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SUMMARY

Lettuce necrotic yellows virus (INYV) which is transmitted by the

sowthistle aphid, Hyperomyzus lactucae (L.) causes major losses in

lettuce crops in South Australia and in most Australian states. Because
lettuce is not a host to the aphid a number of factors were investigated
to help understand why the disease is so importaent in lettuce crops.
The transmission characteristics of the virus in the vector; probing
behaviour of the aphid particularly on lettuce; dispersal of the aphid
from sowthistle plants; and the importance of this dispersal in relation
to spread of the disease in the field are reported.

When H. lactucae are given acquisition feeds of 24 hr on LNYV-
infected sowthistle plants, a temperature-dependent latent period must
be completed before the virus can be transmitted. The mean duration of
latent period is 18.0, 9.2 and 5.4 days at 150, 20° ana 28°¢ respectively.
On completion of the latent period . lactucae transmit LNYV consistently
except in some instances when they fail to transmit the virus just prior
to death. There is an apparent reduction of longevity in virulifercus
aphids. Within 24 hr of reaching the adult stage, apterae ani alatae
which have developed on virus-infeeted sowthistle plants are capable of
transmitting the virus. The efficiency of transmission is similar for
both forms of the aphid. Thi longer the inoculation feed by viruliferous
H. lactucae the greater are the chances for successful transmission of
the virus to either sowthistle or lettuce seedlings. Inoculation

thresholds are between 5 and 30 min on sowthistle and 1 to 5 min on



lettuce. Transovarial transmission has been demonstrated in viruliferous
viviparae apterae but the rate of passage of virus to progeny is low.

Out of 73 sets of progeny 5 sets acquired LMYV maternally. It appears
that nymphs which acquire the virus complete the latent period at or
shortly after birth.

When apterous H. lactucae, freshly removed from sowthistle, are
allowed to probe on lettuce they generally wall off the plant; however,
the proving threshold is considerably reduced when they are pretreated
by starving them in continuous ligut at a relative humidity of 65-T70%
for 6 to 24 hr. The site of introduction of LNYV into lettuce appears
to be outside the vascular tissue and it is probably introduced via
salivary secretions.

The developmental zero for H. lactucae is 10°C and the upper limit
of development appears to be 2800. The reproductive rate of H. lactucae
on sowthistle is influenced by population density and it is higher at
low than at high densities. Conversely more aphids (adult apterae and
alatae) leave the host plant at higher pcpulation densities. More
alatae than apterae leave the sowthistle plant as the population grows
probably because more alates are produced. Dispersal of nymphs is
negligible.

In the field, spread of LNYV is effected predominantly by nigrant
alate H. lactucae. Short range dispersal of alatae is probably
unimportant because alate aphids which were put in lettuce plots made
no significant contribution to INYV incidence in these plots. There is

an association betireen peak trap catches of alate aphids and high disease
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incidence which occurs 24 to 33 days after the pesk of aphid catches.
This probsbly represents the incubation period of the virus in lettuce

in the field. Apterous sphids which develop on old infected sowthistle
plants near a lettuce crop may play an ilmportant role in close range
transmission of the disease although this may be eclipsed by the activity
of infected migrant alates. Sowthistle seedlings which occur in a
lettuce crop and which germinate at or after the germination of the
lettuce and which become colonized by progeny of infected migrant alatae

are unimportant in INYV spread.
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1. INTRODUCTION

Arthropod-borne viruses are among the most important, complex and
widely distributed plant disease agents in the world. The economic
importance of the diseases they cause, coupled with the poorly understcod
mechanism by which they survive and propagate has attracted many workers
to this field of research (Maramorosch, 1963).

Aphids are the most important vectors of plant virus diseases.

Of the 249 plant viruses listed by Kennedy et al., (1962), 159 are

stated to be transmitted by 190 species of aphids. The actual number of
vectors is probably much higher, since only 9% of the world aphid fauna
has so far been tested for their ability to transmit viruses. The
mouthparts of aphids are the direct means of acquisition and transmission
of plant viruses and because of their structure and function they are

particularly suited for this role.

1.1 Mechanism of aphid transmission of plant viruses

The mode of virus acquisition, retention and inoculation by aphids
have been used to classify aphid-borne plant viruses as non-persistent,
semi~persistent and persistent (Watson and Roberts, 1939; Day and
Irzykiewicz, 1954; Sylvester, 1958). More recently Black (1959) has
introduced the term 'circulative' for the persistent viruses to emphasise
inferred route of transport whereas Kennedy et al., (1962) have suggested
the term 'stylet-borne' to include all non-persistent =znd semi-

persistent viruses.



Stylet-borne (or non-persistent) viruses are, by definition
(Kennedy et al., 1962), those viruses vhich are carried at the tips of
the aphids' stylets. The differences in the efficiency and specificity
with which these viruses are transmitted indicate that the process may
be a complex one {Pirone, 1969). To explain the mechanism of transmission,
severel hypotheses have been proposed which ineclude specific inactivation
of viruses by aphid secretions (Day and Irzykiewicz, 1954), differences
in aphid behaviour (Day and Irzykiewicz, 1954; Sylvester, 1954) and
‘differences in the surfaces of stylets resulting in differential
adsorption of viruses (van der Want, 1954). Sylvester (1954) suggested
that specificity was dependent upon the compatible combingtion of virus,
saliva and inoculated host cell. Recently, Garrett (1971) suggested
that non-persistent viruses are carried in the cibarium and transmission
is effected by the ejection of the viruses from the cibarium. All
these hypotheses suggest that the trensmission process is essentially
mechenical. Stylet-borne viruses are transmitted (acquired and
inoculated) within minutes, and usually survive in the vector for less
than one hour (Watson end Plurb, 1972).

Circulative (or persistent) viruses are those which have a cycle
in their vectors. The virus is ingested, absorbed, translocated and
finally reaches the salivary glands from where it is injected into the
plant tissue via salivary secretions during feeding (Black, 1959).
Circulative viruses are also characterized by a high virus-vector

specificity, long retention of the virus in the vector and the presénce



of a latent period which must be completed in the vector before the
virus can be transmitted (Sylvester, 1969a). Some circulative viruses
multiply in their vectors (Stegwee and Ponsen, 1958; Sylvester, 1969b)
but others apparently do not (Sylvester and Richardson, 1966).

Semi-persistent viruses are intermedistes between the non-
persistent and persistent viruses. They have no latent period and are
probably held more tenaceously by the stylets than the non-persistent
viruses, for they are not lost or inactivated as readily (Sylvester,
1962).

Lettuce necrotic yellows virus (INYV), whose transmission by
aphids is the subject of this thesis, appesrs to be both circulative

and propagative (Stubbs and Grogan, 1963; O'lLoughlin and Chambers, 1967).

1.2 Economic importance of lettuce necrctic yellows virus

Lettuce necrotic yellows virus is a very destructive virus disease

of lettuce (Lactuca sativa L.) which was first recognised by Stubbs and

Grogen (1963). No varieties of commercially cultivated lettuce are
knowvn to be resistant to infection. Infected lettuce plants become
chlorotic and show varying degrees of necrosis. Mortality is high;
chronically infected survivors have small, distorted and unmarketable
heads. The diseasc is widespread in Australia and it is also found in
New Zealand (Randles and Carver, 1971).

LNYV is the most serious diseesse of lettuce in South Australia.

Losses of over 50% have been reported in some crops. The disease



infects mest plants during the spring and autumn. Crops sown in mid-
September and between early February snd lste March stand the greatest

risk of infection (Randles and Crowley, 1970).

1.3 Vectors of ILNYV and their distribution

Symptoms shown by lettuce infected with either tomato spotted
wilt virus (TSWV) or INYV are similar. Farly outbresaks of INYV were
probebly all sttributed to TSWV until the specific vector, Hyperomyzus
lactucae (I.) of INYV was discovered (Stubbs and Grogan, 1963). Randles

and Carver, (1971) have reported that H. carduellinus (Theob.) (a

closely related species) also transmits INYV. They, however, stated

that because of its limited distribution, U. carduellinus may be

unimportant in the spread ¢f the disease. Eastop (1961) regards

H. carduellinus 'as only a tropical anholocyclic form of lactucae' and

states further that 'typical lactucae has a hclartic distribution and
also occurs in Australia®. H. lactucse appears to be cosmopolitan
(Hille Ris Lambers, 1949, Ccttier, 1953; Eastop, 1958). The absence

of parasites of H. lactucae in Australia suggests that it has migrated
to or has been introduced into Australia without its attendant parasites

(Stary snd@ Sehlinger, 1967; Stary, 1970).

1.4 Host plants of H. lactucae

In Europe H. lactucae overwinters in the egg stage on Ribes spp.

and migrates to Sonchus spp. during the spring (Hille Ris Lambers, 1949).



In Australia it breeds throughcut the year on sowthistle, Scnchus
oleraceus (L.). BRecently Randles and Carver (1971) observed that

H. lactucae alsc breeds on Embergerie negalcecarpa (Hook. f) Boulos,

Reichardia tingitena (L.) Roth. and S. hydrophilus Boulos which have a

more restricted distribution than 5. oleraceus.
Hille Ris Lambers (1949) end Eastop (1958) agree that Lactuca
i3 not a host plant of the aphid. The specific name was apparently given

'"because Linne placed Sonchus cleraceus in Lactuca' (Bastop, 1958).

1.5 Origin of INYV in Australia

Stubbs and Grogan (1963) ccnsidered LNYV to be an introduced
disease becausc the only known reservoir plant {at the time), S.
olzraceus, is presumed to be an introduced species. Randles and Cerver
(1971) revortecd natural infection in 8. hydrophilus and E. megalocarps
both of which appear to be indigenous to Austrslasia. Because LNYV has
only been found in Australasia and both S. hydrophilus and E. megalocerpa
support colonies of H. lactucae, Randles and Carver (19T1) proposed that

LNYV was more likely to be endemic to Australasia.

1.6 FEelstionshin between INYV and other Rhabdoviruses

Sixteen groups of plant viruses have been described by Harrison
et al., (1971). Some of the plant viruses which do not fit into any of
the sixteen groups have been grouped together becsuse of their

characteristic bacilliform or bullet-shaped particles. Hull (1970)



referred to these viruses as the Lettuce Necrotic Yellows Virus Group.

The particles of this group of viruses show remarkable similarities to

the vesicular stomatitis virus (VSV) and its relatives (Howatson, 1970)
and are now often described as plant Rhabdoviruses.

About twelve nlant viruses belong to the LNYV group (Howatson,
1970). Hull (1970) separated these viruses into two sub-groups on the
basis of their biological and physieal characteristics. The virus
particles of the first sub-group e.g. sowthistle yellow vein virus (sYVV)
arce associated with the nucleus of the host plant and have a diarster
of 75-93 nm. Those of the second sub-group e.g. LNYV have a smaller
diemeter (54-T73 nm) and are restricted to the cytoplasm of the cell of
the host plant. Francki (1973) has questioned the validity of Hull's
(1970) sub-grouping of the LNYV group.

Most of the negatively stained virus particles viewed in the
electron microscope appear to be bullet-shaped; in sections of infected
plant or insect material they frequently appear to be bacilliform
(MacLeod et al., 1966: Lee, 1967; O'Loughlin and Chambers, 1967;
Wolsnski et al., 1967; Hills and Campbell, 19¢8; Richardson and
Sylvester, 1968). Several workers have suggested models for some of
the viruses in this group. It is generally agreed that the particles
consist of several coaxial layers. The cuter membranous layer or
envelope is made up of hexagonally packed hexagons (hexamers) and
frequently has surface projections. Next to the envelope is a helical

structure within which is a central channel (Kitajima and Costa, 1966;
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Wolanski et al., 1967; Herold and Munz, 1967; Hills and Campbell, 1968;
Wolanski and Chambers, 1972). The central channel may contain an inner
core (Herold and Munz, 1967). Most members of the plant Rhabdoviruses
have insect vectors (Hull, 1970) and aphids are known to be vectors for
four of these viruses. These are SYVV, INYV, strawberry crinkle wvirus
(SCV) and broccoli necrotic yellows virus (BNYV) (Duffus, 1963; Stubbs
and Grogan, 1963; Frazier, 1968; Tomlinson et al., 1972).

INYV and SYVV show remarkable similarities in that they both
infect sowthistle and lettuce, have the same vector and are not sced
transmissible (Duffus, 1963; Stubbs and Grogan, 1963; Duffus et al.,
1970). However, differences exist between them. For example, LNYV is
sap transmissible whereas SYVV is not. They also appear to be unrelated
serologically. Sowthistle is a symptomless carrier of LNYV but SYVV
shows symptoms in this host plant (Francki, 1973). SYVV is knowm to
occur in Fngland and U.S.A. (Duffus, 1963; Duffus and Russell, 1969)

and LNYV occurs in Australia and New Zealand (Randles and Carver, 19071).

1.7 Mode of INYV transmission by H. lactucae

Following the recognition of the disease (Stubbs and Grogan, 1963),
considerable work has been done on the physical and biological properties

of the virus and on the physiology of infected Nicotiana glutinosa L.

(e.g. Wolanski et al., 1967; Randles and Coleman, 1970; Francki and
Randles, 1972; Wolanski and Chambers, 1972) but work on the epidemiolozy

of the disecase has been less extensive and many aspects have not yet been
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studied (Stubbs et al., 1963; Randles and Crowley, 1970; Randles and
Carver, 1971).

An understanding of the epidemiology of a virus-vector system
requires knowledge of both the transmission characteristics of the virus
in the vector and the ecology of the vector. Two attributes of the
INYV system make it a useful one for studying the relationship of
vector behaviour to disease epidemiology. The LNYV-host-vector system
is a simple one therefore complications arising when several vector
species and/or several plant host species are involved are virtually
non-existent. One plant species, S. oleraceus, acts as the main source
of virus for the principal vector (H. lactucae)(Randles and Carver,
1971). The INYV-vector system appears to be unique in that the virus
is transmitted in a persistent manner to lettuce, although the vector
feeds only reluctantly on lettuce and never breeds on it. DBecause of
this, secondary lettuce-lettuce spread of the virus does not complicate
observations on the primary spread of the virus into the crop. Vectors
of persistent viruses usually colonize both the economic and non-
economic host plants of the viruses (Kennedy et al., 1962).

The objective of the work described in this thesis was to
investigate the epidemiology of LNYV in lettuce. The investigations
were centred around:

1. The characteristics of transmission of the virus, including
the acquisition of the virus from,sowtpistle, latent period, its

subsequent inoculation to lettuce, and perpetuation of the virus in the



vector through transovaerial transmission.

2. The feeding behaviour of the vector, particularly on lettuce
which is a host plant of the virus but not of the vector.

3. Some of the factors involved in the dispersal of the vector
from its host plant (8. oleraceus).

4. The relative importance of the morphological forms of the
vector (apterae and alatae) in the spread of the disease in the field.

The results obtained have been used to describe the probable
course of the development and build-up of vectors on sowthistle, their
dispersal and spread of INYV, and the conditions whieh would be expected

to favour high disease incidence.
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2. GENERAL MATERIALS AND METHODS

2.1 INYV isolate

The virus isolate used was obtained from viruliferous aphids Dby
feeding them on virus-free sowthistle seedlings. It was similar to the
mild strain of LNYV described by Randles and Carver (197i) in that it
produced slight stunting in N. glutinosa plants together with downward
cupping and yellowing of the margin of young systemically infected
leaves.

Partial purification of the virus isolate (MclLean and Francki,
1967) was carried out to check the morphology of the virus particle.
Infected N. glutinosa leaves were homogenized with 1.5 volumes of
G0.02M Na2HPOu at 0°C and the extract was squeezed through muslin.
Bentonite (0.4 gm) was added to the extract:; it was shaken and
centrifuged at 2000 g for one minute and the supernatant filtered through
Celite and centrifuged at 40,000 g for 30 min. The pellet was resuspended
in distilled water and a drop was placed on a carbon-coated grid and
stained with 2% neutralized phosphotungstic acid (PTA). After removal
of excess stain with a filter paper, the grid was air dried and examined
in a Philips 100B electron microscope. The virus particles
(Figure 2.1a) were similar to those described for LNYV by Wolanski et al.,
(1967).

For testing serological relationships the above procedure was
carried out except that the Celite filtration step was omitted. LNYV

antigens were extracted from N. glutinosa plants infected with the



lgure 2.1a Flectron micropraph showing the typical bullet. -
shaped particles (arrowed) of the mild strain of
IL¥YV used in this study.

Magnification: x kL, 000

igure 2.1b Serological reactions by gel diffusion.
A, entiserum to INYV (SF3 strain); B, concentrated
LRYV (SE3strain)y C, concentrated LNYV (mild strain);

D, entigen prepared from healthy N. glutinoss.
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SE3 isolate (Stubbs and Grogan, 1963) and the mild isolate. Concentrated
antiserum (Mclean et al., 1971) to the SE3 isolate of LNYV was used to
examine the serological relationship between the mild and SE3 isolates.
The serological test was carried out by the double~diffusion technique
(Crowle, 1961) in 0.75% agar containing 0.01M phosphate buffer (pH 7.6)
and 0.02% sodium azide. A positive reaction was observed between

antigen concentrated from the mild strain isolate and the INYV antiserum
(Figure 2.1b). The precipitin line formed was confluent with that of

the SE3 isolate indicating that the iwo isolates were closely related
serologically. There was no reaction between antigen obtained from

healthy N. glutinosa plants and the INYV antiserum.

2.2 Raising and maintenance of sowthistle vplants

Sowthistle seeds were germinated in esrthen-ware pots and were
transplanted into 4" plastic pots. The potted plants were kept in an
ephid-proof glasshouse which was fumigated periodically with nicotine

sulphate.

2.3 Transmission studies

For transmission studies sowthistle seedlings at the 3 to 4 leaf
stage were used. Cages made from clear plastic vials measuring 1" in
diameter and 3" high were used for confining aphids to sowthistle
seedlings. Ventilation was provided by a gauze covered 3/4" diameter

hole made in the bottom of the vials. After removal of aphids the
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sowthistle seedlings were sprayed with 0.05% 'Hetraphos' (1007 commercial
hexaethyl tetraphosphate - Lane’s Pty Ltd of Sydney) and kept in an
aphid-proof glasshouse for incubation of the virus.

The sowthistle seedlings were indexed 1 to 1% months after the
test inoculation feeds. Three leaf discs 10 mm in diameter were cut
from each of the six youngest leaves of the sowthistle plant with a
cork borer and ground with mortar and pestle previously sterilized in
boiling water. The cork borer was disinfected between plant inoculations
by sheking it in 30% ethanol and wiping it dry with paper tissue. Two
young N. glutinosa seedlings (4 to 5 leaf stage) were mechanically
inoculated with sap from each sowthistle. Five to ten minutes after
inoculation the seedlings were lightly watered to reduce mechanical
damage arising from the inoculation procedure. Eymptoms of infection
appeared 6 to 10 days after inoculation. All plants were retained and
observed for three weeks before they were discarded. The method of
testing infection is designated 'indexing’ and it is the term used

throughout the thesis.

2.4 FEstablishment and maintenance of apvhid colonies

A number of apterae viviparae of H. lactucae were collected from
a wild sowthistle plant in Aiverstoke orchard of the Walte Institute.
One aphid was seclected from the group and was placed on a sowthistle
seedling in a double mesh-lined cage measuring 18" x 18" x 36" high to

breed.
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A colony of virus-free aphids designated 'first virus-free colony'
was established from the progeny of this single apterous aphid. Decline
in the transmission ability during preliminary transmission studies in
aphids from this colony led to the establishment of another virus-free
colony designated 'second virus-free colony'. The procedure used in

raising the second virus-free colony will be described later.

2,41 Establishment of first virus~free colony

The procedure used to raise tnis colony is presented diagrematically
in Figure 2.2. This method was adopted because repcorts of transovarisl

transmission of potato leaf roll virus (PLRV) by Myzus persicae (Sulz.)

(Miyamoto and Miyamoto, 1966) and SYVV by H. lactucae (Sylvester, 1969t)
indicated that precautions must be taken to ensure that aphids had a
long history of non-transmission when attempting to establish a truly
"virus-free' colony of H. lactucae.

Three apterous aphids A, B and C (Figure 2.2) were collected
from the aphid colony mentioned above. They were allowed to larviposit
by confining each of them separately on a healthy sowthistle leaf in a
petri dish for 24 hr. TFive nymphs were taken from among the offspring of
each of the aphids A, B and C and caged individually on healthy sowthistle
seedlings until they started to reproduce. Starting four days later they
were each transferred daily to healthy seedlings for six days. At
each transfer one nymph was randomly selected from the set of progeny

dropped each day, for four days by aphids a) s bl and ¢y etc. These



Figure 2.2

Schematic reyresentation of the production of the virus-free colony of

K. lactucae from maternsl aphids 4, B and C.

Legend.
1. A, B and C represent the first generation maternal aphids and five

nymphs (al—a‘).J bl—bs and clmcs) selected from the set of progeny
dropped within 24 br.

Plants (designated by Arabic numerals) are sowthistle seedlings

tc waich individual nymphs from the first generation maternal
ar-1ids (e.g. 8y bl’ cl ete.) vere serially transferred. The aphid
remained on seedling 1 for the first 4 days of its reproductive
life; on plants 2-5 for ol hr end on plant 6 aphids were left

+o reproduce.

Piants (designated by Roman numerals) are seedlings to which cne
nymph out of the set of progeny of each second generation maternal

aphid were transferred daily; on plant v the aphids were left to

reosroduce.
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second generation nymphs were caged singly on healthy sowthistle seedlings
and transferred daily to fresh seedlings for five days. The aphids were
left to breed on the final seedling in both serial transfers. The aphid
colonies were maintained by transferring five apterous aphids to start
fresh colonies whenever the seedlings on which the aphids bred began
to show signs of deterioration. The sowthistle seedlings used in the
serial transfers were indexed. It was observed that maternal aphid B
transmitted LNYV to one of its progeny and this in turn transmitted the
virus to one of its offspring (see Chapter 3).

A virus~-free colony was estagblished by collecting a number of
apterous H. lactucae from virus-free populations (ae indicated by
indexing) and confining them on a single healthy sowthistle plant to

larviposit. The maternal aphids were removed after 2L hr.

2.42 Tsteblishment of first viruliferous colony

About 30 viruliferous apterous aphids were collected from the
progeny of maternal aphid B (Section 2.41) which transmitted LNYV to
establish a viruliferous colony by confining them on a virus-free sow-
thistle seedling. The colony was maintained by transferring apterous

aphids periodically and confining them on healthy sowthistle seedling.

2.43 Second virus-free and viruliferous aphid colonies

Bjorling and Ossiannilsson (1958) reported that clones of M. persicae

obtained from single aphids differed in their ability to transmit PLRV.
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However, there was no decline in the frequency of transmission of PLRV
by active and moderately active strains. Tt is inferred that the decline
in transmission ability of H. lactucae was not due to the fact that the
colony wes established from a single maternal aphid; some unknown
factors were probsbly involved in the decline of transmissibility.

A slightly different procedure was used to raise the second virus-
free colony because the precise cause of decline of LNYV transmission
by the rfirst viruliferous colony was not known. Consequently the number
of maternal aphids used was enlarged to increase heterogeneity arong
the progeny.

Thirty five wild sowthistle plants growing in Alverstoke orchard
were selected and labelled. Fach plant was indexed and a total of 30
apterae viviparae of H. lactucae were collected (one per plant) from
30 plants which were infected. The aphids were placed into three groups
of ten. FEach group was caged on a healthy sowthistle seedling and the
three colonies were maintained by removing 20 to 30 apterous aphids
to fresh seedlings when the seedlings on which the aphids bred started
to show signs of deterioration. The first set of sowthistle seedlings
was indexed and two were found to be infected with LNYV. Aphids from
the two infected colonies were combined and used as a viruliferous
colony. To establish a viruc--free colony, 12 apterous aphids were
collected from the viruliferous colony and were confined singly on
healthy sowthistlé leaves contained in petri dishes. After 24 hr the

offspring (5 to 8 nymphs) of each maternal aphid were collected and
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confined as a set on healthy sowthistle seedlings and were transferred
daily to fresh seedlings for six days. The aphids were allowed to breed
on the sixth set of seedlings and the colonies were maintained as
previously described. All the seedlings used in the serial transfers
were indexed and none of them was positive for LNYV. A virus-free
colony was established by collecting ten apterous aphids from each of
the 12 colonies and confining them on a single healthy sowthistle plant
for 24 hr to drop progeny. After this period the maternal aphids were
removed.

The virus~free and viruliferous colonies were kept in separate
compartments in a glasshouse. These colonles were checked periodically

for the presence or othervise of LUYV.

2.5 Behavioural studies

2.51 Desiccation and starvation of H. lactucae

To improve the settling behaviour of H. lactucae on lettuce the
aphids were pre-conditioned by starving them in a dry environment. The
required humidity was obtained with NaOH solution. Sodium hydroxide
solution (S8G: 1.507) was prepared and the concentration required for
producing a relative humidity of 65 to 70% was made (Madge, 1961).
Aphids to be treated were corfined in clear plastic vials measuring 3/4"
in diameter and 1 9/16" high. Ventilation was provided by %" gauze
covered holes in the bottom and 1id of vials. Vials containing aphids

were put on a metal gauze placed mid-way in the inside of a clear plastic



container measuring 3%" in diameter and 4%" high. NaOH sclution (15 ml)
contained in a beaker was placed beneath the metal gauze. The container
was covered with a 1lid and kept in a constant temperature cabinet at 2500
in continuous light (intensity: 150 lux). Aphids which were subjected
to such an environment for 24 hr are described hereafter as 'pretreated’.
Humidity inside the container was checked by means of cobalt thiocyanate
paper in a Lovibond comparator (Solomon, 1957).

32

2.52 Labelling of seedliness with P

Radioactively labelled sowthistle and lettuce seedlings were used
to study sap uptake by H. lactucae feeding on sowthistle and lettuce
seedlings. The seedlings were labelled by washing the roots free of
s0il and organic matter, rinsing with distilled water, and adding
approximately 400 uCi of carrier free 3p (as phosphate in HCl -
Australian Atomic Energy Commission) directly to the drained roots
(Matthews, 1960). Distilled wster was added after 30 min to cover the
roots. Aphids were confined on the seedlings 12 hr after labelling.

Six leaf discs 2 mm in diameter were cut from the labelled seedlings with
a cork borer to determine the amount of radioactivity (c.p.m./yl of sap)
in the leaves. The leaf discs were ground and 1 ml distilled water was
added to the extract and centrifuged in a low speed MSE bench centrifuge
for 15 min at 1000 r.p.m. Half-inch squares were cut from filter paper

and an aliquot of 50 ul of the supernatant was dropped on the filter

paper squares. All samples were glued onto planchets and radiocactivity
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was counted in a Nuclear Chicago (Model C115) gas-flow counter.

2.6 Field studies

2.61 Istablishment of lettuce crop in the field

Seedsof 'Gt Lakes' (winter variety) were mixed with blood and bone
manure (at the rate of 2 cwt/acre) and drilled into the soil in rows
21" apart; within row spacing was one foot. Thinning and filling of
empty spaces was carried out two weeks after the seeds had germinated.
Weeds were first controlled with ‘Dacthal' (Agchem Pty Ltd., S.A.) at
the rate of 3 0z/600 sq ft; rye grass which appeared later was
controlled with 'Gramexone' (I.C.I. Australia . and New Zealand) at the
rate of 1 pint/acre. The lettuce plants were fertilized with a compound
fertilizer (NPK, 2:2:1) by sprinkling the fertilizer around each plant.
Slugs were controlled with 'Defender' (active ingredient: 1.5% w/w
netaldehyde - Defender Co. Pty Itd, N.S.W.). Owing to the unusually dry
autumn (1972) the lettuce plants were sprinkler irrigated. After the
introduction of aphid-infested sowthistle plants the field was watered
by means of a rose attached to a hose to prevent removal of aphids from

the sowthistle plants by washing.

2.62 Estsblishment of aphid colonies on infected sowthistle plants

A number of mature potted sowthistle plants which were known to be
infected with LNYV from a previous glasshouse experiment were used to

raeise viruliferous aphid colonies. The plants were put in a field cage
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to acclimatize for a week. Ten to 15 apterous virus-free H. lactucae
were confined on each plant and left to reproduce. Two weeks before

the infested plants were put in the field, aphids on half the plants were
thinned by removing alates and alatiform nymphs so that these plants had
mostly aptercus aphids. These plants were kept in a separate compartment.
o thinning was carried out on the remaining plants which were to carry

mostly alate aphids.

2.63 Spread of INYV from virus-free sowthistle seedlings cclonized

by progeny of infected alate H. lactucae at the time of

introduction into the crop

Healthy potted sowthistle seedlings of approximately the same age
as the lettuce plants in the field (see Section 2.61 above) and which
had been kept in an aphid-proof glasshouse were transferred to a double
net-lined field cage for a week to acclimatize. Groups of 10 to 15
viruliferous alate H. lactucae obteined from the infected colony (see

section 2.62) were caged on 22 of the seedlings 24 hr before some of
these seedlings were put in the lettuce crop. The maternal aphids were
removed from 12 of the seedlings after the 24 hr inoculation and larvi-

position period.

2.64 Determination of the period taken for LNYV in the inoculated

sowthistle seedlings in section 2.63 to become available to

the progeny of alate viruliferous Eﬁ lactucae.

The inoculation procedure was as sbove (see Section 2.63) except that
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after the 24 hr inoculation feed both the maternal alate aphids and

their progeny were removed from 10 of the 22 seedlings (see Section 2.63).
The ten seedlings were confined in a cage measuring 6° x 4' x 3' high
which was kept in Alverstoke orchard. Twenty four hours after the
inoculation five virus-free apterous H. lactucaes were caged on each
seedling for U8 hr for larviposition. Five, 6, 7, 8, 9, 10, 12, 1k, 16,
18 and 20 days after the seedlings had been inoculated, two aphids were
collected from each of the ten seedlings and caged on a single healthy
sowthistle and kept in a glasshouse. The aphids were sprayed after two

weeks and the seedlings were later indexed.

2.65 Trapping of spterous H. lactucae in lettuce plots (Alverstoke

orchard)
To prevent the movement of apterous H. lactucae onto lettuce plants
in the field, the predominantly alate-infested sowthistle plants (see
Section 2.62) were surrounded by a galvanized sheet metal gutter (see
Chapter 6) with an outside dimension of 7' 4" by 2' 4" wide. The
gutter measured 2" deep and 2' wide.  The structure was sunk into the
s0il with the rim level with the soil. The gutter was filled with water

to a depth of 1%" and a few drops of detergent were added to the water.

2.66 Trapping of alate Ji. lactucae in lettuce plots (Alverstoke

and Claremont orchards)

Circular metal aphid traps measuring 11" in diameter and 3" deep
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were used for trapping immigrant alate H. lactucae (Moericke, 1951).

The inside and outside of the traps were painted yellow and brown
respectively (Dulux Canary Yellow and Dulux Rich Brown). The traps were
filled with water to a depth of 1%" and a few drops of detergent were
added to the water. Two traps, one on the soil and the other on a T¥%"

high brick, were placed in each plot.

2.67 Confirmation of LNYV in diseased lettuce plants

Symptoms of TSWV and INYV are similar (Stubbs and Grogan, 1963).
To confirm the presence of LNYV, diseased lettuce leaves were homogenized
in 0.1% sodium sulphite solution containing 1 ml of 0.1M NaZHPOh buffer
(pH 7) at 0°C (Best, 1968). The extract was inoculated onto N. glutinosa
and White Burley tobacco (Bald and Samuel, 1931) which act as differential

indicators for the two viruses.
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3. CHARACTERISTICS OF THE TRANSMISSION OF INYV BY H. LACTUCAE

3.1 Introduction

Knowledge of virus-vector relationships is essential for the
understanding of epidemiology of plant virus diseases. Posnette (1960)
suggested that with persistent aphid-borne viruses, disease spread is
influenced by the latent and retention periods of the viruses in their
vectors. Migratory behaviour also determines the distance over which a
vector is capable of spreading a disease. The period over which alate
aphids may actively spread viruses is restricted to the first few days
of adult life. i.e. before the flight muscles autolyse (Johnson, 1957),
and there is circumstantial evidence that most aphids migrating are on
their first, or early flight (Johnson and Taylor, 1957; Taylor, 1958).
Thus transmission of persistent aphid-borne viruses by alates probably
depends partly on the ability of aphids that have developed on infected
plants being infective on their first flight. This also applies to
dispersive apterous aphids which leave infected plants by walking.
Perpetuation of insect-borne viruses may depend, at least in part, on
being transovarially transmitted by their vectors (Fukushi, 1933 and
1939; Black 1950).

This chapter describes some of the characteristics of the
transmicssion of INYV including (1) latent period and retention of virus
in H. lactucae; (2) ability of some morphs and stages of H. lactucae
which have developed on infected sowthistle plants to transmit the virus;

(3) transovarial transmission and (4) inoculation thresholds of LNYV



in lettuce and sowthistle seedlings when inoculated by viruliferous

H. lactucae.

3.2 Latent period of LNYV in E: }actucae and its dependence on
temperature

One of the most important characteristics of persistent insect-
borne plant viruses is the occurrence of a latent period within their
vectors. The latent period is defined as the interval between virus
acquisition and the development of inoculativity (Sylvester, 1965).
Because of the difficulty of defining these times some German workers
(Heinze, 1959) have used the term'celation' which is the interval from
the beginning of acquisition to the end of the test access period during
which transmission occurs. Recently, Sylvester (1965) has advocated the
use of the median latent period (LPSO) in which a log-probit trans-
formation is used to estimate the time when 50% of vectors that would
eventually transmit s virus, had completed their latent period.

Stubbs and Grogan (1963) reported that H. lactucae transmit LNYV
in a persistent menner, but the duration of the latent period of the
virus in its vector was not determined. ©So an experiment was carried
out to find the latent period of LNYV in H. lactucae and the effect of
ambient temperature on its drration. The latent period was estimated
according to the definition of Heinze (1959).

Virus~free apterous H. lactucae were caged on a healthy sowthistle

seedling for 24 hr to larviposit and the maternal aphids were removed.



Twenty four hours later the nymphs were confined on a single infected
sowthistle plant for an acquisition feed of 24 hr in a constant temperature
room at 2500 and under continuous light. Three groups of 28 healthy
sowthistle seedlings were selected and a nymph was caged on each

seedling. Groups of 28 seedlings were put in plant growth chambers
maintained at 15°$ 20° or 28°¢ with a 1b hr day-length. The aphids were
transferred serially to healthy seedlings at two-day intervals until

they died.

The efficiency of transmission of LJYV by the aphids was low, 28 out
of the 84 used transmitted the virus., Table 3.1 shows the latent period
of the virus in single H. lactucse and the mean latent period (with their
standard errors) at the three temperatures. After a 24 hr acquisition
feed the aphid could retain the virus for as long as 53 days at 15°C.

The latent period is temperature dependent; it ranges from 5 days at
28° to 27 days at 15°C (Table 3.1). On completion of the latent period
the aphids transmitted LNYV consistently except in some instances when
they failed to transmit the virus just prior to death.

To determine whether LNYV had any effect on the longevity of
H. lasctucae, longevity (estimated from the time of virus acquisition to
death of aphid) of aphids which transmitted and those that failed to
transmit INYV were compared ior each of the three temperatures. Aphids
which were accidentally lost (Table 3.1) in the course of the
experiment were not included in the analysis. A 't-test' was applied to

the data to compare differences in longevity. Table 3.2 shows the mean



Table 3.1 Latent period in days of INYV (at various temperatures)in transmitting
H. lsctucae which were given acquisition feeds of 24 hours commencing
24k hr after birth.

Days after virus ecquisition

Tem;(:ceBture 1-35 79 11 1315 17 19 21 23 25 2T 29 31 33 35 37 39 b1 43 45 4T k9 51 53 55 57
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Test seedling died Mean latent period at (a) 15°C = 18.0 + 5.2 days
+ Test seedling infected (b) 20°C = 9.2 + 1.8 days
- Test seedling not infected (c) 28°c = 5.h + 0.8 days

L, Aphid lost
D Aphid died
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longevity (with their standard errors) of transmitting and non-trans-
mitting aphids. The results indicate that non-transmitting aphids lived
longer than the transmitting ones:; at 20° and +8°C the differences were
significant (P < 0.01). Longevity appears to be inversely proportional

to temperature.

3.3 Transmission of LNYV by some stapes and morphs of H. lactucae

An experiment was carried out to find out if UYth instar nymphs,
adult apterae and alatae showed any Jdifferences in their sbility to

transmit LNYV when they were allowed to develop on an infected sowthistle

plant.
Table 3.2 Comparison of longevity of H. lactucae transmitting and not

transmitting LNYV in the latent period studies (at lSoD
20° and 28°C) shown in Table 3.1.

Longevity (in days) at the three temperatures

o}

Type of aphid |
i 28°

15° : 20

%

|
ol **]
+1.5(9)7 27.0 + 1.6(8) | 13.2 + 0.5(9)
+

Transmitting aphids k9.1
51.8 + 1.8(13) ' 36.9 + 0.7(16) | 16.1 + 0.L(1k)

Non~-transmitting aphids!

Figure in parenthesis is the sample size.

P < 0.C1

Forty apterous H. lactucae from a virus-free colony were caged on
a healthy sowthistle seedling for 24 hr. This seedling was later

indexed to confirm that the aphids were virus-free. The ephids were then
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caged for 24 hr on an infected sowthistle plant to larviposit. The
progeny were left to develop on the infected plant in a constant
temperature room at 2500 under continuous light. Within 24 or 418 nr of
reaching the Uth instar, and within 24 hr of reaching adult apterous or
alate stages, ten aphids were collected and caged individually on
healthy seedlings. They were transferred serially to healthy seedlings
at daily intervals for four days. All test inoculated seedlings were
indexed.

The results (Table 3.3) show that the 24 hr old kth instar nymphs
transmitted LNYV at a low rate. Adult apterase, alatae and 48 hr old
Lth instar nymphs transmitted with higher efficiency. It appears that
apterous and alate H. lactucae which had developed on an infected sow-
thistle plant are capable of transmitting LNYV within 2} hr of reaching
this stage. The Lth instar nymphs are more likely to transmit efficiently
if left for 48 hr sfter reaching this stage.

Table 3.3 The effect of stage of development of H. lactucze on the

efficiency of transmitting INYV when aphids had developed

on an infected sowthistle plant.

Stage & morph | Days after commencement of LNYV acquisition
of aphid 1 5 , 6 7 8 5 9 ! 10
bth instar (24 hr)? i 1/8 _? 1/8 E 2/8 | 3/8 ! = ! -
48 he)® | - | W0l 6710 7T/10 { 7/10 E :
Adult aptera 1 - | W0l 610} 6/10 | 6/10 ( -
Adult alate b0 -0 7710 7/20 % 7/10 !7/10

& The time in parenthesis represents the age of nymph at commencement

of inoculation feed on test sowthistle seedlings.



3.4 Transovarial transmission of LNYV by E: lactucae

When establishing the first virus-free colony from the three
maternal aphids (see Chapter 2), it was observed that maternal aphid B
transmitted LNYV to one of its progeny and this in turn transmitted the
virus to one of its offspring (Figure 3.1a). Though the maternal aphids
were not tested for infectivity it could be assumed that aphid B was
infective. It therefore appears that H. lactucae is capable of trans~
mitting LNYV transovarially through at least two generations.

An experiment to confirm this was carried out by taking twenty
apterous aphids from a viruliferous colony, caging them individusally on
healthy sowthistle seedlings and transferring them at daily intervals
to healthy seedlings for four days. Sets of progeny produced during the
24 hr periods were removed, counted and caged as a set on healthy
seedlings. They were transferred at two-day intervals to six sets of
healthy seeclings: at each transfer the nymphs in each set of progeny
were counted. Both the seedlings on which the maternal aphids dropped
progeny and those on which the progeny were given inoculation feeds were
indexed. The experiment was carried out in a glasshouse the temperature
of which varied between 18° and 28°¢.

The twenty maternal aphids produced T3 sets of progeny comprising
379 individuals. The proportions of maternal aphids surviving,
reproducing (including the average number of nymphs per set) and
transmitting LUYV are shown in Table 3.4. Out of the 20 maternal aphids

four (W, X, Y and Z) or 207 transmitted INYV to five sets of progeny



(Figure 3.1b and Table 3.5). Of the T3 sets of progeny, five sets
trensmitted the virus (apparently acquiring the virus from their parents)
or 6.8% of the groups of progeny were able to transmit INYV.

Table 3.4 Proportions of apterous maternal H. lactucae surviving,

reproducing and transmitting LNYV when transferred serially

at daily intervals to sowthistle seedlings.

Serial transfers at daily intervals
il : 2 3 L
T
Proportion of aphids surviving 20/20 | 20/20 20/20 17/20&
: : " peproducing | 19/20 20/20 18/20 16/172 |
n " trensmitting| 13/20 | 18/20 17/20 14/17 |
Average progeny/set 4.8 ! 5.9 5.3 1 4.5 ;

The numerator of row 1 of the last column is the number of
surviving maternal aphids at the hth day of seriml transfer
so that the denominator of row 2 last column represents the
number of aphids present at the final serial transfer.
Three sets of progeny (wl, Xy and x2) transmitted LMYV to the first set
of seedlings and transmitted almost consistently to the remaining sets
of seedlings to which they were transferr=d serially. One set of
progeny (ya) transmitted only o the second set of seedlings and another
(22) transmitted only to the fourth set of seedlings (Table 3.6).
Maternal aphid Y failed to transmit the virus to the first set of
seedlings and the set of progeny (yl) dropped on this seedling also

Fi qure

failed to acquire the virus (Tables 3.5 an%?.lb). When this maternal



Figure 3.ls Ineidence of transovarial transmission of LEYV in H. lactucse

¢uring the production of the first virus-free colony of aphids.

Confirmation of transovarial transmission in H. lactucae.
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Table 3.5 Infection of sowthistle seedlings with LNYV during dnily

serial transfers by maternal aphids W, X, Y and Z.

i 1
Maternal [ Serial transfers at daily intervals
i | | |
aphid ! 1 o | 3 | L
W | + + + +
|
+ + + +
| - + o { +
! {
Z | + + + | +

+ Test seedling infected

- ' not infected

o o died
ephid transmitted ILNYV to the second set of seedlings, the progeny (yg)
also transmitted the virus 3 to 4 days after birth. This suggests that
transovarial passage of the virus occurs when the maternal aphid is
transmitting the virus (probably after completion of the latent period
cf. Sylvester (1969h)). Although maternal aphid Z was infective when
it dropped progeny z, (Table 3.5) this set could only transmit INYV to
the fourth set of sowthistle seedlings (Table 3.6) i.e. 8 days after
birth. A similar phenomenon has been reported for transovarial
transmission of SYVV by H. lactucae (Svlvester, 1969b). It appears
therefore that in some instewuces when H. lactucae acquires LNYV

transovarially the latent period must probably be completed in the aphid

before the virus can be transmitted.
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Table 3.6 Infection of sowthistle with LNYV by sets of progeny

from maternal aphids W, X, ¥ and Z
(Figure 3.1b).

Set of progeny Serial transfers at 2-day intervals
: 1 2 3 L 5 6
Wy +(5)* | +(5) | "#(5) | ~(5) | +(5) | of5)
X, +(4) +(l) +(k4) -(4) +(h) +(4)
- EERCIN ITEYN EREVN IRSETN EVETS Qe
s «6) [ +6) | -6) | &) | -] ~(5)

7, ~(5) | () |- ) -(n)! -(3)

+ Test seedling infected

5

- not infected

o B died
Figures in parentheses represent number of nymphs making up
the set: column 1 shows the numbers of nymphs in the set
dropped by the maternal aphids during the 24 hr larviposition
period.

These results indicate that when transovarial transmission occurred
the nymphs usually transmitted within U8 hr of birth (except in the case
of Yo and. Zo above) suggesting that the latent period must have been
completed at or shortly after birth. To show that this was so, an
experiment was carried out to determine the latent period in first
instar nymphs. A number of apterous H. lactucae were collected from s
virus-free colony and caged on a healthy sowthistle seedling for 24 hr.

This seedling was later indexed to confirm that the aphids were virus-free.
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The aphids were then caged on an infected sowthistle plant (in a plant
growth chamber maintained at 28°C and with a 14 hr day-length) and
allowed to larviposit for 4 hr. Twenty hours later 12 groups of first
instar nymphs (five nymphs in a group) were caged separately on healthy
sowthistle seedlings and kept in the plant growth chamber. The aphids
were transferred daily to healthy seedlings for T days; on the Tth day
the aphids were left on the seedlings for 5 days and then killed. The
test seedlings were indexed.

Table 3.7 Latent period (in days) of LNYV in groups of first instar

H. lactucae maintained at 28°C.

lGroup No. Days after acquisition }
3 b 5 6 7-13
1 - B - - +
2 - + + + +
3 - + + + +
b - + + + +
) . + + + +
6 - - + + +
i - - + + +
8 - - + + +
9 - + + + +
10 - + + + +

+ Test seedling infected

[§] 31

- ' ' not infected
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Ten out of the 12 groups of nymphs transmitted LNYV and the average
latent period was 4.3 + 0.5 days which is about a dey shorter than in
the previous experiment (Table 3.1). This difference is probably due
to the fact that in the present experiment the aphids were serially
transferred to fresh seedlings at daily intervals in contrast to two-day
intervals in the previous experiment. Occurrence of latent period in
this experiment suggests that the nymphs which transmitted LNYV in the
transovarial transmission experiment could not have acquired or trans-~

mitted the virus from seedliangs on which they were born.

3.5 Inoculstion threshold of LNYV in lettuce seedlings

When H. lactucae are transferred directly from sowthistle plants
to lettuce they generally fail to probe and walk off the lettuce plant.
However, apterous aphids which have been pretreated by starvation in
continuous light and a dry environment for 24 hr are more prone to probe
(see Chapter 4). Consequently, in transmission studies on lettuce, the
aphids were subjected to the above treatment hefore such studies were
made.

A preliminary trial was conducted to find out whether pretreatment
(i.e. subjecting aphids to continuous light and dry environment for
2L nr) affected the efficiency of transmission of LNYV by viruliferous
H. lactucac. Six groups of apterous aphids (5 to 10 in a group) were
collected from a viruliferous colony and were caged separately on
healthy sowthistle seedlings for 24 hr. They were pretreated for 24 hr

and caged on healthy lettuce seedlings for 2 hr and transferred to a
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set of six healthy sowthistle seedlings for a further 2 hr. Because the
two sets of sowthistle and the set of lettuce seedlings were all
infected with LNYV it appeared thet the pretreatment did not affect the
ability of viruliferous H. lactucae to transmit INYV.

Inoculation threshold on lettuce was estimated by allowing pre-
treated viruliferous apterous H. lactucae to feed for 30 sec., 1 and 5
min on lettuce seedlings. The aphids (ten for each feeding time) were
gently dropped on the test seedlings with a micro-aspirator. The
feeding was timed as soon as the aphid's labium (rostrum) was adpressed
to the lettuce leaf. The observation was made with a 10x hand lens and
feeding was terminated by removing the aphids from the test seedlings.
The seedlings were indexed and the inoculation threshcld was found to

be between 1 and 5 min (Table 3.8).

Table 3.8 Inoculation threshold of LNYV in lettuce seedlings.

1l

| Feeding time (minutes 0.5 l 1 5

infected 0/10 0/10 { 1/10

Provortion of seedlings l
%
]

Another experiment was carried out to determine the effect of duration

of inoculation feed on transmissibility of ILNYV by H. lactucae to lettuce.
To check whether the aphids were infective, 110 apterous aphids from a
viruliferous colony were caged singly cn healthy sowthistle seedlings

for 24 hr. After this period they were pretreated for 24 hr. The aphids

were then drnpped gently on healthy lettuce seedlings, observed and
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timed as previously described. The feeding times were 5, 15 and 30 min,
1 and 2 hr. For the 5, 15 and 30 min feeds the rostrum was observed
continuously:; in the 1 and 2 hr feeds the observation was continuous for
the first 30 min and thereafter at 15 min intervals. The test sowthistle
and lettuce seedlings were indexed.

Table 3.9 Proportion of apterous I. lactucae transmitting INYV to

sowthistle after a 24 hr inoculation feed and proportion

of lettuce infected at various feeding times.

Proportion of aphids
infecting sowthistle 5/13%  5/13  10/16 8/16 6/15

Feeding time on lettuce

(in min ) 5 15 30 60 120
Proportion of aphids
infecting lettuce 1/5 1/5 6/10 6/9b 3/6
a

The numerator represents number of aphids that transmitted LNYV
to sowthistle seedlings out of the number (denominator) which were

given an inoculation feed of 24 hr on the seedlings.

One aphid which failed to transmit the virus to sowthistle seedling
transmitted the virus to a lettuce seedling; the numerator
represents number of aphids that transmitted INYV to lettuce out

of the number (denominator) of wiruliferous aphids.
The results (Table 3.9) show that after the 30 min inoculation feed
transmission of INYV to lettuce reached a plateau. It appears that up

to 30 min the longer the feed the greater are the chances for the

transmissior of INYV to lettuce. ITettuce seedlings which were



gure 3.28 Symptoms on LEYV-infected lettuce seedlings inoculated
by viruliferous M. }ﬁctqg@g_(upper seedlings are
heslthy and the same age as the lower LNYV..infected

seedlings).

.gure 3.2b A close-up of LAYV-infected lettuce seedlings.
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successfully inoculated during 5 and 15 min feeds showed no symptoms.
Symptoms appeared between 8 and 15 days in lettuce seedlings on which
inoculation feeds lasted longer than 15 minutes. The symptoms were

stunted growth and mottling in the young leaves (Figure 3.2).

3.6 Inoculation threshold of LNYV in sowthistle seedlings

An experiment was carried out to assess the effect of duration of
inoculation feed on rate of transmission of LNYV to sowthistle seedlings.
Sylvester (1969a) stated that in tue persistent type of virus-vector
relationship there is a positive correlation bhetween the duration of:
inoculation feed and the probability of virus transmission.

Inoculation feeding periods were 5 and 30 min, 1, 2, 4, 6, 12,
2h and 48 hr. Apterous E. lactucae were collected from a viruliferous
colony, starved for 4 hr in the laboratory and gently dropped on the
test seedlings as described previously (sce Section 3.5). Ten aphids were
used for each feeding period. The aphids were observed continuously in
the 5 and 30 min feeds and periodically for the longer times. On
completion of the inoculation feed the aphids were removed.

Table 3.10 Proportion of apterous viruliferous H. lactﬁcae trans-

mitting LWYV to sowthistle seedlings after various

inoculation feeding times.

Feeding time i 58 30% 1 2 L 6 12 24 L8
|

Prop. of infecting !

sowthistle 10/10 2/10  3/10 L4/10 L/10 5/10 8/10 6/9 6/10

Time in minutes, rest in hours.



The results (Table 3.10) show that up to 12 hr the longer the
inoculation feed the grester the rate of transmission. The inoculation

threshold lies between 5 and 30 min.

3.7 Discussion

Stubbs and Grogan (1963) suggested that LNYV is transmitted by
H. lactucae in a persistent manner because they showed the occurrence of
a latent period, retention of the virus throush a moult and persistence
of inoculativity. In addition to confirming the above findings, the
present study shows that: (1) most adult apterae, alatae and bth instar
nymphs which have developed on infected sowthistlie become infective;

(2) +trensmission of INYV to lettuce can be achieved through short probes
by pretreated viruliferous aphids; (3) duration of the latent period

is temperature dependent; (4) the probability of infection of sow-
thistle and lettuce seedlings by H. lactucae is increased by longer
inoculation feed: (5) transovarial transmission of LNYV occurs in

H. lactucae.

Knowledge of the parameters of transmission allows an understanding
of the epidemiology of LNYV. Adult apterous and alate H. lactucae which
have developed on an infected zowthistle plant are capsble of transnitting
the virus within 24 hr of rewching this stage (see Section 3.3). Thus
migrating alatae or dispersive apterae which have developed on infected
sowthistle can transmit the disease to lettuce when these plants are
encountered. Nymphs of the aphid are unlikely to be important as they

will not be infective at least until the Lth instar. Furthermore, the
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limited dispersal of the nymphs from sowthistle plents (see Chapter 5)
places a further restriction on their ability to spread the disease.

Though short probes by viruliferous H. lactucae are sufficient for
the transmission of LNYV to lettuce (see Section 3.5), it appears that
the longer the probe the higher the probability of the inoculated plants
showing symptoms. Apparently symptom manifestation in inoculated
lettuce may be partly influenced by the quantity of inoculum injected
into the plant. Under field conditions where multiple infection is more
likely, particularly at times of peak flight (Randles and Crowley, 1970),
lettuce plants may receive greater amounts of incculum which may enhance
the appearance of symptoms

Black (1959) suggested that the duration of latent period of a virus
in its vector is a reflection on the time taken by the ingested virus to
be translocated to the salivary glands. Evidence for this has been
reported recently by Sinha and Chiykowski (1969) who demonstrated that
the time taken (about 8 days) by wheat striate mosaic virus (WSMV) to
reach a maximum level in the salivary glands of the leafhopper Endria
inimica (Say), coincided approximately with the meximum transmission
obtained with insects which acquired the virus from infected plants.
Dependence of the duration of latent period on ambient temperature has
been reported for other aphid vectors of plant viruses. Within the
range of tolerance, high temperatures shorten the duration of the latent
period (Osborn, 1935; Heinze, 1959; Duffus, 1963; Sylvester, 1965).

The occurrence of this phenomenon is generally regarded as evidence for
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virus multiplication in its vector (Sylvester, 1969a). Black (1959)
has, however, indicated that the most convincing evidence for
multiplication can be obtained by serial passage of viruliferous
haemolymph from insect to insect by injection until the dilution obtained
exceeds the maximum dilution of the inoculum.

Reduced longevity in H. lactucae which transmitted LNYV (see
Section 3.2) indicates a possible pathogenic effect of the virus on the
aphid. Under the present investigation it is nct certain whether the
non-transmitting aphids were in fact virus-free. However, there are
instances in which other plant viruses are known to have deletericus
effects (e.g. reduction in longevity on their vectors (Sylvester and
Richardson, 1969)).

In the transmission of aphid-borne plant Rhabdoviruses like SCV
(Frazier, 1968), SYVV (Duffus, 1963) and LNYV in the present study
(see Section 3.2) there is a decrease in transmission of the viruses by
the vectors 1 to 4 days prior to death, Prior to this period, and
immediately after the completion of the latent period, the percentage
transmission reaches a platzau level. Paliwal (1968) presented evidence
that B. inimica which completely failed to transmit WSMV by the 62nd day
after virus acquisition (though they were transmitting prior to this
period) still contained virus and suggested that failure to transmit was
probably due to formation of a 'barrier' as the insect ages. Similarly,
Sylvester (1967) reported that the decline in the rate of transmission
of the more persistent isolates of pea enation mosaic virus (PEMV) by

Acyrthosiphon pisum (Harris) was correlated with a general reduction in
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the metabolic activity of the vector as measured by rates of reproduction
and excretion. Whether the failure of H. lactucae to transmit LAYV prior
to death is due to reluctance to feed, a decrease in or cessation of
saliva production, or a barrier with age (Paliwal, 1968) is not known.
Until recently transovarial transmission of aphid-borne persistent
viruses was regarded as non-existent. Miyamoto and Miyamoto (1966) were
the first to report transovarial passage of PLRV in the aphid, M. persicsae.
Sylvester (1969b) has also shown that SYVV is transovarially transmitted
by H. lactucae. In both cases a low percentage of transovarial passage
was reported, In leafhopper and planthopper-borne viruses e.g. rice
dwarf (Fukushi, 1933): clover club-leaf (Black, 1950), rugose leaf
curl (Grylls, 1954) and WSMV (Slykhuis and Watson, 1958), the percentage
transmission of the viruses to progeny is high (4O to 90%). However,
Black (1953) reported low transovarial transmission in two other leaf-

hopper-borne viruses; female Agalliopsis novella (Say) transmitted

wound tumor virus (WIV) to about 1.8% of their progeny and Agallia
constricta (Van Duzee) could pass the New Jersey strain of potato yellow
dwarf virus (PYDV) to about 0.8%7 of its progeny.

Leafhopper-borne viruses are passed through successive generations
of the vector (Fukushi, 1939). This has been considered as evidence for
multiplication of the virus in the vector {Black, 1950) probably on the
assumption that the virus is uniformly distributed in the vector.

Many insects including the Homoptera have bacterium-like or yeast-

like organisms which are confined to specialized cells or mycetocytes.
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The mycetocytes may be aggregated into a mycetome or may be separated
and scattered (Wigglesworth, 1939)., It is generally believed that these
micro-organisms are symbionts and may be metabolically important in their
host because of (1) their constant occurrence in a given species; (2)
the existence of elaborate mechanisms for their hereditary transmission;
(3) the fact that mycetomes develop in readiness before they become
invaded (Wigglesworth, 1939).

In the parthenogenetic phase of the reproductive cycle of aphids
there is a single meturation division (Blochmann, 1887 cited in Hagan,
1951). Symbionts are incorporated into the egg after the maturation
division. During cleavage, nuclei which eventually develop into the
blastoderm move to the surface of the cytoplasm (periplasm) which surrounds
the yolk to form a syncytium (Uichanco, 1924: Toth, 1933). It is
generally believed that the mycetoblasts, which later develop into
mycetomes, are formed by the internal migration of dsughter nuclei from
the periplasm (Hagan, 1951). As cleavage progresses the periplasm of the
posterior pole of the egg becomes progressively thinner until it finally
disappears and forms a blastopore (Uichanco, 192k; Toth, 1933).
Mycetocytes of maternal origin invade the egg through the blastopore at
the posterior pole and pour their contents into the egg (Toth, 1933).
Thus the maternal symbionts vecome incorporated in the developing
mycetocytes.

It would appear that transovarial transmission of viruses involves

association of virus particles with mycetomes which migrate into the
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developing egg. Masu (1965) presented evidence in support of this in
his electron microscopic studies of the transovarial transmission of

rice dwarf virus by the leafhoppe—, Nephotettix cincticers Uhler. He

reported the presence of virus particles in the surface membrane of one
type of symbiont (L-symbiote) in the mycetocytes of oocytes and in
various organs and concluded that the virus entered the egg through

the migration of symbionts which carried virus particles. A similar
mechanism possibly occurs in the transovarial passage of LNYV in H.
lactucae. O'Loughlin and Chambers (1967) demonstrated the occurrence
of LNYV particles in several organs including the mycetomes of
viruliferous H. lactucae but not in the developing embryo. Possible
explanations of the low rate of transovarial transmission of LNYV may
be (1) poor association between INYV particles and mycetomes or {(2) in-
efficient migration of mycetocytes to the developing embryos of H.
lactucae. Though transovarial passage of INYV through two generations
has been demonstrated in H. lactucae, this may play a minor role in
perpetuation of the virus because of the low rate of transovarial
passage; nevertheless it provides evidence for virus-vector specificity
(Oman, 1969).

The transmission characteristiecs of LNYV and SYVV are remarkably
similar (Table 3.11). After a 24 and 48 hour acquisition feed (LNYV and
SYVV respectively) the viruses can be retained in the vector for a long
period except a few days prior to death when some of the aphids (higher

in SYVV than in INYV) fail to transmit the viruses. The rate of
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Table 3.11 Comparison of some transmission characteristics of SYVV
and LNYV by H. lactucae.

Transmission cheracteristics sYVV Author LNYV
present study

Retention of virus in days
after 24 and 48 hr

acquisition feed (LNYV and 52 Duffus (1963) 53

SYVV respectively) (5°¢C) (15°)

Latent period range (days) 8 - U6 ” 5 - 27
(25° & 5°C) (28° & 15°¢C)

Days before death when
veclor ceases to transmit
virus 1.2 ¥ 2.0

% aphids failing to
transmit virus prior to

death 62 i 38
% Transovarial transmission

to sets of progeny 5.1% Sylvester (1969b) 6.8
Proportions of inoculative

sets of progeny transmitting b

virus within 48 hr of birth 6/7 B 3/5

Based on data from two separate experiments.

“ Denominator represents the numbers of sets of progeny which

acquired the virus transovarially.
transovarial passage of virus to progeny is low for both viruses. 1In
SYVV (Sylvester, 1969b) as in INYV, it appvears that the nymphs are
inoculative at birth if the latent period has been completed in the

meternal aphid at the time of larviposition.



In summery it may be stated that the similar efficiency of alate
and apterous H. lactucae in the transmission of LNYV suggests that both
forms of the aphid may be important in the spread of the disease. The
long retention of LNYV in the aphid,'the short probe required for
transmission of the virus to lettuce and the fact that lettuce is an
aphid non-host plant (which means that the aphid is likely to probe more
plants) make H. lactucae favourably disposed for the efficient trans-
mission of the virus to a large number of plants. That INYV multiplies
in its vector (0'ILoughlin and Chambers, 1967) has been confirmed with
further evidence.

Other aspects of aphid behaviour, dispersal and field transmission

of ILNYV will be presented in subsequent chapters.
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STUDIES ON THE PROBING BEHAVIOUR OF H. LACTUCAE

L.1 Investigations into the settling behaviour of H. lactucae on lettuce

The use of lettuce as a test plant for INYV transmission studies is
difficult because of the reluctance with which H. lactucee probe lettuce
plants. Investigations were therefore carried out to determine some of
the factors which might predispose H. lactucae to probe on lettuce plants.

Apterae of H. lactucae were subjected to the following treatments for
6, 12 and 24 hr at 2500 in a constant temperature cabinet.

A, Darkness and 'humid' environment (RH 95-100%)

B. Darkness and 'dry' environment (RH 65-T0%)

C. Continuous light and humid environment

D. Continuous light and dry environment
The method of subjecting aphids to the above treatments, humidity control
(for the dry environment) end estimation of relative humidity are
described in Chapter 2. For complete darkness the outside of the clear
rlastic container and 1id (see Chapter 2) was painted black; and for
the humid environment the NaOH solution was replaced with cotton wool
sogked in distilled water. After the aphids had been pretreated for
the various periods they were allowed a 15 min exposure to light
(2150 1lux) in a 2500 constant temperature room where the observations
were made. The observations were made on the settling behaviour of
individual aphids on either sowthistle or lettuce seedling by gently
dropping the aphid on a leaf of the test plant with a micro-aspirator.

A fresh seedling was used for each aphid. An aphid was regarded as
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settled when it remained motionless and its labium (rostrum) was
adpressed to the leaf. In this condition the antennae were usually
held backwards horizontally on the back of the aphid. TIach observation
lasted for 15 min and five aphids were observed per treatment. The
settling period was timed, and an aphid was regarded as settled when it
remained in the motionless position with the rostrum adpressed to the
leaf up to the end of the observation period. Apterous aphids which
had beeis freshly removed from a sowthistle seedling were also expesed
to light for 15 min and observed individually on the leaf of either a
sowthistle or lettuce seedling.

Although the sample size was small the results (Table L4.1) show
that when apterous H. lactucae are starved in continuous light in either
humid or dry environment for 12 hr or more their settling behaviour is
improved. On sowthistle seedlings the settling of the aphid appears to
be unaffected by the treatments. NWone of the aphids which were freshly
removed from sowthistle seedling settled on either sowthistle or lettuce
during the period of observation suggesting that starvation was necessary
to induce the aphids to settle on sowthistle. Another experiment was
carried out using larger numbers of aphids to determine whether there
was a real trend in the settling behaviour of H. lactucae which had
been subjected to treatment D for the three periods of pretreatment.
Apterous aphids were subjected to the four treatments as described
previously. Twenty pretreated aphids were placed simultaneously on a

single lettuce leaf and the numbers of aphids which settled, as judged
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Table 4,1 Numbers out of 5 trested apterous H. lactucae which
settled on sowthistle (S) and lettuce (L) seedlings up

to the end of a 15 min observation period.

Treatment: Type of Duration of treatment in hours
Wo. Treatment 6 F 12 ol
| S L |T s L S L
| ]
A . Darkness and 1 o | 1 0 5 0
humid !
environment (6)2 - (12) - (7-11.5) -
!
B Darkness and ; 2 0 2 0 5 0
dry
environment | (7-8) - | (6.5-10) - (7-11.5)" =
[
c Continuous b 0 5 2 5 | 1
' light and i |
' humid :'
environment |(56-13) - | (9-1k) (11-1k4); (10-1k) '(3.5)
D Continuous i3 . 0 3 1 5 3
light and ! | . | l
dry : | ; I i
. environment |(11.5-12) - 1(8-13.5). (8) I (9-15) | (10-1k4) !

|

Figures in psrentheses are the range of settling times (min).

by being motionless and with antennse held backwards and horizontsally
over the body, up to the end o;?gg min observation period were recorded.
Apterous aphids which had been freshly removed from a sowthistle seedling
were tested as before.

The results are illustrated in Figure L.1. There is a tendency
towards increased numbers of aphids that settled with increasing duration

of treatment (treatments C and D). Treatment B does not show any general

trend and though there is a trend in treatment A it is the reverse of



gure 4.1 Numbers of apterous H. lactucae (out of 20) which
settled on lettuce seedlings up to 15 min after being

subjected to four treatments for various periods.
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treatments C and D.

For LNYV transmission studies on lettuce (see Chapter 3) and other
studies to be described later in this chapter, H. lactucae were
routinely pretreated by starving them in continuous light and dry

environment at 25°C for 24 hr.

4.2 Saliva production by probing H. lactucae

0'Loughlin and Chembers (1967) observed the presence of INYV
particles in the salivary glands of viruliferous H. lactucae. This
suggests that transfer of virus to lettuce and sowthistle plants is
probably via salivary secretions (Day and Iryzkiewicz, 195k4).

An experiment was carried out to find whether probing H. lactucae
deposited saliva on both lettuce and sowthistle leaves when confined on
them. A number of apterous H. lactucae were pretreated (as previously
described) and groups of five aphids were caged on four leaves each of
sowthistle and lettuce seedlings with leaf cages. Similar numbers of
apterous H. lactucee, freshly collected from sowthistle plants, were
also caged on sowthistle and lettuce leaves. The aphids were left on
the seedlings for 30 min. For a control, leaf cages without aphids were
put on the leaves of sowthistle and lettuce seedlings for a similar
period.

Selivary secretions were demonstrated by Naito's (1965) technique.
After removal of aphids from the leaves the seedlings were kept in the

dark for 2 hr for the stomata to close. Pieces of leaf material (to
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include areas enclosed by the leaf cages) were cut and immersed in T0%
ethanol for 5 min and stained for 5 min with 1% erythrosine. The
stained leaf pieces were thoroughly washed under tap water and each was
held between two microscope slides and allowed to dry in the laberatory
for two days.

The leaves were examined under a binocular microsccpe. Pink spots
of salivary material (Figure L.2a and b) were observed on both sow-
thistle and lettuce leaves on which aphids were caged (irrespective of
whether the aphids were pretreated or not). No pink spots were vbserved
on the control leaves. Thus saliva is deposited on the leaf when
H. lactucae are given access to either lettuce or sowthistle. Whether
this deposition indicates fprobing', that is whether the saliva was

inJected into the leaf tissue or not could nct be demonstrated.

4.3 Depth of stylet penetration of H. lactucae on lettuce and sowthistle

seedlings

Depth of penetration of leaf tissue by stylets of H. lactucae was
estimated by allowing 15-20 pretreated apterous aphids to probe on leaves
of sowthistle and lettuce seedlings for 5, 15, 30 and 60 min. Probing
was terminated by simultaneously killing and fixing aphids by dropping
the leaf with the sphids attached into lactic acid and ethanol fixative
(one volume 75% w/w lactic acid and 2 volumes 25% ethanol) previously

cooled to -20°¢ by addition of dry ice. The aphids were retrieved by

teasing the leaf tissue with a needle. Lengths of stylet protruding



gure 4.2a Deposits of salivary material (stained pink) by probing

apterous H. lactucae on sowthistle leaf.

gure 4.2b Deposits of selivary material (steined pink) by probing

apterous H. lactucae on lettuce leaf.






beyond the lebium were measured with a binocular microscope fitted with
a micrometer. Only those aphids attached to leaf tissue by their stylets
were examined.

Mean stylet length (+ S.E.) of aphids probing on either sowthistle
or lettuce plotted against duration of probe is illustrated in Figure
4.3. The results indicate that on sowthistle there is an increase in
stylet length with increased duration of probe. A similar situation
ocecurs on lettuce except that beyond the 20 min probe there is a decrease
in stylet length. Apparently there is no difference between lengths of
extruded stylet on both sowthistle and lettuce for probes lasting up to
30 min but there is & difference when probes lasted for 60 min.

To estimate the tissues reached by probing I. lactucae, leaf
sections of sowthistle and lettuce seedlings were cut by hand and
distances between leaf surface (cuticle) and the closest vascular tissue
of midrib and primary veins in 20 sections were measured from the middle
of either the midrib or vein. The depth of epidermal cells {i.e. from
outer to inner cell walls) of the leaf lamina was also measured.

The measurements (Table 4.2) show that H. lactucae which probe for
60 min may not have reached the vascular tissus of either the midrib or
vein in both sowthistle and lettuce seedlings. The epidermal cells of
the leaf lamins would have been pierced through within 5 min from

commencement of probing.
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Compérison of stylet length of pretreated apterous H. lactucae

Figure 4.3

which were allowed to probe lettuce and sowthistle leaves for

various periods and killed in situ with dry ice (solid €o,)
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Table L.2 Mean measurements (in mm + S.E.) of distances of
vascular tissue of midrid ard primery veins from
the cuticle and the depth of epidsrmal cells in

leaves of sowthistle and lettuce seedlings.

Plent Type | Type of plant tissue
! |
Midrib Vein Fpidermal cell
Sowthistle | 0.37 + 0,01 0.20 + 0.01 0.030 + 0.001
Lettuce ! 0.51 + 0.01 0.20 + 0.01 0.033 + 0.003

L.4 Uptake of vlant sap by probing H. lactucae

To determine whether H. lactucac imbibe sap when they probe lettuce

seedlings, 32p upteke by H. lactucae and Macrosiphum euphorbiase (Thomas)

were compared on labelled sowthistle and lettuce seedlings (see Section
2.52 for method of labelling). M. euphorbiae were used for comparison
with H. lactucae because their size is identical to that of H. lactucae
and they breed on both sowthistle and lettuce. The labelled seedlings
were held in glass vials measuring 3/8° in diameter and 3" high.

Cotton wool was wound around the mouth of the vial to completely surround
the basal %" of the stems of seedlings to prevent contamination of aphids.
The vial was held in a wooden rack. On the top of the wooden rack and
surrounding the glass vial was a 4" x 4" x 1/16" plastic sheet with a
central %" hole through which the glass vial was passed. The top of

the plastic sheet was coated with tanglefoot to trsp aphids which walked
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off the seedlings.

Twenty pretreated apterous aphids of each species were put
simultaneously on a leaf of the particular seedling and left for 2 hr.
Aphids which remained on the leaf at the end of the period were collected.
To estimate the amount of sap taken up by the aphids, known fresh weight
of discs from leaves of labelled seedlings was ground in one ml of
distilled water and centrifuged. Aliquots of the supernatant were
counted to determine the specific radicactivity of sap in the leaf
(see Section 2.52). Individual weights of 20 apterous H. lactucss and
M. euphorbiae were determined and the mean fresh weight (1.11 + 0.06 and
1.19 + 0.0k mg for M. euphorbiae and H. lactucae respectively) was used
to estimate the volume of sap per mg of body weight imbibed by the aphids.

Table 4.3 shows the amounts of sap imbibed by H. lactucae and
M. euphorbiae from either sowthistle or lettuce leaves. The results
show that sap uptake by H. lactucae probing on sowthistle was 1.5 times
higher than that of M. euphorbiae. On lettuce M. euphorbiae took in
30 times more sap that H. lactucae. ©Sap uptake by H. lactucae on saw-
thistle was 17 times greater than on lettuce. The results also indicate
that H. lactucae apparently imbibes very little or no sap when it probes
on lettuce. The smounts of sap imbibed by the aphids were highly

32

variable. A probable differential distribution of “"P in the leaves
(Wright and Barton, 1955) together with a possible different sites of

probing by individual aphids may have accounted for the variability.
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Table L.3 Sap uptake (in ul/mg body weight) by pretreated H. lactucae
and M. euphorbiase which were allowed to probe on the leaves
of 32P labelled sowthistle and lettuce seedlings for 2 hr.

Type of seedling Aphid species
M. euphorbiae H. lactucae
_o% -
Sowthistle 9.8 x 1077 15.1 x 1072 |
2. ® -2, |
(0.5 - 18.0 x 10 2y (0.4 - 31.8 x 10 2)
-2 i -2
Lettuce 28.3 » 10 t 0.9 x 10
J (0.9 - 67.9 x 10'2) (0.3 - 2.3 x 10"2)

Values are means, with range in parentheses.

4.5 Discussion

Results of experiments described in this chapter indicate that
(1) the stylets of pretreated H. lactucae are likely to pierce through
leaf tissues of lettuce and sowthistle during probes; (2) the depth
of penetration increases with the duration of probe; (3) when H.
lactucae are confined on the leaves of sowthistle and lettuce seedlings
saliva is deposited on the leaf surface of both plants; (L) when H.
lactucae probe lettuce they imbibe little or no sap from the plant but
they imbibe sgp when they probe on sowthistle.

Ibbotson and Kennedy (1959) observed that Aphis fabae Scop. walked
on wax-coated rim of petri dish in continuous light over-night without
stopping. Lawmb (1963) indicated that loss of water by aphids was

unaffected by low humidity probably as a result of water being replenished
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in the form of metabolic water. Hunger in insects (as in other animals)
may make insects more prone to feeding to replenish deficits arising
from energy losses and synthesis of tissue (Dadd, 1970). Though 1.
lactucae which were subjected to continuous light were not observed at
regular intervals they were found to be active on most occesions. It

is possible that aphids which were put in continuous light and dry
environment might not have lost significant amounts of water (cf. Lamb,
1963) but their activity was likely to have reduced the amount of
metabolizable materials present and hence induce hunger. This ccondition
probably sccounted for the improvement of the settling behaviour on
lettuce of H. lactucae which were subjected to treatments C and D
(Figure 4.1). The settling behaviour of aphids in treatments A and B
suggests that other unknown behavioural factors may be involved in the
settling response of H. lactucae on lettuce.

Estimation of feeding sites of aphids by length of stylet protruding
beyond the labium has been used by several workers (e.g. Day and
Irzykiewicz, 1954; 0Gibson, 1972) but in situ observation of stylet or
salivary sheath tracks in sections of plant material is a more direct
but much more laborious method (Roberts, 1940; Esau et al., 1961:
0'Loughlin and Chambers, 1969; Pollard, 1971). Day and Irzykiewicz
(1954) have pointed out that both methods are comparable. Increase in
depth of penetration of aphids® stylet with duration of probe has been
demonstrated in several species of aphids (Roberts, 1940; Esau et al.,
1961) and this is supported by the amounts of radioactive material taken

up by aphids feeding on labelled plants for various intervals (Watson and
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Nixon, 1953; Fhrhardt, 1961).

Up to 30 min the depth of stylet penetration of H. lactucae increases
with duration of probe on both lettuce and sowthistle. Beyond 30 min
probe, however, there is a decrease in stylet length when the aphid
probed on lettuce which suggests a gradual withdrawal of stylet beyond

this period. Wensler (1962) showed that Brevicoryne brassicae (L.) could

discriminate quickly and clearly between host and non-host leaves. On
non-host leaf (Vicia faba L.) B. brassicae probed for a short period

and walked off within 3 min qf probing. A similar situation occurs

vhen non~treated H. lactucae are allowed to probe on lettuce. It appears
that the threshold of probing response of pretreated H. lactucae is
lowered considerably at least within the first 30 min of probing. After
this period the threshold level probably rises and this may explain the
apparent withdrawal of stylets that occurred after 30 min of probing.

It is generally accepted that aphids eject saliva during cell
penetration (Rradley, 1952; Kloft 1960; Lamb et al., 1967) but it is
also possible that they may secrete saliva onto the cuticle without
penetration (van Hoof, 1961). Aphids are known to secrete two types of
saliva, that is a fluid, water soluble saliva and a viscous saliva which
gels to form the salivary sheath (Miles, 1959) and it is probable that
most aphids secrete the two *ypes of seliva (Miles, 1959; Lamb et al.,
1967). Secretion of saliva may be intermittent or continuous (Kloft,
1960; Lamb et al., 1967). Lamb et sl., (1967) also observed that fluid
saliva may be continuously secreted and suggested that this may play an

important role in the transmission of aphid-borne persistent viruses.
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Negligible amount of sap intake when H. lactucae probe lettuce is
unimportant as far as LNYV trensmission is concerned; nevertheless it
explains why the aphid does not breed on lettuce. The secretion of
saliva by H. lactucae when they are confined on both sowthistle and
lettuce suggests that introduction of LNYV to these plants by viruliferoue
aphids is probably via salivary secretions (O'Loughlin and Chambers,
196T). Viruliferous H. lactucae can successfully transmit LNYV to
lettuce during a 5 min probe (see Chapter 3) and the fact that the
aphid's stylet only penetrates the epidermal layer within 5 min of
probing suggests that the site of LNYV introduction into lettuce may be

outside the vascular tissue.
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5. BIOLOGICAL STUDIES ON H. LACTUCAT

5.1 Comparison of rates of development of H. lactucae on seedlings and

leaf discs of sowthistle plants

Though leaf discs have been used in biological studies of mites
(Rodriguez, 1953 and 1958) and aphids (Johnson and Birks, 1960; Hughes
and Woolcock, 1965), whole plants are more likely to resemble the natural
environment. So an experiment was carried out to determine whether rate:
of development of H. lactucae on seedlings differed from those on leaf
discs of sowthistle plants.

Groups of twenty apterous H. lactucase (from a glasshouse colony)
were allowed to larviposit by confining them on excised sowthistle
leaves in petri dishes for 6 hLr and their progeny were pooled. The
nymphs were either caged individually on sowthistle seedlings or were
confined on leaf discs (measuring 21 mm in diameter) floating on
nutrient solution (Hughes and Woolcock, 1965) contained in clear plastic
vials which were held in trays. The tray measuring 7" x 3" could hold
ten vials. One group of ten aphids (on leaf dises) was kept in a
constant temperature room (20°C) with a light intensity of 9,400 lux at
the level of the vials (treatment A). Ten aphids on potted seedlings
were put in a plant growth chamber also maintained at 20°C and with a
light intensity of 16,000 lux (treatment B). Another group of ten
aphids confined on leaf discs was also kept in the plant growth chamber
(treatment C). The light intensity above the vials was maintained as

in treatment A by shading the vials with a nylon gauze.
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The aphids were observed at 12 hr intervals until the final moult.
Aphids were regarded to have moulted when they were corpletely out of
their cast skins; the cast skins were removed CGuring an observation.
Mean period bhetween two consecutive observations during which a moult
occurred was taken ss the time of moulting. Table 5.1 shows the

developnental periods of the life stages of the aphid for the three

treatments.

Table 5.1 Comparisons of the developmental periods of H. lactucae
reared on sowthistle scedlings in plant growth chaember
and on leaf discs in plant growth chamber and constant
temperature room respectively.

Treatment YNo. | Type of Treatment Developmental period

! to adult (in days)
{ + S.E.
|

A | Leaf discs in constant 7.2 + 0.12
= temperature room (10)®
i

B Seedlings in plant 7.9 + 0.1h
i growth chamber (9)

c : Leaf discs in plant ! 7.9 + 0.15
! growth chamber f (10)

Figures in parentheses represent the sample size.

Analysis of variance (after correcting for missing data in treatment B
(Snedecor and Cochran,1937)) was applied to the data for complete
development; there was no significant difference (P > 0.05) among the

treatments. This indicates that the rates of development of H. lactucae
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on seedlings and leaf discs of sowthistle plants are similar.

5.2 Bffect of temperature on the development of H. lactucae

Because of the lack of difference between the rates of development
of the aphid on leaf discs and sowthistle seedlings, leaf discs were
used to study the effect of temperature on the development of H. lactucae.
Use of leaf discs is advantageous in that (1) the trays of ten vials
required little space (2) by careful selection of leaves it was possible
to use leaf discs of uniform texture and from the same leaves (il was
possible to cut at least two discs from the same leaf) thus reducing
veriability due to plant material (3) it was easier to observe the cast
skins and finally (4) the temperature above the discs was also uniform.
The disadvantage of leaf discs was the occasional trapping of aphids in
the nutrient solutionm.

Nymphs of H. lactucae were obtained as described in section 5.1.
Groups of twenty first instar aphids were confined individually on leaf
discs floating on nutrient solution and were put under a bank of
fluorescent light in constant temperature rooms maintained at 150, 2009
250, or 28°%., A1l aphids were examined for moulting and first time of
larviposition at 12 hr intervals. The times for moulting or larviposition

were determined as previously described.

5.3 Results

5.31 Developmental periods of the life stages of the aphid

Developmental periods, with their standard errors, for the various
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stages (including total development) of the aphid at 15°, 20°, 25°, and
2800 are shown in Table 5.2. 1In calculating the development period,
deta for aphids which drowned at some stage of the experiment were
excluded. Except at lSOC there was a slight but progressive increase
in the duration of development from the first to the fourth instar
stages. The results suggest that the pre-larviposition period in H.
lactucae is comparatively short at the various temperatures except at
28°C where its duration is significantly lengthened.

Table 5.2 The developmental periods (in dasys) of the life stages

of H. lactucae reared on leaf discs of sowthistle at 150,
20°,25° and 28°c.

Stage Temperature ¢ !
15 20 25 28

First instar 2.6 + 0.3 1.7+0.% 1.1 +0.3 0.9+0.3

Second instar 2.1 +0.2 2.0+0.4 1.4 +0.2 1.k +0.2

Third instar 2,7+ 04 1.9+0.3 1.4k +0.2 1.6+0.2

Fourth instar 3.5+ 0.6 2.1+0.2 1.7T+0.,2 1.7 +¢0.2

Pre~larviposition

period 0.6 +0.2 0.8+0.4 0.7+0.2 1.7T+0.5

Total develop-

mental time to ,

reproduction 11.7 + 0.6 8.3 +1.1 6.83+0.5 T.b +0.6

5.32 Developmentzl zero

The effect of temperature on the rate of development of insects

has been studied by several workers (Howe, 1967). Based on such studies
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numerous mathematical expressions have been proposed to describe the
relationship between temperature and the rate of development (Peairs,
1927; Davidson, 1942 and 194L; Andrewartha anu Birch, 1954). Although
these descriptions of mathematical relationships are precise for some
species of insects, attempts to fit them to curves have unot been
altogether successful. The failure is due to the sigmoid and asymmetrical
shape of the curves as well as the fact that statistics used for testing
the 'gooudness of fit' are so sensitive that slight experimental errors,
for example slight fluctuations of t.mperature, make small differences
highly significant (Browning, 1952; Howe, 1967). Over a restricted
portion of temperature range the relationship between temperature and
rate of development is approximately a straight line (Shelford, 1927).
The point of interception after extrapolating the straight line to the
temperature axis gives the so-called developmental zero, the validity
of which has been questioned (Andrewartha and Birch, 1954). Others
however consider the developmental zero as a biological reality (Hunter-
Jones, 1968). Thermal swummation and developmental zero have some practical
use provided the temperature does not remain outside the linear zone;
they have been used for the prediction of pest outbreaks (Pean, 1961)
and the calculation of the number of generations of insects (Bodenheimer
and Swirski, 1957).

To obtain more precise curves for rate of development (i.e.
reciprocal of the developmental period) against temperature requires at
least ten intervals not greater than 2.50 and in addition to this more

points should be included on either side of the optimum and limits of
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temperature (Howe, 1967). These conditions could not be met in this
experiment. Curves (fitted by eye) for the rate of development for each
of the four instars (including the pre-larviposition period) of the

aphid are shown in Figure 5.1. At 28°C the curves for the second, third
and fourth instars begin to drop; a more precipitous drop in the curve
for the pre-larviposition stage occurs at this temperature (2800).
Apparently this temperature is beyond the upper 1limit of development
(Davidson, 194k4). The curves also suggest that the rate of development

of the various stages differ and will therefore have different wvalues

for the developmental zero. Consequently data for the total developmental
period (excluding thst for 2800) were used in calculating the regression
line, y = a + bx (vhere y, a and x are the rate of development, a

constant and tempersture respectively). However to obtain a relation
which applies to the whole range, including 2800, the following formula
can be used, y = a + bx - ce® or y + ceX = g + bx (where c is a constant
and e = 2.7182) and the point (x, y + ce’) at which x = 28 can be
determined (Lipka, 1918). The results (Figure 5.2) indicate that the
developmental zero for H. lactucae is lOOC, and this was used to determine
the number of generations in the experiment to be described in the next

section.

5.4 Influence of population density on dispersal of IH. lactucae
Departure of insects from their host plants or breeding sites has
been interpreted as a mechanism by which insects respond to currently

adverse factors in the environment such as shortage of food (as a result



ure 5.1 Curves for rates of develonment of the life stages of

H. lactucae at various temperatures.
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cure 5.2 Graphical determination of temperature threshold

for the total develormernt of H. lactucae.



o
Q)]

1O
on
(o]

4 LD
N

o~

&)

o

- O
N

w

(a2

D

=

<

10 4

L

Jwow

- =

w

[ d
o
(T9] () [Te)

-

AvO ¥3d IN3WJ0T13A3A 39VIN3IH3d



63.

of over-crowding) or a means of seeking shelter for the purposes of
hibernation (Prokopy and Gyrisco, 1965 a, b). Although this may be true
for some species of insects (Johnson, 1969) theie may be other factors
involved other than currently adverse conditions of the environment
(Kennedy, 1956; Johnson, 1960). Johnson (1969) proposed that dispersal
or migration is a behavioural activity which is controlled by an
environmental-endoerine system that produces morphometric phases in
insects

Hyperomyzus lactucae does not ureed on lettuce to which it transmits

INYV. To transmit the virus to lettuce plants the aphid must necessarily
leave the host plant (i.e. sowthistle). The experiment described in
this section was aimed at determining some of the factors which influence
the dispersal of H. lactucae from sowthistle plants.
The design of the experiment, which was conducted in the field,
was a completely randomized factorial design comprising two factors
(plant size and population density). Three sizes of potted sowthistle
plants designated 'small', 'medium’ and ‘large’ (Figure 5.3) were used
for breeding four initial densities (2, 4, 8 and 16) of fourth instar
apterous H. lactucae. The twelve treatments were replicated three times.
Two sizes of cage, (measuring 12" x 12" x 16" high for the small
plants and 18" x 18" x 24" hish for medium and large plants) with sides
covered wich fibre-glass net and roofs of thin Polythene sheet, were
used for enclosing the plants. The cages were stood on pieces of white
opaque plastic sheets and builders' sand was spread beneath the plastic

pieces thus enabling the edges of the cages to fit tightly. This



gure 5.3 Typical examples of small (2), nedium (B) and
large (C) sowthistle plants used in the population

studies of H. lactucae. DBeneath B is a " yruler.
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arrangement made it possible to confine crawling aphids in the cages.

Potted sowthistle plants which had been growing in a glasshouse
were caged in Alverstoke orchard for a week to aclimmatize. Apterous
progeny of viviparae apterae of H. lactucae was established by putting
4 - 8 field collected apterous adults on the plants to larviposit for
24 hr after which period the maternal aphids were removed. Three days
later the progeny were reduced to within 2-3 of the numbers required
on each plant. After T days the aphids were thinned to leave the
required number of fourth instar aphids. One and a half weeks later
the potted plants were sunk into the soil (at sunrise at which time the
aphids were virtually not disturbed) to provide more room for the
growing plants. The plants were watered when necessary. Temperature
was recorded in the two sizes of cage and in the shade with thermo-
couples connected to a ‘Honeywell' chart recorder immediately the aphids
started to reproduce (i.e. after the completion of the first generation).
The experiment was deemed to have started on the day the maternal aphids
were confined on the sowthistle plants.

The cages were examined daily for aphids that had left the plants.
Apterous aphids were found to have left some of the plants 17 days after
the start of the experiment. After this period all 'emigrant’ aphids
were collected (shortly befcie sunrise to avoid flight by alates) daily
from the tops, sides and floor of the cages with an aspirator and counted.
The plants were harvested 32 days after the start of the experiment and

all aphids were retrieved by shaking individual plants in water to which
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a few drops of detergent had been added. All the aphids were counted to

determine the numbers of the various forms.

5.5 Results
The sowthistle plants were in good condition for most of the

experiment except towards the end (3 to 4 days) when some of them,

particularly the small plants with initial populations of 8 and 16 aphids,

began to show signs of deterioration.

5.51 Temperature in the cages

To determine whether the differences between densities were
confounded with differences in temperature between cages, temperature
within each cage was summated for the course of the experiment. Maelzer
(personal communication) found that temperatures recorded at midnight,
5.30, 8 a.m., noon, 5 and 8 p.m. give a good estimate of the overall
field temperature conditions at the Waite Institute. TFor temperature
summation the mean temperatures between the times of observation are
calculated and expressed as values above the threshold of development.
Accumulative day-degrees is obtained by multiplying the mean temperature
(above the threshold of development) for each interval by the fraction
of day that the intervel constitutes and adding on the products.
Maelzer's computer programme wes used for the analysis in the present
experiment. Linear summation was possible in this experiment because

the temperatures were not outside the linear zone.
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Because two types of cage were used in the experiment a 't - test’
was applied to the temperatures recorded at the six periods (see above)
for each of the 22 days to find vwhether there was difference in the
temperatures recorded; there was no significant difference between the
temperatures recorded in the two cages. This is also reflected in the
calculated day-degrees for temperatures recorded irn the small and large
cages (187.6 and 190.7 respectively); that for the shade was 179.0.
There appears to be no difference in temperatures recorded at the three
sites indicating that the temperatures in the shade and cages were
apparently similar.

From these summed temperatures the number of generations during the
course of the experiment was estimated. The estimated number of
generations during the 22 days (period during which temperature was
recorded) was 2.4. Thus the aphid populations completed 3.4 generations

during the experimental period.

5.52 Influence of population density on reproduction of H. lactucae

The totals of aphids that emigrated from the plants and those
collected at the end of the experiment were pooled for each plant. The
mean numbers of aphid which originated from a single initial apterous
H. lactucae were calculated. When the means of the treatments were
plotted ageinst their standard deviations the curve obtained showed a
proportionate relationship between the two statistics. So a logarithmic

transformation was applied to the data to reduce the heterogeneity of



67.

variance (Snedecor and Cochran, 1937). DBecause Bartlett's test for
heterogeneity of variance is inadequate for sample sizes of less than 5,
the ratio sz‘max./‘s2 min. was used for the test of heterogeneity of
variance of the transformed data (Pearson and Hartley, 1954). The
variance was found to be homogenized by the transformation (52 max./s2 mir.
= 13.9, P > 0.05). The analysis of variance (Table 5.3) indicates that
the effect of density on the rate of reproduction was highly significant
(P < 0.001) and the effect of plant size was also significant (P < 0.05).
The interaction between plant size and aphid population density cn the
rate of reproduction was non-significant. Comparisons between treatments
were made by the method of least significant difference. The results
(Table 5.4) show that differences between densities for a particular
Table 5.3 Analysis of variance (on transformed data) for comparison

of the effect initial population densities and plant size

on the rate of reproduction of apterous H. lactucae.

Source of variation Dr i 58 MS "
Treatment 11 3.67565 0.33415 9.3130
Population density 3 3.18679 1.06226 29.6059***
Plant size 2 0.35770 0.17885 h.98h7*
Density x size : 6 0.13116 0.02186 0.6092
Error i 2k 0.86116 0.03588 | "

: 5 :

* P <0.05
XX ¥

P < 0.001
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plant size were significant at the 1% level. Though differences existed
in the effect of plant size and rate of reproduction the differences

were not consistent. For instance (1) at a density of 2 initial apterous
aphids there is no difference between medium and large plants but they
differ significantly from the small plants; (2) at a density of 4 there
is no difference among the three plant sizes; (3) at density 8 there

is no difference between large and small plants but these differ
significantly from the medium plants; a similar situation occurs at
density 16.

Table 5.4 Mean numbers of H. lactucae produced per single apterous

aphid at various initial population densities on three

plant sizes.

Plant size ! Initial population density

16 8 i 2

Small (a)#* 140 188 335 927
(p)* 2.07347 2.25514 2.50651 2.9483kL

Medium (a) 66 109 245 L62
(b) 1.79568 2.00240 2.35315 2.65627

Large (a) 93 196 287 409
} (p) 1.9L4651 2.26L61  2.44582  2,60690

f I

¥ (a) untransformed data
(b) transformed data
LSD (population density) at 5% : 0.016k45
‘ 1% : 0.02229
LD (plant size) at 5% : 0.15960



gure 5.b Relstionship between mean numbers of aphids produced
per plant (means of the three plant sizes) by initial
single apterous F. lactucae at various population

densities.
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In addition the data of Table 5.4 indicates that the initial
population density of apterous aphids has a profound effect on the rate
of reproduction of H. lactucae. The rate is at its maximum when the
population density is low and it decreases with increasing density.

This effect occurs irrespective of plant size. The relationship

between the mean numbers of aphids produced (P) per single aphid per
plant and the initial density (I) of apterous aphids is given by the
general equation log P = K - b log I, vhere K is a constant (Figure 5.h4).
At a particular density the effect of plant size (Table 5.4) does not
show a clear pattern; it appears however that the aphids reproduce

better on small and large plants than on medium size plants.

5.53 Influence of population density on emigration of H. lactucae

from sowthistle nliants

Daily numbers of emigrant aphids per plant (at a particular density)
were plotted against time but this proved unsgtisfactory so the
accumulative numbers were used instead. TFmigration curves for apterae
and alatae are illustrated in Figures 5.5, 5.6, 5.7 and 5.8. The curves
indicate that at certain levels of density more apterous than alate aphids
emigrate from sowthistle plants. As the population grows, more emigrant
alates leave the plants (Figure 5.8 a, b and ¢). Further population
increase leads to a decrease in numbers of emigrant apterae until a
stage is reached when emigration virtually ceases (e.g. Figure 5.8 a, b).
Percentage alatae produced on the three plant sizes, including 3rd and

4th instar alatiform nymphs which were collected from harvested sow-



gure 5.5 Mean accumulative numbers of adult epterae anl alatae
emigrating from smell (A), medium (B) and large (C)
sowthistle nlants infested with 2 initial apterous

H. lactucae per plant.
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Mean accumuletlve numbers of adult apterae and alatze
emigrating from small (A), medium (B) and large (C)

sowvthistle plants infested with 4 initial apterous

U. lactucae per plant.
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are 5.7 Mean accumulative nurbers of adult apterae end alatae
emigrating from small (A), medium (B) and large (c)
sowthistle plants infested with O initial apterous

H. lactucae ver plant.
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are 5.8 Mean accurulative numbers of adult apterae and alatae
emigrating from small (A), medium (B) and large (¢)
sowthistle plants infested with 15 initial apterous

H. lactucse per plant.
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thistle plants (see Section 5.4), are plotted against initial population
densities (Figure 5.9). There is an increase in the percentage of alatae
produced with increasing initisl population densities.

To determine the effect of population density and plant size on
numbers of aphids (apterae and alatae) emigrating per plant, analysis
of variance was computed on the logarithmically transformed data
(reasons as mentioned in section 5.52). The transformation homogenized
the variance (52 max./52 min. = 59.1, P > 0.05). The results (Table
5.5) show that population density and plant size significantly (P < 0.001)
influenced the numbers of aphids that emigrated. The interaction
between population density and plant size was not significant.
Table 5.5 Analysis of variance (on transformed data) of the effect

of initial population density and plant size on numbers

of H. lactucae that emigrated from a single sowthistle

plant.
' Source of variation 5 DF 85 MS F
Treatment o1 3.24871 | 0.29534 | L.2033
' %%
Population density i 3 1.77737 | 0.59246 | 8.6126
#R®
Plant size | 2 1.23008 | 0.61504% | 8.9408
Density x plant size f 6 0.24126 | 0.04021 | 0.5845
Error ' ol 1.65101 | 0.06879 =

BHEE
P < 0.001

Differences between the effects of population density and plant

size on emigration were determined by the method of least significant
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Percentage slate aphids produced by the various initial
population densities of anterous H. lactucae on small,
medium and large sowthistle plants during the

experimental period,
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di fference. Differences between plant size at a particular population
density were significant at <he 1% level (Table 5.6). With the
exception of populetion density 2 in which more aphids emigrated from
the large than medium plants the trend was as follows: small > medium >
large. On small plants there was no difference in the numbers of aphids
that emigrated at densities 2 and 4; similarly there was no difference
at densities 8 and 16. Differences between densities 4 and 8 were not
significant on the medium plants. On large plants densities 2 and L
were not significantly different; u similar situstion occurred at
densities 8 and 16.

Table 5.6 Mean numbers of H. lactucae that emigrated per sowthistle

plant at various initial population densities.

Plant size Initial population density ‘
2 N 8 16
Small | (a)* 158 232 308 543
‘ (b)* 2.18691  2.30595  2.4T7116  2.62261
Medium | (a) L2 113 169 258
l (b) 1.62504  2.01k4k0  2.1780 2.%1046
Large (a) 82 58 143 218
; (b)  1.794k5  1.69371  2.06353  2.317T19

#* (g) untransformed data
(b) transformed data
ISD for population demsity (5%): 0.25518
(1%): 0.34582
LSD for plant size (5%): 0.02366
(1%): 0.03205
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Comparison between mean numbers of adults and nymphs of H. lactucae
that emigrated (per plant) in the course of the experiment is shown in
Table 5.7. Numbers of nymphs departing from the plants when compared
with adults are ovbviously smaller.

Table 5.7 Mean numbers of H. lactucae (adult and nymph) that

emigrated from a single sowthistle plant.

Plant size Initial population i Adult | fymph
' density
2 158 9
232 b
Small 308 5
16 543 4
2 5 b2 1
113 3
Medium i 169 o
! 16 258 1
| 2 82 2
' L 58 0
Large : 3 143 3
| | 16 218 ! 3
|

5.5 Discussion
The results of the experiment described in this section indicate
that population density influences both the rate of reproduction and

the numbers of adult aphids that emigrate from sowthistle plants. At



low population density the rate of reproduction increases but the rate
slows down at high densities (Figure 5.4). Conversely, more adult aphids
leave sowthistle plants at high than at low popuiation densities; there
appears to be virtually no effect of density on the emigration of nymphs
(at least during the period of experimentation). Populaiion density
affects the relstive numbers of alatae and apterae that emigrate; as
the population grows probably more alatae are produced (Figure 5.9) and
so more alatae than apterae leave the sowthistle plants (Figure 5.8 a, »
and c¢).

That population density has a profound effect on the rate of
reproduction of aphids has been demonstrated in other species of aphids

for example Drepanosivhum platencides (Scur.) (Dixon, 1963), A. fabae

(Way and Banks, 1967) and B. brassicae (Way, 1968). In his studies on
the sycamore aphid, D. platanoides, in which a reproductive diapsuse
occurs, Dixon (1963) showed that at initial high densitics there is a
reversible drop in the reproductive rate of the aphid but a more lasting
effect is induced during prolonged crowding. On obssrving the corpus
alletum of D. platanoides he found that the size of this organ was much
larger in actively reproducing than in sluggishly reproducing or
diapausing aphids; he suggested that when crowding reached a certain

threshold the brain could inhibit the activity of the corpus allatum

thereby reducing the rate of reproduction. In addition to a de=crease in
the rate of reproduction in A. fabae as population density incresses,

Way :nd Banks (1967) also found that the size of aphids decreased. They



7h.

indicated that changes in population of A. fabae were a means of checking
the over-exploitation of the growing plant by adjusting to changing food
and space provided by the plant.

In the context of Way and Banks (1967) one would expect that the
rate of reproduction of H. lactucae would be far greater on the large
sowthistle plants than on the small ones. Though circulation of nutrients
in plants is upwards (in the xylem) from roots to leaves and downwards
(in the phloem)from leaves to roots, there are circumstances vhen
translocation in these two systems is unidirectional, for example into
developing flowers and growing shoot tips (Zimmermenn, 1969). Field
observations show that H. lactucae are found mostly on the flower stalk
and terminsl stems of sowthistle plants (cf. Hille Ris Lambers, 19L49).
The aphids are found in these sites probably as a result of the
concentration of nutrients in these parts of the plant. Though the
plant may be large, in reality the aphids may be more crowded on these
plants than perhaps on young plants. This may account for the lower
rate of reproduction of H. lactucae observed on the large sowthistle
plants.

The results also show that numbers of the aphid emigrating from
sowthistle iz dependent upon the population density of the aphid; the
rate of emigration increases with increasing density (Tables 5.5 and
5.6). The results also indicate that more apterous than alate H.
lactucae depart from the plants during the initial stages of population
growth; as the population reaches a certain level more alatae depart

and the rate of emigration of apterae decreases sharply (Figures 5.4 to



5.

5.8) probably as a result of greater production of alates (Figure 5.9).
Although there is no evidence for proportions of alatae and apterae
remaining on the plants to those that emigrate at any one time it may
be assumed that numbers of aphids that left the plants at a particular
time reflected on the numbers that were present. Crowding of aphids

on host plants may (Way and Banks, 1967) or may not (Murdie, 1969) lead
to a reduction in food quality; but crowding would promote restlessness
which in turn increases the encounters between aphids (Johnson, 1965;
Murdie, 1969).

Importance of tactile contacts between aphids as a result of
crowding or 'effet de groupe’ (Bonnemaison, 1951) with the concomitant
production of alatae has been recognised in several species of aphids
(Johnson, 1965; Toba et al., 1966: Lees, 1967; Sutherland, 1969).
Food quality may also play a significant role in alary polymorphism in
aphids. For example Johnson (196G) cbserved that food quality and

crowding csn affect the production of alatee in Aphis craccivora KXoch.

favoured alate production but on young seedlings crowding produced the
opposite effect. He therefore suggested that the two factors can be
either supplementary or antagonistic to one another. Similarly
Sutherland (1967 and 1969) rbserved that when the green strain of

A, pisum was crowded soon after the onset of parturition the production
of alste aphids on mature leaves of V. faba was double that of seedlings.

Tt appears from the foregoing that inadequate nutrition can directly
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induce the production of alates in A. craccivora and A. pisum. This
gains support from studies on M. persicae in which it was demonstrated
that single chemical differences in the diet of the aphid could effect
changes in the proportions of alates formed (Mittler and Dadd, 1966;
Sutherland and Mittler, 1971). Lees (1966) has suggested that the effect
of crowding on alate production has a humoral basis.

It may be concluded that dispersal of H. lactucae from sowthistle
is influenced by crowding which may also affect the quality of nutrients
in the plant. Under these circumstunces proportions of the two
morphological forms appear to be affected differently (as reflected by
numbers of apterous and alate aphids that emigrate). One can therefore
speculate that dispersal of H. lactucae from sowthistle may be a response
to conditions of the environment (i.e. possible reduction of food quality
resulting from crowding). The crowding is likely to have an effect on
the central nervous system which may lead to the production of more
alates ('migrants').

The next chapter describes investigations into the form of H.
lactucae (alatae or apterae) which is more likely to play a significant

role in the spread of INYV in the field.
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6. FIELD TRANSMISSION OF LETTUCE NECROTIC YELLOWS VIRUS

BY H. LACTUCAE

6.1 Introduction

Flights of infective 'migrent' H. lactucae are probably responsible
for the introduction of INYV into lettuce crops. In the absence of
knowledge on the flight behaviour of H. lactucae it is perhaps pertinent,
for the understanding of some aspects of the field spread of LNYV, to
draw on the information obtained from studies on other species of aphids
although Bodenheimer and Swirski (1957) have cautioned against
generalizations in aphid studies.

Moericke (1955) categorized various 'meods' through which alate
aphids passed before they finally settle on host plants. He suggestec
that at the teneral stage the aphid was in a resting mood (Ruhestimmung)
and at the end of this stage it passes into the flight mood (Flugstimmung)
when it makes long distance flight. This stage is followed by the attack
mood (Befallsstimmung) and finally the alighting mood (Ansiedlungsstimmung)
in which the aphid settles and starts to larviposit. Moericke's theory
triggered off interest in studies on flight behaviour of aphids by
numerous workers with the resultant proposal of new theories.

Taylor {1957) and Woodford (1969) have suggested that the teneral
stage has both developmental and behavioural components. Changes in
numbers of flight-mature aphids depend on the diurnal periodicity of
noulting and the temperature-dependent teneral stage (Johnson et al.,

1957; Taylor, 1957). During take-off (depending upon the aphid species),
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aphids first seek the highest availeble point on the plant (Johnson,
1958) or 'move to the lower surface of leaves and pick themselves up in
flight" (Heine, 1955). Take-off or first flight is influenced by
temperature and light intensity (Taylor, 1957; Heathcote and Cockbain,
1966) and this is reflected in the diurnal periodicity of flight of
aphids in the field (Taylor, 1958). Thus numbers of air-borne aphids
are controlled by rates of moulting, teneral development and by temperature
and light thresholds for take-off (Johnson, 1969).

Johnson (1958) showed that the strength of settling response in
A. fabae depended upon the duration of previous flight and suggested
that this was probably due to fatigue as a result of the accumulation of
metabolic products. In addition to confirming this finding Kennedy anc
Booth (1963a, 1963b and 1964) and Xennedy (1965 and 1966) in a series of
experiments on the effects of flight duration on the settling response
of A. fabae on non-host leaf, host leaf and on a card observed that the
after-effect of landing was a typically 'boosting' or ‘rebound’ flight
which was sometimes accompanied by seconds of flight depression. Through
a series of one minute flights they observed that the two effects were
greater after landings on a leaf than on card, vhere the settling response
was weak. The settling response was, however, strongest on host than
on non-host leaf. They therrfore concluded that the two after-effects
of settling on flight were antagonistic to each other. Consequently,
Kennedy (1965 and 1966) suggested that the apparent reciprocal effects

were co-ordinated primarily by the central nervous system. Recently,



9.

Shaw (1970 &, b and c¢) demonstrated that when A. fabae are crowded at
different population densities, three types of alates (i.e. migrants,
flyers and non--flyers) are produced and suggested that the relative
concentration of juvenile hormones probsbly governs the type of alate
produced.

Theories about alighting and probing behaviour of aphids are
particularly relevant to the transmission of LNYV by H. lactucae because
lettuce is a non-host plant of the aphid and yet the aphid can probe on
lettuce sufficiently long to transmit LNYV (see Chapter 3). The question
of how far or how long alates of H. lactucae must fly before they will
alight on lettuce plants is crucial to an understanding of the
epidemiology of the disesase.

Stubbs et al., (1963) investigated the incidence of LNYV in lettuce
crops in relation to distance from a presumed virus source (aphid-
infested sowthistle plants). Of the two lettuce plots studied (Stubbs
et al., 1963), one plot was completely free of sowthistle plants and was
700 yd away from the nearest possible virus source:; the other plot was
'adjacent' (the exact distance was not indicated) to aphid-infested
sowthistle plants. Their observations indicated that LNYV incidence
was much higher (76.5% infection) in the plot which was adjacent to the
sowthistle plants than in the distant plot that contained no sowthistle
(6% infection). They further observed that INYV infection in the sow-
thistle-free plot was randomly distributed whereas in the other plot

there was a progressive increase in infection towards the virus source.
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They concluded thet the LNYV was transmitted to lettuce at “close range"
and suggested eradication of sowthistle plants within or near lettuce
crops as a means of controlling the disease.

The above observations provide no insight into the way in which
H. lactucae introduce LNYV into crops as well as the morphological forms
(apterse or alatae) involved in the close range transmission of the
disease. Close range transmission of aphid-borne plant viruses may be
effected by wandering apterous aphids (Ribbands, 1963), or by alates which
are likely to make short flights when the environmental temperature is
not sufficiently above the flight threshold temperature of the aphid
(Heathcote and Cockbain, 1966). The aim of the experiment described in
this chapter was to determine which form of H. lactucae is involved in
the field transmission of LNYV. Consequently the following hypotheses
were thought to be worth testing:

1. Alate U. lactucae which occur on nearby old infected sowthistle
plants are important in transmitting LNYV to lettuce.

It is generally conceded that on the first migratory flight aphids
are carried high in the air which suggests that they would be carried
perhaps several miles away from thelr source (Johnson, 1969); however it
is also known that migrastory species may be carried only a short distance
as a result of unfavourable environmental condition (Heathcote and
Cockbain, 1966). In a field experiment conducted in the spring,
Heathcote and Cockbain (1966) observed that there was a progressive
decrease in the number of sugar beet plants infected with beet mild

vellows virus (BMYV) with increasing distance from mangold clamps which
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liberated the vectors, M. persicae and Rhopalosiphoninus staphyleae

tulipaellug (Theob.). Percentage of beet plants infected within a
distance of 0-20 yd was 90%, but only G~ for plants that were LL0-880 yd
away from the virus source. It was further observed that during the
spring temperatures rose only a little ebove the flight threshold of

M. persicae and Rhopalosiphoninus s. tulipaellus. They therefore

concluded that at such temperatures, when flights did occur they were
probably short and this must have contributed to the close range trans-
mission of the disease.

2. Apterous aphids which occur on nearby old infected sowthistle
plants may play an important role in the spread of LNYV.

Crowding influences the dispersal of II. lactucae from sowthistle
plants:; during the early stage of population growth more apterous than
alate aphids leave the host plant (see Chapter 5). Apterous aphids are
known to spread plant viruses in the field (Ribbands, 1963). Ribbands
(1963) studied the spread of beet yellows virus (BYV) and beet mild
yellows virus (BMYV) by placing apterous M. persicae infected with these
viruses on single sugar beet plants which were 50 yd apart in a field of
sugar beet. HNearby plants were examined at weekly intervals for three
weeks and it was observed that 66, 92 and 967 of aphids found had moved
to a new plant during the let, 2nd and 3rd counts respectively. UNo
alates were observed within a month although patches of sugar beet more
than 11 ft in diameter had become infected and the diameter extended to
about 20 ft two months later. Ribbands (1963) concluded from these

observations that disease spread was effected predominantly by wandering



apterous M. persicae. In his studies on inter-plant movement of apterous
M. persicae, Ferrar (1967) showed that this morphological form was
proficient in walking across soil. VWhen walking aphids encountered a host
plant they settled but on non-host plants they moved after making several
probes. Ferrar (1967) suggested that under some conditions apterous
aphids are likely to be significantly involved in the spread of plant
viruses by walking across soil from plant to plant.

3. Instead of dispersing alatae or apterae spreading disease from
old sowthistle plants as in (1) and (2) above, infective alates nay
inoculate and start colonies on virus-free sowthistle seedlings
germinating in lettuce crops, and migrants from these colonies may be
primarily responsible for the spread of the disease. DBecause of cultural
practices the sowthistle seedlings would have germinated at or after
the time of germination of the lettuce plants.

This possible mode of disease transmission was postulated by Watson
(1942) who recognised two types of infection of sugar beet viruses in
the field. The first consisted of patches of varying size in which
practically all plants were infected:; the second consisted of a
"peppery’ distribution of infection. She observed that the first type
of irnfection occurred fairly early in the season and attributed this
pattern of infection to outward movement of progeny of colonizing alates.
The peppery distribution was interpreted to be probably due to aphid
infestations containing high numbers of viruliferous alates which caused
a number of scattered infections on their entry into the field. The

above situation (i.e. type oneinfection) may occur in INYV spread if
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migrant viruliferous H. lactucae raise colonies on sowthistle seedlings

growing in a lettuce crop.

6.2 ILayout of experimental plots

The experiment involved treatments in which the morphological form
(alatae and apterae) of the aphids on sowthistles were manipulated.
Ideally plots for each treatment in such an experiment should be large
and well semarated from each other. However, the restrictions of land
availability and of lsbour limited tlie experiment to only twc separate
sites, % mile apart and the plots to 64 plants each. Consequently the
treatments involving apterous aphids were located at one of these sites
(Claremont orchard) and the treatment involving alate aphids was located
in the other (Alverstoke orchard).

At each site eight rows of lettuce seeds were planted, rows 1, 2, 3
and 4, and 5, 6, 7 and 8 being 21" apart. Rows 4 and 5 were 42" apart
to allow the placing of infected and aphid infested sowthistle plants.
After germination, the seedlings were thinned to 12" spacing and plots
8 plants long (64 plants per plot) were marked, allowing guard rows of

four plants wide between them (Figures 6.1 and 6.2 a, b).

6.3 Treatments
The treatments which consisted of two replicates were as follows:
Treatment A: old infected sowthistle plants infested mostly with
alates and in vhich apterae were prevented from moving onto the lettuce

plants by means of a water barrier (see Section 2.62 and Figures 6.1, 6.2a).



Figure 5.1 Plan of field plots for the experiment on field spread of LEYV by
E. lactucae (a, Alverstoke; b, Claremont ).
A. old sowthistle infested with alate ephids.
B, old sowthistle infested with apterous spnids.
C, sowthistle seedlings infested with apterous progeny of
infected alate aphids.
D, plot with neither sowthistle nor sphids.

1-8, rows of lettuce plants.
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gure 6.2a

gure 6.2b

View of field plots for the experiment on field spread
of INYV by H. lactucae (Alverstoke orchard).
Arrow shows the metal gutter barrier used to prevent

movement of apterous H. lactucae onto lettuce.

View of field plots for the experiment on field spread
of LNYV by H. lactucae (Claremont orchard).

Note INYV-infected sowthistle plants (arrowed) which
were infested with H. lactucae before commencemernt of

the experiment.
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Treatment B: old infected sowthistle plants infested mostly with
apterae (see Section 2.62). All newly moulted alates and some alatiform
nymphs were collected daily from the sowthistle plants at sunrise at
which time the aphids were virtually not disturbed so that these aphid
populations produced no alates in the experimental plots.

Treatment C: sowthistle seedlings which had been inoculated
with LNYV by virwiferous alate H. lactucae and were infested with
apterous progeny of these aphids (see Section 2.63). Removal of newly
moulted alates and alatiform nymphs was the same as in Treatment I.

Control plots: lettuce plants alone.

In treatments A, B and C the appropriate potted aphid-infested
sowthistle plants were sunk in the soil so that the rims of pots were
at soil level. The potted plants were placed midway between rows 4 and
5. Tour potted plants were used in treatments A and B and six in
treatment C. The potted plants were left in the field for six weeks.
Two weter traps (Figures 6.1 and 6.2 a, b) were put in each plot and

trapped H. lactucae were collected at three-day intervals and counted.

6.4 Measurement of effects of treatment

To interpret the effect of treatuent C it was necessary to determine
the period after which LNYV became available to the progeny of the
original viruliferous alate aphids on sowthistle seedlings. This was
done by allowing virus-free apterous II. lactucae to larviposit on caged
sowthistle seedlings which had been inoculated with LNYV (at the same

time as in treatment C) by viruliferous alates 24 hr previously (see
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Qection 2.64). The maternal apterous aphids were left on these seedlings
for 24 hr and were removed. A number of progeny were removed from the
inoculated seedlings periodically and tested for infectivity by caging
them on healthy sowthistle seedlings which were kept in a glasshouse.
These seedlings as well as those inoculated by viruliferous alates were
indexed. The latter seedlings were all positive for INYV. Table 6.1
shows that in the field INYV becomes available to H. lactucae which
develop on inoculated seedlings between 9 and 12 days after the seedlings
have been inoculated.
Table 6.1 Availability of LNYV to aphids when virus-free H. lactucae
are allowed to breed on sowthistle which have been

inoculated for 2L hr and aphids tested periodically for

infectivity.

Days after l
inocula.tion| 5 6 7 8 9 10 12 14 154 18 20

Infectiv:i.ty ! - - - i fo) o) + + + + +

13

- Test seedlings not infected
o Test seedling died
+ Test seedling positive for LNYV
The effects of the treatments were measured in terms of the number
of lettuce plants showing symptoms of disease at various times after
the start of the experiment. The experiment was considered to have
started on the day on which treatments were set up by planting out the

relevant scovwthistle plants. The first census to record lettuce plants



showing INYV symptoms was talien 8 days after the aphid-infested sow-
thistle plants had been put in the field (i.e. 4 weeks after the
germination of lettuce seedlings) and thereafter censuses were taken at
weekly intervals for ten weeks. All plants were examined during a
census.

Diseased plants were arbitrarily scored as a, b and ¢ depending
upon the severity of symptoms. Plants which were assigned the symbol
'g' had leaves which showed mottling and a dark green coloration. these
plants were usually stunted; ‘b’ had yellowish-green leaves; "e' had
yellowish leaves and often showed sifms of imminent death.

Because of the similarity between symptoms of lettuce plants
attacked by LNYV and TSWV (Stubbs and Groman, 1963) it was necessary to
confirm the presence of LYV in diseased lettuce plants in the
experimental plots. Twenty diseased lettuce plants were therefore
selected at random from the plots and the extract from each plant (see
Section 2.07) was mechanically inoculated onto N. glutinosa and White

Burley tobacoo.

6.5 Results

6.51 Confirmation of INYV in diseased lettuce plants

The twenty diseased lettuce plants which were indexed on H. glutinosa
and White Burley tobacco were all positive for LNYV but not for TSWV.
This suggests that the diseased lettuce plants in the experimental plots
were infected with INYV. This, together with the absence of any plants
with TSWV-like symptoms,confirmed@ that LNYV was probably the only virus

present.
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6.52 Availability of LNYV to H. lactucas in treatment C

The sowthistle seedlings which were inoculated and put in the
lettuce plots (treatment C) were indexed at the end of the experiment.
They were all positive for INYV indicating that they were successfully
inoculated hy the viruliferous alates placed on them 2l hr before they
were put in the field (see Section 2.63). The presence of LNYV in these
seedlings could also have been effected by migrant alate H. lactucae in
the fieid. That the first virus inoculation was not probably due to
migrant aphids is supported by the evidence that identically inoculated
seedlings in which visits by migrant aphids were prevented (see Section
2.64) were also all positive for LNYV. The evidence that LNYV became
available to H. lactucae which developed on these seedlings between 9
and 12 days (Table 6.1) suggests that the apterous aphids on the
inoculated seedlings (treatment C) probably acquired LNYV at about the

same period.

6.53 Alate 7. lactucae caught in water traps

Regardless of position (Figure 6.1), water traps, which were placed
on bricks, caught less slate aphids than those placed on the soil
(Table 5.2). This may be attributed to a propable higher wind turbulence
around the traps on bricks tran around traps on soil. This may have
blown some of the alighting aphids away from the traps. Total numbers
of aphids caught in Alverstoke orchard were greater than in Claremont
orchard probably as a result of alste H. lactucae being present on the

sowthistle plants which were put in the Alverstoke plots (treatment 4).
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Effects of the treatments can be measured in many ways.

simplest and crudest method is to record the total percentage of

diseased plants in each tresatment at the end of the experiment (i.e.

days after the start of the experiment) as in Table 6.3.

The data in

Table 6.3 show that even the control plots had a high incidence of

disease, indicating a high Pbrckground effect.

effect, simple differences in the total percentage of diseased plants

between treatments are obviously meaningless.

A number of methods were tried for 'correcting' for the high

Table 6.2 Comparison of total numbers of slate H. lactucae caught
in water traps which were either placed on bare soil or
on brick in the lettuce plots.

Treatment Type of treatment Location Position of water
N : trap .
No. ! Brick Soil

A 0ld sowthistle, alate
aphids Alverstoke 110 207

Control | Ho sowthistle, no E
aphids i N 104 175

B 014 sowthistle,

| opterous aphids Claremont 90 116

C i Sowthistle seedlings, |

| apterous progeny of |
|  infected alates | 66 116

Control i o sowthistle,; no i
| ephids i 85 113

6.54 The effects of treatments

50

Against this background
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Table 6.3 Percentage of LNYV infected lettuce plants in various
treatments on the last day of disease census (50 days

after start of experiment).

i .
Treatment No. Type of treatment ! Location [ % dlseaseda
i ‘ plants
!
A 01ld sowthistle, alate] |
aphids Mlverstoke | 48
Control Yo sowthistle, no i i
aphids ; " % Lo
B 01d sowthistle,
apterous aphids Claremont T
C Sowthistle secedlings,
apterous progeny of
infected alates " L6
Control No sowthistle, no i
| aphids : i i Lo
a

based on total number of plants for the

two replicates i.e. 128 plants.

background effect by weighting the results of the treatment plots with
the results of the controls, btut none of the transformed data thus
obtained could be used with confidence. The only other form of data
treatment that could be used for analysis was that of numbers of diseased
plants at different times after the start of the experiment. A plant
was regarded as being diseased if it showed symptoms on that date as
well as on the following two census dates. To confirm infection in
plants that showed symptoms for the first time on the day of the last
(8th) census, two further examinations of plants were made at weekly

intervals.
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The increments in the numbers of diseased plants (totals of the two
replicates) at each census date for each treatment are shown in Figure
6.3a, b, c, d and e; and since Randles and Crowley (1970) had suggested
an association be’ween numbers of alate H. lactucae trapped and the pesak
incidence of INYV, the numbers of alate H. lactucae caught in water traps
in the plots of each treatment are also shown in Figure 6.3 a - e. The
data in all the figures suggest an association between peak trap catches
of alate H. lactucae and peak disease incidence with the high disease
incidence occurring 24 to 33 days after the peak of aphid catches. The
data of treatment A, illustrated in Fizure 6.3awhen compared with those
of the control (TFigure 6.3b) indicate that the alate H. lactucae which
were added to the plot on the old sowthistle plants made no significant
contribution to the occurrence of the disease in that plot. Similarly
there was no significant difference in the numbers of trapped alate
I. lactucae between treatment A and the control. The data of treatment
B (Figure 6.3c) when compared with the control (Figure 6.3e) indicate
that the apterous aphids which were added to the plot on the old sow~
thistle plants made no significant contribution to disease incidence in
that plot. Similarly the progeny of infected alate H. lactucae which
were added to the plot on sowthistle seedlings (treatment C, Figure 6.34d)
made en insignificent contribution to incidence of LNYV in that plot.

Finally, to test the influence of the dispersing apterae in
treatments B and C on the incidence of disease, a regression analysis
was applied to the data to find whether there was a gradient in symptom

appearance in relation to distance of lettuce plants from the source of



The incidence of INYV in lettuce and the numbers of alate

H. lacticae trapred in treatment A (01d sowthistle with alate
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Figure 6.3§_ The incidence of INYV in lettuce and the numbers of alate

E. lacticae trapped in the control plct (no sowthistle

nor aphids), Alverstoke.
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Tigure 5.36 The incidence of LNYV in lettuce and the numbers of alate

H. lactucae trapped in treatment C (sowthistle seedlings with

apberous ephids), Claremont.
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infective aphids. The analysis had to allow for some lettuce plants
that had died from causes other than disease due to LNYV, and the missing
plants were corrected for as follows: Suppose Wl represents the number
of lettuce plants present in a plot at any one time and W2 the maximum
that should have been present then the inverse ratio W2/Wl. was used as
the weighting factor. Periods of first symptom appearance in a plant
were then ranked from 1 to 7 (corresponding to 1lst and Tth disease
censuses) and 8 for those plants which had not shown visible disease
symptoms by the Tth census. A regreséion analysis was carried out on
the mean pericd of symptom appearance (by combining data of the two
replicates of a treatment) on the order of the row. The results

(Table 6.4) show that the coefficient of regression 'b' is significant
(P < 0.05) in treatment B but not in treatment A or C. These results
suggest that the apterous aphids in treatment B (014 sowthistle plants)
played a role in the spread of LNYV, whereas the apterous aphids in
treatment C (on young, newly-infested sowthistle plants) apparently

made no contribution to the incidence of LIYV. The data for treatment B

are plotted in Figure 6.h.

Table 6.5 shows numbers of apterous H. lactucae trapped at 6-day
intervals in treatments B, C and the control. The maximum distance of
a trap from a source of apterous aphids was approximetely 9 ft. Though
the number of apterous aphids trapped is small it at least gives an
indication that apterous H. lactucac are capable of walking across the

soil and up into a trap.



ure 6.k Regression of mean period of symptom appearance in

lettuce on order of row,
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Table 6.k

regr<ssion of the mean period of symptom appearance and

order of row of lettuce plants in relaticn to LNYV source.

Treatment No. Type of Treatment Location b S.E.
A 014 sowthistle, alate
aphids Alverstoke 0.37 0.88
. no "
Control No sowthistle, aphids 0.05 0.56
B 014 sowthistle,
: eapterous aphids Claremont 0.92 0.32
C % Sowthistle seedlings
i\ apterous progeny of
infected alates i -0.08 0.k0
Control ; No sowthistle, no
aphids N 0.21 0.32

6.6 Discussion
The high background infection (Table 6.3) was probably due to the

P < 0.05

unusuelly dry and warm autumn of 1972 which must have favoured the

production of high aphid populations;

and because of the small plot

size visits by aphids (both alatae and apterae) from nearby treatment

plots into the control plots could not be prevented.
limitations had not been present the effects of the treatments may have

been more clearly demonstrated.

inferred from the results that:

1. Alate H. lactucae are important in the spread of INYV (probably

If these

from outside the treatment plots) for the following reasons:

(a) association between pesk disease incidence and flight activity (as

indicated by trap catches);

Despite these limitations it can be

(b) apparent non-significant contribution

92.

Regression coefficients (with their standard errors) for the



Table 6.5_ Hurbers of apterous H. lactucae trapped in water traps

at O~day intervals in lettuce plots (Clarcmont).

93.

Treatment No. Type of Treatmert

Neys after start »f experiment

apterous progeny
of infected
alates

Control No sowthistle, no

aphids

i
| 6 12 18 24 30 36 k42 L8
B ! 014. sowthistle,
| apterous aphids | 8 3 2 1 - - -
i I
C Sowthistle i
seedlings §
1

by alates put in the crop to numbers

of lettuce plants infected;

(¢) absence of a gradient in symptom appearance in all treatments except

that containing old sowthistle plants infested with apterous aphids;

(a) the high background infection.

o

may play an important role in the close range spread of LNYV because of

(a) apterous aphids trapped in the water traps and (b) presence of a

gradient in symptom appearance in lettuce plants in relation to virus

source (treatment B). Spread of disease is effected by wandering

apterous aphids.

3. Virus-free sowthistle seedlings which occur in a lettuce crop

and which become colonized by infected migrant H. lactucae are unlikely

to be an important source of infected aphids for within field spread of

INYV because of the absence of a gradient in symptom appearance in

lettuce plants in treatment C.

2. Apterous I. lactucse which develop on infected sowthistle plants
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Tt is generaslly agreed that aphid-borre plant viruses must spread
from field to field by alate aphids (Ribbands, 1965: Broadbent, 1965):
but the form of aphid responsible for within field spread of viruses
has been controversial (Ossiannilsson, 1966). The importance attached
to the spread of plant viruses by alate aphids is dependent primarily on
(a) correlations between the numbers of alates trapped and disease
incidence (Broadbent, 1950; Broadbent et al., 1950; Broadbent and
Tinsley, 1951: WHollings, 1955; Weitzel, 1962); (b) lack of correlation
between numbers of apterae and virus spread (Watson and Fealy, 1953) and
(¢) the use of insecticides to control virus spread (Hille Ris Lambers
et al., 1953; DNeitzel and Miller, 1059; Burt et al., 196k4).

The most compelling evidence in favour of disease spread by alates
can be obtained from the use of insecticides which prevent the development
of apterous aphid populations but not visits by alates. OSeveral
investigations have been made into the use of insecticides to control
the spread of potato viruses by aphids (e.g. Fmilsson and Castberg, 1952;
Schepers et al., 1955). TFmilsson and Castberg (1952) controlled aphids
with parathion but not the spread of potato virus Y (PVY). Schepers
et al., (1955) sprayed potato plants twice weekly with nicotine from
emergence to harvest. No apterous aphids were allowed to develop yet
there was a considerable spread of PLRV and PVY and the distribution of
infected plants in both treated and control plots was similar. They
concluded that the spread of hoth viruses within and in to the field was

caused by alates arriving from outside the field.



95.

Tt is probsble, as indicated by Broadbent (1965), that both alatae
and apterwe spread viruses within crops, and that the relative importance
varies with crop, season, aphid species present and the size of population.

In the field, INYV in inoculated sowthistle seedlings apparently
becomes available to H. lactucae between 9 and 12 days after inoculation.
On acquiring the virus the aphids require from 5 to 18 days (depending
on temperature, see Chapter 3) for the completion of the latent period.
Assuming that fluctusting temperatures in the field do not afffect the
duration of latent period of LNYV un H. lactucae, it would therefore
appear that the offspring of viruliferous migrant alate H. lactucae
infesting sowthistle seedlings within the crop would require from 2 to
4 weeks to make any significant contribution to LNYV spread in a lettuce
crop. Within this period viruliferous migrant alates would have already
transmitted the disease to the lettuce crop. The absence of a gradient
in the plot containing inoculated sowthistle seedlings (treatment C,
Table 6.4) suggests that LNYV incidence was effected predominantly by
migrating alate H. lactucae.

Despite the high background infection there was a significant
relationship between period of symptom appearance and position of lettuce
plants in relation to infective apterous H. lactucae (Table 6.4 and
Figure 6.4). This effect must have been produced by apterae which walked
off the infected sowthistle plants. It may be that the lettuce plants
which were closer to the infective source of apterous aphids received
more probes from the dispersing aphids and thus received greater amounts

of LNYV inoculum than plants further away. The apparently high inoculum
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injected into the nlants could then have hastened the appearance of
symptoms. Though there is no report about the dependence of the period
of symptom appearance on the concentration of virus injected into plants
by insect vectors, Raymer and Diener (1969) have demonstrated this
phenomenon in tometo plants mechanically inoculated with potato spindle
tuber yirus (PSTV). Apcerous H. lactucae which develop on 0ld infected
sowbhistle plants close to a lettuce crop may therefore contribute to
NYV spread though their role may be eclipsed by the activity of
infective migrant alates.

Association between peak numbers of alate H. lactucae and peak
incidence of LNYV (Figures 6.3 a ~ e) confirms earlier findings by
Randles and Crowley (197C) and suggests that slste H. lactucae may make
the most significant contribution to LNYV spread in lettuce. The
apparent non-significant contribution by alates put in the plots to
numbers of lettuce plants infected indicates that the spread of INYV in
lettuce must come from outside sources but the distance is indeterminate
(Johnson, 1969). The lapse of 2L to 33 days between peak alate catches
and highest disease incidence may represent the incubation period in
INYV in lettuce in the field {ef. Randles and Crowley, 1970).

Alate aphids are known to alight and probe indiscriminately on
host and non-host plants (Kennedy et al., 1959) and the most important
characteristics affecting the efficiency of virus spread are the activity
and gbility of alate aphids to transmit a virus rather than the aphids’
potential as crop pests (Kennedy, 1950). Spread of non-persistent

viruses by transient aphid populations is known to occur. For instance
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onion yellow dwarf (Drake et al., 1933), cantaloupe mosaic (Dickson

et al., 1949), bean yellow mosaic (Swenson, 195T), potato viruses Y and
B (REdwards, 1963) are transmitted to plants vhich are not colonized by
the aphids. Transmission of SYVV (Duffus et al., 1970) and LNYV to
lettuce are probably the only known examples of aphid transmission of
persistent viruses to non-host plants of the aphid.

Ability of alate H. lactucae to trensmit LNYV within 24 hr of
reaching the adult stage, the long retention of the virus in the vector,
the short probes by H. lactucae on lettuce which can effect LNYV
transmission (see Chapter 3) and a likely indiscriminate alighting and
probing on lettuce would particularly enhance the spread of LNYV by

alate H. lactucae to a large number of plants.
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7. FEPIDEMIOLOGY OF LNYV - A GENERAL DISCUSSION

In modern agricultural practices monoculture is the rule rather
than the exception and spread of viruses is much easier than in plants
in a natural vegetation. Many of these viruses are known to spread
between wild host plants as well as to crops and their spread is effected
mostly by insects. It is therefore not surprising that most viruses
have become associated with highly mobile insects such as aphids.

The spread of LNYV depends on the movements of infective H. lactucae
into lettuce crops. The virus is acquired mainly from LNYV-infected
sowthistle, the principal host plant of the aphid and the virus (Stubbs
and Grogan, 1963), and to a lesser extent from S. hydrophilus and E.
megalocarpa (Randles and Carver, 1971). Although sowthistle is an
annual it occurs throughout the year and therefore contributes to the
perpetuation of the virus; this may be supplemented by the perennials,
S. hydrophilus and E. megalocaerpa both of which can be infected by the
virus and support populations of H. lactucae (Randles and Carver, 1971).
Beecause of the occurrence of these LNYV reservoir plants throughout the
vear, it is unlikely that transovarial transmission of the virus in the
vector would play a significant role in the perpetuation of LNYV (see
Chapter 3).

As stated earlier, mobiiity or dispersal of a vector encourages
the spread of plant viruses which infect crop plants. I'migration of
insects from host plants or breeding sites is influenced both by

currently adverse conditions of the environment (e.g. food shortage and
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lack of space) and an endogenously controlled mechanism which results
in the production of migrant forms of the insect (Johnson. 1969). The
high rate of reproduction of lI. lactucae which vccurs in small initial
populations (see (hapter 5) is undoubtedly associated with the need to
exploit the ephemerally suitable parts of the host planl. Over-
exploitation of sowthistle is, however, curhed by the departure of the
aphids (adult apterae and alatae) as the population grows. Furthermore,
population increase leads to the production and emigration of high
provortions of alatae (migrants). It is these migrant alates of H.
lactucae which are responsitlie for the spread of LINYV in lettuce crops
(see Chapter 6).

Within 24 hr of reaching +he adult stage, apterous and alate H.
lactucae which had developed on LIIYV-infected sowthistle are able to
tyansmit the virus (see Chapter 3). This suggests that alatae and
apterae which emigrate from infected sowthistle will be capable of
infecting lettuce plants when these plants are encountered and probed
by the aphids. FEvidence for this possibility wvas obtained from the field
experiment (see Chapter §) in which it was demonstrated that apterous
. lactucce, which dispersed from infected sowthistle that were put in a
lettuce crop, made a contribution to the spread of LNYV. Similarly,
the correlation hetween pesk catches of slate H. lactucae and high
disease incidence in lettuce (which confirms the study by Randles and
Crovley (1970)) demonstreted that this morph is important in the spread
of the disease. These alates acquired the virus from infected plants

on which they developed and were infective by the time they arrived in
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the lettuce crop. Although apterous H. lactucae which occur on LNYV~
infected sowthistle near lettuce crops contribute to the spread of the
virus their role is eclipsed by the activity of migrant and transient
slate aphids (see Chapter 6).

Short probes by infective H. lactucae on lettuce can effect
transmission of LNYV (see Chapter 3). This characteristic together with,
(1) the fact that lettuce is a non-host plant of the vector {which
suggests that the aphid is likely to test probe a lot of lettuce plants
(Ferrar, 1967)), and (2) the persistence of inoculativity; will greatly
increase the chances of each aphid spreading the disease to several
plants. This may contribute to the high incidence of LNYV reported in
cultivated lettuce crops (but see page 102).

The control of LNYV in lettuce crops depends on (1) the elimination
or reduction of populations of H. lactucae; (2) eradication of the
source of virus i.e. sowthistle, the principal host plant of the virus
(Stubbs et al., 1963); and (3) prevention of infection of lettuce by
changes in cultural practices or by changing the areas of lettuce
production.

Flimination of H. lactucae is not practicable because of the sparse
but widespread distribution of sowthistle, the major aphid host plant.
Reduction of numbers of the aphid by parasites and/or predators is a
possible approach to disease control. It has been shown that population
size is one of the factors which influence the production and dispersal
of alate H. lactucae (see Chapter 5). Although parssites of H. lactucae

are absent in Australis they are known to be present in Furope and the
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Far Fast Asian countries (Stary, 1966; Stary and Schlinger, 1967).
Their introduction into Australia and manipulation could be a practical
approach to the lowering of population levels of H. lactucae which in
turn would lead to a decrease in the numbers of alates and hence LNYV
spread.

Eradication or reduction of sowthistle populations would be another
approach towards control of INYV incidence. The use of herbicides or
biological agents such as insects to eradicate gsowthistle is unlikely to
be successful because of the widespread distribution of the plant. However,
elimination of sowthistle in the vicinity of lettuce crops may reduce
close range transmission of the disease (Stubbs et al., 1963).

Because of the difficulties which may arise if control measures
of LNYV are geared to the eliminstion of the vector or total eradication
of sowthistle, an alternative approach would be the prevention of virus
introduction into lettuce crops by viruliferous H. lactucae. Use of
several methods can be considered.

{ennedy (1965) suggested that in aphids there is a two-wsy inter-
action between flight and settling and each has a positive and negative
after-effect on the other. Thus the less flight is excited prior to
landing on a plant the greater the inhibitory effect on flight and vice
versa. On non-host plants flight is usually less depressed and hence
the aphids resort to rebound flight when they land on such plants. This
characteristic rebound flight has been utilized for reducing the incidence
of virus diseases by cultivating non-host barrier crops within crop

plants. For instance, Heathcote (1968) was able to reduce the incidence
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of BMYV, a persistent virus, in sugar beet stecklings by using barley,

a non--host plant of the vector (M: persicae) and the virus, and mustard
as cover crops. He observed that although barley made a poor screen (in
contrast to mustard) it protected the beet against alate M. persicae and
the virus. He further observed that the alate aphids did not stay long
on barley and when they took off again few moved to the beet below; most
of them flew upwards and out of the crop. The growing of barrier crops
within lettuce may be useful in reducing the incidence of ILNYV.

The repellent effect of certain colours to aphids is another possible
approach to reducing INYV incidence in lettuce. Many aphids distinguish
between the two parts of the spectrum and they alight and probe in
response to wave-lengths greater than 500 mu (Moericke, 1950; Kennedy
et al., 1961). Both leaves and soil emit long-wave energy in contrast
to light from the sky whose peak energy emission lies below 500 mu;
hence aphids' colour vision permits discrimination between the sky and
the ground. It appears, however, that the change in aphids' behaviour
from upper level to low level flights does not result from reversal of
response to short-wave sky light (i.e. from positive to negative) but to
a relative increase in response to long-wave light from the ground
(Kennedy et al., 1961). The response of flying ephids to colour and
light has been utilized to devise methods that prevent aphids from
alighting on crop plants. The use of aluminium foil to repel aphids
was suggested by Kring (1964} and the repellent effect is probably due
to the reflection of short-wave light from the aluminium surface (which

also reflects long-wave light) (Kring, 1972). Aluminium foil has been



used to reduce the incidence of virus diseases introduced into crops
by trensient aphids (Johnson et al., 1967). Depending upon the economic
feaesibility, aluminium foil mey be useful for the contrecl of LNYV.

Tt has been demonstrated that in South Australia lettuce crops
sown in mid-September and between early TFebruary and late March stand the
greatest risk of LNYV infection. Maxirmum infection occurs in crops sown
betwveen six and ten weeks before pesk numbers of alate H. lactucae are
trapped (Randles and Crowley, 1970). Timing of planting dates of lettuce
appears to be one of the methods which may lead to a decrease of LYV
incidence in a crop. It would also seem worthwhile to seek areas where
the H. lactucae population is low; if such areas can be found they could
be used for lettuce cultivation. For instance Fisken (1959) indicated
that in summer, infestation of potato crops by virus-bearing aphids
particularly M. persicse was high in the Fife and Angus area of Scotland
and infestation decreased sharply further inland. He suggested that
this condition wess due probably to the liberation of alate M. persicae
(which coincided with high infestations) from brassica crops in the
Edinburgh ares which were transported by southerly winds prevalent during
the summer. Fisken (1959) further suggested that the low infestation in
potato crops further inland could be attributed to the weakened condition
of the air-borne aphids which prevented them from landing on potato crops
in the area.

The present work has confirmed that alatae but nct apterae of H.
lactucae contribute significantly to the spread of INYV in the field.

It is therefore pertinent that investigations are made into the flight
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behaviour of the aphid on which no information is at present available.
In this regard it is suggested that future work in the following areas
could be useful.

1. Because spread of LNYV in lettuce crops is effected by alate
H. lactucae from outside the lettuce crop the questions that need to be
snswered are (a) How long does E. lactucae fly? and (b) How long can
H. lactucae fly? Consequently it would be worthwhile if investigations
are made into the direction and distance of trivial and migratory flights
of the aphid. This would indicate the pattern of H. lactucae infestation
state-wide and thus give an insight into the type of control measures
that can be adonted. For e. ample the infestation pattern could give an
indication of areas of South Australis which have low or negligible
population levels of the aphid and where LNYV incidence is likely to be
low. Such areas could be used for cultivating lettuce.

2. Studies should be made into the factors which influence the
landing and probing of alate aphids on sowthistle and lettuce. In this
regard, studies on the effect of flight on landing and probing behaviour
of the aphid would be worth investigating. 1In addition it may be use-
ful to study the mechanism of host selection in H. lactucae. The
suggestion that alate H. lactucae may indiscriminately alight and probe
on lettuce plants is conjectural. The results of such studies would
perhaps permit the use of appropriate barrier crops or reflective surfaces

within lettuce to reduce the incidence of LNYV.
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