 0
48 25 23 92 1
BEquation of regression line—: Y = 4.25x — 1.06
IT.50.value = 26.73 * 0.027 (hours) x'= 3.46

The fiducial linits to the ILT.50 valuc are 23.7 and 30.9
hours. (t = 1.96° at 5 per cent level of probability)
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TABLE 11

Exposure of C. strobilobius to vapour of C-14
labclled ¥ =BHC

(Cogditionsoof test—! temper~ture of exposure,
25°C £ 0.37C; rclative humidity, 75 per cent:
exposure period, 30 mins; chambers equilibrated
for 12 hours before use; 10 insects exposed)

C-14 Background counts Time (secs) for 400 C-14 standard.

standard. of tubes 5 mls. counts of tubes Counts (cps)
Counts scintillator scintillator liquid aftcr sanmple
(cps) liquid (cps) sanples (10 counts.
before insccts)
sample A B C wax— Insect Insect
counts wool surfhace inmbemal
ex— eaxtraet extract
tract
A B C
421.4 2.0 1.2 1.6 29.0 30.6 226.8 405.9
423.7 2.6 1.9 1.4 27.7T 27.2 224 .4 416.1
425.6 1.6 2.0 1.7 29.6 30.8 218.7 415.6
410.4 2.7 1.8 2.4 27.7 28.9 222.1 413.4
422.8 1.9 2.2 2.0 27.8 30.9 221.0 413.6
%420.8 2.2 1.8 1.8 28.4 29.7 222.2 412.9
cps/insect 1.41 1.35 1.80

corrected cps/insect
(sample c¢ps — background 1.19 1.17 0.00
cps)

Counting efficicency of C~14 standard (516 cps at 100 per cent
efficiency)

Avcrage cps. for ten rcadings, 416.9 §° 80.8 per cent efficimay
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TABLE

12

Sumnmary of results of exposure of C.strobilobius to
vapour of C—14 labelled ¥%—BHC

(Conditions of tests — ' as Table 11 except, exposure
periods ranging from 30 mins. to 48 hours)

Hexane extracts. Gms: X lO_9

¥ —BHC
Exposure Wax—wool Insect Inseét Cc—-14 per cent
fores '~ T Civact cximacs  iverage coficicney
. cps for ¢-14
standard
0.5 1.34 1.32 0.00 416.9 80.8
1 6.10 3.38 0.24 402.8 78.1
2 9.01 6.24 0.42 389.0 75.4
4 12.64 8.77 0.70 409.9°  179.5
6 14.18 10.49 1.54 408.7 79.2
8 16.10 16.03 2.07 413.5 80.2
12 18.46 26.93 2.70 422.2 81.8
18 20.60 31.2O 3.27 412.5 80.0
24 22.16 33.12 3.93 414.4 80.3
36 22.77 36.91 5.53 422.0 81.8
48 23.76 41.50 6.81 421.6 81.7
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TABLE 13 Host plants of the two most cormon specics
of Cercopidae found.

-

Neophilaenus lineatus L. Philaenus spumarius (F)
Graninae Agrostis Compositae Achillea millefoliunm
fenuis Lrtemisia vulgaris
Alopecurus - .
- entaurea nigra
Dratensis ce = g
Cirsium arvense
Arrhenatherun
elatius Cirsium vulgnre
Deschanpsia Helianthus annus

coespitosa

Campanulaceae Campanula persificola

Festuca rubra

Caryophyllacene Dianthwe carthusianorum

Holcus lanatus

Cruciferae Alliaria officinalis
olcus 1llis .
Holcus molli Cyidens sp
Lolium . .
S Hypericaceae i : VL Y
cronnac yp e Hypericum perforatum
ILabiata alvia pratensi
Phlecun ‘ B 3 pratensis
praténse Leguminosae Trifoliunm pratense
Poa annua Onagraceac Chamaencrion
angustlfolium

Poa, nratensis

Plantaginaceae Plantago lanceolata

Polygonaceae Rumex scutatus
Rosaceae Filipendula ulmaria
Rubiaceae Gallium cruciata

Gallium mollugo

Scrophulariaceae Veronica #p.
Solanaceae Lycium $Sp.
Umbelliferae Anthriscus sylvestris
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TABLE 14

Figures 15,19,20.
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Anino acids found in acid hydol-
ysates of the protective coverings
of P.spumarius, S.henispheaerica

and P.interpunctella.

Anino acid Rf valuc P. spun— S. hemis— P.intcr—
Phenol run arius. phaerica. punctella,
2o0.
Cystine Y x
Cysteic 7 X
acid
Aspartic 17 X X X
acld
Glutanic 26 X X X
acid
Serine 35 X X X
Glycine 42 X X X
Threonine 48 X X X
Alanine 58 X X X
Tyrosine 60 be » X
Glutanine 57 X X X
Valine 78 X X X
Arginine 86 X X X
Phenyl— 84 X be X
alanine
Leucine 85 X
Iso - 85 X
lecucine
Proline 90 X X X

¥ indicates presence of amino acid.
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TABLE 15 Dissolution of P.spunmarius spittle in
Graph 3 solutions of Mineral Acids. Times in
b — ninutess

Acid Hydrochloric . Nitric Sulphuric o~Phosphoric
Acid Nornality HC1 HNO4 H,S0, H3PO 2
0.001N 7.0 6.0 7.5 11.0 10.0 13.5 12.0 18.5 21.0

5.5 8.5 9.5 11.5 13.5 11.5 17.% 21.0
10.5 12.5 17.0
0.01N 2.5 5.0 4.5 6.0 5,5 9.0 11.5 7.5 6.0 8.0
3.0 4.5 7.5 6.5 10.5 11.0 7.5 6.0
5.0 10.0
0.1N 2.0 3.5 3.5 5.0 6.0 9.5 8.0 4.0 2,0 2.5
2.5 3. 5.0 5.5 9.0 8.0 1.5 2.5
4.5 8.0
1.0N 15.0 12.0 8.0 8.5 2.5 4.0 4,5 3.5 3.5
14.0 12.5 7.5 6.5 3.0 4.5 3.0 2.
12.5 7.0 3.5
10.0N 7.5 17.5 8.0 8.5 8.0 8.0 8.0 4.5 6.0
17.5 16.5 7.0 9.0 6.5 9.5 7.0 5.5
18 . O 7 » 5 8 .O
Average (mins)
0.001N 7.0 10.5 12.6 19.0
0.01N 3.9 6.1 10.4 7.0
0.1N 3.0 5.2 8.5 2.5
1.0N 13.2 7.5 3.5 3.4
10.0N 17.4 8.0 8.0 6.2
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TABLE 16 Dissolution of P.spumarius spittle in solutions
Graph 4 of Aliphatic Monobasic Acids. Times in minutes.
Acid Formic Acetic Propionic
Acid H.COOH CH3.COOH 02H5.COOH
Normality
0.001N 12.0,13.0,12.5, 11.5,12.0,11.0
11.5,11.5 11.5,11.0
0.01N 12.5,13.5,12.5, 9.0,10.0,9.0, 8.5,9.0,8.5,7.5,
12¢0,1305 9.5’9'5 .
0.05N 10.5,9.0,10.0, 8.5,7.0,7.5, 6.5,6.5,6.,0,6.5,
11.0,11.0 7.5,8.0 6.5
OolN 9-0’90599'0’805’ 6'5,6-5’7 O, 505,500,500,4.5,
9.0 6.0,6.5 5.5
l'ON 6‘0,5'595’5’6'0 3'5,4’00,4'53 305,4‘.0.3«.0,4-5,
5'5 4-5’305 300
Average
(nins)
0.001N l12.1 11.4
0.01N 12.8 9.4 8.7
0.05N 10.3 Te7 6.2
0.1N 9.0 6.5 5.1
1.0N 5.7 4.0 3.6
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TABLE '17
Graph 5 Dissolution of P.spumarius spittle in scolutions of
————— Aliphatic Dibasic Acide. Tines in Seconds.
Acid Oxalic M=alonic Succinic
Acid (COOH) (COOH),CH,. (COOH.CH,)
Normality 2 272 2/2
0.1N 125,120,125,145, 230,250,235,260, 350,345,360,370,
135 250 375
0.2N 100,100,95,115, 105,130,115,120, 180,190,185,210
120 125 195
0.5N 85,95,85,110,105 105,110,100,95, 130,120,115,125,
100 130
1.0N 185,200,180,210, 160,150,185,155, 145,165,155,140
215 180 145
Average
(secs)
0.1N 130 251 360
0.2N 106 119 192
0.5N 96 102 124
1.0N 198 166 150
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TABLE 18 Dissolution of P.spumarius spittle in
solutions of Chloro-acetic Acids. Times

Graph 6 in minutes. )
om0 Y — Trichloro—
Acid Honochloro— DIebioto= “HeStis™® Acetic
Zoid CH,GL.C00H  OH.Cl,.C00H C.Cl,.COOH CH,COOH
Normality
0.001N 9.0,10.0,  9.0,10.0, 5.5,6.0,7.0 12.0,13.0,
10.5,12.0  8.0,10.5, 7.5.8.5 12.5,11.5,
11.5 10,0 11.5
0.01N 7.0,8.0,8.0, 6.0,5.5,8.0 3.0,3.5,2.5 9.0,10.0,
05, -5 6-0’700 4;0,4.0 9-0’905,9-
OQOBN 005,100’205 8-5,7.0,7-
1.5,2.0 7.5,8.0
0.1N 3.5,5.5,4.5, 3.5,4.0,3.5 3.0,3.0,4.5 6.5,6.5,7.0
6.5,6.5 5.0.6.0 4.0,3.0 6.0.6.5
lcoN 3.5’400,3 5’ 705’605,5.0 800,9.0,805 305,4.0,4‘.
5.5,5.5 7.0,6.5 10.0,9.5 4.5,3.5
Average
(mins)
0.001N 10.6 9.5 7.0 12.1
0.01N 8.0 6.5 3.4 9.4
0.05N 1.5 7.7
0.1N 5.3 4.4 3.5 R. 6.5

1.0N A.4 6.5 9.0 R. 4.0
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TABLE 19 Dissolution of P.spumnriuvs spittle in solutions
Groph 7 of Aliphatic Monohydroxy Alcohols. Tines in
- seconds.
Alcohol Methanol Ethanol n—Propanol tert—Butanol
A - T _ : '
g;ii?i;n CH,0H CoHzOH 1—C 5,00 tert—C,Hy0H
15 330,320,325,
315,315
20 >400 185,165,190,
170,180
30 > 400 370,350,350 105,75,80,
375,350 100,90
40 410,405,380, 215,205,205 25,20,30,30,
385,395 200,215 25
50 170,150,155, 95,105,85 20,10,15,30,10,5,20,15,10
170,165 105,80 25
60 110,115,110, 55,40,60,45 10,15,10,20,10,5,10,10,5
95,105 50 15
70 55,40,50,50, 20,20,30,35 10,5,10,15, <10  R.
_ 55 20 15
80 35,30,15,35, 10,10,15,20 <10 R. 5 R
30 15
90 <15 R. {10 R. <5 R. (5 R.
Average
(secs)
15 321
20 2 400 178
30 2> 400 359 90
40 395 208 26
50 162 94 20 12
60 107 50 14 8
70 50 2% 11 £ 10 R.
80 29 14 £10 =R. < 5 R
90 <15 R. {10 R. 5 R £ 5 R
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TABLE 290 Dissolution of.P.spgmarius spittle in solutions
Graph 8 of Acctone. Tines in seconds.
% concentrotion Acetone (CH3)200 Avernge (sces)
40 320,285,295, 305,295 300
50 25,120,120,105,120 112
60 65,50,70,55,60 60
70 30,25,40,20,15 28
80 10,5,10,15,10 10
90 <5 R <5 R

100 <5 R 5 R
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TABLE 21 Dissclution of P.spunnriue spittle in solutions
of Inorgenic Hydroxildes. Tinmes in seconds.
Graph 9 :
Hydroxide Potassium Sodiun
Hydroxide KOH NaQOH
Normality
0.001N 280,285,270,265,275 225,240,235,230,230
0.01IT 205,190.180,185,190 160,150, 155,170,165
0.1N 100,100,105,105,110 80,90,80,90,85
1.0N 40,35,45,50,40 25,20,20,30,25
1000N 10’1095’15,10
Average
(secs)
0.001N 275 233
0.01N 190 160
0.1N 104 85
1.0N 42 24
10.0N 10
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TABLE 22

Physical constants of Acids used for dissolution
of P.Spunarius spittle.

Graphs 3 to 6.
Tables 15 to 18.

Acids Formula Molecular Optimun  Molarity  pKa valuc
Woight observed abt

?ormwllt optimunm
or dissO—nornality
lution.

Mineral acids

Hydrochloric  HC1 36.5 0.1 0.1 -7

Nitric HN03 63 0.1 0.1 -1.64

sulphuric H,50, 98 1.0 0.5 -3, +2

o—Fhosphoric  H3PO, 98 0.1 0.03 2.1,7.2,
11.9

Aliphatic

Mono--basic

acids .

Formic H.COOH 46 | 3.75

Aectic CHBCOOH 60 4,76

Propionic C HCOOH T4 4.87

Aliphatic

Dibasic

Oxalic (COOH)2 90 0.5 0.25 1.27,4.27

Malonic «DOHECH2 104 0.5 0.25 2.86,5.70

Suceinic (O@ILCHQ2118 0.5 0.25 4.21,5.64

Chloro-—

acetic

acids

MQBS%Q%PTO" G@flAIDH 94.5 2.87

D&gg%ggo—- CHCIQCOOH 129 0.1 0.1 1.25

Tgic@}ero— CClBCOOH 163.5 0.05 0.05 0.66

All pKa values neasured at 25°¢ except
at 18°C

at 2O C
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TABLE 23

Mortality of P.spumnrius nymphs aftcer spraying
spittle masses with )—=BHC in n—deczne emulsion

(Conditions of test— room temperature, 21°C;:
air pressurc of atomization, 76.0 cm.Hg; volunme
of fluid sprayed, 10 mls; average time to spray
32 secs; ‘time for spray deposition, 3 mins.)

% J~BHC Number of Instar 3 Instar 4
in enmulsion nymphs
(mgs.) sprayed. No. "% mortality  No. ¢ nortality
dead dead
0.01 25 1 4 0 0]
0.1 25 7 28 4 16
1.0 25 13 52 9 36
10 25 20 80 18 72
100 25 25 100 25 100
L.D. 50, Instar 3. 0.0071 £0.0026 (Y = 3.36 + 0.89x% )
L.D. 50, Instar 4. 0.0178 ¥ 0.0061 (Y = 2.68 + 1.03x )

t test confirmed thoat difference between treatments of the
two instors was not significant (t = 1.83)
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TABLE 24

Mortality of P.spumarius nymphs after spraying
spittle masses with Sulphuric Acid solutions
followed by B~BHC in n—~decane emulsion.

(Conditions of test —! as Table 23 , except
average time to spray acid solutions, 24 sccs.)

No. Normality % (K'BHC Centrol mor-

nymphs of Acid | in Instor 3 Instar 4 £o9i%y (Nos.

Spray emulsion Wo.. % mor— No. % mor— Instar Instr
(ngs.) dead tality dead tality 3 4
25 0.1N 10 18 72 17 68 0 0
25 50 24 96: 22 88 0 0
25 100 25 100 25 100 0 o)
25 0.5N 10 17 68 17 68 1 0
25 50 23 92 20 80 0 0
25 100 25 100 25 100 0 0
25 1.0N 10 21 84 18 72 o 0}
25 50 24 96 23 92 1 1

25 100 25 100 25 100 2 0
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TABLE 25 Survival tim of P.spumarius nymphs exposed
to saturated%éBHC vapour.

(Conditions of test: Room tempersture,18°C;
Relative humidity, 79 per cent).

25 nynphs of each instar exposed.

Nymphal instar Average time to death
in hours.

1 4.5 0.5
2 6.0 * 1.0
3 5.5 £ 0.5
4 9.0 1.0
5 10.5 = 1.5

Control mortality one (instar 3)
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TABLE 26 Survival times of P.spumarius nymphs subjected
to dehydration over Ppotassium hydroxide at
room temperature, (187C).

Instar Number of nymphs Time to death (mins)
aftcr lecaving
spittle

1 25 110 * 20
2 25 275 & 35
3 25 210 t 20
4 25 430 * 30
5 25 490 * 20

Control moritality nil.
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TABLE Z26a,

E}g&z&,}ﬁ Extraction of pigment from Scale of

S. henisphaerica by water and Sodiun
hydroxide.

“I1ford Filter Wavelength Absorptioneter Reading

Nunber n . “Water Sodium hydroxide
600 410 941 .670
601 430 .818 .535
602 470 675 .381
603 490 . 607 .298
604 520 .553 244
605 550 .481 .184
606 575 . 422 <143
607 600 .362 . 107

608 680 «293 .076
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TABLE 27.

Water content of silk cocoons, pereent by weight,
of P. interpunctella of different ages.

Pupal age. originnl weight Weight after % water
(days) of 25 cocoons drying (mgs) content
(mgs)
1 T3 6.5 11.0
1 6.7 6. 10.4
1. 7.1 6.4 9.9
4 7.4 6. 8.1
4‘ 7-0 60/10' 8.6
4 6.4 5.9 7.8
9 . 6.3 .

Vo)
-~ < O
-~ w 3
o)
oo
o o O
Ul WO O
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TABLE 28 Mortality of unprotected pupae of P. interpunc—
: tella of different ages, after toplcal appli-—-
Greph 10 Tation of a 5 per cent solution of ¥-BHC in
acetone.
(Conditions of test: temperature, 25°C;
relative humidity in chambers, 70 per cent).
Dose applied 2 5 8 10
Pupal age No. No. DNo. No. No. No. No. No.
(days) pupae dead pupae dead pupae dead pupae dead
1 30 2 30 1 30 1
2 30 3 30 3 30 3 30 4
3 30 4 30 6 30 5 30 5
4 30 6 28 7 30 7 30 7
5 30 6 30 8 30 9 30 9(1)
6 30 7 30 8 30 10 30 11
7 30 9 30 10 30 13 30 14(2)
8 29 14 30 13 30 18 30 15
9 30 17 30 21 30 21(1)29 -~ 21(1)

Sontrol mortalities in brackets.

See Table 30 for Probit analysis.
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TABLE 29 Mortality of protected pupae of R.interpunctelln
Granh of different ages, after topiecal applicaticn of
op a 5 per cent solution of J’BHC in acetone.

(Conditions of test: as Table 28).

Dose applied 2 5 8 10
Pupal age No. No. No. No. No. No. DNo. No.
(days) pupae dead pupne dead pupoe dead pupte dead
1 29 - 28 4
2 28 6 30 8 30 12 28 14
3 30 8 30 9(1) 30 13 30 16
4 30 4(1)30 5 29 19(1)30 19
5 28 2 29 7 28 14 30 15
6 29 4 29 6 30 11 28 11
7 30 5 30 9 30 12 30 13(1)
8 30 4 30 8 30 14(2)30 15
9 29 7 30 9 30 18 30 20

Control mortalities in brackets.

See TablePfor Probit annlysis.
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TABLE 30
Probit analysis of results in Tables 28
and 28 . Mortality of protected and
unprotected pupae of P. 1nterpunctell%,
after topical app11c=t1un o BHC 1n
acetone, at 25°C.
Pupal 2 Regression ID.50 T stan— ID.50 +
age equation nls.5% dard nmgs. dF=4
(days) §BHC error KLBHC P=0.05
unprctec— Y = $Bndce—
ted
2 0.16 3.64 + 0.17x 0.285
3 0.36 3.89 +0.19x 0.348
4 0.11 4.14 ~+ 0.16x _ 0.327
5 0.03 4.01 +0.48x 0.115 0.352 5.74 0.817
6 0.15 4.07 + 0.55x 0.049 0.093 2.45 0.538
7 0.31 4.19 + 0.66x 0.017 0.015 0.85 0.209
8 1.47 4.84 + 0.23x 0.005 0.006 0.24 0.561
9 0.17 5.00 + 0.61x 0.001 0.001 0.05 1.440
Progﬁct—
2 0.89 3,77 +1.10x 0.013 0.006 0.65
3 1.09 3.97 + 0.98x 0.011 0.005 0.56
4 6.59 2.69 -~ 2.64x 0.007 0.001 0.37
5 0.68 2.83 + 2.25x 0.009 0.002 0.47
6 0.50 3.47 « 1.25x 0.017 0.008 0.85
7 0.02 3.65 * 1.19x 0.014 0.006 0.69
8 0.37 3.16 * 1.,81x 0.010 0.002 0.51
9 2.77 3.64 « 1.69x 0.007 0.001 0.33




TABLE 31

The effect of)QBHC vapour on unprotected pupae of

LA,

P. interpunctella exposed 8-14 hours after pupation,

ot dlfferent Temperatures.

Numbers of pupae killed.

Ten pupne used for each replicate at each exposure
period.

Temperature Replicate

Exposure per.od (hours)

12 24 48 96 144 192 216

1 0 1 2 1 3 3 4

25°¢ 2 0 0 1 3 1 4 6

Treatment 3 0 1 1 2 3 3 5

and, 4 o 1 2 2 2 3 5

Treatment 5 0 0 2 2 4 4 4

Totals 0 3 8 10(1) 13 17 24

1 10 10 10 10 10 10- 10

15%¢ 2 10 10 110 1.0 10 10 10

Treatment 3 10 1o 10 10 10 10 10

ond, 4 10 10 10 1¢ 10 10 10

Treatment 5 10 10 10 10 10 10 10
Totals 50 50 50 50(1) 50(1) 50(2) 50(3)

1 1 2 3 4 5 6 7

15°¢ 2 0 3 2 5 4 7 8

Trgatment 3 o 1 4 3 7 7 6

ggs% 4 1 2 3 4 6 5 7

Treatment 5 1 3 4 6 7 7 8
Totals 5 11 16 22 29(1) 32 36(2)

Control mortalities in brackets

(Ten pupae used for each exposure period at the
different temperatures).
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TABLE 32

The effcct ofX;BHC vapour on protected pupne (Pl)
(remnining in their cocoons after treatment) of
P. interpunctella, exposed 8-~14 hours after
pupation, at different temperatures.

Numbecrs of pupae killed.

Ten pupae used for cach replicate at each exposure period

Temperature Replicate Exposure Period (hours)
12 24 40 906 144 192 216

1 0o 1 o 1 2 1 2

25°@ 2 0o 1 1 .0 1 2 2

2;Z§tment 3 o 0 1 2 1 2 2

Post 4 1 0 o0 1 1 1 2

Treatment 5 0 1 1 1 1 5 o

Totals 1 3 3 5 6 8 10

1 10 10 10 10 10 10 10

15°¢ 2 10 10 10 10 10 10 10

Treatment 3 9 10 10 10 10 10 10

pond 4 10 9 10 10 10 10 10

Treatment 5 10 10 10 10 10 10 10
Totals 49 49 50 50(1) 50 50(1) 50(1)

1 0 1 2 2 3 4 4

15°¢ 2 o 1 1 3 3 3 4

Trgatment 3 0 1 5 3 4 4 5

ggs% 4 o 1 1 2 3 3 5

Treatment 5 0O 0 1 2 3 4 4
Totals 0o 4 7 12 16 18(1) 22(1)

Control mortalities in brackets.

(Ten pupae used for each exposure period at the
different temperatures).
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TABLE

T The effect of‘KéHC vapour on protected pupae
(pupae. removed from cocoons after treatment) o

(2,)

P. 1nterpunctella, exposed 8-14 hours after pupatlon,

ot difrerent temperatures
Numbers of pupae killed.

Ten pup%e used for each rep11Cﬁte at each exposure

. period. N ..
Temperature Replicate EXposure peribd (hOurs)
. oC . S . e y
12~ 24 48 96 144 192 216
1 0 0 0 1 S 2 2
25°¢ 2 0 0 .0 0 0o 50 1
Treqtment‘ 173‘ O ...0 0 o .1 1 ‘2
‘and 4 0 o o0 o 1 3 2
Post
Treatment- - - - 5- Q- Q- @ Qo0 - Q- 2
Totals - 0 0 o 1 3 6 9
1 9 10 10 10 10 10 10
15% . . 2 10,10 10 10 . 10 10 10
Treatment 3 107 10 10 “710 WO 10 TAQO
cand. .. g S PP o FSSN: o U 1/~ SRR s WO, I SUURR g
Post _ . , . _
'~ Totals 45 48 .50 50(1) .;50(1)5.,0 20(1)
01 o 12 3 & 5 T
15°¢ 2 - 0 2 2 3 3 4 IR
Treatmen't . )'.3 ~. - . O - ..4_;...1,,‘,.,‘.! .:-.. 3 v e 4 e 5 [ . 5 ey 5, -
25% , g .0 1. 2 3 5B 5 6
Post - 5 - ‘ SRR . ‘ . i o
Treatméht v 5 0 2 2 4 3 4 4
Totals 0 7 11 17 20 23(1) 25(1)

Control ncrtalities in brackets
(Ten pupae used for each exposurc period at the

different temperatures)
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TABLE 34

The effect me%ﬂK}Vhpour on unprotected pupce
of P interpunctella exposcd 90-96 hours after
pupntion, at differcnt temperntures.

Numbers of pupae killed.

Ten pupae used for ench rceplicnte nt each
exposure period

Temp— Replicate Bxposure period (hours)
%?aturo 12 24 40 7e 96 120

C

1 0 0 1 1 0 1

.25%¢ 2 0 0 0 1 1 2
Treatment 3 0 0 1 0 2 1

" and 4 1 1 1 2 1 2

Post 5 0 1 0 1 1 2
treatnent Totals 1 2 3 5 5 8

1 4 4 8 8 10 10

15°¢ 2 3 4 6 9 10 10
Treatnent 3 3 5 8 9 10 10

and 4 4 6 T 8 10 10
Post 5 3 5 8 g 10 10
treatment - '

Totals 17 24 37 43 50(1) 50(2)

15°¢ 1 0 1 3 5 5 4
Treagment 2 1 3 2 4 6 6

25°C 3 1 1 3 3 5 5
Post 4 0 2 2 4 5 6
Treatment 5 1 2 3 5 4 7

Totals 3 9 13(1) 21 25 28(1)

Control nmortalities in brackets.

(Ten pupae used for each exposure period at the
different temperatures).
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The effect of
(remaining in

216,

Numbers of pupae killed

Ten pupae used for each replicate at esch
exposure period.

BHC vapour on protected pupae (P
heir cocoons after trcatment)
of P. interpunctella exposed 90-96 hours after
pupation, at different temperatures.

Temp— "Replicate Exposure period (hours) .
grature 12 24 48 T2 96 120
1 0 0 0 0 0 0

25060 2 0 0 0 0 1 0
Treatment 3 0 0 0 0 0 1
and 4 0 0 0 0 0 0
Post 5 0 0 0 0 0 2
Treatment Totals 0 0 0 o(l) 1 3
1 2 5 6 5 6 9

15°C 2 2 3 4 5 8 9
Treatment 3 2 4 6 6 7 8
and 4 3 3 6 T 7 9
Post 5 4 4 5 8 9 10

treatment  Totals 13 19 27(1) 31 37 45(1)

1 0 2 1 3 4 4

15°C 2 1 2 2 3 5 5
Treatment 3 1 1 3 4 3 5
25C 4 1 1 2 3 3 4
Post 5 0 2 4 2 4 5
Treatment .51 3 8§ 12 15 19 23

Control mortalies in brackets

(Ten pupae used for each exposure period ot the different
temperatures)
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TABLE 36

The effect of X'—BHC vapour on protected
pupce (P,) (pupae removed from coccons after
treatmen@) of P. interpunctella, exposed
90-96 hours after pupntion, at different
tenperntures.

Numbers of pupne killed

Ten pupae used for each replicate at

ench exposure period.

Temgerature Replicate Exposure period (hours)
C
12 24 48 72 96 120
25°¢C 1 0 0 0 0 o 0
Treatment _
and Post 2 0 0 0 0 0 0
treatment 3 0 0 0 0} 0 0
4 0 0 0 o 0 1
5 0 0 0 0 0 G
Totals 0 0 0. 0 0 1
15%¢ 1 3 4 5 7 6 g
Treatment . v
and Post 2 2 3 6 6 6 &
freatnent 3 1 ¥ 4 4 7 8
4 3 5 3 T 8 T
5 2 3 7 6. 6 8
Totals 11 18 25 30(1) 33 39
. (2)
159 1 0 0 3 5 5 T
Trgatment 2 0 1 2 3 4 3
25°C S .
Post 3 0 0 3 2 3 7
treatment 4 0 1 3 3 & 5
5 0 0 2 3 4 4
Totals 0 2 13 16 20 27

Control nortalities in dbrackets

(Ten pupae used for each exposure period at the
different temperaturcs)
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TABLE 37

The effect of K;BHC vapour on pupae of

P. intcerpunctella of all types, exposed
190—-196 hours after pupation, at different
tenperatures.

Numbers of pupae killed.

Ten pupae used for each replicate at each
exposure period.

Temp— Repli— Exposure periods (hours)
eg&ture cates Unprotected Prdected nupne Protected pupae
Y pupae (P,) remaining (P,) removed
inTcocoon ater from cocoon
treatment after treatment
12 24 12 24 12 24
25°¢ 1 3 3 2 4 1 2
Treote 2 2 5 3 3 3 4
ment A 4 6 2 2 3 4
and Posv 4 o) 3 3 s 0 i
treatnent 5 o 4 4 o 2 2
Totals .13 21 12 16 9 13
15%¢ 1 6 7 4 T 5 4
Treat— 2 3 9 7 5 3 7
ment 3 4 8 4 6 3 5
and Post 4 7 10 5 9 6 8
Totals 30 42(2) 26 35(1) 24 30(1)
15°¢ 1 3 6 2 4 3 2
Trgatment 2 5 6 3 4 3 4
25 g 3 4 8 4 6 4 6
Pos 4 $ 6 5 5 3 4
treatment 5 7 8 3 A > 5
Totals 23 34 17 23 I5 21

Control mortolities in brackets

(Ten pupae used for each exposure period at the
different temperntures).
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TABIE 38 . 4
Probit analysis of results in Tables 3T to 36
Mortality of pupae protected throughout (Dl)’
pupae protected during exposure only (P,.) oind
unprotected pupne (U), exposed to saturited
vapour of BHC ~t different ages and ot different
tenperatures.
Coding of L Regressicn 17.50 ftstand— Probability
pupae /( equation (hours) ard error level
Y= P
Unprotected
pupae
-_..-..U —
Ay. 25 T 4,36 1.25 +1.51x  302.0 62.51 0.7PP0.5
Ay. 1525 1.09 1.89 v 1.52x 112.2  13.42  0.9)P
fiy. 25 0.42 1.82 +1.01x 1380.0 1615.57 0.9P
hpe 15 9.03 1.39 +2.64x  23.4  2.32  0.DP’0.05
Ay. 15-25 0.80 1.27 +1.85x 102.3 13.88 0.9P
Protected
pupae
P1
4. 25 0.96 2.12 <t 0.83x 2951.0 3142.52 0.9P
Aj. 15-25 2.72 0.93 ¢ 1.64x  302.0 85.29 0.9F>0.7
Ay 15 4.91 2.38 +1.67x  37.2 4,27  0.3P0.1
Ay. 15-25 0.52 2.04 41.35x 154.9  36.70 0.9P
Protected
pupae
P2
Ly. 25 0.18 —3.89 + 3.41x  407.4 118.06 0.PP
Aq. 15-25 4.39 1.54 + 1.48x  218.8  37.74 0.PP’0.5
Ape 15 0.85 2.48 ( 1.50x  47.9 5.83  0.9P
Aye 15-25 3.6( —0.24 4+ 2.56x 112.2 12,13  0.5P)0.3




A2 0.

TABLE 39. Permeability of the pupal cocoon of
P.interpunctella to aqueous and oil

sprays containg dycs.

(Conditicns of test — temperature, 22003 spray
sclutions, 1 per cent nethylene blue in water,
1l per cent 0il Red O in hexanes; spray pressure,
76 cm.Hg; time to spray, water 22 secs., hexane
18 sces.; velume sprayed, 10 ml.; spray depos—
ition, 3 nins..)

5 replicates of 25 protected and unprotected pupac
sprayed with each sclution.

Replicate VWeight of Dye reccovered (ng. x 10—2)
‘Water spray Hexane spray
U P U P
1. 5.8 0.9 5.2 2.0
2. 6.1 1.2 5.0 1.7
3' 5'5 1‘0 5'6 2.1
4- 506 007 5'5 203
5. 5.9 0.9 5.1 1.9

Means 5.78 0.94 5.28 2.0
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